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PREFACE TO THE
LIBRARY OF CHINESE CLASSICS

Yang Muzhi

The publication of the Library of Chinese Classics is a matter of
great satisfaction to all of us who have been involved in the production of
this monumental work. At the same time, we feel a weighty sense of
responsibility, and take this opportunity to explain to our readers the mo-
tivation for undertaking this cross-century task.

The Chinese nation has a long history and a glorious culture, and it has
been the aspiration of several generations of Chinese scholars to trans-
late, edit and publish the whole corpus of the Chinese literary classics so
that the nation’s greatest cultural achievements can be introduced to
people all over the world. There have been many translations of the Chi-
nese classics done by foreign scholars. A few dozen years ago, a West-
ern scholar translated the title of A Dream of Red Mansions into “A
Dream of Red Chambers” and Lin Daiyu, the heroine in the novel, into
“Black Jade.” But while their endeavours have been laudable, the re-
sults of their labours have been less than satisfactory. Lack of knowledge
of Chinese culture and an inadequate grasp of the Chinese written lan-
guage have led the translators into many errors. As a consequence, not
only are Chinese classical writings widely misunderstood in the rest of
the world, in some cases their content has actually been distorted. At one
time, there was a “Jin Ping Mei craze” among Western scholars, who
thought that they had uncovered a miraculous phenomenon, and pub-
lished theories claiming that China was the “fountainhead of eroticism,”
and that a Chinese “tradition of permissiveness” was about to be laid
bare. This distorted view came about due to the translators of the Jin
Ping Mei (Plum in the Golden Vase) putting one-sided stress on the
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raw elements in that novel, to the neglect of its overall literary value.
Meanwhile, there have been many distinguished and well-intentioned
Sinologists who have attempted to make the culture of the Chinese nation
more widely known by translating works of ancient Chinese philosophy.
However, the quality of such work, in many cases, is unsatisfactory, of-
ten missing the point entirely. The great philosopher Hegel considered
that ancient China had no philosophy in the real sense of the word, being
stuck in philosophical “prehistory.” For such an eminent authority to
make such a colossal error of judgment is truly regrettable. But, of course,
Hegel was just as subject to the constraints of time, space and other
objective conditions as anyone else, and since he had to rely for his knowl-
edge of Chinese philosophy on inadequate translations it is not difficult to
imagine why he went so far off the mark.

China cannot be separated from the rest of the world; and the rest of
the world cannot ignore China. Throughout its history, Chinese civiliza-
tion has enriched itself by absorbing new elements from the outside world,
and in turn has contributed to the progress of world civilization as a whole
by transmitting to other peoples its own cultural achievements. From the
5th to the 15th centuries, China marched in the front ranks of world civi-
lization. If mankind wishes to advance, how can it afford to ignore China?
How can it afford not to make a thoroughgoing study of its history?

2

Despite the ups and downs in their fortunes, the Chinese people have
always been idealistic, and have never ceased to forge ahead and learn
from others, eager to strengthen ties of peace and friendship.

The great ancient Chinese philosopher Confucius once said, “Wher-
ever three persons come together, one of them will surely be able to teach
me something. I will pick out his good points and emulate them; his bad
points I will reform.” Confucius meant by this that we should always be
ready to learn from others. This maxim encapsulates the principle the Chi-
nese people have always followed in their dealings with other peoples, not
only on an individual basis but also at the level of state-to-state relations.

After generations of internecine strife, China was unified by Ermperor



Qin Shi Huang (the First Emperor of the Qin Dynasty) in 221 B.C. The
Han Dynasty, which succeeded that of the short-lived Qin, waxed pow-
erful, and for the first time brought China into contact with the outside
world. In 138 B.C., Emperor Wu dispatched Zhang Qian to the western
regions, i.e. Central Asia. Zhang, who traveled as far as what is now
Iran, took with him as presents for the rulers he visited on the way 10,000
head of sheep and cattle, as well as gold and silks worth a fabulous amount.
In 36 B.C., Ban Chao headed a 36-man legation to the western regions.
These were missions of friendship to visit neighbours the Chinese people
had never met before and to learn from them. Ban Chao sent Gan Ying
to explore further toward the west. According to the “Western Regions
Section” in the Book of Later Han, Gan Ying traveled across the terri-
tories of present-day Iraq and Syria, and reached the Mediterranean Sea,
an expedition which brought him within the confines of the Roman Em-
pire. Later, during the Tang Dynasty, the monk Xuan Zang made a jour-
ney fraught with danger to reach India and seek the knowledge of that
land. Upon his return, he organized a team of scholars to translate the
Buddhist scriptures, which he had brought back with him. As a result,
many of these scriptural classics which were later lost in India have been
preserved in China. In fact, it would have been difficult for the people of
India to reconstruct their own ancient history if it had not been for Xuan
Zang’s A Record of a Journey to the West in the Time of the Great
Tang Dynasty. In the Ming Dynasty, Zheng He transmitted Chinese cul-
ture to Southeast Asia during his seven voyages. Following the Opium
Wars in the mid-19th century, progressive Chinese, generation after gen-
eration, went to study the advanced scientific thought and cultural achieve-
ments of the Western countries. Their aim was to revive the fortunes of
their own country. Among them were people who were later to become
leaders of China, including Zhu De, Zhou Enlai and Deng Xiaoping. In
addition, there were people who were to become leading scientists, liter-
ary figures and artists, such as Guo Moruo, Li Siguang, Qian Xuesen,
Xian Xinghai and Xu Beihong. Their spirit of ambition, their struggles and
their breadth of vision were an inspiration not only to the Chinese people
but to people all over the world.

Indeed, it is true that if the Chinese people had not learned many
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things from the surrounding countries they would never have been able to
produce the splendid achievements of former days. When we look back
upon history, how can we not feel profoundly grateful for the legacies of
the civilizations of ancient Egypt, Greece and India? How can we not
feel fondness and respect for the cultures of Europe, Africa, America
and Oceania?

The Chinese nation, in turn, has made unique contributions to the com-
munity of mankind. Prior to the 15th century, China led the world in sci-
ence and technology. The British scientist Joseph Needham once said,
“From the third century A.D. to the 13th century A.D. China was far
ahead of the West in the level of its scientific knowledge.” Paul Kennedy,
of Yale University in the U.S., author of The Rise and Fall of the Great
Powers, said, “Of all the civilizations of the pre-modern period, none was
as well-developed or as progressive as that of China.”

Foreigners who came to China were often astonished at what they
saw and heard. The Greek geographer Pausanias in the second century
A.D. gave the first account in the West of the technique of silk produc-
tion in China: “The Chinese feed a spider-like insect with millet and reeds.
After five years the insect’s stomach splits open, and silk is extracted
therefrom.” From this extract, we can see that the Europeans at that
time did not know the art of silk manufacture. In the middle of the 9th
century A.D., an Arabian writer includes the following anecdote in his
Account of China and India:

“One day, an Arabian merchant called upon the military governor of
Guangzhou. Throughout the meeting, the visitor could not keep his eyes
off the governor’s chest. Noticing this, the latter asked the Arab mer-
chant what he was staring at. The merchant replied, ‘Through the silk
robe you are wearing, I can faintly see a black mole on your chest. Your
robe must be made out of very fine silk indeed!” The governor burst out
laughing, and holding out his sleeve invited the merchant to count how
many garments he was wearing. The merchant did so, and discovered
that the governor was actually wearing five silk robes, one on top of the
other, and they were made of such fine material that a tiny mole could be
seen through them all! Moreover, the governor explained that the robes
he was wearing were not made of the finest silk at all; silk of the highest



grade was reserved for the garments worn by the provincial governor.”

The references to tea in this book (the author calls it “dried grass™)
reveal that the custom of drinking tea was unknown in the Arab couatries
at that time: “The king of China’s revenue comes mainly from taxes on
salt and the dry leaves of a kind of grass which is drunk after boiled
water is poured on it. This dried grass is sold at a high price in every city
in the country. The Chinese call it ‘cha.” The bush is like alfalfa, except
that it bears more leaves, which are also more fragrant than alfalfa. It
has a slightly bitter taste, and when it is infused in boiling water it is said
to have medicinal properties.”

Foreign visitors showed especial admiration for Chinese medicine.
One wrote, “China has very good medical conditions. Poor people are
given money to buy medicines by the government.”

In this period, when Chinese culture was in full bloom, scholars flocked
from all over the world to China for sightseeing and for study. Chang’an,
the capital of the Tang Dynasty was host to visitors from as far away as
the Byzantine Empire, not to mention the neighboring countries of Asia.
Chang’an, at that time the world’s greatest metropolis, was packed with
thousands of foreign dignitaries, students, diplomats, merchants, artisans
and entertainers. Japan especially sent contingent after contingent of
envoys to the Tang court. Worthy of note are the accounts of life in
Chang’an written by Abeno Nakamaro, a Japanese scholar who studied
in China and had close friendships with ministers of the Tang court and
many Chinese scholars in a period of over 50 years. The description
throws light on the exchanges between Chinese and foreigners in this
period. When Abeno was supposedly lost at sea on his way back home,
the leading poet of the time, Li Bai, wrote a eulogy for him.

The following centuries saw a steady increase in the accounts of China
written by Western visitors. The Italian Marco Polo described conditions
in China during the Yuan Dynasty in his Travels. However, until advances
in the science of navigation led to the opening of east-west shipping routes
at the beginning of the 16th century Sino-Western cultural exchanges
were coloured by fantasy and conjecture. Concrete progress was made
when a contingent of religious missionaries, men well versed in Western
science and technology, made their way to China, ushering in an era of
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direct contacts between China and the West. The experience of this era
was embodied in the career of the Italian Jesuit Matteo Ricci. Arriving in
China in 1582, Ricci died in Beijing in 1610. Apart from his missionary
work, Ricci accomplished two historically symbolic tasks — one was the
translation into Latin of the “Four Books,” together with annotations, in
1594; the other was the translation into Chinese of Euclid’s Elements.

The rough translations of the ‘“Four Books” and other Chinese classical
works by Western missionaries, and the publication of Pére du Halde’s
Description Geographique, Historique, Chronologique, Politique,
et Physique de I’Empire de la Chine revealed an exotic culture to West-
ern readers, and sparked a “China fever,” during which the eyes of many
Western intellectuals were fixed on China. Some of these intellectuals,
including Leibniz, held China in high esteem; others, such as Hegel, nursed
a critical attitude toward Chinese culture. Leibniz considered that some
aspects of Chinese thought were close to his own views, such as the
philosophy of the Book of Changes and his own binary system. Hegel,
on the other hand, as mentioned above, considered that China had devel-
oped no proper philosophy of its own. Nevertheless, no matter whether
the reaction was one of admiration, criticism, acceptance or rejection,
Sino-Western exchanges were of great significance. The transmission of
advanced Chinese science and technology to the West, especially the
Chinese inventions of paper-making, gunpowder, printing and the com-
pass, greatly changed the face of the whole world. Karl Marx said, “Chi-
nese gunpowder blew the feudal class of knights to smithereens; the
compass opened up world markets and built colonies; and printing be-
came an implement of Protestantism and the most powerful lever and
necessary precondition for intellectual development and creation.” The
English philosopher Roger Bacon said that China’s four great inventions
had “changed the face of the whole world and the state of affairs of
everything.”

Ancient China gave birth to a large number of eminent scientists, such
as Zu Chongzhi, Li Shizhen, Sun Simiao, Zhang Heng, Shen Kuo and Bi



Sheng. They produced numerous treatises on scientific subjects, includ-
ing The Manual of Important Arts for the People’s Welfare, Nine
Chapters on the Mathematical Art, A Treatise on Febrile Diseases
and Compendium of Materia Medica. Their accomplishments included
ones whose influence has been felt right down to modern times, such as
the armillary sphere, seismograph, Dujiangyan water conservancy project,
Dunhuang Grottoes, Grand Canal and Great Wall. But from the latter
part of the 15th century, and for the next 400 years, Europe gradually
became the cultural centre upon which the world’s eyes were fixed. The
world’s most outstanding scientists then were England’s Isaac Newton,
Poland’s Copernicus, France’s Marie Curie, Germany’s Rontgen and
Einstein, Italy’s Galileo, Russia’s Mendelev and America’s Edison.

The Chinese people then began to think: What is the cause of the rise
and fall of nations? Moreover, how did it happen that gunpowder, in-
vented in China and transmitted to the West, in no time at all made Eu-
rope powerful enough to batter down the gates of China herself?

It took the Opium War to wake China from its reverie. The first gen-
eration to make the bold step of “turning our eyes once again to the rest
of the world” was represented by Lin Zexu and Wei Yuan. Zeng Guofan
and Li Hongzhang started the Westernization Movement, and later intel-
lectuals raised the slogan of “Democracy and Science.” Noble-minded
patriots, realizing that China had fallen behind in the race for moderniza-
tion, set out on a painful quest. But in backwardness lay the motivation
for change, and the quest produced the embryo of a towering hope, and
the Chinese people finally gathered under a banner proclaiming a “March
Toward Science.”

On the threshold of the 21st century, the world is moving in the direc-
tion of becoming an integrated entity. This trend is becoming clearer by
the day. In fact, the history of the various peoples of the world is also
becoming the history of mankind as a whole. Today, it is impossible for
any nation’s culture to develop without absorbing the excellent aspects
of the cultures of other peoples. When Western culture absorbs aspects
of Chinese culture, this is not just because it has come into contact with
Chinese culture, but also because of the active creativity and develop-
ment of Western culture itself; and vice versa. The various cultures of
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the world’s peoples are a precious heritage which we all share. Mankind
no longer lives on different continents, but on one big continent, or in a
“global village.” And so, in this era characterized by an all-encompassing
network of knowledge and information we should learn from each other
and march in step along the highway of development to construct a brand-
new “global village.”

Western learning is still being transmitted to the East, and vice versa.
China is accelerating its pace of absorption of the best parts of the cul-
tures of other countries, and there is no doubt that both the West and the
East need the nourishment of Chinese culture. Based on this recognition,
we have edited and published the Library of Chinese Classics in a Chi-
nese-English format as an introduction to the corpus of traditional Chi-
nese culture in a comprehensive and systematic translation. Through this
collection, our aim is to reveal to the world the aspirations and dreams of
the Chinese people over the past 5,000 years and the splendour of the
new historical era in China. Like a phoenix rising from the ashes, the
Chinese people 1n unison are welcoming the cultural sunrise of the new

century.

August 1999



HEEHAIE

e} =

B B
BHE BeH

(M ELH, =%, PEITHKMEEIFE (1303 4 ) Kit7REE,
B EE SR K i R E R

(—)

AT TH (UG ES) EhEMERBEEE i, Ri1E %R
ERIBENA T (Vo EE ) ZATHEESEF R

ot E GG R R E T REBC A AR 2 —, B2 CHT 3t
403 14 27405 T RS K 29 1700 R4, Ebat it AEes & Rk
i

P EASCTFICE I RN R, SRR w . P = CRER Y
BHEBCEEERERNS X, FERBREEA T 7EE. BIERTAL, 5T
Wt SR 8T8 B BRI —— kb AL iC Bk, B Mt Rk
BAEMTETR—8%, RRug A E R . FEESECE
S ARERFEAAARNES, KFIHE, SHMTEIERFA T 78
XH

WHE . B, OWEETHEEN -G -ERERG . 320, g,
49 5 SC B RN AR SOAL S 7 T R JE A, B8 T R AR R R SO O BREE A
B85 T o EE SR O AERE . SRIBE BN, CEER ) (A8
BAY (HEEARYY HRA, FESBRNUNGERE . ER L f] A
Wik, BARER, I, KU BRARE . ERBUNBGEN . #
SRR TR AN AR & R GE FE T R RRTE, A R HAb e g



BEd, BE LT, PEESBFERZE AR (LERER) #
LT R EEGECF R AL, B MU R LR R, LLit
B, 3 HBEEAAEE . PURLERE S, AOUER T G2
—TFAERPEMATBFRRE, HGREETE (BAERWENE
FPT L A 3 X ) B HE A g v i 8 7 A B R T R BUCET SR L,
FEEUMIREERXEZNE. UBAZE SEEZEMEE A NE LM
BB LAFR 2 EIE N F | &8 A LR m Bt R &
R ER.

HRIGREZMERILE, FRANH SIEEFBoAZANP.L, B
MRLIR =X (A (BT (FETF)) I FaaHdE 2 KB T 5
B A%, PEMSHEA—THRBE. 8RR, Uk
B R > KAMB R BRI, [REFHEE (LWEERE) (2
JC 263 4 ), fth “PrBELIRE, FEEHET, B TIFZMEREEEE X,
PlEZEZ oy FE w7 (LWEREAR) WEE, BE 7THEE
G B TR FER . At X 1B T AR 20 R RCHR (50 f)SiE A 7 thE SR 3
$ FE IR R B AR RIS /N E O B ABCFIER], HEIERF “5K
okC B BAEREE T EAE BRI E S A BT R, m
foit ke 2 T AR FRE S P X AR RS P _ 2% 20t 20 B0 R 7R (B FF
(1862— 1943 ) [ =[a)8 ( 1900 4F ) ATy BN ZE (o, X (18

B2 )7 SN E A N E P R AR KRG M, UBEYIR

9 T A A Z T . 1300 4RI KRB ) 3 A o I
ATH —AEE. sz (429—500) 1 (R ) ZE—BRE HEEH
Eif, TR WA AT, REETAR" (),
Sefts. FIRTIRITVAISH 0 FURHLINZ 50 F 2 I BOETE | R
1 R SR 8 (AT RORT , IR T 5 MR L TR

FELME 2 JE (A FRE 5 69K RUFURIRER ), S ¢ aREB )& X

uoyonpo.)uj gy

SUMOLDIUN N0 8U} JO 1011 Bper

e
F
=
&n
£
T
n

=
= -]
-_
=n
- )
—
—
oy
co
-
-
 an)
on
| |




BrHAIE R

g

—if AR T kR ((IhVFREE )0, 004004 ), B
WA ((REFEBZ)M), SHE) SHAFTRTA.

B, EERL . FLWMELMRLRE, FENET . K
BHIFEFHEE, BIRTE, KRIGEMRZ, Fat, BRRR
tegrgEds . PEERBIFREAR R EE— N H g, JLRTIESE (B
FEEZME ) 2 (11 {2 EM), B (JUEER) WEZ, 4
B HEEAR" BISE=/MUR WL, FEITRTEH
T i

3R EAS R EERCE EE RSN, SHE . b
BN EERL . BERGUANKIT RN, LT R U . RN
AR B R AR . AR s | SUlsRBRERE N EMN PO, F
JUER (£91202—1261) # (BB ALE ) P (12474F ), & “KATEE
AR”, N T —KERA B, BB TR R BER
REE QM LEEEIL ) (W (1261 4F ), (MER )Y (1274 —1275)
%, ERFR | BUARBRER RS T EA NS £uiG T ALy
FULNE R THIE R FBRR TS “KuR”, B I6. —JuEIK A RA
B “ZIaeAR”, “ZuAR”, ARFERARFBERA, 26 (1192—1279)
A IR ) 10T (1248 4F ). (A A B )7 (12594 ) FRE[EA KT
ARMEVE, FH (1235—1281), FSFH (1231 — 1316 ) 7E (FBIFT )
P TR EE . BHHERMWERIENETHR —-FTEZ)E, BH T
. AR ECERL R, ERCEFEREIR EAB TS E.

(=)

A, FUUH, SHEE, K (—fERl, SAUat ST LX)
N, AL FEAERAETEAE, SERBM “LARCE 2 AW RET,



U ZkKEE HAAR” U8 1299 4F | 1303 BB AR T (E¥E
SN A HICES ), fbfE— A E 8 A WA ERL 3 R RECE
B

(AR SaAM&RIR, RiGa =%, 200], 25914, 4T
MIERRZH R HBEEEEITF AR KoukR . FER . BRBARSE LatHrs
HEHEHNE, HERAR, IBR T RTBH RS ERIZER A HE
T . BB E B TEBR I R T EE W, X2 H Bt
EFEE kB B B AR RENES), AR EREERTAE .
g . RIARZFNXZ +aEW. RHAE (B¥R3E) PAEENS
FRIERRFER L MR LS B ISR | Wi, 152 O S B CAERE O
WL —8, FRHEEENEBRSERE RN, , SREREAEL
BRTHEZ, 25E1EH. BARRMEIEHX ZIFEEA 12 OIER.

(WITE%X), =4, 2407, 28800, EHEESHHFLEZEEN
FE, UEEANEHRBEERITAR, —JoAR. =K. WTARBHEEE
USRS 2 B, 84 “PUTTAR” BIZ TRk A FREmL, Mm%
ERBOR AR B EIRHE 2 R BRI SR RERE, 2 (Tt E%E)
) FZ R

HoREA RIS (UESH ), (B vR% ). (T EE ) AR
HIA . EEPIF, BTt (1764 — 1849 ) EH#FTTIHE (PUITTEE ).
WEZES (1768 — 1817 ), Thgk3E (200, F AR (1780 — 1853 ),
My (221 (1805 — 1860), Zx3{ 2 (23] (11811 —1882), THUL 1], #g
F5(51(1833—1902), Ak 1) FHZ 5T (Mo EE) w5, 7
TLIH R FIBRRIE 25 55 55 5 M T A B U AR

uoINPOLU| -

SUMOUYU( IO Y} 4O JOUIN SpE[

)
F
=
e
£
€D
=

—
-~}
=
=
=
-
—
-
X
=
_—
Can,
L
v

!Ir

25



xS

N 2§

(=)

B UK T AR A B 2 P B e B B R IR — 49 3 FE P El
R, “HE A ZAUFTRA, S22 RF—TH RN, WK
FFHR” . (LEBR) LI BEHFFEHAR, FrhR, REREES
FRBHTFHERE., XMEAT . (TFES) SrdcE, Bl
Pz () E#5E (31 (7THE) BRER TR, SKHR, M2 R
SHR R, MEEAHERITE AR BT, A
BRI, HORETIR ARSI HERANE TR ik
) EERMEIC S I R = AR, IR, 2R . RSN
DUERFFHE NS, BB ERFF AR, BB HR MR K B E R
Jrik, MR H R BB A LT R BT, AR AR Pl A
FIEAR (SRR AZAME ), HWR TR T 18 B4

KICZHT, FIFRRA G- RR, N TFIL R, xR
BB BRI R I, SICH, BeERIT0E T RTAR. Bl
KA A HE SRR e R W KoL —, AJE R
it , FIMBA SN IR TR B 2R, BRI, E88-4
—TEIRR . AR A .

WU, “ERIRREE (355), Wbz c— 8 (M), BREHE
AR (52, XM (INFURRE), %A TTHAEZ, 5 AR
R WX TARETE . BB, REa— iR, ZRE 0
PR . HABIFRRITHIE . AR (0, ZRBON T #m R
BT, RAIKTE, HRIEE SRR BRI T 8 AT FRIARR
(o B W FLREIK . 2SR TE CRIEEEE) R ECK o IEREAE L . f
RAEFH AR, JETE e ) TOnGE Lk, &R ITAKE A



FRFR. RURE (B¥EFR). (WTEE) dEHEKBGE.

AHEZE (LEER) FERMBEE, AMIEKTARHE 2T,
=T, WITHEE, Sy ok, =5, MR, BisrilR 5.
=JC. W@ BARME: ., HEERBEX M EENB: “FHRFEE
HREE (P{BERESE ), AT, EILSeASIAS & 3B X A E R
B (MR, K{UE AT R, BRI FERAES, &®
Az, & (LE) ZER, HX. . AL oy, B Al
PUCAR R R EIE BRI

B WERANAE, “HEUTESR, SLXT—TFF, #T
—F 5k, At—F4h, Poi—TL 2 2R E AT, =R
2=, W ARENATR, WX, #. A P0ocaHle x,
v, 2, u, WPOCR RN IEE

. },3”3 yzu?' yu? w0 u’z w7 Wz -
R e Vil yu? W uz w2 ut
e Yu Yu o yu u uz  u  uZ
y? y y Kz 2 2
xy’ xy?  xy x o  x X
x2y? X2y xly x> o’ o ol &5 o
2..3 3.3

AR T 7T B BE UK (O RVE FAHIRIATH 938 UL , FABSRIE TR REIRZ
B F st

DU TEIY B TR K BRI R R R (UTEE ) A% Bl
W PO TEIN AR =00, BRI, el TR R, FIEfR
AR . SR, QHTI, RHATE “URMRBASZE" B =

uolNpPo/ g

SUMOUNU( JNO4 By} JO JouIw aper

e
o=
-~
(]
&
co
N

o
=
-
=
=
—
=
=
)
=
-
™
o
™




WHAIE R

Dilk 2%

AEIe", ‘MR PR “PIMHEZ" . “AB KA &8 “P o KAL7,
£ “PI{EoT” R “=A1zo0”, “MREn” M = on =2 G
S “H 0@ A", EOAE . HER R LA TR, ERFER,
HiEZ, FBrAR, HERRE, DIEMSL, BEER, 78N, &4
LA Z . B2, REFESNL, MHEE, Az, BQRMAR, HmMME,
LI 5 23" 12 AR AR ES, & S LRSS TR R %
K, —BA R BGER R BT 5 IR
“BIMHZ" & = oA MmEIc:CHTEITE, IREE2Xalmhy . LA
=JuH ZHICHR B UL K FrE—1rima2Xaaliami —, U
otERE — N ¥, RakS A naY, DIHITERS A A,
RIEFE—ARMAY, KRG 0N, EPeTRRIk. REiZH,
EJEIH AT, .
Ay +Ay+A, =0
By + By + B, =0 (1)
HH A, A, A, B,, B, BJRAE yMXEA x, MEBIK, BIHE
AT, el B E
(Ay+A)y+A,=0
(Byy+ B )y+B, =0
SMEZ R U R A, B, HRMX, HIEHET

(AB, -AB,)y+ (AB, -AB/) =0 (2)
R, WHEETL ML (1) F89A,, B, AW, HiERZ
(AB,-AB)y+ (AB, -AB)) =0 - (3)

B (2), (3) Rails (1) 22—, TR RS

2]
Cy+C,=0 (4)
mkE, C,, C,RAZ yMMNEA x, zHEIA, Xt (2), (4) =K



(3), (4) AR, EHBEAS yTUEH x, tHHR,

A RAL, BRIUTTIHERSER “BIMEZ" 2572, £=
U, HIHEREMOT, WHHHAME . AR “K” Rl
Feoo L, TP R IR E=HE =R, FEE, W5 KA RENT
A, HHENRXIC, WEEFRH, A, =T “K” H
HLFE 180, 1 =Jos UM% —. ZRMEZFS = MR, X
HABAE TR  Z T MU A e, BPUHE B R ANTEHE =2,

B Rl MR BT N 2 TR . W T x, yHIn
fraC

AX"+ "+ AxX +Ax+A, =0
Bx"+-+Bx*+Bx+B =0

HHPREA, B, i=1,2,3, -, nBARFx, HEHyWEBUIR.
i AR TH BT IH 2R, sOEIH 25 B, BUa AR 2T U AR

RUAHH 2B BUCECE R AR KRS BE R . R SR M
(ILERAR) IREARMFHITTEMA AR LTCHE P EARR, 460
RECA A se e, R T =ML, “BZ LS TR
ORI SE T FEADR R Ik ™ -

RIMZRHRIOAR, ZI0AR, =J0R | BUICARBERA R, H 5 e
B FSABUR B & B 5 2 REOR AL 58 22 AR B AR, ik, J
AREHEERBN (UICEE ) B9 7—FHEMRER

(NERAR ) PREEFBRFAAL, (KBRS ) M5 298
TN E R SE g — 8 ROCEHIAROL AT T &GS, AP r KRR | K
R.IR HELOM. RRTUSESR YR, TWEITRE AR, BRBARNEmA .

JERPFERILSE (1031 —1095) BARFEERBR (NEREAR) 4%
JEARBIHERR R “FAMAER", AEERAEAZCRME, NMEET “BiR
AT, SR FE— R TR S AR RN A A MARMES T 535

uononponuy .

SUMOUUN JNO4 8Y} JO JOLIW aper

=
—
T
&N
&
2
n

e
oo
=
=
—
—
L~
-
()
[~
]
-
(o]
o
ey




WwHAIER

T 2%

JINSEAR, AR M EERBCRAEM, M B3 SR
HERMR T (RF) PR . AKBATERETERE, SkittAn
BB EAR R REREBHFE
FHATE (WU EE) PHEAT - -B=ABARFAK 17 Bl
ZAYELR R Y = AT A SR L@ TR R HE A IR 25 R B 5 AR
B BIRIT n I0Z Fl
S"=§i= 1 +2+---+n=%n(n+ 1);
=Yk (BIE—TEE: ) BoRAIA 0
&:é%iﬁ+l)z%n@+l)w+2h
X PR ERE TR BCR S, BAEs CGEMIVERE) i
ShE R LR PRI, RIEAREA THREIEY (S=Mk—E
B )
S,=34ri e D (i+2) =bn(n+ 1(n+2)(n+3)
MRS (sURE EE -5 ).

Sn:é‘f‘-ﬁ:—‘f(£+l)(f+2)(i+3)

=§Tn(n-+1)(n-+2)(n-+3)(n+-4h

S,=34iGiv (i +2)(i+3)(i+4)

=gl!-n(ﬂ+ D(n+2)(n+3)(n+4)(n+5)

XA, BI— IR T2 R RE TS e, )5 —
NEFRNRT— TR0 — B, M, FRSHERRIETHIRE TSI M
B2, 3, 4, 5, 6 XA LAIRH, MHFRERRES 3, 4, 5, 6, 7
SR S n B X ELR I AR MAHPA T T AR R
TR TR ANANBoESRE, TR, XEARTE (ETEE) H
I A &3, SChr EAERMAMKRPTCLEREENER A,
RUEARSPR EELEE TR i G+ 1)+ 2) = (i p = 1) Kill



T — H = A BRBI AT n A 245K
Sn=§gli~ i(i+1)(i+2) - (i+p-1)
=(p+ll)! nin+1)(n+2)(n+p)
BIR, Hp =1, 2, 3, 4, SH 3R FIREFERL
KA XA 7 R IE SR a2 T g it L = M a5 10
R LTI o i (i + 1) G4 2) = (it p — 1) 0 Bl
IR, HATn AR ARXE
&i%%iU+l)U+2)”%i+p-1”z(p:2“n
(n+1)(n+2)~(n+p)l(p+1)n+1]
Hp=1, 2,3, -, B, gHlREMAS. KBS, =fRIEE
W R B — TSk o
BAh, SHEATEMRDRT =M% DI AR T AR
U “IMQIHC [T T AR
f(n)=ndl+%n(n-l)dz+%n(n -1)(n-2)A,
+Ln(n-1)(n-2)(n-3) 4,

1
ﬁ¢a“zg,j;awﬁtﬁxzﬁnzﬁ\wﬁ,:ﬁ%%ﬁ
Bln - 1 HEFHZEERE, —20RBRELn - 2 WEFH =A%
L, WEMREOELI A - 3 MK FROREBERE., X—2AX 5B
HITE R e B ] L, SR EAR Rl SR 2B BT g vl 225k
RV, “EE" RIRSEE—-FE.

SR THE 7S B 3X 26 B R 2 i R HA UL e e JL At 42, A B9 2 R
17. 18, 19 tHECHECERIBH A R A .

(M EE) 2, HEEE-ET L SR THRKEEAKE
AERTTHITE ik . KooK | Moo REHEBELFENRL, XAt
RILHEERCAEET AN, BREREAERE. FIHHF7E %
AR THRE, PEKE TR KEM A B (T EE) 2

uononponuy .

SUMOLUN N0 Ay} JO JoLiw apef

€
F
=
7
£
¥
en

=
=
-
=n
=3
—
.
-y
o
=
-
]
on
rr




RHIIE N

It %

PR BRI RS — A Bl AR RO R R A F 1

(@)

A SCE R CPUICELE ) AL THUE NS —4F (1876 4F ) 7F
A+ BRI IR AT 0 SR IRAR, B BEFRIFRIAANUE, K
T B RERE.

A I SCER AT E R 1 ERLEERE B AR R B g I R TE
MR TERT (1879— 1945 ) MSIRRE . BRTEFT, FLIR, WAtse Y- H g
IE (A db e LT ) A, 1901 G5 FAL Rl SOk, HERH
B TEERE, 19124ETE AHE e W KRR R L2 00, bR 121
FIRTEIZ)F 191348, 1R Al B2 h E 56— B R BF 19 b MR E)S 13
PR ICSCR Y. BT 1919 43 AW 38T RS, 1920 4R FRTE
B A Bl B NIESERCE R AT, B 19364F H i m il &
WMECE L HE ST, FEERGT KR RUE R, TR T8CEsE firp
EECF SRR TRE . RESKUKRERFEZRY, WD M.

MRAEFTATE BHE LW K2ra, ZRIECE R K% Hr (D. E. Smith,
1860— 1944 ) @8N, HER T (POCELSE) MI98iF; EREMAH]
H5% B2 (E. L. Konantz ) HFFBI T, KZE 1925 FFIE5ERL 1 X0 TAE,
A E SRR, XRMAGTER Y. b 1R e a2l T
1929 FE LA E AR E D FE DR ( George Sarton, 1884 — 1956 ) Hi %, §*
FRAT T SRR, B ST UL BB AR, A EMAf
AH . 1940 FFEH R WBIHIER, & BE TR RIZ —
R, 4 IRARATRE . PREESTIIRRGFNTERE R, A TU iR ik BRI A AL
SRS Y [ BB 7 i B AN GE AL MR AR AR IR AR FRME By T AEXS
UETAY T E R R P T e E s A EENEEME,



FOBEXT R R PEAT R RGP IR E ] 14 2208,
IR TS 13 R, B CRNME, HFE T BEN SRR
S BCHT & PRRLEESC, B PRTERT R 3L, 20iR) T RTERT I A LR,
g 7 2R ) A T e, BRIEFIERARLL (BREL C ), BHHF
FIFNESRLL (FREL G ). HeAh, BRTEFTIERSS B 8 77 L A0 A 5 $homi
PRld K" 5, XEZEPMURERC AN — MR, Lhatl, ¥ K7
B FHE57, 80 “ou” BT kWS, IERRPREEZTR, AR
H773C CRPAS KT —JC 2 )o TERIUARH, WA 89 KouCi i
CHRRRARIHT, —&AEOF R, EAHARE KT BT Fo 1 Ak,
T2 T BRAEBT IR X 2K K7 8 0" . AT RIES, B
TERATHE SSCF PR, B BB A FIM AT - BRI
wdre . I, BREFERETR T HICFERESET, RITEABA

X _TAETG 2 BB B AR SR o BT AL T #0F it 91
12 555, 1FFIEZREE . 8RB S 058 i B 08 FIPRTE BT Z P o Bk
FEPE | M o) Stk LA S0P 9525 | 1B A< JE] ( Joseph W. Dauben ), X4 |
MOCHE | ke R, B RURFENRAMRR, fFEFRRE
LM . JCHIEIEATE | MOCRR | ZRJRAE e AR TR H 1 E R
IEEW, EAR SRR, ff LR ER T HI# g, #hE T ot
FEGRL, AN E MR, FAEBERZ,

[ %]

[1]0oe) REA: WooE%. W. FHEER: FEFFFHARBEEEIL - 8
FEEL S UM 1205 ~ 1275 51, KR TR ECE AR, 1993 4F ., iZ 1 B BRTEER
| PEVE Precious Mirror of the Four Elements, 7= . fHa k& (HEBCAR L) 89
B} A< [ John N. Crossley ( ZB# ¥ ) 5 Anthony W.-C. Lun ({E#E4£ ) 1% : Chinese
Mathematics. A Concise History, Oxford: Clarendon Press, 1987, P. 111 | R FHBATEHr

fiF#%: Jean-Claude Martzloff ( ™74 ) Fir3& Histoire des mathématiques chinoises

UO}joNpOLIU| e

SUMOUNU( N0 8y} JO JOLI Sper

)
F
Eu
&
4
2
7

—
[~ - |
~ -]
-
- |
-
e ]
b |
J
=
-
m
on
™




WEHAIE B

RS

((PE SR BBEE A History of Chinese Mathematics ( Stephen S. Wilson ¥,
Berlin: Springer-Verlag, 1997, p. 17 ) 1% {E Jade Mirror of the Four Origins. M4
FLNR, BLABAFFEE “Mirror [ trustworthy as ] jade [ relative to the | four origins
[ unknowns I". W _ERBEEHENE, H153T. A TABBRE+FM “F" 694 LR
“jade”, “TC"HI7A X B “element” , i MiZF8) | F3OEE T8 A B 2 “unknown”,
I, FABIZIEAE (Joseph W. Dauben ) BIEIHIF K Jade Mirror of the Four
Unknowns. {Ei3E#E, fER#E X L, “OU” 48 “unknown” ., AHFA B HLFEL, R
#iRfE “unknown element”, X TFARIUA R HEFMIARIERME, AI2%, BREF
F4: PEECEEL. £175~205 7, dbat: BeEdRAE, 196445 FHF. XEE
. FERETGRFESE. B5EH197~27701, R TTHH BRI, 1998
i AR RIUAR. B REHFH: KulrerRie CE. 8166 ~2097, Jt
B FlH AL . 19664F; John Hoe( BTTAE )3&: Les systémes d’ équations polynomes
dans le Siyuan Yujian (1303 ) (({PUFnE% ) PREZMA 7 FEH )), Paris: Collége
de France, Institut des Hautes Etudes Chinoises ( Mémoires de 1’ institut des Hautes

Etudes Chinoises, vol. 6 ); Andrea Bréard( HH% HE } Re-kreation eines mathematischen

" Konzeptes im cinesischen Diskurs. * Reihen” vom I. bis zum 19. Jahrhundert | { &

B P ECERE SR B (N T F] 19142 )) ), Boethius, vol. 42. Stuttgart: Franz
Steiner Verlag, 1999, pp. 178-264.

(214 B 2040 80 AR ULk Rl AL - BUATfRT . W, 3%
L SEPT RIS H /e . sKEILBEERTR [ UL S& | dba. SCthiiit, 2002
B, SR (B g, ChEBHEERRD), 3228 (2001 4), H3H, B
202 ~ 219 71,

(3]0 7 ) AR S, BIGE, s, HBESR. . Baeth, BHF.
Nl f ke . ST THE B, 1998 ;&b ALEEHARGE, 2001 4E. 5529 ~ 80 M.
7R FiEA ;. Christopher Cullen ( &5 7%l ): Astronomy and Mathematics in Ancient

China, the Zhou Bi Suan Jing ({ PR RHIK L= 58 FMHELSL )). Cambridge:

Cambridge University Press, 1996.



[4]1(FN ) AFEREAR, MgE, FEXEER, BHHFILL. WM. LT
AL, 1990 4F; MGRbAR, L THE ML, S LENMGE, 20045, X 5
BEAR. . B8, B8HF. NHESE, LTHEFBRM, 19984; Git.
JuEr i, 2001 4E. 4581 ~ 244 51, AR WAIFA: Shen Kangshen (LS ), John
Crossley ( 534 7 ), Anthony W.-C. Lun( {£%E+¥ ) The Nine Chapters on the Mathemati-

cal Art: Companion and Commentary( {{ N EH K )T 5F 8 ) ). Oxford: Oxford Uni-
versity Press and Beijing: Science Press, 1999, thE X} B8 4. Karine Chemla ( AR 778 ),
Guo Shuchun ( ¥845%F ): Les Neuf Chapitres : le classique mathématique de la Chine
Ancienne (( LEB K. PEHERMFESEIM)), Paris: Dunod Editeur, 2004,

(5 IXBURERR: & — KRR BB, FRoARE . B — SRR
PHE (B AR DUREHE ) 5 —%0% (& A OB A E i ), IR T3 5 ERr R
ELfE R 2 2 1. XX A (A TR I 1Y 2 At

[ 6] &K% BeAmBE—iaF 1900 EEREPRPHFER K ERHE. .
G ttinger Nachrichten { 1900 ), pp. 253-297; Mary F. Winston J§ H ¥ NI
Mathematical Problems: Lecture Delivered Before the International Congress of Math-
ematicians at Paris in 1900, W.: Bulletin of the American Mathematical Society, vol. 8
( 1902 ).pp. 437-479; FhR T David Hilbert, Gesammelte Abhandlungen. Berlin: Springer-
Verlag, 1935, vol. 3, pp. 290-329; Felix Brouder%i: Mathematical Developments Aris-
ing from Hilbert Problems. Providence, RI: American Mathematical Society, 1976. IR
WA K. BRHEERRPX, TSR, BERFEE. big. BBRR G,
1981 4, %560~ 84 71,

[7](8) Xigh: BREZ, ZENEGERE, BEELAK. L. BE+H, B
B NG SR, I THE AR, 19984, Adt: JUEEHRRAL, 2001 45, #3245 ~
255 J1.. 75 Frank J. Swetz BYE1EAS . The Sea Island Mathematical Manual: Survey-
ing and Mathematics in Ancient China. University Park: Pennsylvania State University
Press, 1992; Shen Kangshen ( {.H5 ), John Crossley ( #8#E ), Anthony W.-C. Lun
( {£4E+¥ ): The Nine Chapters on the Mathematical Art: Companion and Commentary
(BB A YSiE 5718 ). Oxford: Oxford University Press and Beijing: Science Press,
1999, pp. 518-559.

uogonponu| B

SUMOUMU IN04 3Y} JO JOLIW =per

LT
—
=
en
£
2
N

s
=
—_
=
=
-
[~
s & |
c?
=
=
™
on
™




WxHAIE N

Ik 2%

(8 ] 5p4ide: HACHEA RS 0. 55/ IWARRIFHAR MR, 19924,
Hik: BICBE, 1995 4,

(91 (/) BIESF: FEH - @k L. b5 dEER, 19734, F 388,
LS E ST SUE:

[10] PhFHZE, BBEFLAR. L. a6, BEE. SR, TTHE
WaRAE, 1998 4F; &db: B, 20014, #5257 ~ 291 %1, 4R Lam Lay Yong

(%A% ) 5 Ang Tian-Se ( #tX15 ) RYFIRA: Fleeting Footsteps. Tracing the Con-

ception of Arithmetic and Algebra in Ancient China. Singapore: World Scientific, 1992
2004 4ETEE A

(11 )b ) skpad: kW, FERNETER, FPFAL W B4
5, WAEFE. XpEER. LTFEBBRE, 19984, Gd4b: LE kR, 2001 4.
%5293 ~ 348 Tl .

[12 JOdekR ) BH%E: W LR AN . 90 =02 —Mfr T (HEf L
BiL) . Z2REEE. K (ATAEREME) pE, (AR HR) BT
LA (198847 ), #3328~334 51,

(13 ](mR)FILR: EhhE. W. BBEEH: HEPEROREEL -
WeEdts . B V5439 ~ 724 01 XMH: s #CE AL, 1993 %F . 28 I Ulrich Libbrecht
B PiFA . Chinese Mathematics in the Thirteenth Century. the Shu-shu chiu-chang of
Ch’ in Chiu-shao. Cambridge, MA: MIT Press, 1973

(141 (B ) W% I LERE. W BREEEHR: PEAERRMER
iC - B, 55 V5 949~1043 51, FM . WBgEE HikldL, 1993 4.

C15 (R ) V. R, W, PHE IS TEPFRARMERE - 87
oS UAEES 1047 ~ 1117 01 KB REEGEH Hik, 1993 4. R EIEC L84 Lam
Lay Yong ( W§AR#%E ) iENH I, W.: A Critical Study of the Yang Hui Suan Fa. A Thir-
teenth-century Chinese Mathematical Treatise. Singapore: Singapore University Press, 1977.

(16 1070 ) k. MPMEEE. W. SHEEER: PEAARREENNI - 8%
% IME 729 ~ 869 0L A (T A thARAL, 1993 4. TG B E R



R AIS% . BRERTEHR: PEEAL, B 168~ 178 W, Jba: Bedimsd,
1964 5 FAHF., N FREHFERFRSE. BSEF 186~ 196 T, ik
FH: LT#HE LML, 19984F; MM TR RHBUFEE. W BFERES: Koo
BeF e . 55104~ 148 01, dba0: FleFHipRdt, 1966 #; Karine Chemla ( A%
J1BB ) . FHSEIFE: T GRS ) f9&S i B M RCE R AR, . 2Rl
T4 BeER R CE. BSHEE 123 ~ 142 01, MPRIEEE. AZEH RFEDRE, &
Jb. AEHAREL, 1993; Karine Chemla ( #% /74 ): Du parallélisme entre énoncés
mathématiques analyse d’ un formulaire rédigé en Chine au 13 siécle ( 5= FK A RIAH
ik, 13t EE T DEEX P ), Revue d’ hiswire des sciences, Vol.
43 (1)(1990), pp.57-80.

(17 1000) Fif: ke W MEETS: PEBFHARATEHIL - ¥
&. F B 873 ~941 1. AN FIFEHEE HAREL, 1993 4. X THFRAZR
Lam Lay Yong ( #£ii% ) 5 Ang Tian-Se ( #t K15 ) B9 3C: Li Ye and his Yi Gu Yan
Duan ( Old Mathematics in Expanded Sections ), Archive for History of Exact Sciences
vol. 29 (3) (1984 ), pp. 237-266.

181078 ) 357 . VT RERTF. M. BMBETH: PTEEBEOR R -
BeEds. 0 VS 1205 5L, VM. PR tiRREL, 1993 4R,

(191098 ) Skttt B¥imse. W WE T PEESRMEEIL - &
FA L B R 1123 ~ 120001 KB I RI A (BAHE, 19934, FR /P A K Andrea
Bréard ( A%HE ) iR RTEL, W.: Re-kreation éines mathematischen Konzeptes im
cinesischen Diskurs. “Reihen” vom 1. bis zum 19. Jahrhundert | { ¥ B8 55 T ECE
SRIEAE (M LB 19142 )) ], ( Boethius, vol. 42 ), Stuttgart; Franz Steiner
Verlag, 1999, pp. 378-387.

(20 1034 ) ohde: DL ESaE. WA, W. BWBEELH. PEBESORM
AL - g, B5ME 227 ~432 01, XM TMEEA HiRREL, 1993

(20 103%) L8k Mo ESEME, bils: BFEHIE, 19375,

uoIoNPOLUY

SUMOUNU( N0 8y} O J0uil 8per

o
==
==
on
4
=
N

—
=)
—d
==
-}
-
L~
-
T
=
m
N
| oy |




BEHIEE

Ik =

[22] (7§ ) WM. PTEEME, WA, EEFERFRBHER.

(23 ](@ ) FEZ. I, L. BHEIH: PEBFEORAREETT - 8
T, BSME 911 ~963 51, MM WREEF HMH, 19934, X: ZFEEH>=: N
o W BBEEH: PEPEEARBEET - B#E. B 5 M8 967 ~998 51, A
M. IR AL, 1993 4.

[24] () THUER: WRBSME, B BEEEH: PEBFHEANREEE
iC-¥9E, F1ME 1276~ 128071, XM : WIBSHF IHARFE, 19934,

[25 )0 ) %55 BBR. W: %5 TERARAM. L8 TrMRMER
AR

(26 10 ) k. BB L. 4, Jeat: P ERBRER A ARE LT E B
TR -

[27 ] REH TS PEEFES, $89~9001, Jbat: Foriimit, 1964 4,
VEAHE . Mg FITREFETRef. B5EF 997987, M. L7TH
BREAE, 1998 4,

(28 () XFili: AHHL. BEHEHFAR. W L6, BHF. XA
. fBdb: LEEHRARFE, 20014, 25 413~442T0,

(291(H]) AFSKUESE. . BHEEFEIHR: PEFEORBERIC - ¥
o 8 1416 ~ 1427 51, AP FIREE HAREL, 1993 4F.

[30](0C) #ify: Wavdi SRt L. PEBR, 1995#, 532701,

[31](c) 8 MTELEGRF. W. BPEETSR: PEREREARMEEIL -
BeEd. o M 1206 51, XM . FAIREEE iRt 1993 4F,

[ 32 1[ai# [ 18 J. Andrea Bréard ( %% ) Xtk 5 F E#4T T EHAYITIE,
W: Re-kreation eines mathematischen Konzeptes im cinesischen Diskurs. “Reihen”
vom 1. bis zum 19. Jahrhundert [ { P EHIEH P HFEM S FEELE (A 1L 2] 19

it4 )) ], ( Boethius, vol. 42 ), Stuttgart: Franz Steiner Verlag, 1999, pp. 178-



188,

[33] & [31 4

[ 34 164, DUTEIN I AT SURMRIAIE . A ARRIE R RFIE ), 85214 (2002
)R, B12~2000,

[35] R34R: W B 253 SOLVER B ARG . (FUAR LR 5NN ),
(19864F ) 28I, XIW: RK: RCRICEFIMAL. 5. WRBH HM
. 1995 4, 5 491 ~ 505 UL,

[36 1 vk#E: BEER, SHEMIE. HiE: LS NEREBGE, 19878, #5574
U1, XTIeE “BUmA " #9811, 2 W Andrea Bréard ( (1% ¥ ) ) Re-kreation eines
mathematischen Konzeptes im cinesischen Diskurs. “Reihen” vom 1. bis zum 19.
Jahrhundert [ { F [Hif g F AU ERI A EE (A HIFEF]19HE4E )) |, Boethius, vol.
42. Stuttgart: Franz Steiner Verlag, 1999, pp. 110-118,

[ 37 16 Tt AR e PUSL T %5 ) R BT 1 At i 5 45 T AT 95 G B0 TE A B 42
Al EN, BEFESR: PEE¥E. $175~205 7. Jbal: BoEHR, 1964 4
HBE. e FEREIRPER 2, BSEH 197 ~227 90, WH: LT
BRRAL, 1998 45 FEABR. RIEARDIR. W: BRERSE. RoolrLietE. 8
166 ~209 71, dt5t. FBEHARFE, 1966 4F; Andrea Bréard ( (A% HE ): Re-kreation
eines mathematischen Konzeptes im cinesischen Diskurs. “ Reiben” vom I, bis zum
19, Jahrhunder: [ { P EIEHE P AN FHALE (1 2T 1914 )) |, Boethius,
vol. 42, Stuttgart: Franz Steiner Verlag, 1999, pp. 189-264.

[38 ] kLGSR SRR, W BREFRS: RUBEFLIRIE, H185~19%
Ui, dbml: BEFEHAREE, 1966 .

(39 1Z0ktE, BT KUHABEARFRR. ( AARFELPIT), & 194 (2000
E)FEILH, $530~3971,

[40] @ [1]

UORONPOLj|

SUMOUNU N0 8U} JO JOLIp Sper

LT
pe—
==
en
£
LT
cn

|
_—
[~
=
>
— -
-
el
-
o
—
-
 nn
"
rr




[ 41 ] George Sarton ( B5ii ): Introduction to the History of Science ({ =% &
g

WA E N

= 0). #& 111: Science and Learning in the Fourteenth Century. Baltimore: the Wili-

=

i

iams & Wilkins Company, 1953, p. 703.
(42 15868, W&, K8 MAFEFMPEECA, WH: L7 G # R,

1995 5, %5129 ~ 130 bt .,




INTRODUCTION

by Guo Shuchun and Guo Jinhai

The Si Yuan Yu Jian ( Jade Mirror of the Four Unknowns Y 1! was writ-
ten in three parts by Zhu Shijie and published in 1303 during the Yuan dynasty.

It is the most advanced work of traditional Chinese mathematics.

In order to understand its status in the history of mathematics in China
and internationally, we first need to introduce briefly the general situation of
traditional Chinese mathematics before the Jade Mirror of the Four Unknowns
was written.

Traditional Chinese mathematics is one of the most advanced basic dis-
ciplines in ancient China, and from the 3rd century BCE to the beginning of
the 14th century CE, was the leading and most advanced in the world for
more than 1700 years. Compared with the state of mathematics in the medi-
eval West, the Jade Mirror certainly represents one of the leading and most
significant mathematical developments on the world mathematical scene.

Although Chinese history written in characters is very early, no math-
ematical works have survived from three of the earliest dynasties, including
the Xia, Shang, and Western Zhou, nor from the Spring and Autumn period
as well. Therefore, the nature of the development of Chinese mathematics
during these periods is not clearly understood. At present, we know that the

Chinese created the most convenient means of numeration in the world: the
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decimal place-value system, accompanied by what at the time was the most
advanced calculation method as well: counting-rods. These are two of the
world s most significant accomplishments. The character of traditional Chi-
nese mathematics is different from ancient Greek mathematics, but the num-
ber system and method of computation are two innovations that have an in-
separable connection.

The Warring States period and the Qin and Han dynasties established
the foundations for unifying China with respect to systems of organization,
business practices, territorial boundaries, cultural products, intellectual matters,
etc. Furthermore, they established the foundations for Chinese civilization
and also for traditional Chinese mathematics. The Suan Shu Shu ( Book of
Arithmetic )' *), the Zhou Bi Suan Jing ( Arithmetical Classic of the Gnomon
and the Circular Paths of Heaven ) *’, and the Jiu Zhang Suan Shu ( The
Nine Chapters of Mathematical Procedures )'*’, were finished between the
Warring States period and the beginning of the Western Han dynasty. Many
aspects of Chinese mathematics were ahead of the world’s leading levels,
and some exceeded them for more than a thousand years, including computa-
tions with the four basic arithmetic operations for fractions, the arithmetic of
proportion and proportional distribution, the rule of excess and deficiency,
the approximation of square and cube roots, solutions of simultaneous
equations, rules of addition and subtraction for positive and negative numbers,
finding so-called “Pythagorean” triples, etc. The Nine Chapters of Math-
ematical Procedures established the basic framework for traditional Chinese
mathematics. It closely relates theory and practice. Focusing on computations,
the character of its arithmetic is structural and mechanical, which influenced

the development of Chinese and oriental mathematics for the next two thou-



sand years or so thereafter. It also shows that alongside the significant math-
ematical developments in the Mediterranean, China ( and later India and the
Islamic Near East ) were also important centres of mathematical activity. Chi-
nese mathematics also represents a different emphasis, one employing the
relationships between quantities rather than geometric space and logical
deduction. It reflects as well mathematics turning away from an emphasis
primarily upon deductive logic to an arithmetic tendency combining induc-
tive and deductive logic.

From the end of the Eastern Han dynasty to the Wei, Jin and Southern
and Northern dynasties, economy and politics -‘were based upon a system of
manorial serfdom. The practice among scholars of debating the “three
mysteries” ( these were the san xuan, which mainly included the Book of
Changes, the Lao Zi and Zhuang Zi ) replaced the trivial jing xue ( classical
studies ) in the two Han periods. Chinese society developed into a new phase.
The accumulation of mathematical knowledge, the spirit of debate among
scholars, and the influence of Mohist thought spurred Liu Hui of the Wei
period to write his Commentary on “The Nine Chapters of Mathematical
Procedures”. He “analyzed the principles, and used the diagrams to display
their components,” and gave many rigorous mathematical definitions. He
used deductive logic as his main method to prove the mathematical principles
of The Nine Chapters of Mathematical Procedures, the most comprehensive
work of traditional Chinese mathematics. His proof of the formula for the
area of a circle and Liu Hui’ s theorem [ were the first in China to intro-
duce the concept of limit and the method of infinitesimals into mathematical
proofs. His method of cutting the circle without limit and his idea of “solving

with infinitesimals” ( giu wei shu ) provided the foundation for the calcula-
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tion of 1r in Chinese mathematics. In fact, Liu Hui s theorem for determin-
ing the volumes of solids is related to the third problem brought forward by
David Hilbert (1862 — 1943 ), who presented his famous list of 23
“unsolved problems for the 20th century” at the International Congress of
Mathematicians held in Paris in 1900. ¢! Liu Hui’ s Hai Dao Suan Jing
( Sea Island Mathematical Manual )'7) was devoted to Chinese techniques
for measuring heights and distances, for which the method of double differ-
ences was the main method used, one that was not surpassed for more than
1300 years, until the introduction of Western methods for the measurement of
heights and distances at the end of the Ming dynasty. '®/ Another landmark
contribution to Chinese mathematics was the Zhui Shu by Zu Chongzhi ( 429
— 500 CE ), a more profound book written in the Southern dynasty. Itis a
pity that officers at the Suan Xue Guan ( Mathematics Bureau ) during the
Sui and Tang dynasties were unable to understand it, and as a result, it was
eventually abolished. !?’ Subsequently, the book was lost. At present, we
only know two of its contributions advanced by Zu Chongzhi and his son Zu
Gengzhi based on the foundations of Liu Hui’ s achievement. One of these
was the computation of the value of 7 to eight decimal places, as well as a
more accurate ratio for 1 : -ﬁ% . the second was Zu Gengzhi’ s theorem
( equivalent to Cavalieri’ s theorem in the West ), by which Zu Gengzhi de-
termined the correct formula for the volume of a sphere. Other classic texts
of ancient Chinese mathematics gave solutions for expressions of congruence
of first degree, as did the Sun Zi Suan Jing ( Master Sun’s Mathematical
Manual ) ( 4th century CE )''°), and the method of the “Hundred Fowls” in
the Zhang Qiujian Suan Jing ( Zhang Qiujian’s Mathematical Classic ) ( 5th

century CE )!''), among others.



With the great development of agriculture, handicraft industry, and
commerce, many new factors influenced Chinese economy and politics be-
ginning in the middle period of the Tang dynasty. During the Song and Yuan
dynasties, these influences became more mature. Moreover, the atmosphere
within the circle of intellectuals was comparatively free. Ancient Chinese
science and technology developed to new heights. In the first half of the 11th
century, Jia Xian composed the Huang Di Jiu Zhang Suan Jing Xi Cao
( Detailed Explanation of the Ancient Classic, Nine Chapters ) ( first half of
11th century CE )!'2/, in which he made the solution methods of The Nine
Chapters of Mathematical Procedures more abstract. He created the method
of kai fang zuo fa ben yuan ( origin of the method for extracting roots ), that
is, Jia Xian s triangle and the method of zeng cheng kai fang fa ( a method
for extracting roots using addition and. multiplication, similar to Horner's
method ), which represents the apex of Chinese mathematics in the Song and
Yuan dynasties.

The 13th century was a period during which the most important math-
ematical works were handed down to the present. At that time, there were two
mathematical centres, one in the south, another in the north. The lower reaches
of the Yangtze River were governed by the Southern Song dynasty, where a
centre emerged which included Qin Jiushao and Yang Hui. They advanced
solutions for equations of higher powers, for linear indeterminate equations,
and improved the simple methods of calculation for multiplication and divi-
sion among their main contributions. Qin Jiushao ( ca. 1202 — 1261 CE )
composed the Shu Shu Jiu Zhang ( Mathematical Treatise in Nine Sections )
( 1247 )!31 in which he put forward the method da yan zong shu shu ( general

da yan method ), thereby consummated the method for expressions of con-
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gruence of first degree, and improved the numerical solutions of equations of
higher powers. Yang Hui composed the Xiang Jie Jiu Zhang Suan Fa
( Detailed Explanations of the Algorithms in the Nine Chapters )( 1261 ):'4),
and the Yang Hui Suan Fa ( Yang Hui’s Mathematical Methods ) ( 1247 —
1275 )!'3) among other works. Yang achieved considerable success with his
duo ji shu ( methods for summing series ), and improved the simple methods
of calculation for multiplication, division, etc. The northern mathematical
centre governed by the Jin and Yuan dynasties developed the tian yuan shu
( celestial element method ) for solving equations of higher degree, er yuan
shu ( two elements method ), and san yuan shu ( three elements method ),
for solving quadratic and cubic equations, the knowledge of gou gu rong yuan
( measurements of right triangles and circles ), and duo ji shu ( methods for
summing series ). Li Ye ( 1192— 1279 ) wrote the Ce Yuan Hai Jing ( Sea
Mirror of Circle Measurements ) ( 1248 )! '’ and the Yi Gu Yan Duan ( Old
Mathematics in Expanded Sections ) ( 1259 )!'7] both of which are devoted
to the method of tian yuan shu ( celestial element method ). Wang Xun
(1235—1281 ) and Guo Shoujing ( 1231—1316 ) used the duo ji zhao cha
method ( for summation of finite series ) in the Shou Shi Calendar. Zhu
Shijie, at the end of the 13th century, studied and accepted the best results and
methods from the two mathematical centres in the south and the north, and as

a result, his mathematical achievements were even greater than those of his

predecessors.

Zhu Shijie, also know as Hangqing and Songting, resided in Yan ( or



Yan Shan, today Beijing or its near vicinity ). Neither the dates of his birth or
death are known. Indeed, virtually no details of his personal life have survived,
except for the fact that he was well-known as a great mathematician, having
traveled throughout the country for more than 20 years. The number of people
coming from all directions to see him increased daily. ''®' His Suan Xue Qi
Meng ( Introduction to Mathematical Studies ) ''*! and the Jade Mirror of
the Four Unknowns were both successively published at Yangzhou in 1299
and 1303, respectively. Zhu is one of the few professional mathematicians
and mathematical educators in the history of China.

There is some introductory information at the beginning of the Suan Xue
Qi Meng. Then the work is divided into three books which include 20 sections
and 259 problems. Its contents concern many aspects of the mathematics of the
Yuan dynasty, such as the operations and simple calculating methods of multi-
plication and division, root extraction methods, the rian yuan shu ( celestial
element method ), finding solutions for simultaneous equations, methods tor
summing finite series, and so on. The contents range from the simple to the
profound, and represent a more or less integrated system. It served no doubt as
a teaching manual for Zhu Shijie to teach his students. The methods improving
the rod arithmetic for multiplication and division were an important aspect of
mathematics in the Song and Yuan dynasties. Because this sort of mathematics
was a mundane activity related to commerce, some great scholarly mathemati-
cians such as Li Ye disdained it. However, Yang Hui, Zhu Shijie and others
regarded it as very important. Zhu Shijie evem turned all kinds of useful for-
mulas for simple calculations of multiplication and division into rhymed verses
that were easy to memorize and much easier to use than Yang Hui’s. Some of

these were especially suited for calculating with the abacus, and the develop-
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ment of simpler calculating methods for multiplication and division helped bring
the abacus into prominence. In the Ming dynasty, the abacus ultimately took
the place of counting rods, and it remains a very useful tool in China, Japan, and
Southeast Asia even today.

The Jade Mirror of the Four Unknowns, consisting of three books di-
vided into 24 sections, contains 288 problems. The principles of both ancient
and modern methods of elimination including four kinds of diagrams are in-
cluded at the beginning of the work. And there are four introductory prob-
lems in the si xiang xi cao jia ling zhi 1u ( a chart of the detailed solutions for
the four exemplary problems with one to fﬂur- unknowns ), which demon-
strate the solutions for the “celestial element method” ( tian yuan shu ), the
“two elements method” ( er yuan shu ), the “three elements method” ( san
yuan shu ), and the“four elements method™( si yuan shu ). The main achieve-
ments of the Jade Mirror of Four Unknowns are the"“four elements method”
for the solution of a group of simultaneous equations of higher degree in as
many as four unknowns and the procedure for computing the sum of arith-
metic series of higher degree and the method of higher power finite differences.

The Si Ku Quan Shu( an encyclopedic collection of classic texts ) com-
piled during the Qian Long period, did not include the Introduction to Math-
ematical Studies or the Jade Mirror of the Four Unknowns, both of which had
been lost. At the beginning of the Jia Qing period, Ruan Yuan ( 1764 —
1849 ) saw a copy of the Jade Mirror of the Four Unknowns in Zhejiang.
Thereafter, among those who studied this text were Li Rui ( 1768 — 1817 ),
Shen Qinpei (2°), Luo Shilin ( 1789 — 1853 ){2!), Dai Xu ( 1805 — 1860 )' %,
Li Shanlan ( 1811 — 1882 )'2*], Ding Quzhong ?*’ |, Hua Hengfan ( 1833
— 1902 ){?5] and Zhou Da?’. They did significant work for the method of

elimination applied to the four elements and for the duo ji zhao cha method.



The numerical solution of equations of higher degree is one of the ad-
vanced branches of traditional Chinese mathematics. The fang cheng
( rectangular arrays ) method of ancient China is closely related to the modern
theory of linear equations. The methods for solving equations with one un-
known were all called kai fang shu ( method of extracting roots ). The ping
fang shu ( method of extracting square roots ) and /i fang shu ( method of
extracting cube roots ) as applied in the shao guang ( diminishing breadth )
chapter of The Nine Chapters of Mathematical Procedures are the earliest
methods for the extraction of roots in the history of Chinese mathematics.
With the improvements introduced by Liu Hui, in the Sun Zi Suan Jing( Master
Sun’s Arithmetical Manual ), and by others, increasingly accurate methods
were used to solve quadratic and cubic equations down to the time of Zu
Chongzhi [?’! and Wang Xiaotong (2! ( 7th century ). Zu Chongzhi could
even solve equations with negative coefficients. Jia Xian extended the tra-
ditional methods to solve equations of higher degree, which was called /i
cheng shi suo fa( table of binomial coefficients and methods for equations
of higher degree ), in the course of which he introduced the Jia Xian Tri-
angle as the /i cheng( table ). He also created the zeng cheng kai fang fa, a
method by which the coefficients of the JiaXian Triangle were generated

through successive additions and multiplicati-ons. {2 'During the Song and

Yuan periods, Qin Jiushao, Li Ye, Zhu Shijie and others took the zeng cheng.

kai fang fa( the method of extracting roots by addition and multiplication )

as a central result, and used the zeng fu kai fang shu( a method for extract-
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ing roots with positive and negative coefficients ) as a means of providing
complete solutions in extracting positive roots of equations of higher degree.
Zhu Shijie modified the lian zhi tong ti shu ( previously used by Qin Jiushao
and Li Ye ), and called this the zhi fen method ( for solving equations of the
form ax” -a, = 0,a#1)

There was no uniform way of writing equations before the Song and
Yuan dynasties. In order to lay out equations on the counting board, clever
methods were usually needed with respect to different problems. Mathemati-
cians created the tian yuan shu ( celestial element method ) in the Jin and
Yuan periods. The so-called “celestial element method” is the method
whereby solutions are obtained from equations of any degree in one unknown.
This process is called the elimination of ruji.

As Zu Yi explained in the Preface to the Jade Mirror:"Later we find the
element tian in the book Yi Gu written by Jiang Zhou of Pingyang, in the
book Zhao Dan by Li Wenyi of Bolu, in the Qian Jing by Shi Xindao of
Luquan, in the Ru Ji Shi Suo by Liu Ruxie of Pingshui, and in the work of Yuan
Yu of Jiang.” This roughly describes the progress of the origin, development,
and eventual perfection of the tian yuan shu. Li Ye also employed a method
using tian and di for the positive and negative powers of the element tian' * .
By canceling the element di which expressed negative powers, Le Ye only
used the element tian. He ascertained its power according to its relative posi-
tion with respect to yuan or tai, which expressed constant terms. Li Ye at first

placed the positive powers at the top and the negative powers at the bottom of

the counting board in his Ce Yuan Hai Jing ( Sea Mirror of Circle

Measurements, 1248, 1298 CE ). He subsequently revised this in his Yi Gu
Yan Duan ( Old Mathematics in Expanded Sections, 1259 ), which then be-



came the standard format for the tian yuan shu. Zhu Shijie always used this
layout in his Suan Xue Qi Meng( Introduction to Mathematical Studies )and
Si Yuan Yu Jian ( Jade Mirror of the Four Unknowns ).

It was doubtless under the influence of the fang cheng shu ( rectangular
arrays method ) in The Nine Chapters of Mathematical Procedures that the
tian yuan shu was generalized to accommodate two, three, and four unknown
elements. These were called the er yuan shu ( two elements method ), the
san yuan shu ( three elements method ), and si yuan shu ( four elements
method ) for solutions of equations of higher degree in two, three and four
unknowns, respectively. When Zu Yi referred to this process in his preface to
the Jade Mirror, he said:“It is from these books that Li Dezai of Pingyang
obtained the materials for his book, Liang Yi Qun Ying Ji Zhen ( A Collec-
tion of Precious Problems in Two Unknowns ), which also contains the un-
known element di. In the Qian Kun Kuo Nang ( A Work on the Two
Unknowns ) by Liu Dajian Runfu, the brother of Xing Song ( his another
name is Xing Bugao ) of Huoshan, there are two problems at the end of the
book with the unknown element ren. My friend Zhu Hanging of Yan Shan
has for many years shown a deep interest in mathematics. He examined vari-
ous studies of the Nine Chapters, especially with respect to the four elements
tian, di, ren and wi.” 13" This makes it clear that the creator of the four un-
known elements method is Zhu Shijie, also known as Zhu Hanqing.

Muo Ruo said, the layout of four unknown elements on the counting
board is as follows: “The method ( of the four unknown elements ) for solv-
ing equations puts the JG*<, yuan g the zero or empty element )in the centre,
the element X tian ( heaven ) at the bottom, the element #i di ( earth ) on

the left, the element A ren( man )on the right, and the element #J wu ( thing )
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at the top.” [32) The er yuan shu ( method of two unknown elements ) in-
volves two equations, each of which has two unknown elements; the san yuan
shu ( method of three unknown elements ) involves three equations, each of
which has three unknowns; and the si yuan shu ( method of four unknown
elements ) involves four equations, each of which has four unknown e¢lements.
If x represents the unknown element tian, y the unknown element di, z the
unknown element ren, and u the unknown element wu, then the layout for the

method of four unknown elements 1s as follows:

..y3u3 yzua }?Hj 1w’ uz ”321 H323 .
.- yﬁul yzu?. },uz e ulz ngg u123
- yu yu yu U uz uz’ uz’
Cy Y’ y Kz 22 2
xy’ xy’ Xy X z°x 2x
X7y’ Xyt Xy xt o z*x? X
X'y Xy X3y P 2 7253 233

The product of both powers of two elements that one is border upon the
other is placed at the cross-point of corresponding rows on the horizon and on
the verticality. The product of both powers of two elements that one is not
border upon the other is placed at their crevice.

The elimination method of the four unknown elements is namely an elimi-
nation method applied to equations of higher degree in more than two
unknowns. It is the outstanding creation of the Jade Mirror of the Four
Unknowns, that is, the four unknown elements are reduced to three elements,

then to two elements, and finally to a single equation of higher degree in one



unknown. This can then be solved using the zheng fu kai fang method (in
essence the same as the zeng cheng kai fang method, similar to Horner s
method ). However, concerning the actual process of this elimination procedure,
in discussing the si xiang xi cao jia ling zhi tu ( introductory problems ), and
specifically the third and fourth problems ( san cai yun yuan — operations
with three unknowns, and si xiang hui yuan — operations with four unknowns ),
Zhu Shijie only speaks of ti er xiao zhi ( eliminating by reducing the
degree ), ren yi tian wei ( exchanging the positions of tian and ren ), and “wu
yi tian wei” ( exchanging the positions of tian and wu ). And after reducing
equations with three or four unknown elements ( san cai yun yuan or si xiang
hui yuan ) to two expressions each of which has only two unknown elements,
in reference to the second, third and fourth problems he only said hu yin tong
fen xiang xiao ( equalizing coefficients for elimination ). All of his explana-
tions are very brief. Zu Yi concluded, “By moving expressions from top to
bottom, from right to left, by applying multiplication and division, by various
methods of rearranging the terms, by assuming the unreal for the real, by
using the imaginary for the true:, by using the positive and negative, by keep-
ing some and eliminating others, and then changing the position of the count-
ing rods and by attacking ( the problem ) from the front or from one side, as
shown in the four examples, he finally works out the process of elimination in
a profound yet natural manner.” | #*' Nevertheless, the main points of this
procedure remained obscure and were not easy to understand. Among those
who have studied the method of elimination of the four unknown elements, it
is commonly said that Shen Qinpei’ s understanding as reflected in his un-
published mid-Qing dynasty manuscript, Si Yuan Yu Jian Xi Cao ( Detailed

Explanation of the Jade Mirror, ca. 1829 )accords quite closely with the original
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meaning of the Jade Mirror.

The method for eliminating three and four unknown elements is called
er xiao zhi. This means that expressions in four or three unknowns are re-
duced to expressions in two unknowns. For example, to eliminate the ele-
ment 7i (or y) from equations in three unknown elements, consider the
following:

Ay +Ay+A =0
By*+By + B, =0 (1)

Where all of the coefficients A, A, A;; B,, B,, B, are polynomials in x
and z alone. The above two equations can then be rewritten as follows, the
rearrangement of terms meant to eliminate the element y*

(Ay+A)y+A =0
(By+B)y+B =0

It is then a simple matter of cross-multiplying the first equation by B,

and the second by A, and subtracting the two expressions which gives:
(AB,-AB,)y+ (AB,-AB,) =0 (2)

All the same, it is then a simple matter of cross-multiplying the first
equation by B, and the second by A,, and subtracting the two expressions,
which gives:

(AB,-AB)y+ (AB,-AB ) =0 (3)

Taking the expressions ( 2 ) and ( 3 ) and one of the two expressions in
(1) above as simultaneous equations, the same process may be repeated to
yield the following expression:

Cy+C,=0 (4)

As before, C, and C, are polynomials in x and z alone. Using the same

procedure as outlined above, equations which include only x and z, but not y,



can thus be found.

After carrying out the above fi er xiao zhi elimintion process in the method
of four unknown elements, the positions of tian and ren are exchanged on the
counting board. If the elementdi (y) is eliminated from an expression of
three elements, the remaining two expressions with the elements tian ( x)
and ren ( z) need to be rotated 90 degrees ( x’ s thus move to the former y’
s positions, and z’s move to the former x’s positions ); thus elements in the
fourth quadrant are moved to the third quadrant. Similarly, the positions of
tian( x ) and wu ( u ) may be exchanged as follows: if the element tian (x )
is eliminated from an equation of four elements, the remaining equations with
the elements di, ren, and wu need to be rotated on the counting board 180
degrees, taking the elements wu (u’s) to where the rians (x’s) were
previously; this in effect rotates all of the elements from the first and second
quadrants to the third and fourth quadrants. The equations in question remain
invariant during this kind of transformation. It is because the third quadrant is
often used in rod counting that this kind of transformation is done.

The hu yin tong fen ( equalizing coefficients ) method is used to reduce
expressions in two unknowns whose coefficients are laid out in more than
two rows on the counting board to expressions whose coefficients only oc-
cupy two rows on the counting board. Take for example the equations of nth
degree in the two unknowns x and y:

Ax'+ -+ AxX* + Ax + A, =0
Bx"+ -+ Bx*+Bx+B =0

Here the terms A ,---,A,,A, A, B ,"*, B,, B,, B are all polynomials in

which y occurs as the only unknown element; there is no element x in these

expressions. Through successive applications of mutual multiplication and
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cancellation, each of the terms x , x _ ,--, x, can be eliminated, finally re-

o
ducing these expressions to two equations in two rows. [’

Zhu Shijie's method of elimination continues to play a major role in
contemporary research, even today. Wu Wenjun has said that he was in-
spired in his own work by the fang cheng method in The Nine Chapters of
Mathematical Procedures, and Zhu Shijie’ s method of elimination of the
four unknown elements. Combining these with other theories of modern
mathematics, Wu Wenjun found the san jiao hua zheng xu method ( the
Well-Ordering Principle of Polynomial System triangulation ), and“deduced
solutions for completely solving simultaneous equations of higher degree ac-
cording to this method.” [ 35

Among the problems solved by Zhu Shijie using the tian yuan shu
( celestial element method ), the er yuan shul two elements method ), the san
yuan shu ( three elements method ), and the si yuan shu ( four elements
method ), he often used the duo ji shu ( the method of summing arithmetic
series ) and the zhao cha shu ( the method of differences ) to advance various
hypotheses. Therefore, the duo ji and zhao cha methods represent other im-
portant achievements found in the Jade Mirror of the Four Unknowns.

There are summation formulas for arithmetic progressions in both the Nine
Chapters, and in the Zhang Qiujian Suan Jing ( Zhang Qiujian’ s Mathematical
Manual ), which is the more complete of the two. Agriculture and handicraft
industries were developed in the Song and Yuan dynasties, and a considerable
amount of grain, fruit, vegetables, pots, bottles, tiles, etc. were produced. Their
quantities needed to be calculated, and the duo ji method emerged as a very
useful one as the times required. |

Shen Kuo ( 1031 — 1095 ) was a mathematician in the Northern Song

dynasty. After studying problems of the summation of finite series, he ob-



served that a pile in the form of a chu tong ( frustum of a rectangular-based
pyramid ) could not be analyzed in terms of the chu tong formula found in the
Nine Chapters because ji er you xi ( literally “the pile has spaces,” meaning
that computing the volume of a geometric solid like the chu tong is not the
same as counting a number of discrete objects piled up in the shape of a chu
tong, the former being a continuous body, the latter a compilation of discrete
units piled one atop the other ). For the latter pile of discrete objects stacked
up in the shape of a chu tong, Shen Kuo created the xiji method ( a method
for summing finite series ). ¢! This method actually gives a summation for-
mula for arithmetic series of the second order. During the Southern Song
dynasty, Yang Hui brought forward several other duo ji formulas which also
concerned problems of summing arithmetic series of the second order. Wang
Xun, Guo Shoujing, and others solved computational problems involving the
distances the sun and moon traversed daily in degrees in the Shou Shi Calen-
dar using the duo ji zhao cha method. Moreover, Zhu Shijie raised the duo ji
zhao cha method to a more advanced level.
Zhu Shijie advanced a number of summation formulas for a san jiao duo
( lit.“triangular pile” ), a stack of objects with a triangular base. ‘¥’ Its for-
mula for the general term is the sum of the first n terms of Zhu Shijie’ s
formula for a jiao cao duo ( pile of hay, but this also serves as a technical
mathematical term for the sum of the first n integers ).
S, =§i=1+2+--'+n=%n(n+l) jiao cao duo
The summation of a san jiao duo ( triangular pile ) or luo yi xing duo
( 1it.“the next level after jiao cao duo”; again, here this is a technical mathematical
expression meaning that the sum of the san jiao duo series involves one iterated

term more than that for the one just before it, namely the sum for the jiao cao
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duo series ) is:

_Z—£(f+1) =Ly (n+1)(n+2) san jiao duo

=] 3'
This is actually the problem of summing an arithmetic series of the sec-

ond order, which was advanced by Yang Hui in the bie nao problem in the
chapter on shang gong ( construction consultations ) in his Xiang Jie Jiu
Zhang Suan Fa ( Detailed Analysis of the Mathematical Rules in the Nine
Chapters ). Zhu Shijie also used sa xing xing dud or san jiao luo yi xing duo
( lit.“the next level after san jiao duo™ ), for which the formula is:

S, =:]?z(: + 1)(i+2) -En(n+ 1)(n+2)(n+3)
sa xing xing duo

The san jiao sa xing xing duo ( or sa xing geng luo yi xing duo ).

—E—:(1+l)(£+2)(£+3)

—5—nfn+l)(n+2)(n+3)(n+4)

The san jiao sa xing geng luo yi xing duo:
|
S =25ri (i+ 1)(i+2)(i+3)(i+4)

,__'I

Hn(n+l){n+2)(n+, J(n+4)(n+5)
Among these formulas, the sum of the first n» terms of the former is ex-
actly the nth term of the latter formula. Hence, the latter one is called the luo
vi xing duo ( one rank after the former ). At the same time, all the terms of
every pile are numbers that can be read off directly from the second, third,
fourth, fifth, and sixth diagonals of the Jia Xian Triangle. And the sum of
every pile is the nth number of the third, fourth, fifth, sixth, and seventh
diagonals, respectively. This is the reason why Zhu Shijie used two groups of
lines which run parallel to the left and right sides of the Jia Xian Triangle,

connecting all of the numbers in each sequence. Although the original text of

the Jade Mirror does not treat these series as systematically as the above



notation suggests, in fact, Zhu Shijie must have had some such complete sys-

tem in mind, for he was even able to derive the summation formula for the

first n terms of a san jiao duo ( triangular pile ) whose general term is given

bythefarmula:ﬁi—i(i+ 1)(i+2) (i +p - 1) The summation

formula is then as follows:
Sn=_“2n}:—,i(i+ 1)(i+2) - (i+p-1)
_ 1
(p+1)!
Clearly, when p = 1, 2, 3, 4, 5, this gives the number of objects in every

nin+1)(n+2) - (n+p)

previous pile.

Zhu Shijie also used the summation formula of lan feng xing duo. Mul-
tiplying every term of the san jiao duo by the order of the term gives the lan
feng xing duo’ s formula for the general term, namely: ﬁi (i + 1) (i +
2) --- (i + p — 1) i. The summation formula of all the former terms is

then:

n(n

-0 T . (s 3 . _ |
Sn+£p!:(z+l)(:+2) (i+p-1)i T

+ 1) (n+2)(n+p)(p+r 1)+ 1].
When p = 1, 2, 3, ..., it is si jiao duo, lan feng xing duo, san jiao lan feng
xing duo, or lan feng geng luo yi xing duo, and so on.
Moreover, Zhu Shijie also solved problems concerning more compli-
cated duo ji ( piles ), such as san jiao tai duo, si jiao tai duo, etc.
In the section called “Ru Xiang Zhao Shu” ( Men Summoned as
Needed ), Zhu Shijie made use of zhao cha ( difference ) formulas like the

following:

fln)=nA +n(n+ DA, +3n(n-1)(n-2)4,

+%n(ﬂ+~l)(n—2)(n—3) A,.
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In the above formula, 4 | is the first difference, 4 , is the second

1
difference, 4 | is the third difference, and A | is the fourth difference. The
coefficient of the second difference is the volume of the jiao cao duo
( triangular haystack ) with n — 1 as its base. The coefficient of the third
difference is the volume of the san jiao duo ( triangular pile ) withn — 2 as
its base. The coefficient of the fourth difference is the volume of a sa xing
xing duo with n — 3 as its base. Zhu Shijie” s formula is exactly the same as

[

the modern general formula. '*' It is obvious that zhao cha method reduces

duo ji to the summation of every san jiao duo by the operation for differences.
And every difference is uniquely determined by given duo ji. '*"

Most of these achievements of Zhu Shijie are well in advance of results
achieved elsewhere only centuries later by European mathematicians, for ex-
ample in the 17th, 18th and 19th centuries.

After the Jade Mirror of the Four Unknowns, Chinese mathematics suf-
fered a disastrous decline. Regrettably, Qing mathematicians did not under-
stand many of the significant mathematical cuntribuliﬂns of the Song and
Yuan dynasties, such as zeng cheng kai fang fa ( method of extraction of
roots by addition and multiplication ), tian yuan shu ( celestial element
method ), or the si yuan shu ( method of the four unknowns ). No one was
interested in studying the important mathematical works of the Han, Wei,
Southern and Northern dynasties, or of the Song and Yuan periods. Some
works were even lost. Islamic mathematics and Western mathematics went
on to surpass that of China, and China lost its status as a leading country in
mathematics. But in retrospect, the Jade Mirror of the Four Unknowns may
be regarded as the last great creative work produced during the most flourish-

ing period of traditional Chinese mathematics, and is the most advanced of

them all.



The Chinese text of the Jade Mirror of the Four Unknowns reproduced
here is taken from a copy collated by Ding Quzhong in 1876, which was
based on another by Luo Shilin!*?, Guo Shuchun translated the ancient text
into modern Chinese, and provides some helpful collations and comments.

For the English text, we rely primarily on the translation by Ch’en Tsai
Hsin ( 1879—1945 ) in the Library of the Institute for the History of Natu-
ral Science of the Chinese Academy of Sciences. Ch’en Tsai Hsin ( also
known as Ch’en Huamin ), was born in Nanxin village ( near today’ s Fra-
grant Mountain in the Haidian district of Beijing ), Wanping county. As a
child he studied at a missionary school, then went to Peking University
( Huiwen Daxue was named Peking University in English before it was merged
into Yenching University ), from which he graduated in 1901. After teaching
at the university, where he taught mathematics, he subsequently went to the
United States where he studied at Columbia University ’ s Teachers College.
He obtained his masters degree from Columbia in 1912. It is known that he
was awarded the Ph.D. sometime prior to 1913. Consequently, he may wcll
be the first Chinese to have obtained a Ph.D. in mathematics. After returning
to China from America, he continued to teach at Peking University. In 1919,
Peking University was merged into Yenching University, which was estab-
lished that same year. Ch’en Tsai Hsin was invited by the president of
Yenching University, John Leighton Stuart ( 1876 — 1962 ), to serve as Chair-
man of the Department of Mathematics at the new university, a position Ch’ en
held until he retired from teaching due to a serious illness in 1936. In addition

to mathematics, Ch’en Tsai Hsin was also interested in teaching

UORONPOU|

SUMOUU() N0 U} JO JOLIY Sper

o
==
7]
&2
]
A

e——
—
=~
=
=
=
-
=
-
>
=
=
rrm
&
m




BFHAIE

o=t

and studying history of mathematics, and during the period he was chairman
of the department, he taught two courses on the history of mathematics. One
was the history of mathematics in general; the other was devoted specifically
to the history of Chinese mathematics, which is unusual cven in present de-
partments of mathematics in China.

While studying at Teachers College, Columbia University, Ch’ en Tsai
Hsin was encouraged by Dr. David Eugene Smith, an historian of mathematics,
to undertake the English translation of the Jade Mirror of the Four Unknowns,
which Ch’en began to do. With help from Ch’en’s colleague, Emma Louise
Konantz, in the Department of Mathematics at Yenching University, he even-
tually finished his translation sometime near the end of 1925. The results of
their collaboration were sent to the Harvard- Yenching Institute in 1929, which
in turn gave it to George Sarton ( 1884 — 1956 ), the famous historian of
science, for his advice about its publication. Sarton’s evaluation was very
favorable, and he recommended that it should be published with some changes
chiefly with respect to philological concerns. It is not known why it was not
subsequently published. Sarton examined the manuscript again in 1940,
and hoped that it would be possible to publish both the Chinese text and
Ch’en’s English translation in the Harvard-Yenching series. ‘*'/ This too
never happened, possibly due to the disruption in academic life caused by
World War II. Nevertheless, based upon Ch’en Tsai Hsin s translation and
explanatory notes, it is clear that he had a deep appreciation for the elimina-
tion method of the four unknowns and the solutions this method made pos-
sible for such problems as those involving the lian zhi tong ti method ( an
extraction method for equations of the form ax" - a, = 0, for whicha # 1 ).

His results are still valuable for current research on the history of Chinese



mathematics and for our understanding of traditional Chinese mathematics.
Guo Jinhai has revised the English manuscript. Because some pages are
now missing, the translation of some problems cannot be found. These are
problems 14-20 in the section on Ming Ji Yan Duan ( Problems on Areas ),
and problem 13 in the section on Bo Huan Jie Tian ( Land Measurements ).
Guo Jinhai has supplied their English translations. He also translated the
supplemental commentaries of Guo Shuchun, and together they wrote this
introduction in English. In addition to Ch’en Tsai Hsin’ s English preface
and introduction which he translated into Chinese, Guo Jinhai also investi-
gated related materials about the life and work of Ch’en Tsai Hsin, and was
responsible for comparison for both the Chinese and English parts of the book.
In what follows, Ch’ en Tsai Hsin’ s commentaries are labeled with a C or
the Chinese character “[4": G or the Chinese character “F8” denotes Guo
Shuchun’ s supplementary comments. Moreover, Ch’ en Tsai Hsin com-
monly placed the character fai beside an equation’s constant term, but this is
a mistake that goes back to the middle of the Qing dynasty. As a matter of
fact, placing tai next to the constant term, or yuan beside the term of the first
power, expresses a polynomial, but does not express a kai fang shi ( what is
now called an “equation in one unknown” ). In the tian yuan method, once
two equivalent tian yuan equations are reduced to the kai fang layout on the
counting board by ru ji xiang xiao ( a technical term for equalizing and then
eliminating coefficients ), the characters tai or yuan will be eliminated. '/
Therefore, we have omitted the characters tai and yuan from the commentar-
ies by Ch’en Tsai Hsin. As for transliterations of Chinese words, Ch'en Tsai

Hsin always used the Wade-Giles system. Instead, we have preferred to use

modern Chinese pinyin spellings.
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[ Notes )

[ 1] Zhu Shijie. Jade Mirror of the Four Unknowns. In Guo Shuchun, ed. Zhongguo
kexue jishu dianji tonghui *+ shuxue. Zhengzhou: Henan Education Press, 1993. Book 1,
pp. 1205-1275. The work " s title was translated by Ch’ en Tsai Hsin as Precious Mirror
of the Four Elements. The same translation was used in Chinese Mathematics. A Concise
History which is an English edition of Zhong Guo Shu Xue Jian Shi written by Li Yan and
Du Shiran. ( See Li Yan and Du Shiran. Chinese Mathematics. A Concise History. John
N. Crossley and Anthony W.-C. Lun, trans. Oxford: Clarendon Press, 1987, p. 111 ); the
work s title was translated as Jade Mirror of the Four Origins in the English edition of

Jean-Claude Martzloff’ s Histoire des mathematiques chinoises ( See Jean-Claude



Martzloff. A History of Chinese Mathematics. Stephen S. Wilson, trans. Berlin: Springer-
Verlag, 1997, p. 17 ). Martzloff explains that the true significance of the title is best ren-
dered as “Mirror [ trustworthy as | jade [ relative to the | four origins [ unknowns 1"
See Martzloff 1997, p. 153. Given the Chinese title, £ yu means “jade” and JC yuan
means “element, which in the context of this wﬁrk means “unknown,” so we have trans-
lated Zhu Shijie s title as Jade Mirror of the Four Unknowns according to the suggestion
given by Joseph W. Dauben. Note that yuan refers to “unknown” in the mathematical
sense, and sometimes is translated here as such, or as “unknown element.” For a detailed
study of Zhu Shijie and his mathematics, consult Qian Baocong, ed. Zhong Guo Shu Xue
Shi ( History of Chinese Mathematics ). Beijing: Science Press, 1964, pp. 175-205; Guo
Shuchun and Liu Dun, ed. Li Yan Qian Baocong kexueshi quanji, Shenyang: Liaoning
Education Press, 1998. Book 3, pp. 197-227; Du Shiran. Zhu Shijie yanjiu ( Research on
Zhu Shijie ). In Qian Baocong, et al., Song Yuan shuxue shi lunwen ji. Beijing: Science
Press, 1966, pp. 166-209; John Hoe. Les systéemes d ’équations polynomes dans le Siyuan
Yujian ( 1303 ), Paris: Collége de France, Institut des Hautes Etudes Chinoises ( M émoi-
res de |1 institut des Hautes !:Eludes Chinoises, vol. 6 ); Andrea Bréard. Re-kreation eines
mathematischen Konzeptes im cinesischen Diskurs. "Reihen”™ vom 1. bis zum 19,
Jahrhundert. ( Boethius, vol. 42 ). Stuttgart: Franz Steiner Verlag, 1999 ), pp. 178-264.
[ 21 The Suan Shu Shu, unearthed from a Han dynasty tomb at Zhangjiashan,
Jiangling county in Hubei province in the 1980s, is a mathematical treatise written on
bamboo slips. For a transcription and facsimile of the bamboo strips that comprise this
document, see Bamboo Slips of a Han Dynasty Tomb at Zhangjiashan ( Tomb 247 ).
Beijing: Cultural Relics Publishing House, 2002; and Guo Shuchun.”Collation of the
Suanshushu,” Zhongguo keji shiliao ( China Historical Materials of Science and

Technology ), 22 (3 ) (2001 ), pp. 202-219.
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PREFACE

by Ch’en Tsai Hsin

Those who have been particularly interested in the history of mathematics
and in the Eastern culture have known the work of Zhu Shijie. However, no
complete translation of his great work Jade Mirror of the Four Unknowns has

ever been made. When studying in Teachers College, Columbia University I

. was encouraged by Dr. David Eugene Smith to undertake such translation and

at that time made a beginning. As the years have passed I have realized the
importance of this work and am now happy to present it to the public in the
hope that it may not only fill a long-telt want in the history of the development
of thought but it may also give an increased appreciation of the old Chinese
culture.

I wish to express my great appreciation of the help given by my co-
worker, Emma Louise Konantz, Professor of Mathematics in Yenching
University, who has put this work into its present English form and has made
many valuable suggestions.

We have maintained the Chinese notation wherever feasible. In most

cases it has seemed best to use the English equivalents.

Peking, China
November 22, 1925
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INTRODUCTION

by Ch’en Tsai Hsin

[ Original Text )

Toward the end of the 17th century, a treatise on algebra, translated
from European sources by some of the Roman Catholic missionaries, was
laid before Emperor Kang Xi, who placed the book in the hand of Mei
Juecheng, a well known mathematician of the empire. The latter examined
the book and asserted that the principle was exactly the same as that found in
the old Chinese Tian Yuan Yi Shu (method by using the element tian ), a
Chinese algebra known in the 13th century or even earlier. He claimed also
that the Western world derived this science from the East and the word alge-
bra meant“came from the East.” It is not my intention to enter into the origin
of the science, but rather to give a short account of the history of Chinese
algebra in connection with the work of Zhu Shijie, a translation of which will
form the major part of this work.

Zhu was born at Yanshan in the 13th century. At that time there were
living in China many prominent mathematicians such as Qin Jiushao, Guo
Shoujing, Yang Hui, and Li Ye. A list of names of like note appears in the
introduction of this book by Zu Yi Ji Xian Fu, where mention is made of men
like Jiang Zhou of Pingyang, L.i Wenyi, Shi Xindao, Liu Ruxie, and many
others, who contributed much to the science of mathematics by the develop-
ment of algebra. Although the books of these men are lost we learn,
nevértheless, from the titles which still remain that they were the materials

which Zhu Shijie obtained for his work.



Zhu was the author of two books, the first was Suan Xue Qi Meng
( Introduction to Mathematical Studies ), published in 1299, and the second,
which appeared four years later, was Si Yuan Yu Jian, the subject of the present
work. These books were written without any doubt for the use of his pupils
who came from various places. In his first book, he treats of addition,
subtraction, multiplication, division, mensuration, rules for measuring vari-
ous geometric forms, both plane and solid , excess and deficiency, the solu-
tion of simultaneous equations and evolution, which means also the solution
of higher equations of one unknown quantity. The book was divided into
three parts, containing 20 sections with 259 problems. It disappeared for a
long period from China but was finally discovered in Korea and has since
been reprinted several times in China.

The second book treats entirely of equations of higher degree. The method
employed will be set forth in the notes. It may be said, however, that it does

not differ materially from modern method.
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THE FORMER INTRODUCTION OF
JADE MIRROR OF THE FOUR UN-
KNOWNS

by Mo Ruo

Number is unity for unity is the beginning of all things. In the book of Yi
(changes) unity is the tai ji (the great extremity). One produces two; two pro-
duces four; four produces eight; and so on to infinity. Is this not the natural
way of number? The “Tu Shu'!'” from He Luo betrays the secret and the
Nine Chapters of Huang Di 2! expresses it in words. These nine chapters
beginning with fang tian (mensuration) and ending with gou gu (right triangles)
containing 246 rules, including san cai (three talents or elements) and lead to
the whole universe, hence those who speak of number are unable to reach 1ts
limit. Dayan'?) in the book of Yi, li xiang'*’ in the book of Shu, wan, yi and
zi 3'in the book of Shi, san gian and san bai in the book of Li, and 360 in the
book of Zhou Guan, all these inform us that numbers are used in the different
classics as well as in the Nine Chapters.

For a long period no place was found for the teaching of mathematics,
therefore the science was almost entirely lost. The discrepancies in the reck-
oning of the calendar, the defects in the mensuration of forms, and in the
forms of the square, circle, straight, and curved lines, and the disorder occa-
sionally appearing in such common standards as the dou, sheng, shao, he'®’,
hao, li, si, and hu |7/, prove to us the discontinuation of the development of

the ancient science.

Zhu Songting [*' of Yanshan is well-known as a great mathematician
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having traveled throughout the country for more than 20 years. The number
of people coming from all directions was increasing daily; therefore the mas-
ter wrote this book in order to reveal the secret of the Nine Chapters to his
pupils. The book is divided into three parts in which there are 24 sections with
288 problems. It is given the title of Si Yuan Yu Jian ( Jade Mirror of the
Four Unknowns ).

His method of solving equations is by putting the yuan gi ( JL', ele-
ment of void )in the centre, the element tian ( X, heaven or sky ) at the bottom,
the element di ( #i1, earth ) on the left, the element ren ( A, man ) on the right,
and the element wu ( 47 , thing ) at the top, by moving the positive and nega-
tive terms from the top to the bottom, from the right to the left, by interchanging
and alternating their positions, and by many other different ways of arrange-
ment of the terms. The book is used for the solution of problems of excess and
deficiency, of implicity of numbers, of equations containing positive and nega-
tive terms, and of evolution ( which includes solution of higher equations ). It
is profoundly wonderful °- . It extends the principles which were founded by
the ancient scholars. By the concentration of many elements into one, by con-
trolling the san cai ( 4" ), or three talents, under the great extremity, and by
multiplication and division, addition and subtraction it reaches out to the great
depth and far distance. It is a book of science in itself.

Now the science of mathematics is considered very important and an
examination of the subject will appear gradually. The book of the master will,
therefore, be of great benefit to the people of the world. The knowledge for
the investigation of things, the development of intellectual power, the way of

controlling the kingdom and of ruling even the whole world, can be obtained



by those who are able to make a good use of the book. Ought not those who
have great desire to be learned take this with them and study it with great
care?

In the day of shang yuan of the year gui mao' '’ during the reign of Da

De, written by Qian Jin Shi Mo Ruo of Linchuan.

[ Notes }

[ 1 ] There is an old tradition in China that ancient sage, Fu Xi ( 2852 B. C. ) saw a
dragon horse emerge from the Yellow River with the fu ( chart ) on its back. Tradition
also states that Yu, the first emperor of the Xia dynasty observed the shu ( book ) on the
back of the sacred tortoise. (C)

[ 2 |Huang Di, an legendary emperor in the 26th century B. C., caused his minister
Li Shou to write the The Nine Chapters of Mathematical Procedures. ( C)

[ 3 ] Da van ( great extension ) is a rule for the solution of indeterminate problems.
The general principle is given by Qin Jiushao in the Shu Shu Jiu Zhang. (C)

[ 4] Lixiang, calculation of astronomical terms such as the reckoning of the
calendar. (C)

| 5] Wan, yi, and zi, that is 10,000, 100,000,000, and 1,000,000,000,000, are num-
bers mentioned in the collection of classic poems, Shi Jing. (C)

| 6 | Heaped Measure, see Appendix: Tables of Measures Used by Zhu Shijie in
ilis Introduction to Mathematical Studies. ( C )

| 7 ] Linear Measure, see Appendix: Tables of Measures Used by Zhu Shijie in his
Introduction to Mathematical Studies. (C)

[ 8 ] Zhu Songting is another name of Zhu Shijie. (C)

[ 9 ] The original text changed the xuan ( % ) into yuan ( JC) in order to avoid

UORONPOAU] 18ULIOS Y]

SUMOUMUQ N0 8y} JO JoIp aper

LT
p—
=
N
L
2
o

-
[ — -]
— -
=
-
-
{ — |
gy
¥
=
-
e
&
™




Emperor Kang Xi's name. In the following text, we directly return the character yuan to

AR E] |

the former character xuan, and don 't annotate anymore. (G )

[ 10 ] The year gui mao means 1303. (G)
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THE LATTER INTRODUCTION OF
JADA MIRROR OF THE FOUR UNKNOWS

by Zu Yi

After the Nine Chapters of Huang Di was published, numerous books
on mathematics appeared. The Nine Chapters, Zhou Bi, Hai Dao, Sun Zi,
Zhang Qiu Jian''' |, Xia Hou Yang, Wu Cao, Wu Jing Suan, Ji Gu, and Zhui
Shu were the books used in the examinations of mathematics for the selection
of scholars to investigate the science of mathematics. But the four elements,
tian, di, ren and wi/ * -are not mentioned in any of these books. Later we find
the element rian in the book Yi Gu, composed by Jiang Zhou of Pingyang, in
the book Zhao Dan by Li Wenyi of Bolu, in the Qian Jing by Shi Xindao of
Luquan, in the Ru Ji Shi Suo by Liu Ruxie of Pingshui, and in the work of
Yuan Yu of Jiang '*- . It is from these books that Li Dezai of Pingyang ob-
tained the materials for his book Liang Yi Qun Ying Ji Zhen, which contains
also the element di. In the Qian Kun Kuo Nang by Liu Dajian Run Fu, the
brother of Xing Song ( his another name is Xing Bugao ) of Huoshan, there
are two problems at the end of the book with the element ren.

My friend Zhu Hanqging of Yanshan has for many years shown a deep
interest in mathematics. He traces out the vestiges of the three talents searches
into the secret of the Nine Chapters, and considers the four elements tian, di,
ren and wu. He puts the yuan gi, void, in the middle and lets fian be the gou,
di the gu, ren the xian, and wu the huang fang!*' By the aid of geometric
figures he explains their relations. By moving the expression from top to

bottom, from right to left, by applying multiplication and division, by various
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methods in arranging the terms, 3’ by assuming the unreal for the real, by
using the imaginary for the true, by using the signs positive and negative, by
keeping some and eliminating others and then changing the position of the
sticks "¢/, and by attacking from the front or from one side, as shown in the
four examples, he finally works out the expression of evolution in a profound
yet natural manner. Now that the book is completed he calls it Si Yuan Yu
Jian. It contains three books corresponding to the three talents, four elements
corresponding to the four seasons, 24 sections corresponding to the 24 festi-
vals |7/, and 288 problems pretending to correspond to the zhou tian.®*! The
yu'®'may be considered the virtuous knowledge of Hanging: when in action
it gives a very clear and deep tone and when at rest it shines out without
restraint in beautiful rays in all directions. The jian '*' may be considered of
use in reflecting the phenomena of the four elements; when hidden it keeps its
brightness and when exposed it shines in all directions.

Hanging’s name is Shijie and his hao is Songting. ' He has traveled
through the country and at present is again sojourning in Guangling. People,
like clouds, come from the four directions to meet at his gate in order that they
may learn from him. In the year ji hai in the reign of Da De he composed the
book Suan Xue Qi Meng, which was published by the encouragement of Zhao
Yuanzhen, a well-educated gentleman, who has given a part of his wealth to
hire workers for the cutting of the plates for the book in order to make it
known to the world. He has thus assisted in the work from the beginning, and
will continue his unlimited generosity until the work is completed.

These two books are like two sides of the same thing, the inner and the



outer, each depending on the other.

When I was asked to write an introduction for this book I read it through
with great care and found that there were many things that I had never seen or
heard of before. By not using “yet’ it is used, by not using a number the
number required is obtained. Hence I know that existing quantities come from
non-existing quantities. This profound work is therefore exceedingly progres-
sive as compared with the work of ancient mathematicians. Those who hav:le:
an interest in the subject may prove my words by working out the problems in
this book, thus finding the truth of my statement.

Written by Zu Y1 Ji Xian Fu

In Hu Na Xin Zhai during the day jia zi of the second moon of the year

deng ke '"*" in the reign of Da De.

[ Notes ]

[ 1] The original text changed the giu ( [T ) into giu ( i) in order to avoid
Confucius’ name. (G )

| 2 ] Tian, di, ren, wu { heaven, earth, man, and things ) are used as unknown
quantities like x, y, z,and w. (C)

[ 3 1t is not appropriate that Luo Shilin changed xi cao zhi into zhi xi cao ( G )

| 4 ] In aright triangle the vertical side is called the gﬁ( leg ), the horizontal side
the gou ( hook ), and the hypotenuse the xian. The difference between the sum of the
two legs and the hypotenuse is called the huang fang. (C)

[ 5 ] By transposing terms and simplifying. (C)

[ 6 ] Sticks used for reckoning. ( C ) The reckoning-sticks were put in two forms,
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One was vertical, the other was horizontal.

1 2 3 4 5

the vertical form | I 1 (1]

6 7
T
1

IF = o
IF = e

=

I

the horizontal form — = ——

The vertical form was used for units, the horizontal form for tens, the vertical form
for hundreds, the horizontal form for thousands, and so on. The vertical alternated with the
horizontal. 0 was expressed by vacancy. They could express a numeral. And they could
express a fraction, a decimal fraction, an equation, and a group of equations. (G )

[ 7 | The Chinese divide the year into 24 festivals as eginoxes, solstices, etc. (C )

| 8 ] The zhou tian ( the circumference of the great circle of heaven ) is divided
into 360 degrees. The earth’s orbit. ( C ) The opinion that 288 is the number of the zhou
tian needs to be studied. 288 =24 x 12. 24 is the number of solar terms in one solar year,
and 12 is the number of months. This opinion would be an cxplanation. (G )

[ 9] Yu means jade, gem. or other precious stones. Jade is particularly prized by
the Chinese because of its many desirable qualities, one of which is its resonance. Jade
is worn as a pendant or ornament and is considered a good omen. ( C)

| 10 | Jian means mirror. (C)

| 11 | A Chinese often has two or three names, the first is used by parents and

older persons, the last two by friends. (C)

[ 12 ] Dai Xu pointed out that gui mao ( 1303 ) was mistaken for deng ke. (G )
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CHARTS
Principles of the Ancient and Modern
Methods of Evolution ( Solution of
Equations)

Chart of the Ladder Form of Raising Binomials to the Eighth Power

Positive is called Zong, Negative is called Yi
Ding Shi Wei ( 7E5E First Position Zhi Zhi Shu Bu Dong Shu
{if ) (HE—%) (HE¥O ( Fzh¥)

{ Position for the { Final Result ) { Number Not
Dividend or Absolute ) Movable )
Chu Shi Fa ( Br39:i% ) Second Position Jin Tui Yi Fang Wei Fa

( Divisor ) (H_%) (B ) ( Fiik )
{ Forward or Backward { Position for the
one [ digit |) Divisor )
Ping Fang Yu (FJ7 Third Position Jin Tui Er Di Yi Lian
RE ) (5 —%) ( #iR ) (F—)
{ Comer of the Square } ( Forward or Backward | { 1" Complement )
two [ digit |}
Li Fang Yu { 37 Fourth Position Jin Tui San Di Er Lian
iy (M%) (B =) (55 TR )
{ Corner of the Cube ) | Forward or Backward ( 2" Complement )
three [ digit )
San Cheng Yu { 3¢ Fifth Position Jin Tui Si Di San Lian
i (BH%) ( B Py ) (55 1)
( Corner of the 4" { Forward or Backward | ( 3" Complement )
Power ) four | digit ])
Si Cheng Yu ( PU3e Sixth Position Jin Tui Wu Di Si Lian
[ ) (%) (R ) ( F T )
( Corner of the 5" ( Forward or Backward | { 4* Complement )
Power ) five [ digit |)
Wu Cheng Yu ( TLEE Seventh Position Jin Tui Liu Di Wu Lian
Rg ) (HLH) (iR 7S ) ()
{ Comer of the 6™ { Forward or Backward | ( 5" Complement )
Power ) six [ digit | )
Liu Cheng Yu ( 7<% Eighth Position Jin Tui Qi Di Liu Lian
) (A (#iE L) { B/ 08 )
{ Corner of the 7* { Forward or Backward | (6" Complement )
Power ) seven | digit |)
Qi Cheng Yu (| L% Ninth Position Jin Tui Ba Di Qi Lian
e ) (/) ( R/ (SRR
( Corner of the 8" ( Forward or Backward | ( 7" Complement )
Power } eight [ digit })
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[ BRAEFTERE )

AT ERIKEEA, RMNBZfil kA THRSERE DB LA
KRB ARG FIRGRGHREE, PR TR, REANAERHRHK
FHAEF B OB A IR FHHME, T AR, FREAE LB
Fat A2 PR KR A i

EAME RHEME HHERRBFTAL, P HEr, 2, L&
W ER A RS, ZEMAKRERK, AR B T RAITF 4R K5 R B
MR, fi5AMeliddk,

EAH— AR FEE, RERMA LA TR, wRIILE
Fiig At x, BRFPRAACLEREEZ AR, REAREFRP H
W, Eth HEETH RN RBELSNILE TEEF & TR 6 AR
R, Plde, 7L + 42 +3x— 64 =0, AFPHEFFTATH

AOHH —64

Il | 3
Bp
il

| |

SH MR T FARG KRG XA .
kx* ++d +ex* +bx+a=0
AP HFTETA:



In order to understand the diagram we ought to know simpler processes
used in solving equations or rather the evolution of expressions of different
degrees. The word equation was never used by the Chinese in ancient times
though they attained a high degree of efficiency in solving numerical equa-
tions of higher degree as the following pages show.

They worked by means of a calculating board and suan chou( calculating
rods ). The bamboo calculating rods were red and black, the red indicating posi-
tive numbers and the black negative. It was only when they began using paper
and ink for the solution of problems that the negative sign was created.

In equations in one unknown quantity the element tian ( K ) was always
used for the unknown, as x is used in modern times. Although the Chinese had
the assumed unknown tian ( X ), it never appeared in the equation. Its coeffi-
cients and the coefficients of its power were used as we now use them in the
synthetic method. For example, the equation x* + 4x* + 3x — 64 = 0, written

in the Chinese notation, was

1 HH -64

I . 3
meaning

il 4

| 1

The general form of an equation in one unknown letter
kx" + o+ de v+ e +bx+a=0

written in the Chinese notation was

a

b
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BEHAER

HTFTER—NMERBRXMFA—ANFH, AMIERECERAFTO,
HARZ A A K.

BE—REEXF, Koot A RBAREE, FHAAE £H
F—keh FEX P, RioB— KA % BAEAFRMEF

B RERAXP [ ARHBXAa?+bx+c=0), aBHFRERRE
F5%, bHF, c A%,

EHToROGFREAEXNF, F—AHMARER, 3 H LK X RE
RS, wRER-ANAZhEEX, HRLFE, wRE2-NWR KA
X, RAWAS, RE—ALHMBESE, BIRFE-_AAF, £F—T 5
B E R Z R R BT, HAEMNHRARAR Y, BF: F
— B, BB, FF., FALBEMAA LR, XEATE.

R ARG BT RBRARET E EEHIREP, RETAmER
HAE BT R, 1224 THALAAZAERGER, EXARABNH
TR EER, LRREEZP, S5 (£)BFH—4L, B (HK)
¥oasmis, ¥%. |

FAS B — KA —F, B, OEHIEZTHE— FHA
AL ERFE T, SR P HIET RS S, AR RERFEAS S, F
Yo, R FHBH—F, REBESSD—F, RZFRK;, wRFHBHHF,
FAXARLERESHHY, RZ TR, £EF—F P, 4F—RBHH
15, F_BBH=4L, HFZhSHEae, FHBH—L, FF,

AT EFRWT ML BV hHe T &6 F el BE,

1. B2x =48FE4-2x=0

AP HH5RTA

2 R Rk X B R A
2x (-2) =-4



This expression, always understood equal to zero, is called kai fang zhi
shi ( expression of evolution ) since it is an expression and not an equation.

In an expression of the first degree the coefficient of the unknown 1is
called the chu shi fa ( BRS5#: ) and the absolute term the shi ( 3£, dividend ).
In an expression of higher degree than the first the coefficient of the first
power of the unknown is called the fang ( J7, side ).

In an expression of the second degree ( modern form ax* + bx + ¢ =
0), ais called yu( P&, corner Jor ping fang yu( ¥ 77, corner of a square ),
b fang, and c shi.

In an expression of higher degree than the second the first term is called
yu, or yu modified by the degree of the expression, that is, cubic yu if it is a
cubic expression, or the fourth power of yu if it is an expression of the fourth
degree. The last is always called shi and the second from the last fang; the
terms between the second from the last and the first are called lian ( g,
complementary ), and are distinguished by their order; that 1s, first lian, sec-
ond lian, and so on. The first lian is also called the upper /ian and the last lian
the lower lian.

The determination of number of digits in a root is called bu fa ( 4%,
method to step or method of procession ). In procession they always took two
consecutive terms of opposite signs in order to obtain the positive root which
they considered the rational root although they knew negative roots could be
obtained. In procession when the fang moves forward ( to the left ) one digit
the quotient ( or root ) will contain two digits and so on.

Each move is called a step. Thus the number of digits.in the shang( T,
quotient or root ) always exceed the number of steps by one. The position of
the absolute term remains fixed. When one of other terms move all move. For
instance, if the fang ( J5 ) moves one step the lian and the yu all move one
step and vice versa; if the fang moves two steps the other terms of the expres-
sion move two steps and vice versa. In each step, the fang moves one digit
while the first lian moves two, the second three, the third four, and so on.

These steps may be made more clear by the following examples.

Example 1. Solve 2x = 4o0r4 — 2x = 0

We have in the Chinese form
4

-2
4 is the shi and —2 is the chu shi fa.

2 is the quotient or root of expression.
2x (-2) = -4
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E o 4+ (-4) =0
£ HREE, BARKX, FRESETRES R,
B2, #2x =40
E¥ 3 40
-2
LRI F, 5 (-2) LABH—F (HFF—12), K153
40 %
-2 B%EE

XATRAHIL, CHFE A2,
2x (-2) =-4

Ja 4+ (—4) =0MBPE —{idh4h,
B, 204 FA2694R
B3, ##x =64
A 64
0

-1

XA —ANEAF KRR,

EHAATF, BAMEABERT £, A—A=REEXKXGEHE—F P, 18
EAFH L, EHB P, BB FHGIEEER E EHEE, BRENAKTE
2, ARAUH—15,

AdFHX, £A414F32)]

AR P
¥

e o <
N

o |
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Adding 4+ (-4) =0
Note that 1n this expression we do not need procession.
Example 2. Solve 2x = 40
or 40
-2
In procession the fang( —2 )has to move one step( one digit each step ).
We have

40 shi
—2 chu shi fa
e =
Which indicates that the quotient has two digits, the first of which 1s 2. e —
7]
2x (-2) =-4 [
€ =<
Adding 4 + (=4 ) = 0 the value of the second digit. i —
Hence 20 is the root of the equation. E
Example 3. Solve x> = 64 E
or 64
0

a quadratic expression with the fang absent.

[n this problem we use the yu to step the shi. In each step of a quadratic 9
expression the yu moves two digits. In this case the yu would exceed the shi,
therefore we do not need procession and the root has only one digit.

In the Chinese form we have

~8 root
64 shi
—64

0

0 fang
-8

-8

|
e

yu



BHAER

3

ARARM X, KT E]

-1 0 64 (8, #
-8 64
-8 0
4. A —x> + 392x* + 3185x + 6000 = 0
KA
6000
3185
392

-1
FIXAFIEX P, 6000 AR, 3185 4%, 392 4%k, —1 HR%,
ERMAAET, A THH—AER, RNLMATE -1, RV Hk392, A
TEEROGFE Lzt F, LAFEHBHHF,
HANFF 2]
6000
3185
392
-1
iX AR AT A2 606 B, REAR 7 ik X5 AT R 19) A 64 AR ik AR
s, B -4x + 104 = 0

® F Y 8

R 104
—4
B£H, 2 AR F s
104 %
-8

24 TFTA%K
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In modern form we have 8=
=
-1 0 64 (8, root E
-8 64 3
m
-8 0 S
Example 4. Solve —x* + 392x* + 3185x + 6000 = O S
3
or 2
6000 @
3185
392

-1
In this expression 6000 is called the shi, 3185 the fang, 392 the lian, and

)
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T
N

—
==
=
==
- |
-
—.
gy
T
_—
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—1 the yu. In procession we have to take the yu, —1, to step the lian, 392, in

order to get a positive root. It must make two steps in order to be even with the

6000 shi @
3185 fang »
392 lian 1"
-1 yu

first digit of the lian.
We have

Only the law of procession is shown. The solution is similar to that of

the preceding problem.
Example S. Solve —4x + 104 = 0

or 104
—4
Process. 2 the first digit of the root
104  shi
-8

24 next shi



-4 BE&x

HIER

2]

6 A& RE —1LEK
24 %

-4 BRERE
(E: 4B EHFH—T)
B st, BrREGIRE 26,
Bl6. A% x+ 44x — 3116 = 0
A

-3116

41
1

Wit il 44 F F -3116, RANEARA His, £HFHEET, 5
g (1) AHhdmiaet, & (44) S —1z, B miFEl
-3116 %
4 F
1 %
A2H
3 R
-3116 %
ha 74 69 345, 222
-896 TF—A%

Aol #9345, 4 F
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-4  chu shi fa

6 the last digit of the root

24 shi
24
0
-4 chu shi fa. _
( Note that —4 steps backward one step ) Hence the required root is 26. b E
7 =2
Example 6. Solve x* + 44x — 3116 = 0 2 =
R =<
or )
T,
—3116 -
F
M
41 &

1
By using the fang, 44, to step the shi, —3116, we find the root has two

digits. In stepping the fang (44 ) moves only one digit while the yu (1)

moves two digits, thus giving

—3116  shi
44  fang
1 yu
Process.
3 | root
—3116  shi
adding 3 times 74, 222

—-896 nextshi

adding 3 times |1, 44 fang



3
74
a1 634, 3
104 F—AF
1 %
8 MEIRE—IL
-896 %
7 896
0
104 % (AE#H—5)
A 189845, 8
112
1 & (@EH—F R|\iL)
BT I STA A B, ARG B — 1S8R 3, L F 44 FT 44, fBEg 345,

# 3, KAVEE 74,

BEHAE R

3

BT —3, BF%, -3116
K G Hm 74 & 345, 222
KNFET—A%, —896
AIT4, KREMmGe 345, Bp 3, HAFE]
74
3
104 4 F—AF
CBAHT—AFEF—A%E, RMNBTRITHFRGF AT
XA
~-896 %
104 7

1 %



74
adding 3 times 1, 3
104, next fang
1 yu
8 last digit of root
~-896 shi
Adding 896

104 fang ( one step backward )
adding 8 times I, 8
112
1 yu( one step or two digits backward )
By inspection we see that the first figure of the root is 3. Beginning with

the fang, 44, and adding 3 times the yu, 3, we have 74.

Taking the next term, the shi, -3116
and adding 3 times 74, 222
we have the next shi, -896

Again taking 74 and adding 3 times the yu, 3, we have
74
3

104 for the next fang.
Having obtained the next fang and next shi we proceed to obtain the

second figure of the root. The new form is

-896  shi
104 fang

I yu

ol |
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E: EMOBXF, FEBCEOEBD—F, BasBH—F,
Wi, KANERG T8 FRHRS,

BEHAE R

VART &) F I 4k, 104
ho b 1869 843, 8
HAVIFH], | 112
I —896
KRG, He 11269 84%, 896
FA773), 0

B s, 38 AT KeGHk,
W7, x> — 372+ 37x — 36 =0
A -36 -
37
~37
1
ARG 1 Bk —37, RAVAIARA ML, LA RiZR LB, BLim
fah—4L, BfmEALELXA
-36
37
~37
1
Bb A — Y, FRA , Edodl K8 H kI T, AR — 15,
B A AL, PBAS =45,

3 4R
-36 5
-519

—5226 TF—A-%
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Notice that in the new form the fang and the yu have moved one step
backward, that is, one step to the right.

By inspection we know that the next figure of the root is about 8.

Beginning with the new fang, 104
Adding 8 times the yu, 8
We have, 112
Taking the shi, -896
and adding 8 times 112, 896
We have, 0 o =
= &
Hence 38 is the required root. A E
3 2 _ _ e =<
Example 7. Solve x> — 37x* + 37x = 36 = 0 “ o
or -36 o
=
37 m
-37 4

]
By using the yu, 1, to step the lian, =37, we find the root has two digits.
In considering the lian and the yu alone, the yu has to move one digit, hence in

the whole expression

-36
37
-37
I
the complementary digits, the lian and the fang, each move one step, the shi
never moving. This makes the fang move one digit, the lian two digits, and

the yu three digits, as shown in the solution.

3 root
36 shi
-519

-5226  next shi



37 #
=21
-173
69
517 F—A%

HHIE N

23]

53 TF—"AA
1 %
A TRERGF i, RINA
6 it
~5226

5226

517 7
354

871

53 B

o

59

B, 36 2T RKEAMR,



||
&
25
37 fang @z
o
-21 5‘
~-173 ®
m
69 E
S
517 next fang g-
-37 lian §
3
-]
3 E =
— _—
D =<
23 - —
“
3 2
=
53 next lian m
o ]

1 yu

For obtaining the second digit of the root we have

6 root
-5226 shi
5226

0
517 fang
354

871

53  lian

6

59

1 yu

Hence 36 is the required root.



WEHEAIE

% E IR XL EHikaE .
X =31 +37x-36=0
1000 — 3700 + 370 — 36 (3
3000 — 2100 — 5190
-700 — 1730 — 5226

3000 6900
2300 5170
3000
5300

1 +53+ 517 — 5226 (6
6 354 5226
50 871 0
#, 36 & HAZH— AR,
B8, A x2— 10x + 1824 = 0
HZ LT EH A 10062 — 1000x + 1824 = 0
A

1824
~1000
100
2, MR&9H—1idk 4 AREYP AT
1824 %= 224
—1600 224
228 FT—A% 0
-1000 F -60 F
200 4
~800 -56
_200 Lo
—-600 TFT—AF
100 %

B, 2.4 2T KER,
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The solution in modern form is the same as Horner’ s method
=37 +3Tx-36=0
1000 — 3700 + 370 — 36 (3
3000 ~ 2100 - 5190
=700 - 1730 - 5226

3000 6900

2300 5170

3000

5300 =
I +53 + 517 - 5226 (6 =

6 354 5226 =

on
59 871 0

Hence 36 is one of the roots.
Example 8. Solve x* — 10x + 1824 = 0
The equation may be written 100x*> — 1000x + 1824 = 0

P
———
o
=
=
— -
-
=
-y
T
=
E—
=
]
N
oy

or
1824
-1000
100
2 1+ digit of the root 4 2" digit of the root
1824  shi 224  shi
-1600 =224
E next shi 0
-1000 fang -60 fang
200 4
—-800 -56
_ 200 Ly
-600 next fang
100  yu

Hence 2.4 is the required root.



H
=
JC
E 9. M8y -310=0
E ~-310
- N #-
8
3 ARME —EH 8 ARG F i
-310 -70 %
24 64
-70 TF—Av5% -6
8 M (KR#) 8 MaEEk (ki)

B, 389 4 383 4 T K a9k,
B10. B x> —265=0

A ~265

0

1
1 ARegH — sk 6 AREGFH ATH
~265 5% -165 %
1 156
-165 TFT—A4F -9 ¥
0 F 20 F
1 _6
1 26
1 _6
2 TFT—AF 32
1 8 1 I

Fag B K352 16,
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Example 9, Solve 8x - 310 = 0 a’;
=
or -310 :
g 3
3
3 1*digit of the root 8 2™ digit of the root i
=
~310 shi ~70  shi 3
=
24 _64 g
~70 next shi ~6
-
8  chu shi fa ( divisor ) 8  chu shi fa ( divisor ) =
=
Hence 388 or 383 is the required root. =
8 4 —
Example 10. Solve x* — 265 = 0 é
or =265 =
]
™
0
1
1, 1*digit of the root 6, 2" digit of the root Q
-265 shi -165  shi
! 156
- =165 next fang -9 remainder
0 fang 20  fang
1 6
1 26
1 _6
2 next fang 32
1 yu 1 yu

The integral part of the root 1s 16.



wHAIE N

AT EFTHIFENE, BINASK -9OHAE, R4EAF,
1A,

N

33

2 F

1

33

1 1%
W1 Ay 3243 33 A KT, IALS T8 F ik,
B, 1650 34 1624 i idk
ﬁﬂﬁﬁ%ﬁ%ﬁ#ﬁ&ﬁ%ﬁ%ﬁ%%a

11, A% 135x2 + 4608x — 138240 = 0

¥ 3 —138240
4608
135
1 AREGH — ALK 9 AR&YH MK
-138240 4 ~78660 3=
5958 76707
-78660 T—A-% -1953 TF—A%
4608 F 7308 F
135 1215
5958 8523
135 1215
7308 F—AF 9738 TFT—AF

135 % 135 1%



To obtain the approximate fractional part we take the remainder -9 as
the shi, 32 as the fang, and | as the yu.
I root
-9  shi
33
32 fang
B
33
I vu
The root 1 is used as the means through which we obtain the term 33 as
the denominator of fraction, of which 9 is the numerator.
Hence 16% or 161—3’1 1s the approximate root.
The fractional part obtained by this method is called jie shang ming fen
(& RHAn4T ), or borrow root fractional method.

Example 11. Solve 135x* + 4608x — 138240 = 0

or ~138240
4608
135
1 I*digit of the root 9 2 digit of the root
-138240 shi —-78660 shi
5958 76707
-78660 next shi ~1953 next shi
4608  fang 7308 fang
135 1215
5958 8523
135 1215
7308 next fang 9738 next fang

135 yu 135 yu
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2
-195300 %

195300

0
97380

B GHIENR

270

97650
135 %

B b, 19.2 2 FA2694R,
ﬁﬂ%&%%%i#ﬁ&ﬁﬂﬁﬂﬁﬁ%,ﬁ¢ﬁﬁ%$%o
12, A% 12x° + 49x — 1326 = 0

E ~1326
49
12
g8 1R g8 #k
-1326 % 12 x (—166), -1992 %
1160 1992
-166 TF—A-% 0
49 241 F
96 _8
;; 249
96 1 %
241 F—AF
12 %

B ok 8%&#8%%%5]@%&
23 5K 00 KRR AR A R, RAZ G



o
]
2 &=z
-195300 shi 3
195300 g
97380 fang g
270 3
97650 ‘g"
135 yu
Hence 19.2 is the root. € =
The fractional part obtained by this method is called the tui shang ming % g
fen (iIBRf47 ), or decimal root method. E ;
Example 12. Solve 12x2 + 49x — 1326 = 0 5
or -1326 FS
49 e
12
8 root 8 root
-1326 shi 12 x (-166), -1992 shi
1160 1992
-166  next shi 0
49  fang 241 fang
9% 8
145 249
96 1 yu

241  next fang
12 yu
Hence STS-Z— or 8% is the required root.
The fractional part obtained by this method is called the lian zhi fong ti

( #EALA]{EK ) ( the branch connected with the trunk ), or fractional method of

a quadratic expression.
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L3}

13, A% 24x° — 31x* — 55x — 12818 = 0

K4

—12818
9864

—2954

3

F— A%

F—A%

T— 2Bk

—12818
—55
—31

24

242 x ( —2954 ),

24 x 4057,

1 AR
~1701504 £

102918

—672324 TF—A-5
97368 7
555

102918

565

108568 TF—AvF

545 B
e

555

1

565

A

5715 TNk
1 %



L
g4
Example 13. Solve 24x* — 31x? — 55x — 12818 = 0 &=z
3
or ~12818 o
5
—55 n
2
—3] c
3
24 S
7]
8 root 1 root
—~12818  shi 242 x (—2954 ), ~1701504  shi =
= =5
]
9864 102918 L
— — %=
—2954 next shi —672324 next shi ;
— —
—55 fang 24 x 4057, 97368  fang 5
1288 555
1233 102918 pe
2824 565
4057 next fang 108568  next fang 29
-31 lian 545 lian
192 1
161 555
192 1
353 565
192 e
545 next lian 575 next lian

24 yu 1 yu



6 R
—672324 £
672324

BHIE R

e
wad

0
108568 7
3486
112054
575 B
6
581
1 1%
B 849 34 85 T R ik
EA ik FMARZ A R, RAFAHA LSk
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6 root
-672324 shi
672324

0

108568 fang

3486
112054
575 lian g E
a S
6 2>
581 =
=
1 yu =
Y
Hence Bé—g or 8—% is the required root. s
This method is also called the lian zhi tong ti( A [RA ) ( the branch
connected with the trunk ), or fractional method of a cubic expression. @

31






Gu Fa Qi Cheng Fang Tu
( Chart of the Ancient Method of Rais—
ing Binomial to the Eighth Power )

Ben Ji
(Absolute)

In Evolution ( Selution Inside Terms

of Equations ) Read (Dividend) 0 0 (Dnhm‘} Are All Comp
Horizontally
Ping F&ng.ﬁ Ping Fang Yu
(Square) (Corner of Square)

Li Fang Yu

bl
A

Li Fang Ji
(Cube) orner of Cube)
San Cheng Ji San Cheng Yu
{4th Power) 039 (Corner of 4th Power)
Si Cheng Ji Si Cheng Yu
(5th Power) {Curnr:r of 5th Power)

Wu Cheng Ji
{6th Power)

Liu Cheng Yu

Liu Cheng Ji {Corner af 7th Power)

{7th Power)

3'3‘3‘?‘%‘3‘3 (Comner ‘;’ELE.i Powen

Qi Cheng Yu

Qi Cheng Ji 1
(8th Pmnf:rl (Comncer of 8th Power)
R —_ = - = —_

= L < - = = — = = —

sE PESEF B f E B (& S

cs A SE S8 Su S8 53 E

m L, P | LEé = %E o P 2 — [~

< - 828 S8 JE 5% ~g 3% f=

2 E 55 55 SE £5 =35 SE

weas WO JdC §3 2O 30 32

= 4 & F & B =

- “— ﬂ— — [ [
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[ Notes ]

Pascal’s arithmetical triangle is given here as the ancient method of raising bino-
mials to the 8th power. The method of evolution also depends on this triangle. Each term

is named as given in the first diagram. (C)

The Square of the Sum of the Four
Quantities of a Right Triangle
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Huang Fang

Square of Gu Gou x  Gu Gu X Xian
X Gu

Huang Fang

Gou x Gu Square of Gu Gou X Xian
P Gou

Huang Fang Huang Fang Square  of

Huang Fang x  Xian 35

X Gu x Gou Huang Fang

Huang Fang

Gu  x Xian Gou x Xian Square  of  Xian
X Xian




B BHIIENR

[ 5z )
FLIoes, DABAEEN ST, WeikaeRR ., FHiE, B3R, T3R5
1

fZ2EW, {hra =, M, s5H5. EhF_ kMmN, HZ, 81 K 1,
1

I

2 0 2
2

AR, BN 1 0 K o0 1, Hit—+RE, itE—aLtXN
2
2 0 2

1

. HEIAZ, HHEBX,

[ 4]

RAEZTwARGA, ARG R BIES GBS LABRR . B,
wWAZHE, FXGBGRE, IRRRFTHGFR, KRBEH 3, K
4, %S, EF2HMPM, H2, Fx+ty+z+u, AFAR, 7
TFTR: 2+ + 22+ u?+ 20y + 2xz + 2xu + 2yz + 2yu + 2zu, 3t 16
B, %196, £ RAH, AERX IR,



Those who wish to study the four elements must first have a clear under-
standing of the theory and also know the ruies of multiplication and division,
the rules for ascending and descending, and the rules for stepping forward
and stepping backward. It is not an easy thing and requires hard thinking.
Here I let the base of a right triangle be 3, the leg 4, the hypotenuse 5, and the
huang fang ( yellow square ) 2. The sum of these for elements is put in the

form

1 K 1

1
whose square is equal to

1

2 0 2

2
1 0 K 0 1
2

2 0 2

1

Having 16 sections which contain 196 bu as shown in this figure.
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n), Bl Z R, as5—MBte%, &, ABZ W, S5 AED,
RIS, REEAL, SXRAL, sRACAL, 2z, 3t 4. Ak,
fR—TEEANTIUE, A" +HERW

[ E% )
(1] 5. Q5ZFa + b, B)5%2ZHa + c, BESZZHb + ¢, %54
BRMZH (a+b) +c, BEGAMEZM (b-a) +c. (5F)

[ 5% ]

ARk, B TEAF. AAZELL, WEEAE3; F
0 1R LMy Bl 4, FWEBRFEALY, W5 BRFEHR, kit
K54, RER—ARAAHIZE, BIFR25, HGRB Ak, A
HBLe) Bk G RAe. G EFe, A, ZAefe | ZEAe, WEA
e, FE42Y . BELAR, 5817645, EXAH K



The Square of the Five He

Square of (Xian + He ) | ( Xian + He) x |( Xian + He) x |{ Xian + He ) x | ( Xian + He) x
( Gu + Xian) ( Gou + Xian) |{ Gou + Gu) ( Xian + Jiao)

{ Xian + He) x Square of (Gu + Xian) x |{ Gu + Xian) x | ( Gu + Xian) x

{ Gu + Xian) ( Gu + Xian) {Gou + Xian) |(Gou + Gu} ( Xian + Jiao)

( Xian + He ) x

{Gu + Xian) %

Square of

{ Gow + Xian) x

{ Gou + Xian) x

suey) B
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{ Gou + Xian) { Gou + Xian) ( Gou + Xian) |( Gou + Gu) { Xian + Jiao )
e
( Xian + He ) x (Gu + Xian) » | Gou + Xian) x| Square of {Gou + Gu) x ; =
e =
{ Gou + Gu) ( Gou + Gu ) ( Gou + Gu) {(Gon + Gu ) ( Xian + Jiao ) &n g
e <
o )
{ Xian + He )} x (Gu + Xian ! x |( Gou + Xian ) x [( Gou + Gu) x | Square of ;
{ Xian + Jigo ) | Xian + Jiao) |( Xian + Jiao) { Xian + Jiao) ( Xian + Jiao) E
m
N
"

The base and the leg of a right triangle are derived from a circle and a

square. By taking 1 for the diameter of a circle the circumference is then 3,

and by taking 1 for the diameter of a square ( a side of a square ) the perim-
eter is 4. Putting the circumference as the base and the perimeter as the leg of 39
a right triangle the hypotenuse of the triangle thus formed is 5. The five he

( sums ) of a right triangle are the sums of the base and the leg, the base and

the hypotenuse, the leg and the hypotenuse, the hypotenuse and the he ( the

sum of the base and the leg ), and the hypotenuse and the jiao ( the difference
between the leg and the base )' !/ ; adding these five he we have 42 bu, the

square of which equals 1764 bu. There are 25 sections as shown in the figure.

[ Notes ]

[ 1] The five he is as follows: a + b,a + c¢,b + c{a+b) +c,and (b - a) +

c. (G)
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B ME S e M

[ R3]

REPZWIOSHE . R, #MBEEEAE. kR, FHEE
EHM. AIMIRM, KRB, aMiEd. KA V&, Ak, 4
AL, MRER . KB, AR, ., /8-t A%, B—-BL
AT B, FEIAZ.

[ %)
(1) ARBEHE: AS5KRZEL - a, A5%2ZEc ~a, WRS%ZEc - b,
S uREZEc - (b -a), HHARMZZE (a+ b) - c. (FF)

[ 4% ]

HEdagzdy, fad FiE. ofr, s3Eid TARBH, 26
FikIEE R, FHERIARASLMEN. L2V T AP, AHFL
B, ARKLSIERE T, BEL®Z: HUEEK, HER, RIZER. &
4%, AR, HEidae, F310%, FHEL AR, FF100¥, &
A2, HERY, HEMT €1,



The Square of the Five Jiao

Square of ( Xian - jiao) |( Xian - Jiao) x |{ Xian - Jiao) x \( Xian — Jiao) x|( Xian - Jiao) x

( He - Xian) ( Xiao — Gou) |{ Xian — Gu ) ( Gu - Gou)

( Xian - Jiao) x Square of  Xian - Gou) x |( Xian — Gu) x | ( Gu - Gou) x

{ He = Xian) { He - Xian) ( He — Xian ) ( He = Xian) { He — Xian )

{ Xian - Jiao) x ( Xian — Gou ) x| Square of ( Xian — Gu) x |{ Gu — Gou) x

{ Xian = Gou ) ( He - Xian) { Xian - Gou ) |( Xian - Gou ) |{ Xian - Gou )

{ Xian — Jiao ) = ( Xian — Gu ) = |( Xian — Gu ) x | Square of { Gu — Gou ) x

{ Xian - Gu ) ( He - Xian } ( Xian ~ Gou ) ( Xian - Gu) ( Xian - Gu )

( Xian - Jiao ) x (Gu - Gou) x [{Gu - Gou) x |(Gu - Gou) x | Square of

( Gu — Gou } { He - Xian ) { Xian ~ Gou ) ( Xian = Gu) ( Gu - Gou )

The science of form is certainly mysterious but the secret in solving a
problem is to have an adequate figure. Therefore the use of figures is very
important and mysterious also. In the former diagram the square of the five
he was shown. In this is shown the square of the five jiao. The five jiao '’
are the differences between the leg and the base, the hypotenuse and the leg,
the hypotenuse and the base, the he ( the sum of the leg and the base ) and
the hypotenuse, the hypotenuse and the jiao ( the difference between the
leg and the base ). Adding the five jiao we have 10 bu, the square of which

equals 100 bu. There are 25 sections as shown in the figure.

[ Notes ]
[IJﬂwﬁmﬁmmﬁwdmwmwiHMHMﬂb—aﬁwwmc—hc—(b-

a), (a+b) -c. (G)
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BEHAIER

BN G HE R S

w9 % FERAZ B
—RIRT

[ E3X ]
SHEA V! REBRBR L, REBZmiuE 2, [, aJu6a?
BE: =3,
KH: MRXun—ARE, mkZ, 8—a A+ EaHEA.
0K -3888
0 0
729 U, P—ANTIRITTH, HIH, BIFFR: 729 . WUFEH
-81 -81
-9 -9
1 1

HZ, #8a=%#.1 g4,

[ %]

(1] X 8" 5 “i7, RBEZIEA=ME, BmERLE, #Ein
“EHAAEDYT XHEAFE, EREPERE. (BR)

(2] HBP: [(a+b) —cl(ab) =24, b +c =9, (5)

[ 3] RAAKITL—, @HAREPPFHRIZIN, MBHERZ. Ha + b
=cffat= (c+b)(c-b) =9(c-b), c-b="2  flatb-c=a-
(c~b)=a-L 9 -a=9(a+b-c) X2=9-4 , FTRSla-
a’ = 18ab., B, (9a -~ a*)(8la-a*) =9(a+b-c)(18ab) = 162ab (a +

b-c) RWAREETF, SCHMAAETE, TR (55)
[4]162ab (a + b - c) = 162 x 24 = 3888, WHFHINFAMHM, Ba* - 9a* -

8la® + 729a% — 3888 = 0, (5§ )



INTRODUCTORY PROBLEMS
Yi Qi Hun Yuan ( The Unitary Nebula
or One Unknown Quantity )

Problem . The huang fang''’ multiplied by the zhi ji is equal to 24 bu; The
sum of the gu and the xian is 9 bu '*_. Find the gou.

Ans. 3 bu.

Process. Let the element tian ( X ) be the gou. From the statement we

have the expression

for 162 times the huang fang, which equals 162 x 24. By cancellation we

have

an expression of the fifth degree whose root, 3 bu'*, is the required gou. '*
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BEHIIE R

[5 IRIMARARH SR AR E, RFFHRE. AT, BT HEUS

fFo5EERRNZN, SEATER—81. HBINT.
4
=5 Hab(a+b-c¢) =24 (1)
&
%
z b+c=9 (2)
i
EHla+b-c2=0 (3)
Kt a.
(3) HBrLL (2) K, & g—2=c—b (4)

(4) XMW E o, L0, B

9a¢ - a*=9(a+ b - ¢) (5)

(2) Y5 (4) AW, H20 =9 -%2

& 18b = 81 - a? (6)

FlaZLLl (6) X, 1% 18ab = 8la - @’ (7)

H (5) AL (7) K, 18 (8la-a?)(9a - a?) = 162ab (a + b - ¢)

B H 7290 - 81a* - 9a* + a* = 162ab (a + b - ¢) (8)

M (1) 5%, 3162ab (a + b - c) = 3888

AHifi, (8) XFHa® - 9a* - 81a® + 729a*> - 3888 = 0

RUARCLLHTER (8) MANSEREMFR, A THRFBUTIEEYHE
SRFTRE, FTLURHEAZ AR T . AT 7 BR, AR L, ES5EANE

EMR. BARERINT .



[ Notes ]

" 1 ] When the words gou and gu are used, the figure is understood to be a right
triangle. Therefore, the words “in a right triangle” are, as a rule, omitted in the problem.
(C)

[2] Thatis, [(a+b) —cJ(ab) =24 b +c=9. (G)

[ 3 ] Let the element tian be the gou. By getting two polynomial expressions which

are equivalence to extract and get the result. From a* + b* = ¢’ have a* = (c+b)(c -

5

b) =9(f—b1f-b:—g—2,anda+b—c=a— (c-b) =a——gl,lhereferﬁ:9a

~a*=9(a+b-c)And2b =9 - —{9]:— .so8la - @ = 18ab. Clearly, (9a — a*).
(81a —a*) =9 (a+ b -c)(18ab) = 162ab (a + b - c). The original text used
the calculating-rods numerals.We change them into the Arabic numerals. (G)
[4]162ab (a + b — ¢) = 162 x 24 = 3888. Extracting both two have a* - 9q’
- 81a® + 729a> - 3888 = 0. (G)
[ 5] The method used in deriving this equation, or expression of evolution, is not

given by Zhu Shijie. It is the same , however, as the modern method excepting that it is

expressed in Chinese symbols and figures. For illustration:

Givenab (a + b —c¢) =24 (1)
b+c=9 (2)
a + b - ¢t = 0, aknown law, (3)
Find a.

Dividing (3) by (2), —g—z—=c-b (4)
Subtraction a from each member of ( 4 ) and clearing of fractions,

9a - a* =9(a+b-c) (5)
Subtraction (4) from (2), 2b =9 - &

or 18b = 81 - & (6)
Multiplying (6 ) by a, 18ab = 81a - &’ (7)

Multiplying (7) by (5), (8la — a*) (9a - a’) = 162ab (a + b - c)
or 7292 - 81a® - 9a* + a®* = 162ab (a + b — ¢) (8)
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BHIE R

~-3888 Ak

3 x 1296, 3888

B (N 40> T S 0 IS

3 x 432, 1296
1296
729 HE—fE
3 x (-99), =297

432

3 x (-6), -18

% —HE

-9
3x 1, 3

KF-HEF
3) 1 -9 -81 +729  + -3888

3 -18 -297 +1296 +3888

-6 -99 +432 +1296 0



From (1), 162ab (a + b - ¢) = 3888
Therefore ( 8 ) becomes, @* — 9a* - 81a® + 7294 — 3888 = 0

The first member of equation ( 8 ) and the final equation are given by Zhu Shijie, but

swiejqoid Aiopnpoiu) n

SUMOUYU IN04 8y} JO JoLIW apep

the method of solving is omitted since it was well known to the people at that time. It is
essentially Hormer’ s Method as shown in example 7. This particular solution is as follows:

3 root

-3888 shi

3 x 1296, 3888

LT
—
=
o
£
=
n

| —
| == ]
— -}
rs
b - |
-
| —
-
1]
=
-
]
o
re

0 fang

3 x 432, 1296

1296

729 1% lian
3 x (-99), 297

432

—81 2™ [ian

I x (-6), -18

-9 34 Jian

1 vu
Arranged in the horizonal form
3) 1 -9 -81 +729 + —3888

3 -18 297 +1296 +3888

— — ——

-6 -99 +432 +1296 0




EHIIER

B N 40> 1 5 9 IS

RHARFIR HN" BETER—-EOFHAE, EAEP— A2 hEES -
N, RBEEHREFFZR, H0, (B) |

[ 4iF ]
AREFRARIRT24Y, REREZZAHIOF, F: GH %07
%: 3%,
B, RRA—xAHY, IR FEREH, 73 162 /40K F AR
O -9 — 81X + 729x% VA 162 R R IAR, B AR, FEIFF X
x5 — 9x* — 81a3 + 729x2 — 3888 = 0, A A KT, 1FRH3F ., HEH
9]



“By cancellation” Zhu Shijie means obtaining two quantities of the same value and
subtracting the one from the other. The value of the remainder which is called the kai fang

zhi shi ( FF 723 ), or the expression of evolution, is 0. (C)
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BHAIE R

BN HE B E

AL

[ R3]
SAMRFREEE ), SRS, REARILER, SakiFE,
o] JUE?
BE: W,
BH: SLRIT—HR, #ot—RA%EM, X, HAEEKRZ, /55K
-2 0 K 2 0 K
-1 2 0,3 KRA=K: -1 2 0. HRES, HZ, H171%
0 2 0 0 00
0 0 1 0 0 1
K 1) N -8
K: 8, #4718 0.5 BIAEARNE, 3P 2.8 B FZ,
4 2 1

1

BARE ., ala), 7]

[ 8 )
(1) te—H=MiEH, WHa, BIb, EHe. c - (b-a) JHBE (B
% HAREZE ). (B)
(2] HBP. B - [c- (b-a)] =ab, @+ [c+ (b-a)] =ac, ()
(3] @RT—HMb, iCHx; RHT—Hc +a, iCHy. HE: SR

X4 2%+ 2y -2 - x =0, (%)



Liang Yi Hua Yuan ( The Mystery of
the Two Natures or Two Unknown
Quantities )

Stwisjgoid Aioponpoiuy N

SUMOUNU( N04 By} JO JOLIW eper

Problem . The difference between the square of the gu and the xian-jiao-

jiao ‘17 is equal to the product of the gu by the gou; the sum of the square of

the gou and the xian jiao he is equal to the product of the gou by the xian!?’

Find the gu.

er =
—
Ans. 4 bu. S =
n
Process. Let the element tian be the gu, and the element di the sum of the E =<
—
gou and the xian. From the statement we have -
==
-2 0 P 2 0P E
en
-1 20 -1 2 0 i
020 31 and 0 0 0%
00 1 0 0 1

By elimination, using the hu yin tong fen method ( H.f23# 4> ) [ method

of combination ] we have
P
8 and ols]

4

from the two interior and the two exterior columns respectively.
By cancellation of these columns we have

-8

_2 (6]

|

a quadratic expression whose root, 4 bu, is the required gu. 7’



[4] B =K + 209 - 02 + 22 = 0, (5)
[5 ] 5XEZRMY, ALy, B2 -2y =0, Fllx, B2 -2 =0, 54

BHESER

Bk, #9%y, 18202 + 4x - 2y — xy = 0o WEBIY 4720 + 4x, Bi4x® + 8x, Sb
% TATREA - 2y - xy. HEX2 - 2y = OFRA, fEEE X +%.r*, a8 2 + X%, WEpSR—
& 7. ($B)
é (6] NAPZATAEM, 182 - 2 - 8x = 0. BGAETFFR L - 2¢ - 8 = 0,
(%)
(7] X — B RBEETE RN T
ab-[c-(b-a)] =ab (A)
@+ (c+b-a) =ac (B)
ad+ b -ct=0 (C)
K b,
Sx=p (1)
Fy=a+c (2)
M2) XPwE (1)K, By-x=c-b+a (3)
M (1) XpwiE (3) R, B -y+x=b-(c-b+a) (4)
(4) RBRLA (1) R, Bx->+1=a (5)

c (6)

M(2) KdE (5) R, %y—x+%— 1
A1) R, (5) XK (6) X5EH (C) XF b, akchIE, 18

24 (x-241)2- (y-x42-1)2=0 (7)
R, 82 + 2y + 2xy - Zf _y=0

EZ0E, B+ 20+ 22 -2y -0 =0 - (8)
[RERBH T HE (8)]

(1) ¥, B (C) Xhwp?, B2 =0 = - & (9)
(9) RBLL (2) &, BE=c-a (10)
(2) 2 (10) &, By + < = 2 (11)

Y



[ Notes ]

[ 1] Inaright triangle whose base ( gou ) is a, leg ( gu ) b, and hypotenuse ( xian )
c,c — (b - a) is called the xian-jiao-jiao ( hypotenuse-difference-difference, that is , the
difference between the hypotenuse and the difference between the leg and the base ). (C)

[2] Thatis,b* - (¢~ (b -a)] =aba*+ [c+ (b-a)] =ac. (G)

[ 3 ] Let the element tian be the gu b expressed by x; let the element di be ¢ + a,
expressed by y.That is the jin shi: x* + 2% + 2xy - 2y - x* = 0. (G)

[ 4 ] That is the yun shi: x* + 2xy - xy* + 2y* = 0. (G)

[ 5 ]Eliminating y from the expressions of Jin and Yun, Zhu Shijie had x* - 2y =
0. Multiplying the expression by x, then he had x* — 2xy = 0. Subtracting it from the jin
shi, then by eliminating y, he had 2x* + 4x — 2y — xy = 0. That is, two interior col-
umns are 2x* + 4x or 4x° + 8x, and two exterior columns are -2y — xy. Taking x* — 2y

= 0 into -2y - xy, he had x* + L vor2e + x*, which is the exterior columns. (G )

2
[ 6 ] By eliminating the two interior and the two exterior columns, Zhu Shijie had

x* — 2x* — 8x = 0 and by cancellationhe had x* - 2x - 8 = 0. (G)

[ 7 ] The solution in modern form is as follows:

Givenb* - [c - (b -a)] =ab (A)
@+ (c+b-a) =ac (B)
ad+ b -ct=0 (C)
Find b.

Letx = b (1)
Andy =a + ¢ (2)
Subtracting (1) from (2),y - x=c - b + a (3)

Subtracting (3 ) fromthesquareof (1), x* -y +x=b- (c-b+a) (4)
Dividing (4) by (1), x- 2 +1=a (5)

Subtracting(ﬁ}fmm(Z],y—x+%—l:c (6)
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H
L
7L e
E M (2) Ak (10) 38, By - 5-=2a (12)
i, m(u)ﬁﬁu(u)ﬁ,%ﬁ-§¢4m (13)
T
% (1) (2) &, B (12) &, 1§x+—y'ri=b-a+c (14)
% (12) REPEHILE 44580 (14) 2, /8
3 y2+4x—211+i;i+—:;='4[a1+(c+b-a)] (15)
o ¥ (B) XRAR (13) 5 (15), BHE, 18§
4 X
4x — 2x* + T + ¥ =0
HE2Y -0+ 22y + 22 =0 (16)
[ RtEARIFHHT (16) 3R]
M (16) Rk (8) X, kG, B2y -x2=0 (17)
(8) Xk (17) K, LK
2y + xy = dx + 2% (18)
A7) FLL (18) X, {LE
2 -2x-8=0 (19)
[ F1& (19) BEREAAHHER ]
18 4 BPRE R .
AR R A E R T, SEB IR ABHN RN E - E LA TR E
KRR,
......... DiC|P
......... HIFI|A
B

tEFPERAXRFRKTF. PEIRAES, sl BN PAB----E & x,
2, X8, -, TR, TUBHEH. ARTRRRE, BRI CHRE, F



Substituting the values of b, a, and c, givenin (1 ),(5) and (6 ), in ( C ), we have

E4 (x-2a1)= (y-x+>-1)2=0 (7)
: : 2y

Simplifying, x* + 2y + 2xy - —— - y =0

Clearing of fractions, x* + 2xy + 2x%y — 2y* - xp* = 0 (8)

[ Equation ( 8 ) is given by Zhu Shijie ]

Squaring ( 1) and substituting in (C ), x* = b* = ¢* - @ (9)
Dividing (9) by (2), %zc—a (10)
Adding(l}and(l[}},y+x?z=2c (11)
Subtracting ( 10 ) from (2 ),y - }i.= 2a (12)
Multiplying ( 11) by (12),y? - %= dac (13)
Adding (1) and (2) and subtracting ( 12 ), x +-';E- =b-a+c (14)

The square of ( 12) plus 4 times ( 14 ),
e X

}‘2+4x—21"+—'y*—+—;,7=4[a2+(c+b—a}] (15)
Substituting values of ( 13) and (15) in (B ) we have
2 2x
4.T—2.T3+4$ + = =
- ¥
or2y —x* + 2xy+x* =0 (16)

[ Equation ( 16 ) is also given by Zhu Shijie ]

Subtracting ( 8 ) from ( 16 ), and simplifying, 2y - x* = 0 (17)
Adding (8 ) and ( 17 ), and simplifying,

2y + xy = 4x + 2x* (18)
Multiplying ( 18 } by ( 17 ), and simplifying,

X =-2x-8=0 (19)
[ Equation ( 19) is the form given by Zhu Shijie ]

The positive root 4 is the required gu.

The following diagram shows the position of each term of an equation containing
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BEHEIE R

BRI N4> TR 0 25 90 IS

%,

BEHE PCD- - AT LIGERRZ H y Bl v, 3%, %, -,y BORBBUBE T b
CERyMARR, DFRRYHER, F%.

W CFG---TTRRRZ N y 5, yIRBLITFH b D5 DHI--- T8RN y* 51,
VHIRBM TR E.

BiHEAFH- - AT BRRZ A xHE, xR BOI T H b $HEBGE - AT BRZ A 2 HE,
AHRBAFH B

Mg X, RITESEH, FRyTHER, GHAy MR, HH X
MR, F%.

B S7.320
X+ 2y + 2y - 2y - xyt
IR ARRH
-2 0 P
-1 2 0
20

|

o TR — AN T 0 MRk S EHR , kMR T R T s —iE 4
B A — T 0 Ak EHE, RkRMBAER A FHAFH, $%. &
KRB, EVSTF 0. 4y Tl — G T 0 IFARAUEHE, Fk7R0 8
BB AR —F; YA Tl — 5T 0 AR, RikAMBHTER
LB, B, |

wor | R, FkaHTE R TR BTSSR BB

B, R BAIL AT B, Rl e FBsh, AIRABS, b
AT AR, 3 HRARMEAE. EFEEE, PARER.

el



two unknown quantities arranged according to the method used by Zhu Shijie.

......... DIVC|P
......... HIFlA
......... I\G | B

L
-

RS EE
E RN NN NN

In this discussion P is used for the Chinese character & ( 7ai ). P is called the origin
or the pole. The column PAB...may be called the x-axis since it contains the coefficient of
X, X, X X"

A denoting the coefficient of x, B of x*, and so on.

The row PCD...may be called the y-axis where the coefficients of y, Vi, oy, v are
placed, C denoting the coefficient of y, D of y*, and so on.

The column CFG...may be called the y column where the coefficients of y are placed;
the column DHI...the y? column where the coefficients of y* are placed.

Row AFH...may be called the x row, where the coefficients of x are placed; BGI...
the x2 row where the coefficients of x* are placed.

From these definitions we readily see that F is the coefficient of xy, G of x’y, H of
xy’, and so on.

Writing the expression

2+ 2y + 2%y — 2y - xy?

in Chinese form we have

I
2
[ T e R+

1

When an expression whose value equals zero is multiplied by x, the whole form of
the expression is moved one row downward; when multiplied by x* two rows downward,

and so on. The value of the expression remains the same, that is, equal to zero. When an
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EHAIER

B N 40> T 4k 55 9 [

21‘1+21—2y—xy+%1=0 (1.)
21—x3+—-x-2-+§=0 (2)
KA1H
2 PO P OO
-1 20 2 00
020 (1) -1 20 (2)
000
00 1 00 1
F5r 8
2 0P 2 0P
-1 20 120
020 (1) 000 (2)
00 I 00 1

F it R, AR, FARERERMNE, HEESFTO, PA
Dl ams. M (1) Xz (2) X, &

4 0 -2 0
00 i) 00
02 01 (3)
A (3) X5 (1) RERMGHEMHEE, K (1) XFEE (3) K, 7
2 0
1 -4 (4)
0 -2

HHERE (3)5 (4)
2 0 P =20 (5)
1 -4 00

0 -2 01



expression whose value equals zero is multiplied by y the whole form of the expression is
moved one column to the left; when multiplied by y* two columns to the left, and so on.

In division the form of the expression moves of course in the opposite direction,

Swejqoid4 Aojonposjuf -

SUMOUNU( N0 @Y} JO 101NN Spep

from which it moves in multiplication.

Since the whole form of the expression may be moved upward as well as downward,
to the left as well as to the right, without changing its value, P may be omitted in the

process of evolution.

Problem. Solve the equations, oy —
=
2 Il ﬁ:
2x* + 2x - 2y — xy ,T=ﬂ (1) Eg
€2 —<
1r—x3+-”£2,—+#=0 (2) & =
y ¥ -
We have E
=
-2 PO P OO 3L
o |

-1 2 0 200

020 (1) -1 20 (2)
000
0 01 0 0 1

Clearing of fractions,

-2 0P 2 0P
-1 20 -1 2 0
020 (1) 000 (2)
0 01 0 01

Since multiplication or division does not change the value of the expression, which
always equals zero, P may be omitted.
Subtracting (2 ) from (1),
-4 0 -2 0
0 0 0 0
0 2 or 0 1 (3)



WEHIAIE R

FHHERCE M5 55059
8 P 0 (6)
4 2
£ 0 B
g HiH, 15
Z
& 8

R4 WA~k RAR,

*TE: 76 (5)R5 (6) AP, PEFERTH —HEL, &Y T EHBAHI S5
FIETRRET, HATBHARABRE.

BT R R BT, MAKTRITAZ SN, Tk S5 A M AR

B, e - Tx + 5% + 2% + x - |

P+2+1-1

1 -7+5

1+2+ 1-=-1

7 -14- 7+ 7

5410+ 5-5

| -5-8+ 2 +12-5

PR AERN
-5 ~5 5 -1
12 7 +5 -7 1
2 -1 =7+10 Iy A2
-8 1 -14 +5 1
-5 2 =
1 1

(B&)



Making expressions ( 3 ) and ( 1) even at the bottom and at the right, and sub-

tracting ( 3 ) from (1),

2 0
1 -4 (4)
0 -2
Placing ( 3 ) and (4 ) side by side,
2 0 P -2 0 (5)
1 -4 0 0O
0 -2 0 1

8 P 0 (6)
4 2
0 1
Cancelling, we have
8
2
-1

a quadratic expression with 4 for its root.

* Notice that P, in ( 5) and ( 6 ), is put even with the first row in order to have its

position definitely decided upon when the products of the interior and exterior columns

are obtained.

Remember that the multiplication is the same as in the synthetic method excepting
that the Chinese compute vertically instead of horizontally.

For example, multiply x* + 2x* + x — lbyx* — 7x + 5.
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BHHAER

B N4> 8 S 9 B

[ 4% ]
ARBRFBIZRE, SREGMF, A4 Foizide, 5HREMRF.
5. BAH %7
2. 4%,
B, RRA—x AR, WA—yHHER, RAGBAAEERESKELH,
RS B+ 230 + 2y — 2y~ 02 =0, KB EX: £+ 2y — x)?
+2y2 =0, B4, A /TAREMFE] 4x + 8x, HSh=4748
i35 202 + 3, AIP=F74R0, FERAFAFX: ¥ -2x—-8=0, FF
7, MFEIEWY . FEPE,



Jade Mirror of the Four Unknowns
Introductory Problems

1 +2+1-1

1 -7+ 5

-7 -14- T+ 7

S5+ 10+ 5-35

1 -5-8+ 2+12-5

Chinese method

——

LIBRARY OF CHINESE
CLASSICS

-7 +10

1 —14 +5

L

12

ol

Q



HeHAIE N

B N4 0 0 5 S 1S

=Xz
[ 3]
S8 BRBEREMA, SERE. ReAi&RzgfsamE. Y E.
5% JLA[ 7
EH. i,
B, L RIT—N4E, #on— i, AJt—RiK. =AHEE, KRG
0o -1 K -1l -1 K -1
53 1 VIR EAX: 0 1] 1, BIR1G=
-1 0 -1 0 0 -1 0
1 0 K 0 -l
gtzR: 0 0 0 0 0 IRz N AZ KL,
0 0 1 0 O
1 1 -2K 1 -2 2 X
BifgS -1 1 -1 L, ER o0 -2 4 -2 EHRESHE, AR
0 1 -2 0 0 1 =2
~78 -98
13 -14 K ~157 -133
7 -6K 11 -13 -146 -130
3 7, H18 5 —15 . W4T -43, 424718 -67 . IS
-1 =3 -2 -5 10 14
0 1 0 2 11 11
-2 -2
-5
6
H, WAz, BTN 4. =FATFZ, B 1AL, 5 Flal,

-6
1



San Cai Yun Yuan ( The Evolution of
the Three Talents or Three Unknown
Quantities )

Problem. The quotient of the xian he he and the difference between the
xian and the gu is equal to zhi ji; the quotient of the xian jiao he and the
difference between the xian and the gou is equal to the gou.!''Find the xian.

Ans. 5 bu.

Process. Let the element tian be the gou, the element di the gu, and the

element ren the xian. Using these three talents ( elements ) we have

0 -1 P -1 -1 P -1 1 0 P O -1
1 5[2] 0 1 1 ,'_31 0O 0 0 0 0 (4] .
-1 0 -1 0 0 -1 0 O 01 0 O

Eliminating and changing the positions of tian and ren we have

1 1 -2P 1 -2 2 P
=11 -1 and 0 -2 4 -2
0 1 -2 o 0 1 -2
By composition,
7 -6 P 13 -14
3 -7 11 -13
-1 -3 5 -15
0 1 -2 -5
0 2

The products of the interior and exterior columns are
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[%] |
[l]lﬂiﬁﬂ- £ﬂ+b)+ﬁ=ﬂbaﬂ+(b—ﬂj =a (ﬁ)
) c-b c-a ¢

[ 2] IRKTT— xR0, om—y W&, AJT—zHh5%, Hik [ 1] B8,
ISR -x-y-z+xyz-x0°=0, ()

(3] RFFE 1] B R, BREZ: x~-y~-z2-2+xz=0, ()

[4] HABARE X 2+ -2 =0, (F)

[5 1= REAS R, BRUx, ooy G BICA, E=TTARP,
BEBATTEIKITTL L, BRI 2+ x-xz+xz-z+x2-272-2=0;

W =AHRTF y R A =T, i AJTER KT, B35

=2+ 2 - 2% +dxz -2z +x22-22=0,

HSGE A, BRIAR:

(-2 +3z2+7)x+ (22 -32-T72z-6) =0,

BHIER

BNOEHE R E

) EEW

(=272 + 522 + 1z + 13) x + (27 =522 - 1522 - 13z - 14) =0,
ey iE

~27% + 112° + 10z* ~ 437° - 1467 - 157z - 78,

S _ATHIFETS

=278 + 112° + 147 ~ 672° - 1302 - 133z - 98,
WIMETE, LL449Z, BEIFF R

A -6 +422+ 6z -5=0, ()

[ &%)
SEAREZRRZ oA, FTRFIBHER, REUYERREZERS,
g‘: 5.#“



-
35
~-78 P -99 SE
-157 ~133 S8
w&
~146 ~130 S3
g T
-43 -67 @ e
c
10 14 g—
o
1 1 5
-2 -2
-5 e
F
—
6 £ =
o =<
After cancellation and dividing by 4, we have 4 , an expression of the " e
o |
_6 2
=
1 &
m

fourth degree whose root, 5, '*! is the required gou.

[ Notes ]

(1] Thatis, Latb) +c_p ct+ (b-a)
c-b - - q

' 2] Let x be tian, y di, z ren. Using them to replace a, b, c in the first expression of

a. (G) 67

last footnote, then get the jin shi: —x — v = 2 + xyz — x> = 0. (G)

' 3] Let x, v, and z replace a, b, ¢ in the second expression of the footnote before the
last, then get the Yunshi: x - v -z - x* + x2=0. (G)

| 4] A san yuan shi is gotten by the methods of solving a right triangle: x* + y* - 2°
=0. (G)

[ 5 ] Subtracting the jin shi from the vun shi, and dividing by x, making the yun shi
and the san vuan shi become the function of y, in san vuan shu putting the element ren on

the element tian as well, we have the gian shi:

Yt x-xXr+xz-7+x7-22-2=0;



¥. REXA—xAHY, wA—yAHK, A—zHE, K4, ®ib
ALE=HHBESGAKXAH, F2HX: x-y-z+xz - 0*=0,

WEHAIE N

FREE x-y-z-xX+x2=0, KF=ZAX: X +y*-72=0,
% AE XA X AR M2, X FHFATRIEAHEE L
3 FHEWX: P+x—xz+txz~z+x2-222-2=0, FEEX: 1
& -2+ 2x — 2xX%z + dxz — 2z + xz2 — 272 =0, A4, AR, ¥
B AKX
(-Z2+3z2+7)x+ (22 -32-T7z-6) =0,
7 W

(22 +52+ 11z+13)x+ (22 -5 - 1522 - 13z —14) =0,
M —4r4B AT 225 + 112° + 102* — 437 — 14672 — 157z — 78,
b —ATAR AT 225 + 112° + 1474 — 6722 — 13022 — 133z — 98,
A sh—ATAaE, W, [FEF AKX
-6z +4z2 + 6z -5 =0,
FwakF, 1F23Z5F, FEE,




Substituting the function concerning y conversed by the yun shi for y in the san
yuan shi, then also putting the element ren on the element tian, we have the hou shi:

o2 4 2x = 2¢% + dxz - 2z +x2t - 222 = 0.

SWs|qoid A103anposjuy u

SUMOUNU( JN04 8Y} JO JOLIW apep

By cancellation, we have the zuo shi:
(=22 +3z+7)x+ (£2=-32-T2-6) =0,

And vou shi:

(=228 + 522+ 11z + 13) x + (228 - 522 — 1522 - 13z - 14) = 0.
Multiplying the two interior columns, we get:

2.5 4+ 112° + 10z - 43z% — 14622 - 1577 - 78,

e
p—
==
&n
on
—
2
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o
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==
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—
LT,
=
-
v
on
™

Multiplying the exterior two columns, we get:
270 + 1125 + 1478 — 677° - 130z2° — 133z - 98.

After cancellation and dividing by 4, we have z* — 62’ + 427 + 62 — 5 = 0. (G)




HEIE N

BN S R S

LB L=y

[ B )
SHEBFAE, SURMAREKS, AR, SHRREREZR
R, (1) a]. S5 AR LA

EBH. —+U%,
BH. S RIT—NE, #Hoo—Hm, ATT—RE, Yon—RFE. [
oy 04 K 4
%ﬁ%ﬁZﬁH&%ﬁﬂl‘Hlymiﬁﬁﬁhu)21(DJ“
00-10
1 0 K 0 -1 0-10
FB=m2ZX 0000 0(3)“KEYHTZA2 K 0(4),"
0010 0 0 20
2 -22 28 K
IS, HmAZ, e KA, B o -1 10 -2 (5), Jaxk
0 0 0 -1
" 0 294
_Oz(m,ﬁﬁEﬁDUEﬁﬁﬁﬁﬁ 3, EHETT. W78
0 -4
0 ~2058 ~686
& 0, HA 478K 21 S ZATHEIN, =BT T .
16 28 4

*Fj}—ﬂ:z, ?%__' i‘wﬁn L] QI‘FET‘ID L7]

33
[(1]iCEMZHHA= (a+b) + (a+c) +(b+c) +[c+ (a+b)]



Si Xiang Hui Yuan ( Simultaneousness of
the Four Phenomena or Simultaneous
Equations in Four Unknowns )

Problem. The product of the gu by the five jiao is equal to the sum of the
square of the xian and the product of the gou by the xian; The quotient of the
five he and the gou is equal to the difference between the square of the gu and
the difference between the xian and gou. ! ' 'Find the sum of the huang fang,
gou, gu and xian.
Ans. 14 bu.
Process. Let the element tian be the gou, the element di the gu, the element
ren the xian, and the element wu the sum of the huang fang, gou, gu, and

xian. These four phenomena meeting we obtain the following expressions

0 4 P 4 1 0 P O -1
2Pl a0 212000 0 o3
0 1 01 0 -1 0 0010 0
0 -1 0
2 P 0 (4)75)
0 2 0

By eliminating and interchanging the positions of tian and wu,

2 -22 28 P
-7 P

0o -1 10 -2 (5), and (6)
0 2

0 0 0 -1

From these expressions we obtain also
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EHAIE R

BN 4 S0 4 5 0 2

+[{c+ (b-a)], ABZMAB=(b-a) + (c-a) + (c=-b) + [c~- (b
~a)l + [(a+b) ~c), HEB: bBB=c +ac, A-=p - (c-a) ()

[2] &KITE—x HE, #—y M, AJC—zHK, Yn—uBPRE ((a
+b) ~cl + (a+b+c) ABZHB =2c, Bilk2bc = * + ac, RBAHA:
x-2y+2z=0, (¥)

(3] HMZHMA =2a +4b +4c, Hk2a +4b+dc=a[b - (c -a)], R
BER: 2+ -2 +4y +xz+ 4z =0, (F)

(4] HABRRRB=TR: 2 +)y* - 22=0, (¥)

(5] #H 5. . B=BZHNu = 2a + 2b, AW, FRREWTR:
2 4 2y — u =0, (3) |

[ 6 134X, SPoiAlE, BB LAI-6y + 22 + u = 0. HlmK 5 =TK
MW, XTI, B8P -2y° - 22 — 4y + 2yz + Yu + 222 - 82 — zu — 2u
= 0, BI=tX EWTAEN, BRITAL8 — dyu — 42 + o2 = 0. Bl EAi. O
W, PLaZZ, 2y — 22y* + 28y — You + 10yu — i - 2u = 0, fEVUTTIHEEF, B8R
YICIERIRTC L, BRI 2)° - 2202 + 28y — y2x + 10w — & - 2x = 0, AP Y
B R BURCRME: -8, SKEAKIE, AL, FAAHMN, Llie4Z, 88 -7y +
2u =0, WHYITTEEIFTE L, RERR. FRIELR. UAEHITEaAR,

8uly — 4 + 3u + 294 = 0

N —iTHERE

2 (8u2) = 16,

Sh 1T |

~7 (-4u? + 3u + 294) = 282 - 21u - 2058,

WA _ATHE, LA3AZ, |JEFFA:
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Which is placed on the right ( of the bar ) and (6 ) on the left. The prod-

uct of the interior and exterior columns are

0 -2058
0 and =21
16 28

-686
Subtracting the one from the other and dividing by 3, we have -7
4

7]

€
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a quadratic expression whose root, 14, ‘6] is the required number.

[ Notes ]
[1]UseA = (a+b) + (a+c) + (b+c)+[c+ (a+b)] +[c+ (b

— a) ) for the sum of the five he, B = (b-a)+(c=-a)+(c-b)+[c-(b

~a)] +[(a+b)-c] forthe sum of the five jiao.That is, bB = ¢* + ac, —‘g—z b -
(¢ -a) (G)

"2 ] Use the element tian x for the gou, the element di y for the gu, the element ren
, for the xian. and the element wu u for the required number whichis [(a +b) - ¢ 1+
(a + b + ¢ ). The sum of five jiao is A = 2¢. So 2bc = ¢ + ac, we have Jin shi: x = 2y
+2z=0 (G)

3] The sum of five he is B = 2a + 4b + 4c.Therefore, 2a + 4b + 4c=al b -
(¢ — a)). We have the yun shi: =x* + 2x — xy° + 4y + xz2 + 4z = 0. (G)

[ 4] A san yuan shi is gotten by the methods of solving a right triangle: x* + vy =z

=0. (G)



du? — Tu - 686 = 0. (§)

(7] ARBIEEH 70 THHRET 6 MERFHR (1) BREARIOR, SREiR
HYE— AN BT AT LI (1) R BRI —# L “RE" PR, L
(2) REFAEZR: EH (3) RAF=ATE: K. M. A, FIABFE=TR, B
(4) RAEWT. FLIEERAYTR; (5) REFAIR: (6) RBFHHER.

TR, R, IKEFA AL BT, W R BT

Sxha, y R, cHE, whHEY. A, B, UREZNH, ARy - 1, 2
Cx z-y, x4y-z MEz- (y-x) FAEHEN2, FFHNx+y, x+ 2,

EHIER

BN T S

y+z, x+y+z, URz+ (y-x), AHZFHA2x + 4y + 42,
R E—ART, 18 2yz = 22 + a2z

MEL2+xz-292=0, . (1)
. B _’ 2x + 4y + 4z '

R A, T o -7 4 x

WA +4y + 4z =x - xz2 + X

BB+ 4y +4z-x+xz-x2=0 (2)

He +y=28#&L+y¥-22=0 (3)

Fw=x+y-z+x+y+27=2x+2y

M2x +2y -w=0 (4)
UL EEXFERATREEA N
-2 P 1 0 4 P 4
0 1 0 (1), -1 0 2 1 (2)
0 0 -1 0
1 0 P O -1 0 -1 O
0 000 O (3), 2 P 0 (4)
0010 O 0 2 0

AR RBP4 H AR R .



[ 5] The sum of the huang fang, gou, gu and xian is u = 2a + 2b, that is the ele-
ment wu. So we have the wu yuan shi: 2x + 2y —u = 0. (G)

[ 6 ] Multiplying the jin shi by 2, and eliminating with wu yuan shi, we have the top
position, -6y + 2z + u = (. Eliminating the yun shi and by cancellation with the san yuan
shi, then with the wu yuan shi, we have the centre position, -2y* — 2y* — 4y + 2yz + y’'u +

72 — 8z — zu — 2u = 0. Eliminating the san yuan shi and by cancellation with the wu yuan
shi, we have the bottom position, 8y* — 4yu — 4z* + w? = (. Eliminating the top position
and by cancellation with the center position, then dividing the result by 4, we have 2y* - 22y
+ 28y — yu + 10yu — w* = 2u = 0. In four elements’ elimination, the element wu need
to be put on the element tian. So we have the gian shi: 2y* — 22y* + 28y ~ y’x + 10yx - x*
~ 2x = 0. In the gian shi the coefficent of y* was mistaken for —8. Now we correct it accord-
ing to Tian Miao’s collation. Eliminating the top position and by cancellation with the bot-
tom position, then dividing the result by 16, we have ~7y + 2u = 0. Putting the element wu
on the element rian too, we have the hou shi: =7y + 2x = 0. The hou shi is the zuo shi.
Eliminating the gian shi with the zuo shi, we have the you shi: 8w’y — 4u* + 3u + 294 = 0.

Multiplying the two interior columns, we have 2 ( 81 ) = 164’

Multiplying the two exterior columns, we have =7 ( - 4u? + 3u + 294) = 284’

- 21lu - 2058.

Eliminating the two interior and the two euterior columns, then dividing the result
by 3, we have the quadratic expression 4u” - 7u — 686 = 0. (G)

[ 7] In the expressions of the text in P.71, expression( 1 )is called, by Zhu Shijie, jin
shi( A2, Jin( 4, now ) is the first character used in the beginning of the statement from
which the first expression is obtained; expression ( 2 ) is called yun shi ( Z3X ) because
the second part of the statement begins with the two words zhi yun ( J1Z ) or “and it is

said”; expression (3 ) is called san yuan shi ( =7JG3X ), or three elements expression, be-
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RIS N

BN S8 S

[RAxFERK, yERHM, zRAA, wERY |
ECAHERNEBBXTwIHT, FrLiscH (4) XPxS5wrIVE

0
2

0
YW s L Y

0

2

2

BB, REA—E PR ESR -5, 3

0

L (2) XAFFE (1) 5K, .7
-8
-2
0

M(6) XpmE (2) K

0

-8

(4a)
P
5
-1
-4
0
P (5a)
]
1
4
1 ' (6)
0
P
2
2
2
2 (7a)



cause it contains the three elements, tian. di and ren. Expression ( 4 ) is called wu yuan shi
( #7C3 ) because it contains the element wu. Expression ( 5 ) is called gian shi ( ﬁ’l]’i:t ),
and expression ( 6 ) is called hou shi ( Ji3\) or former and latter expressions.

In these discussions the expressions are numbered according to the modern method
merely for convenience. The process of solution is as follows.

Let x be the base, y the leg, z the hypotenuse, and w the sum of the huang fang, base,
leg, and hypotenuse. The five jiaoarey - x,z - X,z =y, x + ¥y = Z, andz - (y — x),
the sum of which is equal to 2z. The five hearex + y,x + z.y + z, x + ¥y + 3, and z +
(y — x ), the sum of which is equal to 2x + 4y + 4z.

From the first statement we have 2yz = 2> + x2

orz’ + xz — 2yz = 0, (1)

2x + 4y + 4z _ 2

From the second statement we have vV -z+x
X

or2x + 4y + 4z = xy? - xz + X

or2x + 4y + 4z - xy +xz - x =0 (2)
Andx® + Y =Zorx? + ¥ - 22 =0 | (3)
Andw=x+y-2+Xx+y+2=2x+2y |
or2x + 2y —-w =10 (4)

Putting these into the Chinese form we have

-2 P 1 04 P 4
0 1 0 (1), -1 0 2 1 (2)

0 0 -1 0

1 0 PO -l 0 -1 0
0 000 0 (3), 2 P 0 (4)
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EHEIE R

BN B S B S

0 -12 P
LL23E (7a) X, REME (52) X, 18
2 -12 4
-4 24 P (8a)
0 0 0
0 0 1

PL2FE (4a) R, SRIEM (8a) g RM L, 8

2 -12 0
-4 -28 P (9a)
0 0 2
0 0 1

A (4a) XWAFIG (9a) NWEFIMEE, REHE, 3
0 0 -12 0
-2 -4 -28 P (10a)
0 1 0 2
0 0 0 1

Li6F (4a) X, Rkt (10a), 14
-2 8 -28 P
01 -6 2 (11a)
00 0 |1

Bz A&, # (1) RGBS
2 P 5 P 1
0 1

BANEAMETER, REN—TBaPRES TS, 3
4 0 P 0 -l



as given by Zhu Shijie.

[ Use x for tian, y for di, z for ren, and w for wu. ]

Since we want to form the equation in terms of w, interchange the position of x and

w in expression ( 4 ),

0o 2
2 P
0 -1

Separate this expression into two parts,

0o 2 P
and

2 P -1

Square both parts and subtract the one from the other,

0 0 -4
0 -8 0
4 0 P
0 0 0
0o 0 1

Multiply (1) by the right column of (2),

8 P 4
-2 4 1
0 1 0
Subtract (2 ) from (6),
0 -12 P
1 -2 2
0 0 2

Interchange the position of x and w of this expression,

(4a)

(5a)

(6)
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0 -4 0 0 O (12)

EHIER

& M (3) REPEE (12) 5
{E 3 P
> 0 4
H St x 5 w HIRE
0 4
-3 P (13a)

LL23E (4a) X, REM (13a) XPBEXTER

-7 P

0 2 (14a)
M (11a) RXEiE (14a) K, 17

-2 8 -21 P

0o 1 -6 0 (15a)

0 0 0 i

L (14a) B94FIRE (15a) X
4 16 -42 P
0 2 -12 0 (16a)
0 0 0 2
4 (16a) A5 (14a) KT HARSE, REHE
-4 16 -42
0o 2 5 (17a)
PL(17a) BIGFIFE (14a) 30
294 P

35 -84 (18a)



0 0 2
1 -2 2 (7a)
0 -12 P

2 -12 4

-4 -24 P (8a)
0 0 0
0 0 1

2 -12 0
-4 -28 P (9a)
0 0 2
0 0 1

Make the right column of ( 4a) even with the left column of ( 9a ), and subtract,
0 0 -12 0
-2 -4 -28 P ( 10a)

0 1 0 2

0 1 -6 2 (1ia)

Separate ( 1 ) into two parts by setting z by itself,

-2 P and P 1

0 1
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) 0 -10

£

LL(14a) ME%IFE (17a) K

] -8 32 -84

i

pe 0 4 -10 (19a)

i M (18a) ik (19a)

B 0 294
8 3 (20a)
0 -4

=7 0 P 0 294

0 2 8 3
0 0 ‘ 0 -4
WS R
0 P -2058
0 21
16 l 28
W, RIGF3IBRFTERE, MmIKNES
686
-7
4

XA TFEAIARA 14, BIORER, (BR)

[ &% )
ARMRELE, Gz L EZME, RE: A% EF, ERFA
>R iEsmE, 9. ¥ mbh, KR, EREF SN



Square both, then subtract one from the other,
4 0O P 0 -1

0O -4 0 0 0 (12)

Sws|q0id Ai0jonposu] g
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6 0 1 0 0

Subtract ( 12) from (3),

-3 P
0 4
Interchange the position of x and w, E E
2=
0 4 £ >
g —
-3 P (13a) -
=
Multiply (4a) by 2, then subtract from ( 13a), —
_7 p L
0 2 (14a )

Subtract ( 14a ) from ( 11a ),

-2 8 -21 P
o 1 -6 0 (15a)
0 O 0 1

Multiply ( 15a) by the right column of ( 14a),
-4 16 -42 P
0 2 -12 0 (16a)
0 0 0 2
Make the lower rows of ( 16a ) and ( 14a ) even, then subtract,
-4 16 -42
0 2 5 (17a)

Multiply ( 14a ) by the right column of ( 17a ),



HAIER

BN <> T 045 90 TS

£ 145,

B, ZRXA—xHEY, A—yHR, AL—zAHZE, DA —u AW
K, A, A, AL, awEafesd KEK, F345X:
x—2y+2z=0, KF=EX: ;x2+2x—xy2+4y+xz+4z=0, K
BEZAX: 2+y —-22=0, KEFEHAKX: 2x+ 2y —u =0, A
Bz, kBN X anEE L, FHFX: 2y — 22y + 28y -
yx + 10yx — x2 — 2x = 0; LMFHEX: -Ty+2x=0, L2 LK. A
AEXENITTR, 8%y —4x2+3x+294 =0, k2 EX, £X5
HX R ATk, 1338 16x2; sF=474a kT3] 28x2 — 21x — 2058,
= S A XARNE, A3 ME, HBFHX: 4 - Tx — 686 =0, F-F
7, A8 4%, HeF.



294 P
35 -84 (18a)
0 =10
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Multiply ( 17a) by the right column of ( 14a ),

-8 32 -84
0 4 -10 ( 19a )}
Subtract ( 19a) from ( 18a ),
<
0 294 5 —
=
8 3 ' ( 20a) S =
2=
0 -4 =
=
Put ( 14a) and ( 20a ) side by side, —
™
7 0 P 0 29 =4
0o 2 8 3
0 0 0 -4

The product of the interior and exterior columns are

0 P -2058
0 -21

16 28

Subtract, then divide the remainder by 3, and we have
-686
-7
4

a quadratic expression whose root, 14, is the required number. (C)



e AR

wLEx%E AL
HEBORIE — 1\

1.
[ 3]
SHZMMFE=ADM, MEE, KB AR TPV REZBERIEX
BH, WALZMFEARZE, R—THE, 2 [E): A JLf?
EE . =¥,
ARE: SLRIG—RE, MPLRZ B +H A =F—B _+HNIEE,
Nt+—ANF—aRhELE, —+EAAFLE AN =EE, —
FZFNBNTHNRETE, —A/N\+—HONE, LEFFZ,0PIHB

). B

[ %]
(1] ieaBIEd s, B, 9% Hka, b, c, lKBI: [c+ (a+b)](a+b+
c) +¢*= 1699(913') :
(2] #tBl: [c- (b-a)]lle+ (b-a)) - (c+bB)(c—-b) =15, (¥)
[3] FHFABBIER N
181x* — 22868x° + 278926x* — 818100x* + 253125 = 0, (Pk)

(&%)
Aizete bty R, HEEZ AR, MEFR, £F169F, RAFEE
BEEzgh R, REREFERZRGER, £15F. B: 44
%
%: 3%,
K: BEA—AY, AR FERXAM, 55253125 AFHA,
—818100 4 =k M £ 3, 278926 Hwa KA A K, 22868 H KA A&

¥, 181 ANKA R, FNKRFY, REFEH, FEHE,
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BOOK |
Zhi Duan Qiu Yuan ( Problems on

Right Triangles and Rectangles )
18 Problems

1. The product of the xian he he by the sum of the three sides plus the square

of the xian is equal to 169 bu!'! and the product of the xian jiao jiao by the

xian jiao he minus the poduct of the gu xian he by the gu xian jiao is equal to

o
b i
=N
&
s
o
7

=
&
=0
=
=
-
=
-
e
=
=
rm
&
™

15 bu. 127 Find the gou.
Ans. 3 bu.
Process. Let the element tian be the gou. From the statement we have 253125
for the positive shi, 818100 for the negative first lian, 278926 for the posi-
tive third lian, 22868 for the negative fifth lian, and 181 for the positive yu,

an expression' 2] of the eighth degree whose root is the required gou.

[ Notes ]
[ 1] Use a for the gou, b for the gu, and ¢ for the xian, thatis [ ¢ + (a + b)) (a
+b+c) +ct=169. (G)
[2] Thatis, [c - (b-a)]l[c+ (b-a)]l = (c+b)(c-b) =15. (G)
[ 3 ] The expression in modern form is the equation: 181x* — 22868x* + 278926x*

— 818100x* + 253125 = 0. (C)



BEHIIE R

Fraf

2.
[ ) |
SRR MPBL, WA LB, Kt RE MM
A, Bt 2 |, BJL?
BE W,
ARH: sSLRKTT— K, WRZ ., B—EA T EANLTARE—TAH
FEE, —+FAAATAB TR g, STHEETILAN=
B, tHNSTER, —NEB, LRI, 2 Bk, &,

[ %)
(1] MBI: (c+a)(c+b) - (c-a)(e-b) =70, ($§)

(21 KBl: [c+ (b+a)]lle+ (b-a)] =72, (¥F)
[3] HAHFRBEICIER R, -2 - 7008 + 6479x%° ~ 186624x> + 1679616 = 0. ( BE )

[ 4i% ]
SR ISR ERGER, BREHEZRERZRGER, £70F, R
A Fe RIZBAIFT2H, B BAH S V7
: 4%,
R BRA—AK, AeBRFELELH, 721679616 4 %1,
—186624 A KM AH, 6479 AW KAEZH, —T70 ANKRAEZH,
—1 ANRKRAEHK, FNEKF, EEFFR, FEP7E,

3.
[ R ) | |
SR LB AF, e R A%, JuHE. U R S5
SRS (20, ) BZJLAAT?
%E: fid,
ARH: SLRITL—HE, MBRZ ., B—THE - +HNIEL, —8N0
AN, Btk ERE, —+ " k4 TEE, —RIER, =R H
Z, B BE, gk,
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2. The product of the gou xian he by the gu xian he minus the product of the
gou xian jiao by the gu xian jiao is equal to 70 bit '], and the product of the
xian he he by the xian jiao he is equal to 72 bu. |2 Find the gu.
Ans. 4 bu.
Process. Let the element tian be the gu. From the statement we have 1679616

for the positive shi, 186624 for the negative first lian, 6479 for the positive

third lian, 70 for the negative fifth lian, and 1 for the negative yu, an ex-

pression'?! of the eighth degree whose root is the required gu.

2
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[ Notes ]

[1] Thatis, (c+a)(c+b) = (c=-a)lc~-b) =70. (G)

[2] Thatis, [e+ (b+a)llc+ (b-a)] =72. (G)

[ 3] The expression in modern form is the equation: —x® - 70x® + 6479x* —
186624x% + 1679616 = 0. (C)

89

3. The product of the xian he jiao by the xian he he plus the product of the
gou xian jiao by the gou xian he is equal to 40 bu '), and the square of the
gou is equal to the gu xian he .. Find the xian .

Ans. 5 bu.

Process. Let the element tian be the xian . From the statement we have

1525 for the positive shi, 140 for the positive fang, 54 for the negative lian,



AR R

Fraf

[ %)
[ 1] BP: [(a+b) —cl{(a+b) +¢c] + (c-a)(c+a) =40, (¥B)
(2] BP: > =c + b, (FB)
(3] FARMILIEAR N ¢ — 126 - 54x2 + 140x + 1525 = 0, (BR)

[ &%)
SR ZRRE ERf R, YRS HEROER, F40F, A&
DQERHRENRMF, B: ZHE D7
—'-g-_: 5%,
Ri BRRA—H5Z, Do G LKA, 721525 3 FHFA, 140 %
—RREBRE, -S4AKRFARE, - 12AZKRAZE, 1 ARFH LA
¥, Tk, @21F32)5%, FEoE,

4,
[ R )
SERBZIE, &—1H. 0 Realfts 2, k. &hJILE?
BE. —¥.
ARE: SLRITT—AEF, WARZ, B_HRHREL, —FBAINF, =
TNBE, —HERE, YHFHZ, DB B/EY. 8.

[ %)
(1] B ERM. Bl ab - [(a+b) —c] =10, (FE)
(2] BLEBf: a + b =7, (¥§)
[3] AHFABHIICERR: -2 + 22 + 100x — 200 = 0. (FF)

[ &% ]
S BLRBEENE, 10, REGRFRTY, Fl: R5AH 2
b9
Z: 2%,
K: BRA—AEF, Al FERKAM, 158 2004 FHA, 100
H—RAAK, 2AKARY, -1 AFHAALRK, 515, 257
BEKF, BHaArE,

L1



12 for the negative last lian, and 1 for the positive yu, an expression'?! of

the fourth degree whose root is the required xian.

[ Notes )
(1] Thatis, [(a+b) =c]{(a+b) +c] + (c-a)(c+a) =40. (G)
[2] Thatis,a*=c¢c + b. (G)
[ 3] The expression in modern form is the equation: x* — 12¥* — 54x* + 140x +

1525 =0. (C)

4. The ji minus the xian he jiao is equal to 10 bu "', and the sum of the gou
and the gu is 7 bu '*". Find the huang fang.
Ans. 2 bu.
Process. Let the element tian be the huang fang. From the statement we
have 200 for the negative shi, 100 for the positive fang, 2 for the positive
lian, and 1 for the negative yu, a cubic expression,'*’ whose root is the

required huang fang.

[ Notes ]

[ 1 ] The ji means the product of the gou and the gu. Thatis, ab ~ [(a + b) - ¢ ]
=10. (G)

(2] Thatis,a + b=17. (G)

[ 3 ] The expression in modern form is the equation: —x* + 2x* + 100x — 200 = 0.

(C)

I#OOE.

SUMOUNU( N0 8Y} JO JOLIN aper

=
P
=
N
&
T
1~

-
]
=
==
=0
-
=
-
cs
=
=
m
L
e




HIIE N

o

5.
[ 3]
SAMMYR, BiRE, UVERZ, AR, RARBRB/ATIHAA
T REKFEg=4. 0 [, K. F&JILM?
EH: FhE, K—1+Z8,
ARE: Y RIT—ARK, WPKZ, BATHE=1TMIESE, —A
=R, BT EE, s, S RZ, B RK. A,

[ %% ]
(1] &RaRF, bAK, BIEK. FZBab, AEK. ¥FZMa + b, HED:
(ab)> - [(ab + @® - b*) @ - (a+ b)?] = 8460, (H)
[2] WBP: b - a =3, (5B)
[3] FHFRHBRERD: -9 + 592 ~ 123x + 8532 = 0, (Bf)

[ 4% ]
AHK., FZhMEZR, BKZIF, AFIHREZ, BEKk, Tl
F, ek, FIRAGFV860F , REKEFZE£A3F, [: K,
FEHE T
L. FAHoH, KAH12%, _
K: BEA—HK, ATk LELM, 53 85324 FHM, —123
H—RRAEK, OAKREH, IHRFHRALRHK, Fis, £
#FEK, FFerrE,

6.
[ R3]
SAHBMK, DREEFERZ, §—T AL +E. AaKAdZ =Y
=2, b R K EEILE?
EH. ¥—+ %, K=t+H¥,
ARHE: LRKIL—HK, WHRRZ, B—t+=A@3E, =T=8_1



5. If the ji plus the square of the width minus the square of the length be
multiplied by the square of the width, minus the square of the he the result is
less than the square of the ji by 8460 bu.'’ The difference between the length
and the width is 3 bu '?’. Find the length and the width.
Ans. Width, 9 bu; length, 12 bu.

Process. Let the element tian be the length. From the statement we have

8532 for the positive shi, 123 for the negative fang, 59 for the positive lian,

and 9 for the negative yu, a cubic expression!*! whose root is the i'equired

length.

[ Notes )

[ 1 ] Let a be the width, b the length. The ji means the product of the width and the
length, ab. The he means the sum of the width and the length, @ + b. Thatis, (ab)? -
[(ab + @ - b*) a* - (a+b)?] =8460. (G)

[ 2] Thatis,» —a =3. (G)

[ 3 ] The expression in modern form is the equation: -9x° + 59x? - 123x +

8532 =0. (C)

6. The sum of the ji and the length multiplied by one half of the width is equal
to 1950 bu!'From three-fifths of the length subtract two-thirds of the width,
the remainder is 7 bu!?! Find the length and the width.

Ans. Width, 12 bu; length, 25 bu.

Process. Let the element tian be the length. From the statement we have

I ¥008
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e

FAMT, NEARGE, LA, SSHHZ, O BK, B,

[ 8]
[1] BeBP: (ab + b) x%a= 1950, (%)
(2] #BI: 26 -2a=7, ()

[3] FHRMIER N 270° - 60062 + 3325x - 130000 = 0. (FE)

[ &% ]
AB¥. FzAmE, T8 — $ﬁi,ﬁﬂwmﬁoﬁi&%%ﬁ
k%ﬁ% £7%, F: k. FE&AH SV
2 FAH12Y, KA,
R BRA—AHK, Ao MR ik KA 133]-130000 % ¥ $7 , 3325
A—RFEZI, 6004 _KFAEH, 2TAFBHARALS, Firh,1£
FEK, HEE,

7.
[ R3]
SHEEM=8, UKFEZ, B—F, #ATLEam4-pE, ) BaKR
¥, FEESE, i, AE—-KuAE, 2 [, K, SE&ILfA?
BE. F—t+N%E, K-+ms,
RE: SEXKTT—RHEK, MFKZ ., B A NLTFN+H/REE, —H=
AN, At+—RiEEE, WAHIER, s hAHZ, B 8K, &6,

[ 8]
(1] 848K, F2ZEb-a, WA: [ab +3(b-a)]l b - 3a=9744, ()
[2) KWL, FEM L WB: b - (Fb+pa) =40 ()
HJFﬁﬁ%ﬂﬁEﬁﬁ u-&u+wnxﬁwm3_0(%)

[ 4% ]
HH K. FZAMIAENK, FZE, AKEZ, BEIMEGTF, 497445,
RERKH 5, Py, ZHLRRRYAT. B K FEA B
Z: FAI6F, KA24F,
K: BRA—AK, ddofrFiE KL, /75 -29088 4 ##A, 132
H—KRAEHK, SVAZKRREYE, 4 ARGRARHK, 35, 12
#EK, FEHPF.
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130000 for the negative shi, 3325 for the positive fang, 600 for the nega-
tive lian, and 27 for the positive yu, a cubic expression !>/ whose root is

the required length.

[ Notes ]

[ 1] Thatis, (ab + b) x_;a= 1950. (G)

03, 2
(2] Thatts,-ﬁ—b 3a_7. (G)

[ 3 ]The expression in modern form is the equation: 27x* — 600x” + 3325x — 130000

=0. (C)

L
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7. Multiply the ji plus the three jiao by the length and from the result subtract
three times the width. The remainder is equal to 9744 bu.!'' The sum of the
great half of the length and the weak half of the width is less than the length
by 4 bu!?) Find the length and the width.

Ans. Width, 16 bu; length, 24 bu.

Process. Let the element tian be the length. From the statement we have
29088 for the negative shi, 132 for the positive fang, 51 for the negative
lian, and 4 for the positive yu, a cubic expression 3] whose root is the

required length.

[ Notes ]
[ 1 The jiao means the difference between the length and the width, b - a. That is,
lab+3(b-a)lb-3a=9744 (G)
[2]Agreathalfis%andaweakhaifis T}*,Thatis,b - [%‘b +71—a) =4. (G)
[ 3 ] The expression in modem form is the equation: 4x* — 5L + 132x — 29088 = 0. (C)
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[ R3]

SAHBRREFY, KR—T—TAEA+THEP VI RZKARZ—. F=4

Z—, M_nzZz—, #—F+ s _n¥z— 2. K, FB&ILT?

EH: Fhx, K—+Z%¥.

ARE: S RIG—RHF, FRZ, B HUANTHE R AL, A
+—RH, ZANLTFAMANLERE, = TFREaASTRHETHE, —
BAIER, =FAAFZ, B HF, &,

[ %)
[1] BP: (ab)? — a = 11655, (%E)
[2] BLED. Elb +—;a +%(a +b) = 16—;0 (%%)
(3 1IFARBIBARTER H: 100x - 39602 + 39204x2 — 81x - 944055 = 0. ( &)

[ 4]
SHF. RIBHBEETF, £1655F. RakeL, Fol,
B2 Aok 2, KA 16 Fo B k. FEAS DT
% FAOY, KA 12F.
K. EEA—HF, AdofmFE LALLM, 55 -944055 HFHA,
~81 h — KT A3, 39204 % =k T &AM, 3960 A = KT FH, 100
ABRBRR LAY, FORF, BEFHF, FEPF,

Q.
[ Ex)
ABEFBRTE, Att—5. 0 RESHAN$£0, F: K. 1S
JLfT?
ZBHE. —t+=#,
ARE: s RITE—HE. A, MBORZ ., #NUFE+—HR#&3%, —H
KT, —His, EHFZ, OB, 4.
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8. The difference between the square of the ji and the width is equal to 11655
bt ', and the sum of one fourth of the length, one third of the width, and one

half of the he is equal to 16% bu!?'Find the length and the width.

Ans. Width, 9 bu; length, 12 bu.
Process. Let the element tian be the width. From the statement we have

944055 for the negative shi, 81 for the negative fang, 39204 for the posi-

tive first lian, 3960 for the negative last lian, and 100 for the positive yu.

Solving this expression’ ! of the fourth degree we have the required width.
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[ Notes ]

[ 1] Thatis, (ab)? — a = 11655. (G)

[Z]Thatis,—dl-b +%a +% (a+b) =Iﬁ%. (G)

[ 3] The expression in modern form is the equation: 100x* - 3960x° + 39204x" -

81x — 944055 = 0. (C) @

97

9. The difference between the ji and the square of the jiao is 71 bu' ' * and the
sum of the three sides is 40 bu [2 /. Find the sum of the length and the width.

Ans. 23 bu.
Process. Let the element tian be the sum of the length and the width. From

the statement we have 4071 for the negative shi, 200 for the positive fang,

and 1 for the negative yu, a quadratic expression 1>/ whose root is the re-

quired sum.
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[F8])
(1] #BI: ab - (b~a)?=T1, (%)
[2] ZARRLFHE, UKARGABILGE . B, K=FZ M, .

a+b+ [p7yp=40, (F)
[3] FARMBRIER A -2 + 200x - 4071 = 0, ()

[ &% )
AAK., FZRABEK, FIEGER, £71F, RERTAY, hKkH
MG RBE Zidz Aol 40F, #. ¥k, F2xfh )0
2. 23 %,
K. REA—HK, F2Ho, bR F kKA. F5) 4071 HFEHK
R, 200AHA—RREH, -1 ARGAREHK, FF5, #FF K, F
Z Fo, FFEFTIE], '

10.
[ R )
AABUNM, UBREZ, 3 _T—a_t#. U HakELTFE=412
[a] . FLJLA[?
EE: W+,
AREL SERITG—HEMA, MBSk Z Al E YU M- AE M IESE,
WT—a-+ ki bRE, WAL TR, —NIEM, =FAHZ, B!
. &b,

[ %)
(1] BP: [ab+ (a + b)) ab = 2120, (53)
(2] #bBP: & - a =3, ($B)
[3] FFARMWBALIER R - 453 - 4249x2 + 4494400 = 0, (BE)

[ &% )
LA K., Fz MK, F2f, Ak, FIREZ, F2120F, AEK
2FFE3F, B k. F2RAHEZ D7
2. 40, |
K. EEA—AHE., FZER, bR EEKLB, 193] 4494400 %
HEHIA, —4249H R AEH, 4AZKAEEK, | ARK[RA R,
Feks, 2F3K. F28, FE&TE.
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[ Notes ]

[ 1] Thatis,ab — (b -a)>=71. (G)

[ 2 ] The sum of the three sides is the sum of the gou, the gu, and the xian of a right
triangle. The width is used for the gou, and the length for the gu. Thatis, a + b +/g? + p? =
40. (G)

[ 3 ] The expression in modern form is the equation: —x* + 200x — 4071 = 0. (C)
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10. The product of the sum of the ji and he by the ji is equal to 2120 bu'’, and
the length exceeds the width by 3 bu '?. Find the ji.
Ans. 40 bu.
Process. Let the element tian be the zhi ji. From the statement we have

4494400 for the positive shi, 4249 for the negative first lian, 4 for the nega-

tive last lian, and 1 for the positive yu. Solving this expression [*) of the

fourth degree we have the required ji.

[ Notes ]
[1] Thatis, [ab+ (a + b)] ab = 2120. (G)
(2] Thatis,b —a =3. (G)
['3 ] The expression in modern form is the equation:

X = 4x* - 4249x° + 4494400 = 0. (C)
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058
SAEBMARE, B=A=1=4.0 Hx¥HK, F, #HB=1# 2L
fa]: 5% JLe]?
BFHE: —THY,
ARE: SERITE—RE, WK, B=H - +ELNEE, =+ k%
B, —HNIER, FAFHZ, B 8%, &,

[ %)
[ 1] RHRFEFZERE. BEP: ab + & = 333, (5B)
[2] BP: a + b+ c =36, ()
[3] HHAKBIURER NI 2 - 36x + 315 = 0, (BE)

[ &%) -
SHK, FZRMAR, $333F. Rak, F, HZEZAH36F.
j#l: %A %V
2. 15 %,
R: BRA—AIZ, ARy ELXEM. FH3SAHAFTHR, -36%
— KRR, | ARFHRARE, -5, 12F%)5%, FHEHF,

12.
[ JF3C )
SHEFWY-, UBEZ, XEBAFUER, K- ttAALTARE=181"
RAakKBASZ—, FREa2 =, AR 7RI 7 a2z —. 2
L1 P SN 2= S I K 1
H: F—+NA\E, K=1%.
ARE: Y RTT R, BRZ B E+A=ZTEE =M%, L
M, —F R LR, Rt T, HRIER, —SkhFZ, )
¥, &l



11. The sum of the ji and the square of the xie is equal to 333 bu''’, and the
sum of the length, the width, and the xie is equal to 36 bu ' *\. Find the xian.
Ans. 15 bu.
Process. Let the element tian be the xian. From the statement we have 315
for the positive shi, 36 for the negative fang, and 1 for the positive yu.

Solving this quadratic expression'?’ we have the required xian .
2 P q

[ Notes ]

[ 1 ] The square of the xie ( the diagonal of rectangle ) here means the square of the
xian. Thatis,ab + ¢* = 333, (G)

[2] Thatis,a + b + ¢ = 36. (G)

[ 3 ] The expression in modern form is the equation: x> — 36x + 315 = 0. (C)

12. Multiply the difference between the ji and the width by the ji and subtract
from the result the sum of 5 times the width and 4 times the ji. The remainder
is equal to 279630 bu.!' 11t is said that the value of the numerator of the frac-
tion which is one-fifth of the length, is the same as one-half the numerator of
the fraction which is equal to two-thirds of the width.!>! Find the length and
the width.

Ans. Width, 18 bu; length, 30 bu.

Process. Let the element tian be the width. From the statement we have

I JII’E’OE'.
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23

[ 1] Ep. (ab—a)ab- (5a+4ab}-2?963{} (%)

2l ki Lnly, P2 nia, ms, Aan3L 100 pe. 3 -
2 (10a), (%)

[3] FHRABUVEAN: S - 3¢ - 12¢ - 9x - 503334 = 0, (FK)

[ &% ]
SrH K. FZRRERTE, ﬁrAvfﬂaT&z. 1%4&—%%5%&% FZ Ak 4
t, 279630 F, RERKHE, REGS, ARG THEFHHT
&%lgﬂ ¥, *%ﬁ%)?
. FAHI18F, KA30F,
;{i; iik;t-—-}{:—'?, Ade Ay ik KR M, 193] —503334 A FHR,
—9A— KRB, " 12AHAKAEREK, 3AHZKRAEE, SARGK
TR, FWARF, 2F3F. F6F,

13.
[ R3]
SERBE K. —F, KUAAATHEE L ALV AZFARSK
F0, | K. FFJLAE?
BE: BT, K=TAF
RE: SERKIL—RFE, R, BUAATFTHAEH/CBRE, —
Rish, R bR, —RIER, ARFHZ, P BFE, 5N,

[ %)
(1] WBP: (ab)? - (2b +a) = 46578, ()
(2] HBp: @ = b, (¥R)
[3] FARMBULER N x* - 202 — x - 46578 = 0. (BR)

[ & )
ARk, FIARGFR LK 2ERF, #46578*}.:, Rue¥akbsk
¥, Bl k., F&EAH3Z V7
2. FAH6H, KAH36F,
K: BREA—HF, At FiE KL, 53] -46578 A F HOA,
H—hREE, 2AKRAEE, | ARHRARK, FkF, &
2, HEFE,



503334 for the negative shi, 9 for the negative fang, and 12 for the negative

first lian, 3 for the negative last lian, and 5 for the positive yu. Solving this

biquadratic expression'*' we have the required width.

[ Notes ]
(1] Thatis, (ab - a) ab — (5a + 4ab) = 279630. (G)
| 2 ] One-fifth of the length is %b , and two-thirds of the width is —%—a. Make their

denominators equal, then they become ?E‘; and 1105‘1 That is, 3b —— (10a). (G)
[ 3 | The expression in modern form is the equation: 5x* = 3x* - 12x? - 9x — 503334

=0. (C)

13. The sum of twice the length and the width subtracted from the square of
the ji is equal to 46578 but'}; the square of the width is equal to the length'?".
Find the length and the width.
Ans. Width, 6 bu; length, 36 bu.
Process. Let the element tian be the width. From the statement we have
46578 for the negative shi, 1 for the negative fang, 2 for the negative first

lian, and 1 for the positive yu. Solving this expression '** of the sixth de-

gree we have the required width.

[ Notes ]

[ 1] Thatis, (ab)? — (2b + a) = 46578. (G)

[2] Thatis,a®> = b. (G)

[ 3] The expression in modern form is the equation: x* — 2x* — x — 46578 = 0.

(C)

[ OO] pu

SUMOUMUN JNO4 94} JO JoIW aper

e
—
=
L
N
-
e
cn

P
]
=
=
a=n
— -
-
L
-1
c2
=
-
e
on
re

103



14,

[ R3]

SABIN—K, ZF, =M, Wi, B, B, 8. =F, Ik,

R—tTHAAETNAERL .V RZPREEECL [ K, F&ILfA7

EFH: FRE, K=1#.

ARE: LXKT—AHF, MBRZ, B—-F+HEFRETFABENEE, L
A dr, LA ER, —BAT AN, LU= BE,
— /AT, —HIER, ARAFFZ, B 8F, 4N,

BHIIE R

Frai

[ %)

(1] 4BEP: (@b + b+2a+3(a+b) +4(b-a)]>-[(a+b) +2(b
—a) +3a+4b] = 155805, (35)

(2] BP: a® = b - a. (3R)

[3] FHRBIMATERR: 25 + 18 + 99 + 1620 + 7422 - 9x — 155805 =

0. (BR)

[ 4% ]
ARk, FZ e 4EeK, 2486, 34E69K. F2Ao, 44500 K.
FZ £, LAK, RE14EGK, F2p, 248089 %K, F2 £, 34864 -F,
4456 K, £155805F . REFREK, F2E£MBF, F: k. F&%
% b9
Z: FASY, KA30F,
R: BRA—AF, AT ERELM, 155 -155805 A% A,
QO A—RABE, TAAZRAEZRE, 162AH=ZRKRAEZK, 99 AW@K
MER, 1I8ABRRRZE, VARBRAZE, FRF, #BIF2)F,

HA-Prie
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14. From the square of the sum of the ji, the length, twice the width, three
times the ke, and four times the jiao subtract the sum of the he, twice the jiao,
three times the width, and four times the length. The remainder is equal to
155805 bu.!'’ The square of the width is equal to the jiao' . Find the length
and the width.

Ans. Width, 5 bu; length, 30 bu.

Process. Let the element tian be the width. From the statement we have
155805 for the negative shi, 9 for the negative fang, 74 for the positive

third Zian, 162 for the positive second lian, 99 for the positive third lian, 18

)
-
7
L2
]
A

'
——
9
=
- —
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~
)
—
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—
-
r
"
[ o ]

for the positive last lian, and 1 for the positive yu. Solving the root of this

expression’?) of the sixth degree we have the required width.

[ Notes ]

(1] Thatis, [ab+ b +2a+3(a+b) +4(b-—a)]?-[(a+b) +2(b

—a) +3a+4b] = 155805. (G) -
105
[ 2] Thatis,a* = b -a. (G)

[ 37 The expression in modern form is the equation: x* + 18x> + 99x* + 162x° +

T4x* — 9x - 155805 = 0. (C)
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15.
[ R3]
SERM=F, B8, RE%, B=F, —&, BLAATNE—
i, ) AR ARSME R, @ K. E&ILE?
BE. PEd, KEt—s,
REL: SRR, WERZ. BEFAFNE—+MR%E, |
Wi, “HARMER, SRR, — ISR, R
THE, —HIEM, HRFFZ, P BT A,

[ %)
(1] 0ER: [ab +3a - (b-a)l*-3a+ (b-a) =78414, (FB)
(2] BBP: a*> =a + b, (5}) _
[31FHRBBUCIER H: 6 - 405 + 14x — 200° + 2622 — Sx - 78414 = 0, (BR)

[ %)
Al¥. FzAam34E6TE, Rl14EHK, T2 £, 2XaEk, &E3
ey, 14K, P2 £, F7414YF . RETFAES K, T2 A
rE, B Kk, FEAHE D
2. FATY, KAR2YT,
K. BRA—HF, RofRFHxRKAB, 55 78414 AW H#A, -
A= KRB, 264 KA AHK, 204 ZRFEEK, 14 AHWRAEZ
B, - dAHAERFEI, 1 ARGRAZRE, ks, 2F5F. &
BT 19

16.
[ R3]
ARBINE, DGR, B=Thas. " AaRUFFIFZ, i
BARRFEER 2 [ K, F&ILA?
8 F—t+22, KTHRY.
RE: SERITG—RF, WBKRZ, BEF/NAREE, —THERT
HMTF, —F=aAt A "k LR, —ait AN TR, —+A%
%5 T EE, —HIER, WFEHHZ, B FF. Bl
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15. Add to the ji three times the width and subtract from the sum the jiao; after
squaring the remainder subtract the sum of three times the width and the jiao.
The result is equal to 78414 bu.!'’ The square of the width is equal to the he'?’.
Find the length and the width.

Ans. Width, 7 bu; length, 42 bu.
Process. Let the element tian be the width. From the statement we have

78414 for the negative shi, 5 for the negative fang, 26 for the positive first

lian, 20 for the negative second lian, 14 for the positive third lian, 4 for the
negative last lian, and 1for the positive yu, an expression '*' of the sixth

degree whose root is the required width.
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[ Notes ]
[1] Thatis, [ab +3a - (b-a)]?*-3a + (b-a) =78414. (G)

[2 ] Thatis,a®>* =a + b. (G)

[ 3 1 The expression in modern form is the equation: x® — 4x° + 14x* — 20x* + 26x°
— 5x - 78414 = 0. (C) @

107

16. The product of the sum of the ji and the width by one-half of the length is
equal to 3900 bu.' ' 't is said that the square root of the length is less than the
width by 7 bu.!?! Find the length and the width.
Ans. Width, 12 bu; length, 25 bu.
Process. Let the element tian be the width. From the statement we have
7800 for the negative shi, 2450 for the positive fang, 1386 for the negative

first lian, 295 for the positive second lian, 28 for the negative last lian, and
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[ i+% )
(1] sk Bk, BB (ab + @) x5 b = 3900, (%)
[2] HBP: @ - [ = 7. (B8)
[3 1 RBYFLIER M. x° - 282 + 295%° — 138622 + 2450x — 7800 = 0. ( B )

[ 4% ]
SH K, F2 M, AR —FFKZ, F3900F, REKGFFIRL
Fr 7, B k. F&EHE V2
. FA12Y, KA25%,
K: EA—HFF, ol F Z KL, 155 —7800 H % £, 2450
A—RR BRI, —1386 8 RAE&%, 295 A= RKRAZR¥, 28 Hw
RFE, | ARBRARK, FRKAG, #F3F,. F6F70,

17.
[ R )
SHEFIN—F., =8, UBEZ, B—K. 28, XKz, 85—+
AT A —1RE . BAFUSEAFZ, A0 Z— 2 K,
-5 JLAar?
%:EI : qul\.ﬁg Lﬁ—"[‘:ﬁ;‘u
ARHE: SERITT—RIFFE, PRz 15— T a8t/ higsk,
ks FEE, —RAN=58, b+ HMNFAEE, ShisHEE, —+H/\H
E/, \FEHFFZ, 3 8%, BIFFEH. ~NZ, HEK. &b,

(%]

(1] ED: {[ab+ (a+b) +3(b-a)l(ab) - [b+2(b-a)llb=
147216, (5F)

(2] MBI Y =b o ($5)

[3] FFARXETCIE Y. 18 - 6x° + 72¢° + x* — 9x> - 12268 = 0, (BE)

[ &% ]
AH¥. FxmIEHAK, F2f, 534E05K, FZ2 £, R,
W1iEH k24280 K. P22, Ak, F147216 %, R =-F&
IR EFR L. B k. FEH S0
2. FAHA8F, kAH 125,
K. BEA—HAFFH, iRk LM, 135 -12268 A F#
M, QA RRAE, | AQKAZRE, T2ANRKRAEZEK, -6/
SR AR, 1ISARBRAZRE, FlAkF, FE 2%, kAT FH,
Aok, 238K, FEPTE,



Ifor the positive yu. Solving this expression:* of the fifth degree we have

the required width.

[ Notes ]

[ 1] The middle half is one-half. Thatis (ab + a) x —; b = 3900. (G)
(2] Thatis,a -[p=7. (G)
[ 3 ] The expression in modern form is the equation: x* — 28x* + 295x* — 1386x2

+ 2450x - 7800 = 0. (C)

17. Multiply the sum of the ji, the he and three times the jiao by the ji and
subtract the length and twice the jiao: multiply this remainder by the length the
product is equal to 147216 bu '’ It is said that the cube root of the width is
equal to one-sixth the length '*'. Find the length and the width.
Ans. Width, 8 bu; length, 12 bu.
Process. Let the element rian be the cube root of the width. From the state-
ment we have 12268 for the negative shi, 9 for the negative first lian, 1 for
the pﬂsitive third lian, 72 for the positive fifth lian, 6 for the negative seventh
lian, and 18 for the positive yu. Solving this expression '*! of the ninth de-

gree we have 2 for its root, 6 times this root is the required length.

[ Notes ]
(1] Thatis{[ab + (a +b) +3(b-a)]lab) - [b+2(b-a)llb=

147216. (G)

" 27 Thatis, ¥a =—éb- (G)

[ 3 ] The expression in modern form is the equation: 18x° — 6x* + 72x% + x* - 9x*

- 12268 = 0. (C)

I H‘UUE.
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18.
[ R3] |
SAR, UMEZ, B, &, LFERZ, M, s—tHtrnt+—8
AT THE AEMAESE, WA, =N ER, Z R TR, —
NIERE, ZFRFFZ, WFMRZ—. 2 E: K, R JLA?
EH: Y—1TI8, K=1¥.
ARE: SERTT—HFFE, MRZ, B—+EtAtT—8A+2H
sk, WRETT, — MM ERE, —8 -+ /XA TEE, WEaAR+hHN
M=, AN/ EUEE, A -+ WAk, =a/A il
t/ e, —HEANTRAMNLHE, ANH84% TR, — T/ NNIER, Juk
FHRZ, PR, AT R. WZ, B &Rl

[FE]

(1] Bh: [ab(a +b) —abla+ (a+b) =177162, (5§)

(2] MEBI: w* - 2uw® + 3uw? — 4w - (a + b) =0I§|4]fEW=%ﬂn (%8)

(3] FHFXMBRTERA N

16x'0 — 64x° + 160x® — 384x" + 512x° — 544x® + 465x* + 126x° + 3x* - 4x
- 177162 = 0, (BR)

[ 5% ]
AXF¥., Fxh, ¥k, xRz, &EKk, T2, LAFERZ,
¥ Fx e, 1$177162F ., RE¥k., FZ A AFHA, 44—
KRB, SHAAAEEK, 2AZKRAEK, | ARSRARK, F
Wk, ARFTFFeg. M Kk, FEAS DY
2. FARRY, KAH30F,
K. ZEA—HFFE, Aofn kLKL, 132177162 4 7 A,
—4 H— kT EBE, 3AH KR ARE, 126 A ZRMAE, 465 AWK
RAEH, —S44 K AEREK, 512 ANKREAEHK, 384 ALAKRAA
., 160 ANKA LI, —64 AIKA A, 16 ARFH KA Z 4, I
kA, 138 3%, AAFHK, L4E, RFEF, ST
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18. If the product of the ji and the he minus the ji be multiplied by the width
and the he be added the result is equal to 177162 bu.'' It is said if we take the
he for the negative shi, 4 for the negative fang, 3 for the positive first lian, 2
for the negative last lian, and 1 for the positive yu of an expression of the
fourth degree the root of the expression is equal to one-fourth of the width. 2!

Find the length and the width.

Ans. Width, 12 bu; length, 30 bu.
Process. Let the element tian be the root of the given expression. From the

statement we have 177162 for the negative shi, 4 for the negative fang, 3
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for the positive first lian, 126 for the positive second lian, 465 for the posi-
tive third lian, 544 for the negative fourth lian, 512 for the positive fifth

lian, 384 for the negative sixth lian, 160 for the positive seventh lian, 64

for the negative last lian, and 16 for the positive yu , an expression ‘%' of

the tenth degree with 3 for its root. Multiplying this root by 4 we have the

required width.

111

[ Notes ]
[ 1] Thatis, [ab(a +b) —abla+ (a+b) =177162. (G)

.2 | Thatis. w = Ela is one root of the equation w* — 2w’ + 3w’ —= 4w - (a + b))

=0. (G)

[ 3 ] The expression in modern form is the equation: 16x'" — 64x° + 160x® — 384x7

+ 512x% — 544x° + 465 + 126x° + 3x2 — 4x — 177162 = 0. (C)
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1.
[ F3C ]
SHEHHBEB, R, BFER, f¥2Z, REAR, fRAHE£.0 R
SREBAEFI 2 2L 6 RHC L7
KE, —+ =%,
ARH: SRIL—HRHE, WFRZ., 8- F - F—&t+H/CHIEX,
hTF="=1+Hkuk, MaLtUAINER, =+NETHE, —NIE
M, =FHHZ, 2 85t &,

# 4
fﬂwﬁ

[ 5]
(1] BEHREFNa, Kyo, #hc, HE: -3 (ab+ - a) = 67,
()
[2] RHEHEAPM SR, P22, HEP: c+ (b -a) =20, (F)
(3] FHREBTHER N, »* - 308 + 499+ - 5320x + 22178 = 0, (&)

[ 4% ]
LA AR RE, RETF, RASKG—F, BEZBeR, &
67%., RE=Aaftsk, FZ L4200, Fl: ARHHKA S
2
2. 13 %,
K. EREA—HABAEN, ArofRFERKLH, 15522178 4% #
B, 53204 —KAEHK, 499 —KRAZRK, 30HZKRAEHK, |
ARBRA R, Foakd, #FHHK, FHEHFE



Hun Ji Wen Yuan ( Problems on Plane
Figures )
18 Problems

1. Divide the area of a rectangle plus the square of a diagonal minus the square
of the width by 2 and subtract from the quotient the square of the diagonal.
The result is equal to 67 bu.''! The sum of the diagonal and the jiao is equal
to 20 bu ' 2. Find the diagonal.

Ans. 13 bu.

Process. Let the element tian be a diagonal of the rectangle. From the state-
ment we have 22178 for the positive shi, 5320 for the negative fang, 499
for the positive first Zian, 30 for the negative last lian, and 1 for the positive

yu, an expression > ‘of the fourth degree whose root is the required diagonal.

W
Loy, a7 /3
éﬁ'

[ Notes ]

[ 1] Let the width of the rectangle be «, the length b, the diagonal c. That is, ¢ -
2ab + ¢ - a*) =61. (G)

[ 2 ] The sum of the diagonal and the jiao is the sum of the diagonal and the differ-
ence between the length and the width. Thatis,c + (b —a) =20. (G)

[ 3] The expression in modern form is the equation: x* - 30x* + 499x* — 5320x

+ 22178 = 0. (C)

| %008 g
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2.
[ )
SAHFTHERE, MR, WA, KRUSTEFEZ, BOF®E, £-TtH
a2 e A JLe?
e P i s
ARHE: dRIT—HAFHE, WRKRZ, B—H=T/\Att+RiLHIEE,
HAtH, —t = hiBE, INIER, YR, B iEAm. all,

W EIE R

etk

$H+ I EY

[ %]
(1] fEFEERTHASHRAERAHRS - 7. (BR)
(2] @ HBEHRa, W (@ +La-4a)a-a=2775 ()

5
(3] FHFRXHATER N, 52 - 1322 - 5x - 13875 = 0, (BR)

[ 5% )
HOARFEAF LMK, REFEGRK, AeFOAAKEZ, BRFL
¥, #2775 %. F. zEdiaKA $ D7
.15 %,
K. REA—AFEaL K, Ao FERKLME, 52 13875 A4F
BB, -5H—KREH, - 13A_KAEHK, SARSGKAZHK,
2%, @FaFasiak, FE5HE,

114

3.
[ R3]
AAE BB, i, f-gntd. 1 Ram—+td 2
] AJLAA]?
ZH. 1+,
ARE: T RTT—HHE, MESRZ, BAF-LFMEN+AIESE, AT
ZERNT, WEATERNE LR, 1Nk PR, —NIER, =
FeHHZ, 2 B, Bl



2. If the square of a side of a square plus a diagonal'' ' minus the perimeter be
multiplied by the side and then the side subtracted from the product. The
result is equal to 2775 bu.! 2’ Find the side of the square.
Ans. 15 bu.
Process. Let the element tian be a side of a square. From the statement we
have 13875 for the negative shi, 5 for the negative fang, 13 for the negative
lian, and 5 for the positive yu, a cubic expression 3] whose root is the

required side of the square.

side 15 bu

[ Notes ]
[ 1] In ancient times the ratio of a side of a square to a diagonal was taken as
5t07. (C)
[ 2 1 Let a side of the square be a. That is, ( a? +—:—a —4a)a-a=2775. (G)
[ 3 ] The expression in modern form is the equaﬁon: 5x* - 13x% — 5x - 13875 =

0. (C)

3. In a right triangle, the sum of the ji and the xian he he is equal to 140 bu; '
the difference between the gou and the gu is 17 bu | !, Find the gu.
Ans. 24 bu.
Process. Let the element rian be the gu. From the statement we have 97440
for the positive shi, 8300 for the positive fang, 467 for the negative first

lian, 26 for the negative last lian, and 1 for the positive yu, an expression **’

I HOOE.

SUMOUNU N0 B} JO JoLIW aper

e
5=
&
2
2
A

P
]
L
=
==
>
-
=
-~
LT,
—
—
-~
.
L
o |




WrtH Bl

Fra

116

[ER ]
(1] BED: Sab + [c+ (a+b)] =140, (5)
[2]BD: b —a=17. (F)
[3] FFHRMBRER R ¥ - 26x° - 467x% + 8300x + 97440 = 0, (BfK)

[ 4% ]
AF R MG BRMEFF, 1F140F, REHREH1TF, ¥ KA
%07
Z:24%
A BRA—HIE, ARG kKA, 15597440 A % %, 8300
H— KRB, —467THKRAK, 2608 ZRAZHK, 1 ARZHK
A, ek, 1BIFBIE, FATE.

4.
[ R3]
AFBRE, h/NE D, K, RL/MERZ, BT AR T
%, A KRR RER S, 2E/NAME 2 R & L ?
BH: KE—tAE, M-, ERZt+HY.
ARE: SLRITG—AKE, MBRZ, {ET AT, h T hm
¥, ZHMNEE, —NIEM, SLHEFZ, Y /KA. GlE.
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of the fourth degree whose root is the required gu.

[ Notes )

[l]Thatis,%ab+ e+ (a+h)] =140. (G)

[ 2] Thatis,b - a = 17. (G)
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[ 3 ] The expression in modern form is the equation: x* — 26x* — 467x* + 8300x

+ 97440 = 0. (C)

117

4. The area of a trapezoid plus the xiao kuo ' minus the da kuo and the re-
mainder multiplied by the xiao kuo is equal to 4152 bu!?! It is said that the da
kuo is less than the zheng chang by 9 bu, but exceeds the xiao kuo by 4 bu.*’
Find the da kuo, xiao kuo, and zheng chang.
Ans. Da kuo, 16 bu; xiao kuo, 12 bu; zheng chang, 25 bu.
Process. Let the element tian be the da kuo of the trapezoid. From the

statement we have 4064 for the negative shi, 50 for the negative fang, 3 for
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- HRUEdA X
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[ 1] /DEHEIE bR, KEATIR, EKA®. (BK)

[2 ) #MTE (B A ) PR MEIER, REmHA, DE. K, EKo
SIHS, a. b, b, (UERA) SUNERARNS =L (a+b) b HH: [ (a
+b)h+a-bla=4152, (5)

(3] BP: h-b =9, a+4=0b, ()

[4] FHBATER R 2 + 32 - 50x - 4064 = 0, (k)

[ &% ]
AFERA@FRMNE, REKXHE, 2%, FUERZ, 43 4152
¥, REKHEIEXK Y9, AEE4F, B KE, DERAEKSZSH
%9
£, xB16F, rE12¥, K25,

K: BRA—AKE, AR FERLB. F35) -4064 4 FHA,

50 A —RAAM, 3HKAAK, | ARHRARK, F=KR7F,
1232 KHE, FEPrE,

5.
[Ex]
AFERM, WK, £11H#. 2 AERAFEBIERE, REKED
|, K. FEg U7
%8 @—+=%, K=Z+h¥.
RE. TRT—RHEK, FRZ. BB RIBEL, —HLhaEh,
—RIEME, EFFZ, W BK. &R,



the positive lian, and 1 for the positive yu, a cubic expression '+’ whose

root is the required da kuo.

ony op

zheng chang 25 bu

T ony ovix

..........

[ Notes ]

[ 1] The xiao kuo, small width, is the upper base; the da kuo, great width, the
lower base; and the zheng chang, the altitude of the trapezoid. (C)

[ 2] A trapezoid is called xie tian or ji tian in The Nine Chapters of Math-
ematical Procedures. Let its area, xiao kuo, da kuo, and zheng chang be S, a, b, h,
the area formula in The Nine Chapters of Mathematical Procedures is S = —é( a +
b) h. Thatis, [4(a+b)h+a-bla=4152. (G)

(3] Thatis,h —b =9, a+4=b. (G)

[ 4] The expression in modern form is the equation: x* + 3x* - 50x — 4064 = 0.

(C)

5. The difference between the area of a gui tian and four times the length '
is equal to SO bif 2’ and the difference between the square of the jiao and the
square of the width is equal to the length (3] Find the length and the width.
Ans. Width, 12 bu; length, 25 bu.
Process. Let the element tian be the length of the gui tian. From the

statement we have 200 for the negative shi, 17 for the negative fang,

[ %00€ g
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[ %]
(1] EHMKESE-AENE, MUK, BRRBESKME. (k)
[2]icHmEmA. /. Ka5IH8S, a, b, (LEER) FHELSHERAR.
S =-yabo WAN: Lab - 4b = 50, (¥5)
(3] BLBP: (b -a)’ - @ = bo (3B)

[4] TR BIER N 2 - 17x - 200 = 0, (BEK)

[ &iF )
AR EEBERREA4EHK, £50F, REEmek, M £ hk,
BERF, R#EEKMF, 9. kK, BEH 5 V7
: 129, K259,
R BRA—AEEEK, Ao b kLKL, 5] -200 4% H00,
—1TA—RBER, VARZLAERK, F+F5, B +wmeh k. M
&P .

6.

[ R3]

SAREB, R, BTKRE, AR=HR . RaKEn—4,

FHHZ, HE, LR, AR, 2R K, & ILfE?

BE: T—HNAE, K=+,

ARE: SERIT—R¥), MBRZ ., B—BNATIRIESE, —aH T
Thw, Wt/ BB, —+-Ehi TR, —~NIER, =5
Z, BIRET. Bl



and 1 for the positive yu, a quadratic expression [*] whose root is the

required length.

------------

length 25 bu

nq 1 ppm

----------

[ Notes ]

[ 1 ] The length of the gui tian is the altitude of the isosceles triangle; the width the
base , and the jiao the difference between the altitude and the base. (C)

[ 2] Let its area, width, and length be S, a, b. The area formula was given by
the chapter of fang tian( surveying of land )of The Nine Chapters of Mathematical

Procedures: S :—éab. That is, lab - 4b = 50. (G)

2
[3] Thatis, (b -a)?-a*=b. (G)

[ 4 ] The expression in modern form is the equation: x> = 17x = 200 = 0. (C)

6. The sum of the area of a suo tian and the square of the width is less than the
square of the length by 36 bu,'’ and 1 be added to the length, the square root
of the sum is less than one-half of the width by 4 bu 2! Find the length and
the width.
Ans. Width, 18 bu; length, 24 bu.
Process. Let the element tian be one-half of the width of the suo tian. From

the statement we have 189 for the positive shi, 255 for the negative fang,

[ Y008 pu
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[ 8]

[ 1] HRHEBIEE. @Mk, KAKMML. BRAT Ka, KHAb, B
PRI RN S =%abo B, b - {%ab +a) =36, (58)

(2] BeBP: 5-a — b+ 1 = 4o (9)

(3] FHRMBARERH: ¥ - 170 + 982 — 255x + 189 = 0, (&)

[$%F]
AR\ IR R, BTEKE, RE36H, RER\FGEKMR], K
FAFRERSG—F, FR4AT, Bl RagK, JEH 57
Z: ) 18%, K24 ¥,
K: BRA—ABRB & —F, ARG ERILM, 58189 4F
BA, -255Ah—kAAHK, 9B RMEHK, —17TAZKRMREAH, 1
ARBRA R, FORF, AR AG T 8H—F, FE7.,

7.

[ /R3]

SH=FIER, Bk, Kttt % RaFRBTHRRLE, F&

ANEANF 120 8} FRRRLAA?

EH. N\,

ARE: SLRITT—HAFRR, MRRZ, {—Z=FT=al+MHA/\TLt
BWR#E, LA A=TNAE—tA NG, ATEA=FTHL
FARMNERE, —HERAATEAAT/ BN GR, AT =aEt+—
BEaREDP A=K, WEATR A& TR, W+ ivhafs, o
FeHFZ, 4 BHRE. Rl



98 for the positive first lian, 17 for the negative last lian, and 1 for the
positive yu, an expression '*! of the fourth degree whose root is the one-

half of the required width.

---------------

length 24 bu

ccccccccccccccc

[ Notes ]

[ 1 ]A suo tian, a piece of land in the form of a shuttle, is a thomboid. The width is the
short diagonal, and the length the long diagonal. Let the width of the suo tian be a, and the
length b. Obviously, the area formula is § =% ab. That is, b* - (—é ab + a*) =36. (G)

[2] Thatis,—;a 53T = 4 (G)

[ 3 ] The expression in modern form is the equation; x* — 17x* + 98x% — 255x +

189 = 0. (C)

7. The area of a san xie tian minus the zhong gu equals 76 bu!' It is said that
the zhong xie exceeds the zhong gu by 9 bu; and the zhong gu is less than the
xiao xie by 2 bu. 2’ Find the zhong gu.

Ans. 8 bu.

Process. Let the element tian be the zhong gu. From the statement we have
133448704 for the negative shi, 7023616 for the negative fang, 843296 for
the positive first lian, 278768 for the positive second lian, 5371 bu 7 fen 5

1i '3 I for the positive third lian, 495 for the negative last lian, and 49 for the

f’fmﬂ.
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(1 |=RIHEIAFHA=/ATE, BB PR =k FRATM K TN
W1y REPRKH; ARG BERIBR KRR a, F8R b, DR e, HRCH
h, HFHNS, WEP: S - h =76, (3)

(2] BI: b-h=9, c-h=2, (%)

(3] AF="at+—%toHEIES371.75%. N “¥” T4, H, HE+
N, LA 47, CET, YR, 47 RABEURAIZ PRy N T R IRT (b

FHZ). ()
[ 4] FHRPIACTES Y. —49x5 - 495x° + 5371.75x + 278768x° + 843296x°

- 7023616x - 133448704 = 0., (BE)

[ 5% ]
LR ZHBMGBRERTE, £76F ., AZFPHETFTIRIY, PRI T
124 N2 F, Bl PRERA ST

2. 8%,
R EERA—AFIR, AdofRF kLKL, 3] —133448704 A4 F K
M, ~7023616 H— K A3, 843296 4 — K &4, 278768 H =Kk
A, 537175 A RF AL, 495 ABKAEAHK, -49AKFHK
MEE, KRG, IFR TR, FEMPE,

8

[/’ ]
SAAZRI HEBRD, DEE= AR, N, HmERE, R

—FZBNFEFRAEZ— 2 [ BEEILT?
%ﬁEl : '_'—|_:$c
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negative yu. Solving this expression '*! of the sixth degree we have the

required zhong gu.

[ Notes ]

[ 1] A san xie tian, three obliques, is a scalene triangle; the zhong gu, middle leg, is

o
F
E
e
L2
2
7
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the latitude: the zhong xie, middle oblique, the mean side; da xie, great oblique, the great
side; xiao xie, small oblique, the small side. Let san xie tian’s da xie be a, the zhong xie b,

the xiao xie c, the zhong gu h, the area S. Thatis, S — h = 76. (G)

[2] Thatis,b - h =9, ¢c = h=2 (G)
[ 315371 bu7 fen 5 lirefers to 5371.75 bu. The fen and li following bu both refer to

decimal fractions. The method of using fen, li, hao and si to denote the decimal fraction

following an integral unit is derived from The Master Sun " s Mathematical Manual (G )
[ 4 | The expression in modern form is the equation: -49x® - 495x° + 5371.75x*

+ 278768x + 843296x* - 7023616x - 133448704 = 0. (C)

8. Add to the area of gou-3-gu-4 octagon ' ' 'the fourth power of its side then

subtract from the sum the square of the side; the remainder thus obtained

equals 21283 Si bu!?2'Find a side of the octagon.

Ans. 12 bu.
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126

ARE: IRTT—HBEZNE, WBRZ, B—+AATNE—+ R
%, — MR, FOHIER, =FREIFZ, D BERZE., 46,

[ %)
(1] =P A=ZRUAMBER - EOHEHA BB, a:bc=3:4:5, ()
[2)"ZER" BIAF=IK, FREPUKTT . o\ EREBN S, @R x, It
Bl S+ X - % = 212834, (35)
[3 ] IFARBARTENR: 5 + 1952 - 106416 = 0,
eI .
Sx = AEE . B EAERETR =5, b =22,
AHJHENA = X2
L.fs'ua'r+B+B]H{Jmiiﬁh—-l‘*"‘”2 [(C, +C,+C, + C, ] HEBY N 2
A 2 TR =225

e R4 e ORERE T 78 24 o - e = 21283+

& 1t +24.I'2 106416
5 5

83 5xt + 1927 — 106416 = 0,
[
(ﬁ&a)

24r

18.8x% — 106416 =

[ 5% ]
S8 Z R &G N A @6 A e & B A4 K T, R R 4‘21283 ¥,
° . FEEA S
12,
ﬁ:&kiﬁ%%@iﬁ,ﬁﬁﬁﬁ%i%ﬁmﬁﬂ;MMMﬁﬁﬁ
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Process. Let the element tian be a side of the octagon. From the statement
we have 106416 for the negative shi, 19 for the positive first lian, and 5 for
the positive yu, an expression '*' of the fourth degree whose root is the

required side of the octagon.
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[ Notes )

[ 1] A gou-3-gu-4 octagon is an octagon which has its sides equal and the ratio of
a:b:castheratioof 3:4:5 (C)

[ 2] The Chinese characters “San Zi Cheng” means that the side of the octagon

multiplies itself three times. That is the fourth power of the side. Let the area of the octa-

gon be §, and its side x. Thatis, § + x* — x* = 2128331 . (G)

[ 3] The expression in modern form is the equation: 5x* + 19x? — 106416 = 0.
P q

127

The equation is derived as follows.

Let x = a side of the octagon.

From the figure in the right side on the top, a ::45—“.— b = -3;— :
Areaof A = X

Areaof [B + B, + B, + B, | = lﬁ;‘f

Areaof [C, + C, + C, + C, | = x?, approximately.

24x?

Total area of the octagon is

From the author’ s statement we have

2“:‘2 + - = 212335i
> 242 106416
5 5

or 5x* + 19x* — 106416 = 0.

or x' +
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R, I9A=KRREZEK, SARBRRLZEK, Wk, RIFEFEHF
My @2,

9.
[ 3z )
SR ZTHBU T T, KT =, N2 =,
BIEKADZI, 4, WIEKPERZ, B—ARTFABA+ASE 2R
=: FH=0 i, BT, CRSE; AT, — AR, —AMRE,
HIFZ, AR, SANTIES, TFFRWFT =482 —, KAVTES
.00 ), K, &I
Bl N, R, KA, BRI A,
REL SERTE— R, MBHRZ B—FNIANEL A NREE,
THETANRIAE, =TI LERE, VBN ZR, WA+ A
K ZHE, “H-LTEREE, W AMNTEE, —+— AN, A
T2, 4 B, AT, FF.

|

b+ 192

5
£,

et 1R
k3
®
w
T od
*

|

[ %]

(1] =Z=rr-HEEBEAD LIRS ARSI ARNEZ L. (BR)
[2]4i2="HEgE#., K, A - EKR251RS, a, b, ¢, h, HED:
(S +-%-r:—%a +%b ——g*h] x%h = 15888, (¥E)

(31 RAHFEW + w+dw=(a+b+c+h+2)BIBw, HElw+c=

b, w=%e,a-b=20($l$}
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; Sx and the equation ought to be 5x*

The exact value of [ C,+C,+C,+C, ] is

+ 18.8x - 106416 = 0. (C)

9. The area of a san guang tian''’ plus one-half of the zhong guang, minus
two-thirds of the da guang, plus three-fourths of the xiao guang, minus five-
sixths of the zheng chang, and the result multiplied by one-half of the zheng
chang is equal to 15888 bu.'?'If we take the sum of the three guang, the zheng
chang, and 2 for the positive shi, 4 for the positive fang, 1 for the positive lian,
and 1 for the positive yu of a cubic expression, its root with the zhong guang is
equal to the ﬁxiaﬂ guang. The root is also equal to one-third of the zhong guang.
The difference between the da guang and the xiao guang is 2 bu.*'Find all the
guang and the chang.
Ans. Xiao guang, 16 bu; zhong guang, 12 bu; da guang, 18 bu; zheng
chang, 48 bu.
Process. Let the element tian be the root of the expression. From the state-
ment we have 190656 for the negative shi, 236 for the positive fang, 1009
for the positive first lian, 908 for the positive second lian, 425 for the nega-
tive third lian, 277 for the negative fourth lian, 40 for the positive last lian,
and 21 for the positive yu , an expression'*’ of the seventh degree whose

root, 4 bu, is the required root.

H(

tl
Juoy
q 9| Supnd om

zheng chang 48 bu

g g duond
L=
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Jurmy
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[4] FHFRBBAIER B 2107 + 400 — 2776 ~ 425% + 908x° + 1009x? +

WEHEIE R

236x — 190656 = 0, ( B&)

i

[ &% ]
SEZSEEGER, Wb S, AR, del S, MK
S, RABRAEKR 3, F1S888F . RE: AR, B A
ERE2FAFTHA, 4A—KRARK, 1 HAZKRAEZK, 1 ARFHK
AR, Fisx, FREFPSZRFTA, X, EREF) 8
—é—#ﬂ%, XKy rz£2482%, 8 K-, #7507  BEKEAZD?
. 16 dF, #0128, K7 18F, EK48F,
A R A—AFFH, AR F R LM 53] 190656 A F HOA,
236 A — KR A, 1009 H kM EE, 908 = KAARE, —425 A
vk AAEK, 27T ARKAEHK, 40 A5 KRAEAH, 21 ARH KR
A, FLRkF, {44 Y, RAFFH. HEPF,

130

10.

[ R3]

AHEFAEBRR MREK, B=F—1THE D ABRIFERSEKT

+HE, AFEREK -, [ HREKILMA?

BB — RS,

ARE: T RIT—HMEREK, WEKRZ, BU+0A-ETEE -TH
WL, —THAZTAIMNE, Z TSI LR, —RAEkE, =
FeHIHZ, ) BHREK. &MH.



[ Notes ]

[ 1] A san guang tian( land with three widths )is polygon formed by two trapezoids
having their upper bases equal and coincident. (C)

[ 2 |Let the san guang tian’ s area, da guang, xiao guang, zhong guang, zheng chang
be S, a, b, ¢, h. Thatis, (S +4c-2a+3b-2h) x3h=15888 (G)

| 3 | First, solve the root w of the equation w* + w? + dw=(a + b + c + h + 2),
Thatis,w + ¢ = b, w =%c,a -b=2 (G)

[ 4 ] The expression in modern form is the equation: 21x’ + 40x® — 277x° — 425x*°

+ 908x* + 1009x* + 236x — 190656 = 0. (C)

10.The area of a zhong jin tian '’ plus the diagonal joining the two vertices
is equal to 315 bu.[?’ It is said that each of the two wai xie equals 25 bu, and
each of the nei xie 20 bu. > Find the diagonal.
Ans. 15 bu.
Process. Let the element tian be the diagonal. From the statement we have
447525 for the negative shi, 2520 for the positive fang, 2046 for the posi-
tive first lian, and 1 for the negative yu, an expression '*' of the fourth

degree whose root is the required diagonal.
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Frdte

[ 1% )
(1] FrEmEmeFHITEE, WMEFRR—-ZH0E. (F)
[2] ie#& M TR RARER SRS, |, BI: S+ 1 =315, (¥5)
[3]ig4hMstla, ABRI b, HBI: a =25, b = 20, (5§)
(4] FHXMBRIER A —x* + 204652 + 2520x - 447525 = 0, (FR)

[ 4% ]
LHFemesEmiRmt R Ak, F315F, AESBEHEK2 Y, AH
#FHEK20%, B: HRAKH R D7
% 15F,
K EXA—AFEEK, AbdofRbERKREMH, 53] -447525 A F
R, 2520 A— KA A, 2046 A KRAEH, -1 ARHRALZK,
FeaRzy, RIFBFRAK, FEPFE,

132

11.
[ R )
SERMBR, mEZE, mEFE, RE%E, WEE, LT gz .
[&]4% J L1 2
EH.: —1+ &,

AH: EXRIL—RHEE, MKZ. B—t+—FT A TITANESE, N
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[ Notes ]

[ 1] A zhong jin tian | formed like the top of the character jin ( 42 ) gold ] is poly-

e
e
==
N
o
]
]

E
==
b=~ - |
—
—
-y
%

gon shown by the figure above. (C)
[ 2 ] Let the zhong jin tian' s area and the diagonal be S and . That is, S + I = 315,

(G)

| 3 ] Let two wai xie be a, and two nei xie b. Thatis,a = 25, b = 20. (G)
[ 4 ] The expression in modern form is the equation: —x* + 2046x? + 2520x

- 447525 = 0. (C)

11. To the square of the diameter of a circle add the square of the area, plus
the diameter, minus the circumference. The result equals 7200 bu.' ' Find the
dameter.
Ans. 12 bu.
Process. Let the element tian be the diameter of the circle. From the state-

ment we have 115200 for the negative shi, 80 for the positive first lian, 48



-
m |
P M EHE, AN FEE, JUVIER, SRAFZ L), BHEZ.
i e
IZII“]::
%
E
35
[ i+%E )
(1) BHEE. BE. BR8N Ss, 1, do . (S+d-1)+ d& = 7200,
(5F)

[2] FHRMHICIERL R ot - 48%3 + 80x2 - 115200 = 0., (B&K)

[ 4% )
AR BwmegmAmEZ, SEA, FFAK, wizF, F7200%, F.
W izH %02

. 129,
- R: ZRA—HEZ, AR FERKEK, £33 115200 A F KA,
134 80H — kR AHk, 48 HZRAAM, OARGARAERK, FOLRF,
TR B2, HEPTFE.

12.

[ R3]

ASHMHEB, miesge, wERAKY, R—a 1.2 Rz

Az, AFERFZ, HALRE, L8480 mE: F, 28 IL?

BH: RA=1xRE, B—tRE.

ARE: AXIL—HERA, WRKZ, BT _T/NG—1T/NHIEE,
WT-t+ =¥, —fa . +— R, =HEM, LHFZ, 1§
ER. &l



for the negative last lian, and 9 for the positive yu, an expression' 2! of the

fourth degree whose root is the required diameter.

diameter

[ Notes ]

[ 1 ]Let the circle’s area, the circumference, and the diameter be S, I, and d. That is,
(S+d-1)24+d=7200. (G)

| 2 ] The expression in modern form is the equation: 9x* — 48x’ + 80x* ~ 115200
=0. (C)

12. The area of a wa tian''! plus the strong half of the wa jing minus the great
half of the shang zhou equals 132 bu;'?’ and the sum of the square root of the wa
jing and the shang zhou equals 40 bu!>!Find the shang zhou and the wa jing.
Ans. Shang zhou, 36 bu; wa jing, 16 bu.
Process. Let the element tian be the shang zhou. From the statement we
have 12816 for the positive shi, 4072 for the positive fang, 321 for the

negative lian, and 3 for the positive yu, a cubic expression' *' whose root is

the required shang zhou.
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BFHIAE N

Frafe

JEUW+ K4
1+ KA

[ %)

(1] sEHEWE SR IEE 85, ACBFRE LA, AB AR KHE
Bl=1ACB - AB. (Bi)

(2] 5. & wa, 1, 6T AEHRE—FERBRIGE . By 2, on
AR R, LEASBIHRS, d, 1, HE. S+%d——§4= 132, (3§)

(3] BEBP: Jd + 1 =40, (35)

[4] FARXBBRER R 30 - 3212 + 4072x + 12816 = 0, (BF)

a-
HSA—RH , ﬁelﬁﬁﬂﬁuﬁﬁ&ﬁﬁ%, BERE L, #£132F, RE: HE
BIFFH, mA LR, RFA0F, Bl KRABGE, B2&EH V0
Z: B3, 216%,
R BRA—A LR, AdefrF ik R, 5512816 4 % KA, 4072
A—RRERK, 321 A KRAERH, 3ARGRAZRYK, FZKF,
121558 LR, HFEPTE,

13.
[ R3]
SHBIREE, I ERA, Bl Y, KT LA TR
¥, Rz FRNE, 2N, — AR, FhFZ; XWifem
=, RUFITITZ, SO BT B e AL 2L

EH: ROt e, #h+—%.



shang zhou 36 bu

jing 16 bu

{ Notes ]

[ 1 | A wa tian, depressed circle, is a section of a circle as shown in the figure. The
ACB is called the shang zhou ( upper circumference ) and the AB the wa jing ( depressed
diameter ). The area is %AE& -AB. (C)

[ 2 ] The character wa means concave in Chinese. Wa tian is a big section of a circle.

® 3 . L] aw
A great half is i Let the wa rian s area, the wa jing, and the shang zhou be S, d, and [.

Thatis, § + 2 d - 51 = 132. (G)
[3] Thatis, /d + | = 40. (G)
| 4 | The expression in modern form is the equation: 3x* — 321x? + 4072x +

12816 = 0. (C)

13. The area of a wan tian' ' 'plus the small half of the square of the xia zhou,
minus the great half of the square of the wan jing equals 2795 bu less one-half

bu'?l Tt is said that if the xia zhou be put for the shi, 2 for the positive fang,
and 1 for the positive yu of a quadratic expression, the square root of the

difference between the wan jing and 2 is less than the root of this quadratic

I HWE-
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ARE: SERITG—REFFE, Rz, B=F =T\ \AB=1+—H%

Fad+ (&
FERt+RH

[ %]

[1]) Bl AR, . & A% ACB, Wifsh AB, WIWEHEH = + ACB - AB.
(BR)

(2] AREI L S9N 4. iCBEER. TR, BEARNS, 1, d, (L
BA) RHmEBAK: S =;j— dl. BLEP. S+%F ~%d2 = 2795%0 (%)

(3] s RFHFRR + 20 = 1B x, BEHFFTE x -7 -2 =2, (5)

(4] FFHRBBCIER K. - + 74 - 214x% + 420x - 33831 = 0. (B&)

[ &% ]
SAwE @R T A RGL, ABERN S, £27955F . RE: A
TRASE, 2H—KRAEH, | ARBHRAZRK, FFF5; X, Fowiz
2, FFEF, RARWEAFZFH I 2F, B sww@es . 28AH 3% 07
Z: Fl99H, 2514,
K. REA—HRFFFH, AR H LKL, 1F35] 33831 AFH
M, 420 A—RFAEM, 214 KAEH, TAAZRAZREK, -1 A
BHRA R, Fwksy, @AY, ARFHIFH. FEFEL
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expression by 2 bu.!3!Find the zhou and the jing.
Ans. Zhou, 99 bu; jing, 51 bu.
Process. Let the element tian be the root of the quadratic expression. From
the statement we have 33831 for the negative shi, 420 for the positive fang,
214 for the negative first lian, 74 for the positive last lian, and 1 for the

negative yu , an expression (*! of the fourth degree with 9 as the required

root.

& =

e
Lo s B
’ ~ &n =
’ A L =
o =<
el —
-y
wan jing 51 bu 2
=
o]
xia zhou 99 bu &

[ Notes ]

139

[ 1] A wan tian is a section of a sphere as shown in the figure formed by cutting a

——
curved line convex upward; the xia zhou is the ACB; the wan jing( diameter of the convex

—

curve ) is AB. The area is4i ACB +AB. (C)

[ 2 1A small half isTI . A less one-half is Tl . Let the wan tian's area, the xia zhou,

and the wan jing be S, 1, and d. The formula of area was given in The Nine Chapters of
Mathematical Procedures: S =El~¢ﬂ. That is, § +%F - % d = 2?9511 . (G)
[ 3] First, extract the root x of the equation x* + 2x = [ as xian kai fang shu.

x -fd-2=2 (G)

[ 4 ] The expression in modern form is the equation: —x* + 74x’ - 214x* + 420x

- 33831 =0. (C)
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[FEx ]
SHMRERBR, mmz, BEAE, fRAFAg. U RagiEsumis
2l [\ =424 LAY
EH: ML, BRSNS, die—T g,
ARH: L RIT—HWE, MBRZ . 8—E - t/Chaask, —+ A
w i, —t—NIER, FHIFZ, D FHEE. G

[E8]
(1] BRI R — ) ) 5 B30 5 0 0 I 2 o 6 4 50 T2 B B o 2

A, e, mRe, BEASNKS, d, r, 1, WBENd - 2r, WEP: S+ r-1=
56, (56)

[2] HeBp: (d-2r) —r=2, (5B)

(3] AR BRIER R 1% - 12x - 128 = 0. (B5)

[ 5% ]
AAKERAGEAMEZ, AAE, £56F, AxREFZLABRES2Y .
B, @A, ERE, BREEAES DT
K. ®mzE4Y, E1R6Y, @14,
A ERA—AH@E, AT ERLME, F5) 128 HFHA, 12
H—KRAER, NN ARBHKRRELHK, F-FF5, F2@E FEHF,



14. The area of a giu lu gian tian plus the mian jing, minus the circumference
of the circle equals 56 bu.'’ The xu jing exceeds the mian jing by 2 bu >/,
Find the three jing.
Ans. Mian jing, 4 bu;
xu jing, 6 bu,
rong jing, 14 bu.
Process. Let the element tian be the mian jing. From the statement we have
128 for the negative shi, 12 for the negative fang, and 11 for the positive

yu, a quadratic expression!*’ whose root is the required mian jing.

[ Notes ]

[ 1] A giu lu gian tian is formed by four equal arc and the circumference of a
circle in which the middle part is cut off. Let its area, tong jing, mian jing, and circum-
ference be S, d, r, . Then, xu jing isd — 2r. Thatis, S + r - 1 = 56. (G)

[2] Thatis, (d-2r) —-r=2 (G)

[ 3 ] The expression in modern form is the equation: 1 1x2 - 12x - 128=0. (C)
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[ R3]
SHIRER, MR, BOZVFRE, &, URBRZ, MR, BRHT
E—+=2. 1 HRRERZ, /ML 20 ) 5%, REIU?
EFE: R—+/A\H¥, KLt =%,
ARHE: LRIL—A%K, WMBRZ ., 8—A—F/NNE XA E%E, =
tthmd, RN, ZHIER, HHZ, B 8K, &Rl

—— —
-

WHEIE R

e

%ot

e — — — ——

o -

§:3:3
[ 1] MHEBSZSTE, iCHER., %, K5I8 S, ¢, v, (ILEER) HH
EHHEEBAR: S =%(cv ), BEARMER: S '-: — ¢y v = 5913, ()
IzhH:EII:%: 4, (3B)
(3] FAHFRXBIRIERN: 20 + 222 - 27x ~ 11826 = 0, (FR)

[ 6% ]
AABBe BRI K L, MO, AeMEUL, Bk i
F, 135913 %, REUKME, B4F, Bl #. KEH BV
2. X 18F, T2,
R BRA—HK, Abofidh ik LEMB. 5] -11826 A % #AR, -27
H—RREHK, 2HRALY, 2ARBRALRK, F=RF, 1813
2%k, HEFTE.
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15. To the area of a segment of a circle add the cube of the shi, subtract the
square of the subtended chord, divide the remainder by the shi and add to
the quotient the cube of the shi. The result equals 5913 bu.' ' It is said that
the quotient of the chord and the shi is equal to 4 bu.!?! Find the chord and
the shi.

Ans. Shi, 18 bu; chord, 72 bu.

Process. Let the element tian be the shi. From the statement we have 11826
for the negative shi, 27 for the negative fang, 2 for the positive lian, and 2

for the positive yu, a cubic expression!*' whose root is the required shi.
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[ Notes ]

[ 1] A hu tian is a segment of a circle, which like a bow. Let its area, chord,
and shi be S, c, and v. The formula of area was given by the chapter of fang tian
( surveying of land ) of The Nine Chapters of Mathematical Procedures: § =-;—{ cv

5 : . S+vi-et
+ v?). The statement in the problem is————+ v* = 5913. (G)
V
[2] Thatis, == 4. (G)
[ 3] The expression in modern form is the equation: 2x* + 2x* — 27x ~ 11826 =

0. (C)
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[ Ex )
SAEIR, DERNANZ, LUNERERZ, YIARERS, B

B, R=THAZ+/\E.0 AZBRLZUWNENE, WSNEZEUE, 12
5]: SEfR S NAMA & LT
EH . RN, NRZ+—#, sNE=1%.
ARE: LRIL—HE, Rz, B=FTHBE - +/Ch&EXL, —F
R, — BN TR, —RNIERS, WEFFZ, 3 BEE,

Bl e

AR

Fr gt

(%]
(1] FHEE—BEAFAAR, (UERAR) CAHRGIE, JFRFEARMRE.

ICHHMER, 2. AWM. SMEARS, 4, 1, L, (LERER) HHAFHARLE.

S =l + 1) do WARBRSL: (S +dl, - dl,) & - & = 3528, (%5)
[2]BD: & -1, =6, 1, -1, =9, ()
D]%ﬁﬁ%ﬁﬁ%ﬁﬁLﬁ—w%ﬁ~f~3n3=m{%]

[ &iF ]
AAEBEtER, M EAEBRERAR, BREVAERBEEIAE, BULERE
FRZ, BEFRER, £3528F, REZARSIAL6Y, ASLAZ
E2AH9Y, Fl: ERRAIEAEAHE VY
Z: k6%, ARA21Y, A3,
K: BEA—AHEREHER, ARk KL, 1535 -3528 4%
BOR, -1 HRFAK, —19F HZKAAK, | ARBRARK,

FRRE, BRFEEZR, FEPE,



16. The area of the che wang tian plus the product of the jing by the nei zhou,
minus the product of the wai zhou by the jing, and the remainder mulﬁpliﬁd
by the square of the jing. The result minus the square of the jing equals 3528
bu. ') It is said that the square of the jing exceeds the wai zhou by 6 bu, and
the difference between the wai zhou and the nei zhou is 9 bu'!?! Find the shi
jing, the nei zhou, and the wai zhou.
Ans. Shi jing, 6 bu;
nei zhou, 21 bu;
wai zhou, 30 bu.
Process. Let the element tian be the jing of the che wang tian. From
the statement we have 3528 for the negative shi, 1 for the negative first
lian, 19% for the negative second lian, and 1 for the positive yu, an

expression - *! of the fifth degree whose root is the required shi jing.

-~
-,
~
/ \'-\(/ \ /A
f Fa™ 3 \
| 1 ~_ .7 : :
“ \ _,}'\u\ i |

N ~ 7/
\ N Jei hou 2l N,
N ~ /

-
wai zhou 30 bu

[ 1] A che wang tian is a segment of a wheel. There are examples in The Nine

[ Notes ]

Chapters of Mathematical Procedures, which were solved by the huan tian method. Let
the huan tian’s area, jing, nei zhou, and wai zhou be S, d, I, 1,. The huan tian method
given in The Nine Chapters of Mathematical Procedures is as follows: § = —; (1, +
/,) - d. The statement of the problem is (S + dI - dl,) & - & = 3528. (G)

(2] Thatis, & - 1, = 6,1, -1, =9. (G)

[ 3] The expression in modern form is the equation: x° - 19%1‘3 - x*-3528=0.

(C)
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17.
[ Ex ]
SHRHEEE, m—orm, RUgHR, 2—t = —-FN\NE—1T5h
Ho 1 RBtiE=24, 2 . Wiy, HESILMA?
BE: Wy —+/\%, HELE,
RE SLRIT—RTy, WSR2 B+ AAWTF-EE-E+ANE
L, —FANBWANE, WA PN EE, =T ASAIATE, —
RIERE, =FHFZ, ) 1BHH . &b,

[ %)
[ 1 JER HRR H F a2 £ — IE K BIIZAR . iC 8k A9 AR | /KA K
S8 S, a, HBD: 8 + a - 45 = 121815, (FB)
[2] sk K R AE K E Bk TS BRI E A BERS , R34, (3K)
(3] AR H: ¢ + 362 + 424x> + 1804x - 484776 = 0. (B )

[ 5% ]
AH—BEHERZE, PRl —K, AEERERRE 44,
£ 121815, R=HEZ2A3F, 9. Kbehy—iak, REHAKREAN S
S
B Rbeh—A K18 ¥, B RA K0,

K. EFEA— AR —iAK, AbefFERKILME, 535 484776 A

EHA, 1804 A—KRAZK, 424 A kA A, 36 A= KA ERH,

| AREHAF A, FFwky, BEFIKE—AK, HFEPF.



17. The square of the area of a gian tian plus a side of the square pool in the
centre of the land, minus 4 times the area of gian tian equals 121815 bu. ' It
is said that the bo jing is 3 bu!?)Find a side of the pool and the circumference
of the land.
Ans. A side of the pool, 18 bu;
Icircumference of the land, 90 bu.

Process. Let the element rian be a side of the pool. From the statement we

have 484776 for the negative shi, 1804 for the positive fang, 424 for the

positive first lian, 36 for the positive last lian, and 1 for the positive yu, an

expression [*! of the fourth degree whose root is the required side of the

pool.
|
. . -3
mian jing 15
3 s
E+ ni
; side ‘;2:
& o5
) mian jing |
[ Notes ]

| 1] A gian tian is a form that the middle of a yuan tian is dug a square pool just as a
cash form. Let the gian rian’s area and a side of the pool be § and a. That is, §* + a — 45 =

121815. (G)

[ 2 ] A bo jing is the distance from the top of the pool to the circumference of the
circle, whichis 3 bu. (G)
[ 3 ] The expression in modern form is the equation: x* + 36x* + 424x> + 1804x

~ 484776 = 0. (C)
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18.
[ FE3x )
SHWHM, LRFHNEMZ, HBHNEARE, KRt _+sE. V' Ra
HWIMNE, B, &, FFIFZ, A8 ARERE 4,02 o), . *‘%
% JLAar 2
EH . LiR—tHE, REAR TS, SMNE—E N+,
ARHE: SLRIG—RHELRE, MPRKRZ, B _TFhLE _t+HEMERE, N
HMT, N R LBE, AN TR, —R3lE, :;:Iféﬁﬁz,

8Lz, Al

RHYIE R

e

[ ]
(1) iEFHMMES, L. WA, SMERS, d, 1, 1, (LEER) Al

.}ﬁ; Wmﬁ%:S:%UHJszﬁ%ﬂﬁw:3+ﬂf4ﬂ=n%(ﬂm
| (2] WeBP: d [T + 1, 2= 1, (5B)
[3] I ARMBATER N % + 208° - 662 + 60x — 2925 = 0, (F&K)

[5iF]
ARFEey @AM ERERIRE, RERNAZRKR, £729F. R&E: A
shEARAR, MmE2, HAEHAFH, KRN TEZE1T, B: ASLA. %
BEHZD?
2. k2159, ARSAH, shA 144 %
R: REA—HFER, Ao F kKL B, 58] -2925 47 H7, 60
AH—RF A, —66HKTAAK, 202 KRAZHK, -1 ARHK
AL, Ry, 1RFHEZ, FEE,



18. Add to the area of a huan tian the product of the shi jing by the wai zhou and
subtract from the sum of the square of the nei zhou. The remainder is 729 bu! '
It is said that the square root of the sum of the nei zhou and the wai zhou less 2 is
less than the shi jing by 1 bu.l?! Find the nei zhou, wai zhou, and shi jing.
Ans. Shi jing, 15 bu;
nei zhou, 54 bu;
wai zhou, 144 bu.
Process. Let the element tian be the shi jing. From the statement we have
2925 for the negative shi, 60 for the positive fang, 66 for the negative first
lian, 20 for the positive last /ian, and 1 for the negative yu, an expression' 3]

of the fourth degree whose root is the required shi jing.

shi jing

[ Notes ]
[ 1] Let the huan tian’ s area, shi jing, nei zhou, and wai zhou be S.d, 1, I,. The
huan tian method given in The Nine Chapters of Mathematical Procedures is as follows:

\) :_% (1, + 1,) d. The statement of the problem is § + dl, - [{= 729. (G)

[2]Tha!is,d~—1H| +1,-2= 1. (G)

[ 3] The expression in modern form is the equation: —x* + 20x* —~ 66x° + 60x —

2925 = 0. (C)

[ O0H g
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bk FHAIE N

SULH R Uk

1.
[ R3]
SHEBR=FRNE—T, XF .U AamKAmARZY, H5
HEL /AR 2 ik, REr&E L7
BH: WmEKAEX R, RO+ CZ =
ARE: SEKIT—RIRMY, FKZ. B=TFTWUAE—+ILA®%K, i
LA /HAE, ARER, FHIFZ, PTERM . AR, LIESFIE
AR RZ, Gl

33
[1]15% 1000 3, @FT—x R, A 222 - siRH#. (5)

(2] HEBP: 3R¥+ 8x = 578, (5%)

[3] FHRMBRIER N -8 + 578x - 3419 = 0. (PR)

[41ERERIAR, XM ZANE, HRWTFHR (B n k) MARBIBHES
B, ERIFF AR, ELEBIFAR (BREROBER > ZErRE) B9 (I
HROBFHEKFIRE) Bn -1, n =2, oo 1, 0, -1 WA FHEHD, ki1,
2, e, m =2, n — 1, n IR R, o KORARFCER 1. TR
BEKTHRBCRA, XHDYFH#HTE Ry = Ax. JFA Ry, WEFFI7 3R 5 30

T x, =%u (%8 ) LA R M FRE IR S RAE AN



Duan Pi Hu Yin ( Problems on Piece
Goods )
9 Problems

1. A duan of silk costs 3419 cash. ' If a number corresponding to the price of 8
chi of silk be added to the number of c#i in the duan the sum is 578 wen chi!?!
Find the length of the duan and the price of the chi.
Ans. Length, 5 zhang 2 chi;
price per chi, 65 -:— cash.

Process. Let the element tian be the price of one chi. From the statement

we have 3419 for the negative shi, 578 for the positive fang, and 8 for the

negative yu, a quadratic expression.'*’ Since the root of this expression is

not an integral number we apply, in solving, the lian zhi tong ti method 4.,

[ Notes )

[ 1] One guan is 1000 cash. Let the element rian be the price of chi. Use x for the
3419
T

tian. That is, = the number of duan. (G)

[ 2 ] That is, the length of duan + 8x = 578. (G)

[ 3 ] The expression in modem form is the equation: ~8x* + 578x — 3419 =0. (C)

| 4 ] The lian zhi tong ti method is also called zhi fen method. When one gets the
integral part of the root of a equation ( let its power be n ), he finds the extraction never-
ending. He multiplies the constant term by vu's powersn ~1,n —2, -+ 1,0, -1 injian
gen kai fang shi ( the remainder after extracting the integral part of the root ), the coeffi-
cients of the terms of the powers 1,2, ==« n-2n-1, n., and makes the coefficient of
the term of the power n become 1.Let the coefficient of the term of the highest power of
jian gen kai fang shi be A. This is the same as the commutation y = Ax. By extraction he

gets y, then the fractional part of the root of the original equation is x, = e ( G )Solving

this expression by the lian zhi tong ti method, in modern symbols, we have

I ’IOUE.
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n
% -8 +578 -3419 (60
-
~480 +5880 5
#
E 98 +2461 65
-480 2116
-382 +355
~40
-422
-8
-430

301 ppe 3 e
@%65mﬂlﬁﬁ5jﬂﬂﬁﬁiz1’ﬁa (Bx)

[ &iF ]
ABBRITA9X, £F 1%, RE%KMEReGM4k, £1F578 LR,
Bl k. RIN&EH %7
% HKSL2R, RA 652X,
R EERA—HRM, AT kKM, 135 -3419 4 F H A, 578
A—kF A, -SARSRKALREK, FF+5, RFERMH. FFR
R, ERERRKZ, BASFE,

2.
[ E3x ]
AAE—IT, HE—RETN AL, RERNEKITEK, 4, LRMH
Kz, WRH, 2—REE—1X, 0 [ K. ROEILE?
E, R EAR=ARZ, RHFE K.
REL STRT—HRM, R, B FATATH38E, —H
BH, —NIEM, FHFFZ, BRI, &,



B
_
S8
x [11]
_8 +578 -3419 (60 —
3
~480 +5880 5 o
>
98 +2461 65 N
=
€
~480 -2116 c
pus |
3
~382
38 +355 g
_ o |
0w
~40
~422
]
-
8 &
&«
-430 &

Therefore, 65% or 55% is the required root. { C )

-
—
o
=
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|
T
=
-
m
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[ g ]

2. The price of a pi of damask is 1548 cash. It is said that if we subtract the
number of chi in the pi from the price of one chi, multiply the remainder by
the price of one chi, then subtract from the product the price of one chi, the
remainder thus obtained is 1314.!'! Find the length of the pi and the price of
one chi.

Ans. Length, 2 zhang 83 chi;



WBEHAIE R

e

[ %]
[1]&ET—x ARH, icwHER, HEP: (x-w)x-x= 1314, ()
[2] HFANBRIERX N : 2 - x - 2862 =0, (FR)

[ 4iF ]
AF IR, HAR1IR48L, RERMNFRER, &, ARMEZ, &
ERM, RIT34L, F: BK, R#FEHF VY
2 E%ZngK K’fa’rSctxg
K. REL—HRHA, AdofRF ik KEMB, 1335 -2862 AF A, -
A—KRER¥K, | ARBHRARYK, FF5, REFHRM ., HEF7F,

3.
[ Rz )
SHER—W, RN+ RBIFRM . KR, UR#NFZ,
i, B—+—R=EFHT=301 A wmK. R& A2
BE: WmKMNLAR, R#TATRIL
RE: EXT—HRmK, BRZ, B—TABEATEAATNE M
%, LT AL TSN, —hiRRE, LT, B 8K &lEl.

[ %)
[1]&KT—x B, iICRM A w, HED: ﬁ-—“’u{gﬂ)
(2] EBP: (x + w) w + x = 11353, (¥R)

[3] FFARRBIER K —x* + 727322 - 16646400 = 0. (BE)



price per chi, 54 cash.
Process. Let the element rian be the price of one chi. From the statement
we have 2862 for the negative shi, 1 for the negative fang, and 1 for the
positive yu, a quadratic expression |2/ whose root is the required price of

one chi.

[ Notes ]

[ 1] Let the element tian be the price of one chi. Use x for the fian, let w be the
length of pi. Thatis, (x - w) x — x = 1314. (G)

[ 2 ] The expression in modern form is the equation: x¥* - x — 2862 = 0. (C)

3. The price of a duan embroidery is 4080 cash.'!' The price of chi plus the
number of chi in the duan, multiplied by the price of a chi, plus the number of
chi in the duan, is equal to 11353.2)Find the length of the duan and the price
of one chi.
Ans. Length, 4 zhang 8 chi;
price per chi, 85 cash.

Process. Let the element tian be the length of the duan. From the statement

we have 16646400 for the negative shi, 7273 for the positive lian, and 1 for

the negative yu, a cubic expression'?’ whose root is the required length of

the duan.

[ Notes ]

[ 1] Let the element rian be the length of the duan. Use x for the rian, let w be the

I’fOOE.
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[ 5% ]
AFA4H 1%, AR AT 80X, RERM LMKk, IRMFZ, Hosk
K, £F1IR3IBX, F: vk, RNEH SV
2. k48R, RH8S L,
R: EEA—ABE, AR FERKEBR, 155 16646400 4 F 27,
TRI3AHRBGE, -V ARHLTAEK, Firs, 253008k, &
CRZg

WEHISIER

Fraff

4.
[ R3]
SHE—dm, —IL, mik I, NBILK; XEKAf, NEmK; —
R, B =T LA —TARRAzwmKETILRKN S Z— 2 0]
¥ . PRI ?
FE: wmkKPO AR, RR=30NR,
AH: RIT—Huw, IBRZ, BAEAAT AR /N HRE,
— A RJT, ZHRONIER, FETZ, P BmK. &l

[ )
156 [1]RFT—x WK, iCCKHw, HEI: (2 ~w) + (w? - x) = 3516,
(%)

(2] BCBD: x - w =gx. (35)

(3] FAHRBBATER N 252 - 28x - 56256 = 0. (FK)

[ £iF )
Al 1R, BkAE, REEK; LEKAK, AEHK; =
FAame, RA3SI6R, REBRILEKSHKGL, F: mk, mk
EHZN?
. k4L 8RR, BREK3IL6R.
K RRA—H%HK, AdofiF kKL, /53] 56256 HF 40, —28
H— KR EE, B5ARBRALK, FFF5, @FHNHK, HEHE,
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price of one chi. That is,
| 2] Thatis, (x + w) w + x = 11353. (G)

3 | The expression in modern form is the equation: —x* + 7273x* - 16646400 =

0. (C)

4. There are a duan and a pi of embroidery. The difference between the square
of the duan and the length of the pi plus the difference between the square of

the pi and the length of the duan is equal to 3516 chi''’ It is said that the
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length of the duan exceeds the length of the pi by one-fourth of itself!?! What
is the length of each?

Ans. Length of the duan, 4 zhang 8 chi;

length of the pi, 3 zhang 6 chi.
Process. Let the element tian be the length of the duan. From the state-

ment we have 56256 for the negative shi, 28 for the negative fang, and

25 for the positive yu, a quadratic expression [*) whose root is the re-

quired length of the duan.

[ Notes ]

['1 ] Let the element tian be the length of the duan. Use x for the tian, let w be the
length of the pi. Thatis, (x? —w) + (w’ - x) = 3516. (G)

[ 21 Thatis,x = w =% x. (G)

[ 3 ] The expression in modern form is the equation: 25x? — 28x ~ 56256 = 0.

(C)
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[ Ex )
SEAP K, BEER-HANEAN AL ARG 7 E Y-+ M5

ZMEt—, 2] i, R4 JLA?
e RK=E=XARNARZ=, RBBEHEX =02 —
ARE: SLRITL—AHLK REFRD), MHFRZ . F—a 0+ h 4
%, —HIERE, FHAHZ, W 8-+ 85K, DB, T2

&),

$:2:3
(1) v HIEk, wARA, seEl: 220y, (55)
(2] HeBD: v = Sw. (%)
(314 57 FRH, BLwrg, x Hck 5RN 97 %, (B)
[4] FHAMBRIBAN: £ - 144 = 0, (BR)

[ &%)
SABIE, 41T 666X, REEKERME T, M Bk, R
&A%
B BRI 63 R, RHr4ST,
R: BRA-HEKR, RO FR, AT ELRAH T2 144
AFEHER, VARBRAZYK, FFF, FH 12475 £, AFH5 5
bRy 5T 58, RALK, RF. FEHF.

6

(R3]
AFE—IE, RETER, &S/ aLttax. " REERKA
RRA G312 [ TR, R4r&JLf?

BE: RR=EAR, Rt/



5. The price of a pi of silk is 1666 cash.'' ' It is said that the length of the pi is

% of the price of one chi.2)Find the length of pi and the price of one chi.
Ans. Length, 3 zhang 6%— chi;

price per chi, 45% cash.
Process. Let the element tian be the gi lu '3’ of the pi and also the price
of the chi. From the statement we have 144 for the negative shi and 1 for
the positive yu, a quadratic expression'*’ whose root, 12, is the required

gi lu. Dividing the numerator and the denominator of the given fraction

by the gi lu, we have the required number.

[ Notes ]

[ 1] Let the length of pi be v, and the price of one chi w. That is, lﬁfﬁ =w. (G)
441

[2] 'Thatiﬁ,‘l-' =m W. (G]
[3] Let 5_11 be the price of one chi, %l— be the length of the pi, and x be the gi lu

of the length of the pi and also the price of one chi. (C)

[ 4 ] The expression in modern form is the equation; x> — 144 = 0. (C)

6. A person sold 3 chi from a piece of embroidery and afterward sold the rest
for 2975 cash.! ! It is said that the whole length was less than the price of a chi
by 4752 Find the length and one chi’s price.

Ans. Length, 3 zhang 8 chi,

IH‘OGE'
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RE: SIRITG—HICK, WRKRZ, B=F—F—t<REE, W+
PG, —RIERS, EHTFZ, C1BRE, X Y RIT—RFRH,
mBLRZ , BoFREEHRMEE, AHHEYN, —NIEB, ¥F
FZ, [ BRY, A, |

[ %)
[1]#RT—x AR, vy IRY, Bl vy (x - 3) =2975, (¥)

[2] MeBP: y - x =47, (55)
[3] AR, 2 + 44x - 3116 = 0. ([F)
[4] FHFAMBAHER S y* - 50y - 2975 = 0, (BR)

[4iF ]
SFHIE, AELTIR, #TFHET2HITS L. AZERKILRMY
47 L, Fl: K, R#W&EAH S V7

2. k38R, RS X,
K ERA—HEK, Ddofr kLM, 153 3116 4% HA, 44
H—KRRAEHK, | ARGRAEK, F+5, #EEL, XK. &
E i —HRM, idefn kK LM, 89 -2975 A FHT, -50H—
KRER, 1 ARSHRARYK, FFF+F5, RIFERM, HFE59,

7.

[ Bz )
AAR—TAFTREEAT L, THERMLI. R ZEICFRE X,

ASTF 4R, HEM DT, 2! ). A BT & LT
ZHE: —AHTAK, EHRE=THL,
*EII Eijﬂﬂdj‘j}!{?ﬁu &uﬁ{;}tz-a 1%ﬁﬁ£+:+ﬁﬁ$; :jy
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price per chi, 85 cash.
Process. Let the element tian be the length of the whole piece. From the
statement we have 3116 for the negative shi, 44 for the positive fang, and 1
for the positive yu, a quadratic expression ! */ whose root is the required
length. Again let the element tian be the price of one chi. we have 2975

for the negative shi, 50 for the negative fang, and 1 for the positive yu, a

quadratic expression 4’ whose root is the required price.
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[ Notes ]
(1] Let the element tian be the length of the pi. Use x for the rian. Let y be the
price of one chi. Thatis,y (x — 3) =2975. (G)

[2] Thatis,y - x = 47. (G)

[ 3] The expression in modern form is the equation: x* + 44x — 3116 = 0. (C)

[ 4 ] The expression in modem form is the equation: »* — 50y — 2975 = 0. (C) 161

7. A man bought some piece of cloth for 162560 cash;! ' the commission fee
on each piece was 5 cash. Since he had spent all his money for the cloth, he
saved the commission fee by giving two pieces of cloth.'?!Find the number of
pieces he bought and the price of one piece.

Ans. 256 pieces;



EHAE R

i

w7, —ANEE, FIITZ, BRIz, X SLRIT— R,
WMBLRZ, B+ ARNTUAE NEE, THANTT, — AN, FrFF
Z, MRS, Sl

[ %]
[ 1] KT x AR, y HICH, BB 1220 = ), (95)
2L A T AR SR JED =2 =2,

(%8)
[3] WHRMBIER N 22 - 2x — 65024 = 0, (&)
(4] AR H: v + S5y — 406400 = 0, (BR)

[ 4 ]
AHE 162 560 L, RH R, REHFEFEIFRSX, RERSL
FA, BREFT2EH, F: LR FHRAEHREA S V7
Z: 256 Ib, #IEH4R 635 X,
R BEA—ALEGOHRE, Ao h ik KELMM, 155 -65024 4%
BR, 2A—KAERH, | ARSHGRARK, F¥5, FHE LA
#, XK ZEEAL—HEY, LB FiERLEM. 55 -406400 A
ERA, SH—KFAK, | ARBATAAK, F+5, RAHETH,
B E)

8.
[ R3]
SHY—IT, S8R, fEF&, &, THE T+ A
Z: B, RIPTELEFFZ, 8, e+ 2 e ik, R
#r 2 JLfAr?
BH: IBRILHR, RYr-sc
ARH: RIG—HEKFAFE, PRz, B -T=A_1+h@m%,
AN, Bt =AM ERE, MR TRE, - AIER,
=, PRI, NERFATE. &R



price per piece, 635 cash.
Process. Let the element tian be the number of piece. From the statement
we have 65024 for the negative shi, 2 for the negative fang, and 1 for the
positive yu, a quadratic expression'?! whose root is the required number.

Again let the element tian be the price of one piece of cloth. From the

statement we have 406400 for the negative shi, 5 for the positive fang, and
1 for the positive yu, a quadratic expression'*' whose root is the required

number.

[ Notes ]

[ 1 ] Let the element tian be the number of pieces of the cloth. Use x for the tian.
Let y be the price of one piece. That is, ml—‘%@l =y (G)

[ 2 ] The ya gian is the commission fee which is received by Ya ren. The Ya ren
acts as a go-between person to make the business succeed. That is, ﬁz 2. (G)

[ 3 ] The expression in modern form is the equation: x> - 2x - 65024 = 0. (C)

[ 4 ] The expression in modern form is the equation: y* + 5y — 406400 = 0. (C)
pr q

8. After cutting a chi from a pi of gauze to pay the commission fee, the rest is

sold for 1176 cash.!'! It is said that the sum of the square roots of the length

and of the price of one chi equals 12.[?) Find the length and one chi’s price.
Ans. Length, 2 zhang 5 chi;
price per chi, 49 cash.

Process. Let the element tian be the square root of the length. From the

statement we have 1320 for the negative shi, 24 for the positive fang, 143

I Hﬂﬂﬂ.
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[ %]
L1]iClEK A v, R#Aw, Bl wlv -1)=1176, ()
[2] HBP: Vv +/mw =12, (5)
(3] FARXMBARIER R & - 243 + 14322 + 24x - 1320 = 0. (BR)

Frée WRHAIE N

[ 4% ]
SAB IR, AMR]RAETFR, HAOEFRIT 176X, RE;:
k. RIWEFFH, —Ftam, 2512, Bl Bk, RHr&EH % V7
% E¥2%5R, R#49X,
K REA—AERATFHH, VidofrF ik LM, 25 —1320 4%
BR, 29— RAEZH, 143 —KAEE, 24H5=ZKRAEH, 1 H
RERRARY, FwkFy, 725, REEKFHH HFEHF.

9.
[ R3]
SHR% ., FE=F, FEHB/NANLTAX ! Rk, F&—R, #£H
B—A T 12| & FR M& L7
ZH: &—3LER, RHA+TIIG F—HAR, RTA+753
ARE: SLRIT—HERE, WHRZ, BZAH_TMAIEE, =1TH
#/hH, —HNIERE, FHFHZ,BIBERE. X SLRIT—HERM,
WMERZ ., B=FHRANTUAEE, —8 _TAHNF, —HankE,
SEFFZ, W BERM. X SLRITT—HFRE, Rz, B
B _TMRIESE, =tA47, —ANIER, FIRZ, ! 8% RE
. SERIT—RATRMY, WPRZ, B=FHA/NFUHESE, —
B _tR#h, —HIEE, FAHZ, S BEFRM. |,




for the positive first lian, 24 for the negative last lian, and 1 for the positive
yu, an expression [*! of the fourth degree whose root, 5, is the required

square root of the length.

[ Notes ]

[ 1] Let the length of the pi be v, and the price of one chi be w. Thatis,w (v — 1)
=1176. (G)

[2] Thatis,/v +/w = 12. (G)

[ 3 ] The expression in modern form is the equation: x* — 24x* + 143x* + 24x -

1320 = 0. (C)

9. There are three zhang of damask and gauze. The price of each piece is 896
cash.!'! It is said that if we take a chi of each the price will be 120 cash.!?
Find the price of one chi of each kind and the length of each piece.
Ans. Damask, length, 1 zhang 4 chi, price per chi, 64 cash;
gauze, length, 1 zhang 6 chi; price per chi, 56 cash.
Process. Let the element tian be the number of chi in the damask. From the
statement we have 224 for the positive shi, 30 for the negative fang, and 1
for the positive yu, a quadratic expression [*) whose root is the required
number. Again let the element zian be the price of one chi of damask. We
have 3584 for the negative shi, 120 for the positive fang, and 1 for the

negative yu, a quadratic expression' *'whose root is the price of one chi of

I 3009.
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[ %]

(1] BRIT—x, RHERE, y, WERM, x, B R, y, WBRM, HEP: x,
+ x, = 30, xy, = 896, x,y, = 896, (%§)

(2] BEBP: y, + y, = 120, (%B)

[3] I XMBIER A 2, - 30x, + 224 = 0, (FR)

[4] FHFABRRIEKA: -2 + 120y, - 3584 = 0. (&)

(5] FHROIRER N 2, - 30x, + 224 = 0, WIHFFRGRERBEH
A, XR— R TERA 2RO T (BR)

[6 1 AR N: y2, - 120y, + 3584 = 0, WA FRELFF EESER Mt
FAHE, TR TIRTEA 2 RIE. (BR)

BEEHEIE

Fraié

[ % )
SAb, FHI L, SMHEBI6XL, Rusk., FEIR, HMELR 120X,

J M . B REFEE A S 0
: . % 1%£4R, R#rea; F1L6R, RH456 X,

00 K. BEA—ABRE, AkARA R, 5 224 HE A,
“30A—RAZE, 1 ARZFRAZH, FFF5, A4 RE, X
K: BRA—HERM, ARG kKL M, 53] -3584 HFHA,
120 —RAAZK, -1 ARHRAZREK, FF+5, F2%RHh. X
K: ERA—AFREK, Ao kRLEM, 52224 A FHA, -
04— RAEK, | ARBHRAZK, FF75, FRFRE, XK.
RRA—AT RH, hdeBRFERKEM, 155 3584 AFHA, —120
A—KRRAERK, 1 ARGAAZK, F¥75, #R1F2FRMH. #E0
i




damask. Again let the element tian be the number of chi of gauze. From
the statement we have 224 for the positive shi, 30 for the negative fang,
and 1 for the positive yu, a quadratic expression'*!whose root is the num-
ber of chi of gauze. Again let the element fian be the price of one chi of
gauze. We have 3584 for the positive shi, 120 for the negative fang, and 1
for the positive yu, a quadratic expression' ®! whose root is the price of one

chi of gauze.

[ Notes ]

[ 1 ] Let the element rian be the number of the damask. Use x, for the tian. Let y,
be the price of one chi in the damask, x, the number of the gauze , y, the price of one chi
in the gauze. Thatis, x, + x, = 30, xy, = 896, x,y, = 896. (G)

[2] Thatis,y, +y, = 120. (G)

[ 3 ] The expression in modern form is the equation: x’— 30x, + 224 = 0. (C)

[ 4 ] The expression in modern form is the equation: -y>+ 120y, - 3584 = 0. (C)

| S ] The expression in modern form is the equation: x3 - 30x, + 224 = 0. In fact,
this equation is the same as the equation for the number of chi in the damask. It is an
example of a quadratic equation with two roots. ( C)

[ 6 ] The expression in modern form is the equation: y;— 120y, + 3584 = 0. In
fact, this equation is the same as the equation for the price of one chi of damask. It is also

an example of a quadratic equation with two roots. (C)
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ESEBIR  Aw

1.
[ R3]
LA, ZRAABLTAH. U RaelAReKR=R, B
=z P R REA . mear. B K. B/ K& LA
ZH. K—LHAR, H—3X =R, HAR,
ARE: St RTE—HRHEK, WBRZ, B-T—aATHREE, LAMN
7. ASHEE, —RIER, SHFFZ, B BeK. 8.

[ %]

[1)iEeKNb, SN a, GFAc. k25 R MBI abe + 2= 576,
(38)

[2) HB: b -a=3, c=%a. ()

(3] AR H: - 6x2 + 9x - 2160 = 0, ( BR)

[ 4% )
AEFE—F, ZHE5T6 /., RELEEK I IR, KAHN
2, mkR 23, Bwma. M FEHK, B REH S D0
. ¥1£5R, M1L2R, £8R,
K. ZREA—HALK, AR FERLH, F3 -2160 A FHA, 9
H—k R EHE, 6HKRAEE, | ARBHRALZK, Fis, #4F
P ASFAGEK,

2

[ &3 )
AHEE, FREFATHFRSEZE N R EEAmTRERE, &
AL, 2 E F B& L7



Lin Su Hui Qiu ( Problems on Store

House for Grain )
6 Problems

1. The capacity of a fang cang is 576 hu!' It is said that the width of the fang
cang 1s less than the length by 3 chi and the depth i1s two-thirds of the

width;'?! 2 chi 5 cun equals one hu. Find the length, width, and depth of the

kY

fang cang.
Ans. Length, 15 chi; width, 12 chi; depth, 8 chi.
Process. Let the element tian be the length of the fang cang. From the
statement we have 2160 for the negative shi, 9 for the positive fang, 6 for
the negative lian, and 1 for the positive yu, a cubic expression [*! whose

root is the required length.

[ Notes ]

[ 1 ]Let the length of the fang cang be b, the width a, and the depth c. 2% cubic

cun equals one hu. That is, abc = 2%: 576. (G)

(2] Thatis, b -a=3,c=%a, (G)

[ 3 ] The expression in modern form is the equation: x* — 6x* + 9x — 2160 = 0. (C)

2. The capacity of a yuan tun is 364%&»5 'l It is said that the shang zhou is the
great-half of the xia zhou and the height is the small-half of the xia zhou '’

Find the zhou and the height of the run.

IHOOE.
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Hrak BRHEIE N

ZH. FR-XUR, FRA=LAR, §—L R,
ARE: StRK—RERE, Bk Z, 8—A=F/NE _+MHhExE, —
RIERE, SiAHZ, P B ERA. &M,

[ %)
[ 1] EERp @Lﬁﬁ/ﬁ} WS, ICH ERRL, FTRML, @Rh, (LER
Ay BB EERAR YV _E (Ll + 12+ 12) ho {PUTCE%) A (ABEBAEAR)

%ﬂﬁ@%%ﬁ&%lgﬁﬂM%ﬂﬁ%7%Ué+ﬁ+QM+zf=%¢%J%)
(2] BB 1, =21, h =<1 (95)

[3] AHRXMBRIER N, 2 - 13824 = 0, (BK)

[ 4% ]
SHME, BARIA TH. RELALTRG 2, HERTROL .
A ER, TR, &&4 507
%: ERM2%4R, FA3ZL6R, H1£2K,
R RRA—H LR, Ahe@RF kKL 175 13824 A FHA, 1
ARBRRZEK, Tk, REB LA, F4HH.

3.
[Rx ]
ARBRE, &—L R, B AR RERPmER. Ha48
H=E AP 2 R ASRERIR LA 2
BH: BRELR,
ARE: SERITG—HRE, MERZ, B—T/\h23E, —FHNU+EHR
MNF, FEBEEAT—, 2 855, Sl

N



Ans. Shang zhou, 2 zhang 4 chi;
xia zhou, 3 zhang 6 chi,
height, 1 zhang 2 chi.
Process. Let the element tian be the shang zhou. From the statement we
have 13824 for the negative shi and 1 for the positive yu, a cubic expres-

sion 3! whose root is the required shang zhou.

[ Notes ]

[ 1] A yuan tun is a bin in the form of a frustum of a cone, the same as the yuan ting
in The Nine Chapters of Mathematical Procedures.Let its shang zhou be {,, xia zhou [,,
height 4. The formula of its volume given by The Nine Chapters of Mathematical Proce-
dures is as follows: V = %f 1, + P, + P,) h.The Jade Mirror of the Four Unknowns
used the formula in The Nine Chapters of Mathematical Procedures. The volume of one

4

: ] : ‘e e 2 ) N
hu 1s 23 ChlJ.ThleIalEmﬂnlIl]ﬂdl'lh.%[3112+rl +£2)h725—364§, (G)
|

, 2
[ 2] Thatis, [, =3 h =70 (G)

| 3 ] The expression in modern form is the equation: x* — 13824 = 0. (C)
P q

3. The height of a yuan tun which is filled with grain is 12 chi and its circum-
ference 48 chi.') After taking out 384 hu [/, what will be the depth of the
remaining grain?
Ans. 7 chi.
Process. Let the element tian be the depth of the remaining grain. From the
statement we have 1008 for the negative shi and 144 for the positive fang,

an expression'*’ without any yu whose root is the required depth.

I #005.
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[ % )

[ 1] SRR EAEK, SIS 1, B b, (RBEAR ) Sl ERAY.
v =TsPh, (IEES) A OLEBAR) AR, (35)

[2] RTC—x WRE, & HWFAEREHERHH 12 - x, B35 P (12 -
x) = 24 x 384, (3B)

2
(3] FHRMBATER N, 144x - 1008 = 0, KA AITFEBEST . (BR)

Fadf WEHAIIEN

[ &% ]
AHNEE, 128, A4L8R, b TE, BiFslm, AzRE
mET 3844, B #MAeHRMGKEAE S
e BRIRA TR,
R: BEA—HERE, AfF kKA M, £3]-1008 4 % H4, 144
h—kA A, FABFF, AFERIG, EFR KK, FEHTF,

4,
| [E3 ]

172 AFEHC. AELE—F, VE=T=a—+_f." Rzt PTaK
MR, 2FOE R, XEER 42—, H5EES. 6. 6,
SN SN S - I K [

%, o —LAR, KZTEER, B3R
Eg—L R, B—XAR, A=3RRK
ARE. SERITG—RE, MFRZ, B— A ZFNE _+Hha%, —
+ K, SN, HIEM, A FZ, B Ber. fihl

[ ]
(1) EER R A, iC e K. BA5INa, b, ¢ BEKME, &,

Z51% 1, h, d, WED: (abe +%Ph) . 2%: 3312, (&%)



[ Notes ]
[ 1] The yuan tun is a bin in the form of a cylinder. Let its circumference be /, and
its height h. The Nine Chapters of Mathematical Procedures has provided its formula of

volume, that is, V = L I*h. The Jade Mirror of the Four Unknowns used the formula in

12
The Nine Chapters of Mathematical Procedures. (G )
[ 2 1Let the element tian be the depth of the remaining grain. Use x for the tian. The
height of the grain taken out of the yuan tun is 12 - x. Therefore, % P12 -x) =
iZ x 384. (G)
[ 3 ] The expression in modern form is the equation; 144x — 1008 = 0. Zhu Shijie

called it extracting an equation without any yu. (C)

4, A fang cang and a yuan tun contain 3312 hu of grain.''! The width of the
cang is less by 4 chi than the length, but exceeds its depth by two chi; it
exceeds also the diameter of the fun by one-half and equals the height of the
tun. 127 Find the heights, lengths, and widths of each.
Ans. Cang, width, 18 chi; length 22 chi; height, 16 chi.
Tun, diameter, 12 chi; height, 18 chi; circumference, 36 chi.

Process. Let the element tian be the width of the cang. From the statement

we have 12420 for the negative shi, 12 for the negative fang, 3 for the

positive lian, and 2 for the positive yu, a cubic expression' *'whose root is

the required width.

[ Notes ]

[ 1] The yuan tun is also a bin in the form of a cylinder. Let fang cang’s width,

1 ’IUUE.
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174

(2T IED: b-a=4, a-c=2, a—d:%d. a=h, ($)

(3] AHFRBIBRIER R 20 + 322 — 120 - 12420 = 0, (BE)

[ 5iF ]
SAFA. B BE—FF, BAFE331248, A2 S K V4R, e
RE2R, wEZESBEN S, AEAHAF, B 3o85. K.,
EEeY A2, &, ASH S D7
Z: Few) 1 L8R, K2X2R, RIL6K;
BE&GHZIL2R, Z1L8R, A3L6R,
K: BRA—AHLT, AR FERLXLM, 25 —12420 A FHA,
—12A—RRERE,ZAKAREZE, 2ARBRARSK, Fim, &
FERT . HEFTE,

5.
[ Ex ]
SR, BEL, ZRNTEEATAf. [ BB, A
e, WER, KRE5EES; LERRPE, Ak, =R, H56%H;
BHEZTFEEZR 2 E: &, 8. &, F. B&JL6AE7
EE: G —3L, B—LIR;
e AR, &—LNAR,
ARE: SLRITG—HAHE¥EHFE, PkZ., - _F_+HIEE,
TH—THNE, =Rk LR, ST T RE, =+ — R,
=FFHZ, B BT, A6l

(8]
L1 ] i e hortik, BN BEERE. iCh e . #ailia, b EE
MRS, BAFIK A, d, HED: (40 + 5 x &h) +25= 4768, (%)
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length, and height be a, b, and c. Let yuan tun’s circumference, height, and diameter be /,

fLmddTmn&(aM4~é4%)+2%—=3Ml (G)

D:ﬂmmb—a=¢arc=la—dL%ia=h(G)
[ 3] The expression in modern form is the equation: 2x* + 3x* — 12x - 12420 =

0. (C)
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5. There are four fang cang and five yuan tun containing 4768 hu of grain."'

It is said that the square of one-half of the side of the cang diminished by 7 chi

is equal to the height of the fun; the square of one-half of the diameter of the

175

tun increased by 3 chi is equal to the depth of the cm;g; and a side of the base
of the cang exceeds the diameter of the fun by 2 chi. '2] Find the height, the
diameter, and a side of each.
Ans. Cang, side, 1 zhang; depth, 1 zhang 9 chi.
Tun, diameter, 8 chi; height, 1 zhang 8 chi.

Process. Let the element tian be one-half of a side of the base of the cang.

From the statement we have 12025 for the negative shi, 210 for the posi-

tive fang, 26 for the negative first lian, 62 for the negative last lian, and 31

for the positive yu, an expression'*’ of the fourth degree whose root is the
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M]%W:%ﬂﬁ—?:hﬂ%ﬂﬂ+3=b;a—d=%(%)
(3] FAHRXBIMATER K. 31 - 62¢° — 2652 + 210x - 12025 = 0, ()

[ &%)
AHAHFE., SHEE, BARAT M, RE: RISHFLMH
L 6%, R7R, sEBeHISE; NELZeGS, AK, ME3R,
55 wiREE; FeNFRREBAZS 2R, B FEHF. K,
HE Az, HEHS D
. ot F 1, K1%9R;
BEey 28R, &1L8R,
R EA—AFEWFAM S, AdoRF kKM, 5] —12025
HEHR, 210 A —KAAK, —26 4 KAAMK, —62 A=K7 &
B, 31 ARBRALK, Fuksy, REHNFEHFLN L, Ho
Ziop

6.
[ R3]
SHR—TFTRASHEGE, HE B -z AREFH#EZ . H
ZEKEFEHRER, ARMEAZL; RIS FHRR=R; R
K =z — FEE., mAE /AR R ek, AR,
SRR, 12 [ =FERILMA?
H: SK—LAR, BAR, BILR;
[ =SEAR, m—3L R
AWML R, AR,
ARE: SIRT—HEHE, WRRZ, FETZT/ABRLT=8185K,
TT=E—F=RMF, —+ Ak B, AT TANTR, — 1=
KiE TR, —ANIERE, WEHFFZ,PIEaE. XILRT—HEeK,
WSR2z, §—+WAART—E -+ RE%, WAEFEENTH



required one-half of a side of the base of the cang.

[ Notes ]

[ 1] The fang cang is a bin whose base is a square, the yuan tun is also a bin in the

form of a cylinder. Let fang cang s side be a, and its depth b. Let yuan tun's height h, and

its diameter d. Thatis, (4a% + S x = d?h) +2-L = 4768. (G)

4 2
1

[ 2 ] It must be a mistake. Now I revise. That is, (Ela]’- T=h (=d)?+3 .

2
=b,a-d=2 (G)

[ 3 ] The expression in modern form is the equation: 31x* — 62x* — 26x> + 210x

-12025=0. (C)

6. There are 1096 hu 8 dou of grain. One cang and one tun are filled from it
and the rest is heaped on the floor. '') It is said that the length of the cang
exceeds its depth by 7 chi, but is less than the circumference of the run by 20
chi. The depth of the cang exceeds the height of the heap by 3 chi; the width
of the cang is one-half of its length; the sum of the circumference and the
height of the run is 48 chi; and the sum of the square of the height of the heap
and the height of the heap is equal to the circumference of its base.'2! Find the
dimensions of the three.
Ans. Cang, length, 1 zhang 6 chi; width, 8 chi; depth, 9 chi.
Tun, circumference, 3 zhang 6 chi; height, 1 zhang 2 chi.

Heap, circumference of the base, 4 zhang 2 chi; height, 6 chi.
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M7, AT RERF A% ER, WBE =+ 8., W+ /\Chf
THE, —NIERE, MEFIFZ, W BeK, X KRIT—HEM,
BORZ, B—ANATZEATIANGESE, —A—T—8B—THHAIN
77, WFWE LA R, LA =TT, AT
g, POO9 RS, Mz, BIARER, XL RIT—RHERE, mH
RZB_FT=Z=AN B+ 8%, ZANATNA=ZTFT=ZE0+
AT, Z AR " hm LR, ATEa-ttAMRE,
—EM+/ i TR, —HIER, WOfFFZ, O GERE, XX
J—HER, Rz, oA = A ZFIUA I RIESE, ANt
ANEETARREFT, AT =F=ANT AN, =TUENRE
B, W+ A TEE, — s, WRGHZ, 7 JER, NIX
JL—HRE, WBRZ . BUANETEE—+ 28K, =FTHE =
+HRMTT, AN/ ERE, — AN TR, TR, —
RIER, WUFSITZ, M 8K F. GH.

[ %]

(1] HAOHKIE, BEFHEE, FHgEyES, Srenm. €.
WA K a, b, c; BERE . BB, b FHEROE. S9N, A, (L
EEA) WHEBFARSHIEBAR Y, =3¢l h,; 844 = Mo BLED: (abe +

1 1 TR 4
T212h, +5g P hy) +25=1096=. (%)
(2] B b-c=7, L, -b=20, c—h,=3, a=xb, h+l =48, I, +

hz - Iza (EB)
[3]FFFRBBATER R, x5 - 130 + 82x¢° — 182 + 2313x — 52893 = 0. (&)
[4] TP RBIECTIER R, x5 — 48x* + 936x° — 8992x2 + 44460x — 146112 =

0. (FF)
[5] FHXMBRIER K. 4° - 96x* + 936x° — 4496x2 + 11115x — 18264 =

0., (BR)



Process. Let the element rian be the depth of the cang. From the statement
we have 52893 for the negative shi, 2313 for the positive fang, 18 for the
negative first lian, 82 for the positive second lian, 13 for the negative last
lian, and 1 for the positive yu, an expression '*! of the fifth degree whose
root is the required depth of the cang. ~ Again let the element tian be the
length of the cang. From the statement we have 146112 for the negative shi,
44460 for the positive fang, 8992 for the negative first lian, 936 for the posi-
tive second lian, 48 for the negative last lian, and 1 for the positive yu, an
expression’ * of the fifth degree whose root is the length of the cang.  Again
let the element tian be the width of the cang. We have 18264 for the negative
shi, 11115 for the positive fang, 4496 for the negative first lian, 936 for the
positive second lian, 96 for the negative last /ian, and 4 for the positive yu, an
expression 3 of the fifth degree whose root is the width of the cang.  Again
let the element tian be the circumference of the run. From the statement we
have 23000112 for the negative shi, 3863340 for the positive fang, 260352
for the negative first lian, 8776 for the positive second lian, 148 for the nega-
tive last lian, and 1 for the positive yu, an expression '/ of the fifth degree
whose root is the circumference of the tun.  Again let the element tian be
the height of the fun. From the statement we have 2302992 for the positive
shi, 600876 for the negative fang, 63360 for the positive first lian, 3400 for
the negative second lian, 92 for the positive last lian, and 1 for the negative
yu, an expression |7} of the fifth degree whose root is the height of the tun.
Again let the element tian be the height of the heap of grain. From the state-
ment we have 44712 for the negative shi, 3420 for the positive fang, 288 for
the positive first lian, 16 for the positive second lian, 2 for the positive last

lian, and 1 for the positive yu, an expression '#! of the fifth degree whose

root is the height of the heap.
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(6] AFAFRXMBRIERX M. x5 - 148x* + 8776x — 260352x2 + 3863340«
- 23000112 = 0, (&)

[ 71 HARXBIRIE R -5 + 924 — 3400x° + 6336022 — 600876x + 2302992
=0, (FR)

[8 ] AAFRMIATER H: x° + 20 + 1653 + 288x% + 3420x ~ 44712 = 0. ( Bi)

[ &% )
SHEI1096 M8, AFx4. BEE—Fr&, BZRR, BALEFH
LRA-ANBBT, A= ﬁ@%km££7x JCE & RS2 L
FE R FH % 3R fﬁﬁm%ﬁﬁz,maﬁﬁ B Z Fu A
48 R; L B4eISHmedh Ak, ﬁrﬂ"uéﬁm . Aeeik. MR,
B E, B4EE. HEAH2Z V7 k
2. FEHKIL6R, MR, FIR;
HEMEIL6R, H1L2R;
M4Ee 4 L2 R, H6 R,
K: BRA—AFLCHER, RAiof i LKL, 55 -52803 4F
B, 2313 —RMEF, -18AHAKRAEZE, LA KANEHEK, -13
AHPRREM, 1 ARBHRAEH, FELKF, FEF T4 0G5
CHE, XK BRRA—AHFLHK, AR FERLB, 173
—146112 A F $OA, 44460 A — KT A, —8992 4 = KA &3, 936
HEZRARE, - BAWKARZK, | ARBHRREH, FERF, &
HEAFLGPMOGTLNK, XK BRRAAL—AFZCHE, Ao
R I, 135) —18264 A FHA, 111154 — K0 & #, —4496 % =
KR EH, VOAZKRAEIN, 6AWRAZE, 4 AKHKRFAE
¥, FRLAF, BEFINFLPMAFTLEE, XK EXA—HE
B&g R, AhefrFERKEM, /58] 23000112 A F 5, 3863340 %
— R RE, —260352 4 = KRFAEL, 8776 A= KM A%, ~148 A
WARERH, 1 ARFGAAZH, TR LS, REFINFLPMHGER
B, XK BREA—ARBZH, ddefrFkKEMR, F52302092
AEHA, 600876 A — KA &, 63360 K = KM A%, —3400 %
ZRPEE, NAWIRAEZYK, -1 ARSRKAZYE, FELRF, &
FEFLPMOABEMSS., XK RXA—AHEESSH, ARy
EREM, 155 44712 AF A, 3420 5 — KR & ¥, 288 H —K
A, 6 AZKMES, 2AHAQKRMAENK, | ARHRAZEK,
ARF, RFFEBY G, FEE,



[ Notes ]

[ 1 | The fang cang is a cuboid, the yuan tun is also a bin in the form of a cylinder,
and the heaped grain on the floor is in the form of a cone. Let the fang cang s width be a,
length b, and depth c. Let the yuan tun’s circumference be [, and height h,. Let the heaped
grain s circumference be [, and height h,. The volume’s formula was given by the wei su
method in the chapter shang gong ( consultations on engineering works ) in The Nine
Chapters of Mathematical Procedures. 1t is as follows: V = J—.Fh 8 dou is —% hu. That 1s,

362 2
1 1 1

4
d —_— 2 .._-.-.2 — — —
(abe +— Ih, + 3¢ h,) +25=1096 5. (G)

[2) Thatis,b ~ ¢ = 7,1, = b =20,c ~ h, = 3,a = b,h + |, = 48, K2+ h, =

L. (G)

[ 3 ] The expression in modern form is the equation: x* — 13x* + 82x* — 18x% +
2313x - 52893 = 0. (C)

[ 4 ] The expression in modern form is the equation: x5 — 48x* + 936x* — 8992x”
+ 44460x - 146112 = 0. (C)

[ 5] The expression in modern form is the equation: 4x° — 96x* + 936x° — 4496x>
+ 11115x - 18264 = 0. (C)

[ 6 ] The expression in modern form is the equation: x° - 148x* + 8776x* — 260352x
+ 3863340x - 23000112 = 0. (C)

[ 7 ] The expression in modern form is the equation; —x* + 92x* - 3400x> + 63360x
~ 600876x + 2302992 = 0. (C)

[ 8 ] The expression in modern form is the equation: x* + 2x* + 16x* + 288x* +

3420x — 44712 = 0. (C)
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. RIEHR L

1.

[ F3x]
SAEPRBEE—E, iR a A+ A TETF=aN+uR, "M A F
AL SMNEE—BAR, BN SNEZENSE TR, B FANEAZEASTR,
b TFHAZEAR, FIromEsAR, #8E—3+k—R, Ak ERN
F—AATZA TR, 22 RIRIEER LR, & =3, [
W, SME . BERLE. T, HER&EILA?

EHE: FARAMBE =4, ABRREBAE R, T—LAR;
ESMANE—+ /5, ARABEIE =R, TTER;
=y 1! ) AN
HK—L=R_SF—H_At+HHSTZE g, )

ARE: SLRIT—RE, WFKRZ, BUE A+ REF=Aa 01
RasL, — AT AN/ RS, — AT AN +L AN
B, —RIERE, SLAFZ, 4 8E T HAR . SIRmEcRZ ., K%
BARE: PRI, =BRAsE, IR TFANEAFANNERT, KWINE
P, LRz, Mk, SLinEkm—, BMEE. g0, )

[ %)

[ 1] BSRMIEAR S (LR ) frhaiftiibsdfFE, HARMAEH, iIC4E
E.Fr, b TR, B89 Ha, a,, b, b, b, (JUEBR) S HEEBAR S

V=g [(2b,+b,)a + (2b,+b)a]h

i s E A BN, ANE, P SMES AL, L, L, L, (UVERKR)
E%ﬁ&ﬁ?%h=%{n+ngz%Uﬂ4g,uﬁﬂﬁtﬂ@ﬁ)ﬂ%ﬂu
BAREEREED: V=L 1(2x 20+ L) + 2L+ L)) a + [2x 3L+ L) +
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Shang Gong Xiu Zhu ( Problems on
Labor )
7 Problems

1. The volume of the wall of a round city is 4885344 chi.' ' It is said that the
difference between the interior and exterior circumferences at the bottom of

the wall 1s 108 chi, the difference between the circumferences at the top is 42

chi, the difference between the exterior circumferences of the top and the
bottom is 60 chi, the interior circumferences differ from each other by 6 chi,

the width at the bottom is less than the height by 6 chi but exceeds the width
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at the top by 11 chi, and the height is less than the interior circumference at
the top by 16224 chi!?’ If a ditch whose width is 30 chi is dug close to the
bottom of the wall and the earth is used for the building of the wall, what
should be the depth of the ditch? What are the exterior and interior circumfer-
ences of both the top and the bottom, and the width and the height of the wall?

Ans. Bottom of the wall:
exterior circumference, 9 i, 30 bu;

interior circumference, 9 li 8 bu 2 chi:
width, 1 zhang 8 chi.
Top of the wall:

exterior circumference, 9 /i, 18 bu;

183

interior circumference, 9 1i 9 bu 3 chi;
width, 7 chi.
Height of the wall:
2 zhang 4 chi.
Depth of the ditch:
1 zhang 3 chi 2 —l%cun.
Process. Let the element tian be the height of the city wall. From the state-
ment we have 4885344 for the negative shi, 186948 for the negative fang,
16247 for the positive lian, and 1 for the positive yu, a cubic expression ' *’

[3]
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%ﬂa+gﬂagh=wﬁm%(%)

(2] 0kBP: L, -1,=108, L, ~1, =42, L,-L, =60, 1,-1 =6, h-a,=
6, a,-a =11, 1 — h=16224, (¥§)

[3]5R=1%, 2%=13, 1803 =360%=152. (F)

[4] FHRBBRIER N x° + 16247x2 - 186948x ~ 4885344 = 0, ( )

[ 5 ] sty i F AR Dy — B3, SRy BIEAR, ic M a,; HANFEEBRE T
SMALL, FSMEIEH L, BBAES, WL = 2+ 2a,) 7= (2+2a,) x3 =
L, + 6a,, {88 (LEHAR) FHEA, HEBY 5 [L, + (L, + 6a,)] a0 iCHN
BN by, MIBABN 1L, + (L, + 62,)) ah,. 8 (LEEAR) B2HHE. %
a4, HE3, BUREEENY =3 x5 [L,+ (L, + 6a)]aph, B3+ 5[L, +
(L, + 6a,)] a, BREFFE. (3B)

[ 4iF)
AKX R — B, HARA4885344 R, A%: TA., StAME
108 R, LA, stAMME4L2R, L, FTsAMEOR, L, TAA
MEG6R, T/ rerR, kb 21 L 1R, &5 LAREE 16224
R, AGHWIERBEA, REGAEAR, HRAT 3L, Fl: HRK
MR, ShA. &, b, T, BRAGKREANS T
A B3RS THAOR30F, ARAIEZ8Y 2R, S 1L8R;
LSRR 18, ABORIN IR, JTK;
;2L 4R,
%ﬁﬁ%ﬁili3ﬁ2%~5——¢s
R REA—HRE, Aok LKL, /53] -4885344 A4 % A,
—186948 A — KA F 4, 16247 A KA A, | ARG RAZRE, T
3%, B H2L4R, A FHERHHX RBidmiEiERKE,



whose root is 24, the required height of the wall. The other dimensiens can

be obtained from the addition and subtraction method. = The method for
finding the depth of the ditch is as follows: Multiply the volume of the wall
by 4, then divide the product by 3, the result thus obtained is dividend.
Find the sum of the exterior circumference at the bottom of the wall and 6
times the width of the ditch and this circumference, divide by 2, then mul-
tiply the quotient by the width of the ditch for the divisor. After dividing

the dividend by the divisor we have the required depth. ‘>

[ Notes ]

[ 1] The round city’s form is the same as qu chi in the chapter shang gong of The
Nine Chapters of Mathematical Procedures.Its method is like chu tong. Let chu tong "s
upper width be a,, lower width a,, upper length b, lower length b,, height A. Its volume
formula given by The Nine Chapters of Mathematical Procedures is as follows:

V=—[(2b+b,) a,+ (2b,+b ) a,]h

1
6

Let qu chi or round city 's interior circumference at the top be /, exterior circumfer-
ence at the top L, interior circumference at the bottom /,, exterior circumference at the
bottom top L,. The Nine Chapters of Mathematical Procedures used b, = —é( I, +L,)b,
= El (1, +L,) in the formula of chu tong for the volume of qu chi ( or round city ).
According to the statement, that is, V=—é![ 2 x —é (1, +L)+ —; (L+L,)]a + [2x
2, +1,) +5 (1 +L)] a, i h=4885344. (G)

(2] Thatis,L,-1,=108,L -1 =42,L,-L =60,1, -1 =6,h - a, = 6,
a,-a =111 - h=16224. (G)

[31Schi = 1bu,2bu = 1 zhang, 180 zhang = 360 bu = 11li. (C)

[ 4 ] The expression in modern form is the equation: x* + 16247x* — 186948x —

I 008 g
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FIEAEZ AR, AA4RARAKRER, A3, AL, LAERK
)TN BIRA T 6454 T sh B AR, VA2, VAR A 2, 4F
ik, Elvlk, RAIEAER, FEHME,

[FEx)

SEAFTH—R, HBRNTFEEN+—FETFAAR Rz: T
Hw A, &, FHBRZ, AT, #85+HE VFFEL N E
HAMF=THEBWM A%, RN, b FENE ., Emsbr 2T EA
FAE, b FIrEES, ESARBRE R AEEA, A
PR BB S, BB iR, S b= AR, B =R
i Ak G RI&RE T UE 4. HetmirK—R, ME, BT
A g AHER-TER, 8 A HREEREIZEE =T EKRL
FA, —FX3h, |l k. TR, 4. T EkE, IFXIIEH RS L
{7

KH. FAF—TBE—+%, AF—+8, | ZXHR;
EA T —TBAE, AF—TRZE, | —3L;



4885344 = 0. (C)

[ 5 ]The horizontal section of the ditch is in the form of a ring. The ditch s width is
the diameter. Use a, for it. The interior circumference is the exterior circumferences at the
bottom of the round city, L,. Use L, for the exterior circumference. The value of w is 3.

L, . : :
Then, L,= ( s 2a,) m= (T' + 2a,) x 3=L, + 6a,. According to the huan tian
method in The Nine Chapters of Mathematical Procedures, its area is % [L,+ (L, +
6a, )| a,. Let the depth of the ditch be A,. Its volume is —é (L, + (L, + 6a,)] a,h,

According to the chapter shang gong in The Nine Chapters of Mathematical Procedures,

the volume of the round city is V= 3 % —; (L, + (L, + 6a,)] a,h,. Therefore, 4y .

4 3
[L, + (L, + 6a,)] a,is the depth of the ditch. (G )

1
2
2. The wall of a square city contains 45417600 chi.'') It is said that the square
root of an exterior side at the bottom diminished by 10 bu plus the width of
the wall at the bottom is equal to 65 bu; the root is less than a side at the top of
the wall 3546 bu; the difference between the interior and exterior sides at the
top of the wall is 4 bu; the exterior side at the top exceeds the interior side at
the bottom by 6 bu; the width at the top and the width at the bottom differ
from each by 3 bu; and the width at the top is less than the height of the wall
by S bu 1 chil?) A circular ditch is dug to circumscribe the wall in order to
obtain earth for filling it and for making the bricks to build it. The width of the
ditch at the top is 35 chi and at the bottom 30 chi. '>) 24000000 bricks are

needed and the size of a brick is to be 1 chi in length, 5 cun in width, and 2.5

[ 4O0H pn
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=S WAV ANE:

WE SRR FUEATE T ZEAE A=

MR+ —H—T—a_-tHESHZEUA L T+=,
ARE: SERTT—HF, WBKRZ, HE+—AF T =AMt/
%, —A—F—AaN+AENFINTT, —AETNBILHA\E 5
MM ERE, —A=1+—%/\h TR, —HIEHE, =52,
BE . iRz, SRibERE . FIH, Wz, =m—, FL.
N—fEZ IS R, Wz, fim—, mi, A% U UM &
eI AhY, =2, AN )T, Ao . RS R A,
HHIEINE . FFWEZ, AEKRER. SOfeA . SNEmEZ, Ak
EER 2, RER, DErRz, FEo X, BFEER, ik
=R, WP ez, L, mRm—. bk, BRE, BIbE,

RMTHEE HARE: BB, HFARARE, UTARZ, A% HA

H¥F A BRI, LItERR, 8%, k. Lmkiin—,

&l

i

[ %]

1 )ieHRe bR, S, T, TR AT, maslhl, L, a, L, L,
0, By SR H S AR . A7 SR AR — ) 455, S RIS,

V:4x%3[2x*‘-]z—(fl+.£l) +%(£2+L2)}a] + [2){‘21"(12+L2) +
% (I, + L))] a,} h = 45417600, (¥8)

[2)AZHfr, B L, — 10 +a,=65, L - [ — 10 = 3546, L -1, =
4, L, -1,=6, a,-a =3, h—a =550 (%)

[3] BBPFHRAME - B3 Mh, SRR FRBUZIF M 5. H ET b,
=35, TS b, = 30, PSRBT ®ES (LERER) Kt AMER. (F)
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cun in thickness. {*’A man can dig at the rate of 24 chi per day and can make
and lay bricks at the rate of 30 per day. If there are 50000 men working to-
gether in how many days can they finish the work? What are the sides, the
width, and the height of the wall and the depth of the ditch?
Ans. Bottom of the wall:
the exterior side, 10 [i 10 bu;

the interior side, 10 /i;

the width, 25 chi.

Top of the wall:

T
F
-
L
N
—
2
R

—
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=
=
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o
—
—
=
rm
&
rm

the exterior side, 10 /i 6 bu:
the interior side, 10 [i 2 bu;
the width, 10 chi.

Height of the wall, 36 chi;

. .. 483 _
Depth of the ditch, 25 chi 5 2467 CUn: 9
The work will be finished in 51- "2 days.
189
Process. Let the element fian be the width of the wall at the bottom. From the

statement we have 412348 for the negative shi, 11148535 for the positive fang,

14898 féﬁ for the positive first lian, 131 2—% for the negative last lian,*‘and 1
for the positive yu, an expression ‘¢! of the fourth degree whose root is the
required width. The other dimensions can be obtained from the addition and
subtraction method. The method for finding the depth of the ditch is as
follows: Add to three-fourths of the volume four-fifths of the product of the
volume of one brick by the number of bricks, for the dividend."”! Then add

to itself one-fourth of the length of the exterior side at the lower base!®'and

multiply the sum by 3; add to this product six times the width of the top of the
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R, AFARL: V, =+ x 24000000 =

1 1
[4] 1REGRABIN 1 x5 x = 2

3000000 K3, (58)

20| —

>

[5]“" Z Py “R47. “Z2457 . “A\4" 5lBEl0.64 . 024, 0.8, (¥)

(6] FHRMBARIER N ¥ - 131.88° + 14898.2x2 + 11148.6x — 412348 =
0. (Bk) BLI AP e/ NIRRT R 8, S, T, BA#EE, (F5)

[ 7] LA MBER. (LERR) @ThEZ. “SFHVNRA, AB—=." T
WETENE L, L RF L, SHENRL, BB EAREEN LR v, =
FV+ TV, ()

(8] “Fm”, ¥t “B5hm”, BRARTHAANCIEATRERERILZ —, R
REBY 1802 (BT . BVMARECR SN EERTRAS 2 (K, K, 14
T, FEREIMNMY, (55)

(9] iEsrt . F. SMEASEI I m , M, m, M, B2 - 1.4, == 3,
Wb MR ERERVZL, LAEm =3/2L, =3 x 14L,. FAMNAREREN/ZL, +
2b,, FSMEM, =3 (J2 L, +2b) =3 x L4L, + 6b,, WIKNJESHIRIMNEMHE:
m, = My, WRSNEM, = m, + 6b, = 3/2L, + 6b,, WEAHM =5 (m, + M,),
W AR m =5 (m, + M) iCHFWEEN b, B (LEAAR) ARA, K
BV, =Ll(am s M) b+ (M 4 m) b, ) hyo BELV, R, WA [(2m + M) b,
+ (2M + m) b,] Rk, ERKBFMAE R, (F5)

[10] iV, B EARE, u, v AAEBMAH AR, WA=
(V+V,) x2 ()
(u+v) x 50000

[ &% ] |
S H BN R — B R, KRR A 45417600 R, A% 53T & 69 5h 5 &,
0%, A&BAFH, T/, F65%, X, Lik-Fiikit Ewmsf



ditch for the exterior circumference of the ditch; add to the interior circum-
ference 6 times the width of the bottom of the ditch for the exterior circum-
ference at the bottom of the ditch. One-half the sum of the interior and
exterior circumferences of the bottom of the ditch is the chi di ting zhou,
and one-half the sum of the interior and exterior circumferences of the top
of the ditch is the chi shang ting zhou. Multiply the shang ting zhou by 2,
add to the di ting zhou, then multiply by the upper width of the ditch, add
this product to the product of twice the di ting zhou plus the shang ting
zhou by the lower width of the ditch, and take one-sixth of the result as
divisor. Dividing we have the depth of the ditch. '°!  The method of
finding the number of days for finishing the work is as follows: Multiply
the sum of the volume of the wall and the number of bricks by 2, for the
dividend. Multiply the amount of digging done by one man and the num-
ber of bricks that one could make by the number of men as the divisor.

Dividing we have the number required ! '°-

[ Notes )

[ 1 ]Let the square citys interior side at the top be I,, exterior side at the top L, the
width at the top a, interior side at the bottom /,, exterior side at the bottom L,, the width at
the bottom a,, and the height 4. The method for the volume of one side is the same as that
for gu chi. The square city's volume is 4 times the volume of one side. The statement
means V = 4 xgl{[Q X %(II + L) +%(EE+L$}]a| + [2x —;(12+L2) +
L1 427 a,t b = 45417600 (G)

[ 2 ] Take bu as a unit. That is, /7 _ 10 + a, = 65, L, -JL,- 10 = 3546, L, -
| =4, L -1,=6, a—a =3, h-alzséi (G)

[ 3 Te refers that a gu chi in the form of a ring is besides the square city. In fact, its
earth is dug for building the city. Its width at the top is b, = 35, the width at the bottom

is b, = 30.The method for the volume of the ditch is the same as the method for qu chi in

The Nine Chapters of Mathematical Procedures. ( G )
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F 3546, E@mei A, srHfeE4 Y, L@ FILTERGAFT Z6
F. b Fr4E£3%, ESRBHYST 1R, &AFBA R AR
BR—FH W, REFBAR RO, KL 3L5K, Fr3
%, HHH A SR R H 2400 T A, EAHR IR, 5T, B25
HAHR BEARNGEFREHY 24 R, HAH B BB TR QML I0AN
#OARERSFEFA, —FFHL, 9. FmeHLE, FTA, bF, L. T
FLORE, FRRWE, AR BREAS Y
. FHRATHHFI0Z210F, AFI10E, J2L5K;
EShF 102 6%, AF 102 2%, J7 1 XL;
F3L6K;
AR 2 X 5 R Saeet
A B K SHECE
K, BEA—HTFS, AdeF kKL, F3) -412348 A FHA,
11148 53555 — K £ #, 14898 Sk kR R #, - 131555 A ZRT
2, 1 ARBRALYE, FoikFy, BETr .. Ak Fa5T)
| W% AR AE R, RIRRIEZAR: Bl TRAKR, A4k
192 Z, A3kz, ETLE; LRA—sehREESAAE, A4RZ, A
SHZ; mT L, AE, LAFERM T I5rF & shmes, A3FZ, Mo
6 AR LT, AR R, XA A6 4EAIET S, AR
Rk RS o SR A 5 RS A AR, By, AR AR X,
st . SRR, B S, AERaey LR, B 245, e
BAER . A ES &z, EFL; LRBAG24E, mESR, ATS
fez, mTL, BRVA6, FTIFMEHE, vk, RATENR, X
Ash LE XL BHZR: 5 RFRGEM, WMAGRRHK, A2A
ez VAL WAEAEB BRI FTRBEHAF B HRAFH
fade, AB G E KR, HIRHAENE, FRkE, RARRA

Ko HEPTFE

W AE

b




[ 4 ] The volume of one brick is 1 x % X %4 :% cubic chi. The volume of all the

bricks: V, = Six 24000000 = 3000000 cubic chi. (G )

[ 5] 6 fen, 2 fen, and 8 fen following bu are 0.6 bu, 0.2 bu and 0.8 bu respectively.
(G)

[ 6 ] The expression in modern form is the equation:x* — 131.8x* + 14898.2x> +
11148.6x — 412348 = 0. ( C) The decimal fractions of the equation were all expressed
as fractions by Ch’en Tsai Hsin. We correct now and do not annotate in following part.
(G)

[ 7 ] Shi is the ditch” s volume. The chapter shang gong of The Nine Chapters of
Mathematical Procedures says:"If chuan di is 4, it becomes 5 as rang tu, and 3 as jian tu.” A
square city and a brick belong to chuan tu. It becomes rang tu when it was dug out, Therefore
the earth for building the square city and making the bricks is, V, = % V + —;L V. (G)

[ 8 | Shen jia was ofen written as shen wai jia, which was one of the methods for
quick calculation of multiplication and division in Song and Yuan dynasties. The method
was used when multiplier has two positions and the number of the first position is one.
That is, add to multiplicand the number of the second position of the multiplier. For example,
when the multiplier is 14, add to multiplicand 4. ( G)

L9 ] Let the ditch’s interior circumference at the top be m,, exterior circumference at
the top M " interior circumference at the bottom m,, and exterior circumference at the bottom
M,. Let /2 = 1.4, = 3, then the diameter of the interior circumference at the top is {2 L,
The interior circumference atthetopm, = 3/2L, =3 x 1.4L,. The diameter of the exterior
circumference at the top is /2 L, + 2b,. The exterior circumference at the top M| = 3(/2 L,
+ 2b,) = 3 x L4L, + 6b,. The interior circumference at the bottom is equal to the exte-
rior circumference. That is, m, = M.. The exterior circumference M, = m, + 6b, = 3/2 L,
+ 6b,. Chi di ting zhou M = —é— (m, + M, ), and chi shang ting zhou m = —é (m, + M ).
Let the ditch’ s depth be h,. According to the chu tong method in The Nine Chapters of
Mathematical Procedures, V, =El[( 2m + M) b + (2M + m) b, ] h,. Therefore, h, can
bcsu]vcdbylakingﬂ&sshi,andgl [(2m + M) b+ (2M + m) b, ] asfa. (G)

[ 10 | Let w be the number of all the bricks, u the amount of digging done by one

man and v the number of bricks that one could make in one day. Then, the number of the
(V+V,) x2 (G)

(u+v) x 50000

needed days is

I 3‘?03.
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BEHIE R

e

3.
[ "3 )
SHRMME—FT, ITR-ANANFTRE_+ARV, Bz #FELTER
%, EHIFZ, 8%, BT, AR—L=R, #H15F, FEERMN,
XS =n2Z—. k. FIrZ-RPIsmM4hshEE, B TFR-REEHA
Biz, BR—HEEZ B BAFEH - +ER, [ L. T, ZX5, K.
/N EEIRFR FHTE R LT 2 |
FE: bR, FIIEER
EE _SAR, FE=LAR;
=y L AP
—KMBETEAE ARV ECA AT EA ST ESAZ
+ 1 ;
/B TFEO R, #—A A TERAZ
RE: SIRTE—HE LI, WERZ  B—AATLEL+HEREE,
tBE R, =8It —ANEER, =R TR, —NIER,
=FFHZ, D HBET AEKMEORZ . R KIEARHE: L) E
F 5%, &, ¥2Z, A EFWIZRN2ZT . EZENmMRNT, M ERBE
K. X, FITBTFTE, &, ¥, A FTWAZHZT . TZEA
nxb™, AFWhERZ K, 5K, mrk, BT EZ, FE,
XfEFK, bk, UTF ez, ik, UEFZ, WNm—, 5
K2z g ANFERERZ, B ) RKZ/PRBEEAESE, W
AiARAZ, BB, &,

[ R ]
[ REE (ERAR) B L. SWREMER, £ F/7Z,

kv, a,, a,, b, b, h, W (NEHEAK),
=2((2a, + @) b, + (2a,+ a,) b,] h = 18528. ()



3. The volume of an observatory is 18528 chi . It is said that the square root
of the sum of the lengths of the upper and lower bases is less than the width of
the upper base by 13 chi, equals the difference between the upper and lower
lengths, and is one-third of the length; the difference between the widths of
the upper and lower bases is 6 chi.' 2! It is required to enlarge the observatory
into a circular form using the diagonals as the diameters of the bases and to
complete the work in one day '*'. The rate of one man's work is 27 chi. How
many men shall be employed for the work? Find also the widths and lengths
of the bases and the heights and volumes of the arcs.
Ans. Upper base:
width, 21 chi; length, 28 chi.
Lower base:
width, 27 chi; length, 36 chi.
height, 24 chi;
Volume of each of the great arcs:
7720 chismen needed for the work, 28533
Volume of each of the small arcs:
2702 chi; men needed for the work, 1002—27 .
Process. Let the element tian be the width of the upper base. From the
statement we have 18774 for the negative shi, 702 for the negative fang,
391 for the positive first lian, 36 for the negative last lian, and 1 for the
positive yu, an expression (4! of the fourth degree whose root is the width
of the upper base. The other dimensions required can be obtained from the
addition and subtraction method. The method for finding the volumes of

the two great arcs is as follows:One-half of the difference between the

I ,\faﬂg.
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(21 #BY: a, - 5 5= 13, /b, ¥ b, =b,~ b, [, b, =3hoa,-a,=6.
(%K) '

(3]G ATERR) ZRS., K EEpEER B4}, BV EmEsxiagk, T
HHIEHCRP T, B FEAI ALk, (35)

(4] FHXBBRIER N, » ~ 362° + 39142 - 702x - 18774 = 0. (BR)

(5] E3XBMPWE L imiIxs Lk, ABILA B ha, LT RMAITE, iTH e,
WA, FNEHZHA =3 - a), ERAKRIZEHNB, = b +2(c - a,).
FRBMILE T EAN AL, IRELLTTORE, FEABKEK, icHc,. A, W
MEHZI A, = 2(c, - a,), ERBEHZKNB, = b, + 3(c, - a,). BN
ZA < [(2B, + B,) A, + (2B, + B) A,] ho ()

[ 4% )
LSRG —FF, T HEARARA 18528 R, R&; k., TEAMm, 44 %,
FPs, LE3EEFrVIL=R, 5L FTEZEM%F, X% T5
L. b FreEAG6R, Rakksh, BRAAME, WREHE,
TEASAERABEH L, TAZ R—BXL, FA-RBHIHE
R2TR, W &M, T/ &, &, AKX, DWBRKR, A
WwEH %
L wREL2L 1R, Tr2L7K;
LFE2X8R, FEIL6R;
52k 4R
— KIRAARTT20 K, A 285 S2A;
Z MR 2702 R, R 10055 A,
R BEA—AWREGH LS, AR A kKL M, 172 18774 %
TRA, -TRRA—KRARK, 39N AKAERK, 36 AZKRFAAK,



hypotenuse and the width of the upper base is the altitude of the segment of
the upper base; and the sum of the altitude of the segmént and the length of
the upper base is the length of the arc of the upper base. One-half of the
difference between the hypotenuse and the width of the lower base is the
altitude of the segment of the lower base; and the sum of the altitude of the
segment and the length of the lower base is the length of the arc of the
lower base. Add to the product of the twice the sum of the arcs of the lower
and upper bases by the altitude of the segment of the lower base, the prod-
uct of twice these same arcs by the altitude of the segment of the upper
base; multiply their sum by the height and divide by 6. This gives the vol-
ume of the great segment. Divide the volume of the great segment by the
rate of work of one person and we have the number of workmen for the
segment.!”’ The method for finding the small segments is similar to the

above.

[ Notes ]

[ 1] The observatory is the chu tong in the chapter shang gong of The Nine Chap-
ters of Mathematical Procedures. Let the observatory’ s volume be V, width of the up-
per base a,, width of the lower base a,, length of the upper base b, length of the lower
base b,, and height s. According to The Nine Chapters of Mathematical Procedures,

V=2 [(2a, + a,) b,+ (24, + a)) b1 h = 18528. (G)

[ 2 | Thatis, a, —mz 13, m =b, - bﬂfm: =4::— h,a,-a, =

6. (G)

[ 3 ] The enlarged observatory is called yuan tai. It is yuan ting in The Nine Chap-

ters of Mathematical Procedures. The diameter of the upper base is shang xie, that is,

I#OOE'.
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FHAIE N

| ARB KRR AL, ks, B3 L5, e Adbs Lot 4
Wit ek R, KR-KRIHAREK: A b/ & FLE, R4
3. AEBBBAZS . LERBNZS, A LBBEIZK, X,
AF P& F T, BLaMeyS, HTFHissirz)y . FEmsib
27, ATHLEZ %, H EHDBAZ K24, W T i &4
2k, RALBUSAZ, LFL; LW THRLEIZ K243,
o LHAZANZK, RATHBEHZ, LFHMTE, 205,
FRVA6, BLAFE| KRR, ABEA—B 6 THTHR = KIRKR, 3%
BRI ARAS, RZDPRARRARAK, #35) LK, R, H4
P9

Fraf

[ R3]
AHBERRE—FF UL A% BELTR, WFr=42=, &F
Er, A%, ARFELAAR. D BAHBRER TR, AiE—FA
A, BR— AR, [: 81 . Fr &, £&ILT7
BHE. by —3, FIT—30AR;
B— LR, EREATR,

REL: SERITE— MR, MERZ, BIUF =+ HEE, —+EHE

¥, BT MR, ST, —WAE, SRz, )8R

Mo A,



the upper diagonal. The diameter of the lower base is xia xie, that is, the lower diagonal.
(G)

[4] The expression in modern form is the equation: x* — 36x° + 391x? — 702x —
18774 = 0. (C)

[ 5] The upper hypotenuse is the diagonal at the upper base of the observatory.
The hypotenuse 's gou and gu are the width and the length at the upper base, respectively.

Use ¢, for the hypotenuse. Then, the altitude of the segment of the base is as follows: A

El (¢, - a, ). The length of the hypotenuse of the upper bases: B, = b, + % (¢, -
a, ). The lower hypotenuse is the diagonal at the lower base of the observatory. The
hypotenuse’ s gou and gu are the width and the length at the lower base, respectively.

Use c, for the hypotenuse. Then, the altitude of the segment of the base is A, =—21,( c, -

a, ). The length of the hypotenuse of the upper bases: B, = b, + —;( ¢, - a, ). The prod-

uctufthetwugreatarcsis—é[{ZBI +B,)A + (2B, +B)A,]lh (G)

4. The height of a dike | ! 'exceeds the width of the upper base by 2 chi, and is
two-thirds of the width of the lower base; the square of the sum of the height
and the width of the upper base is less than the length by 96 chi. >’ The con-
struction of the dike is completed by 1840 workmen, and the rate of work of
one person is 29 chi. And it must be finished in one day. Find the widths of
the upper and lower bases, and the height and length of the dike.
Ans. The width of the upper base, 10 chi;
the width of the lower base, 18 chi;
height, 12 chi, length, 580 chi.
Process. Let the element rian be the height of the dike. From the statement

we have 40020 for the negative shi, 25 for the negative fang, 52 for the

I %009 g
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[1] BREE (REER) 28, EHER. L. T/, %, &4501% v,
a,, a5 b, h, (UBEEAR) SHHEBAR: V=2 (a, +a,) bh, B (LER
R) BHMFHEREZRY 413, HRFHBFN (a, + a,) bho ()
(2] WLBD: h - a =2, h=2a, b- (a +h)?=9. (5)
[3] HAFRMBRIER N, 2¢* - 52 + 5202 - 25x ~ 40020 = 0, (BK)

[ 4iF )
S —BERM, RE: AHSTLI 2R, $FF/ 605, &5
LoAam, BF, WWES IR, HAFFE LR IFELTREA 29
R, M#A1840A, FR—B TR, Fl: AL, T/, A&, £E&H
%07
. R#e L 1L, FI1IL8K;
B 1L 2R, %580 R.

K REA—ARD, AR ERLLM, F3 -40020 4 #HA,

25 AH—RBMEH, S2AKTFARH, SHZKRRERHE, 2AHREHK

AL, FWRF, F23-EG, FEHF,

S.
[ R3]
SHEEMME—T. Rz b FEE-XER 3L T, En-_,
WL, NAMTT, — IR, FEITZ, ARLES AR, EEZT LS
T BETEER LV BHAEZAE-TLtA, BAHBRFHRZ
+PUR, AHA®E, B: . F7 ZERE&ILT?

EE: EE AR, TE=LAR;

EIr—3X R, FITEARRG



positive first lian, 5 for the negative last lian, and 2 for the positive yu, an

expression *1 of the fourth degree whose root is the required height.

[ Notes ]

[ 1 ] The dike is long wei di in Chinese. It is the dike in The Nine Chapters of Math-
ematical Procedures. Let its volume be V, width of the upper base a,, width of the lower
base a,, length &, and height h. Its volume in The Nine Chapters of Mathematical Proce-
dures is as follows: V =?1 (a, + a,) bh. According to The Nine Chapters of Mathemati-
cal Procedures, the ratio of chuan di to jian tu is 4 to 3. Therefore, the volume of chuan di
is%{al +a,) bh{G)

(2] Thatis, h — a = 2,h ="—§'a:,b - (a, +h)*=96. (G)

[ 3 ] The expression in modern form is the equation: 2x* — 5x* + 52x* — 25x -

40020 = 0. (C)

5. The difference between the upper and the lower bases of an observatory
which is to be constructed is 14 chi. If we place the sum of the widths of the
upper and the lower bases increased by 2 for the positive shi, 6 for the posi-
tive fang, and 1 for the positive yu, we have a quadratic expression whose
root is less than the width of the upper base by 8 chi; the length of the upper
base exceeds the width by one-half of itself; and the height exceeds the length

of the lower base by 7 chi. !'’ The work can be done by 227 men in 5 days,

[ %008
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WIS I

Frdk

st AR,
ARE: ¥ XTT—AGZ LS, K2, BLthAELTAAENRESE,
—TFNB—T=887, LA+ B, =+— AN FEE, N
IR, =ZFRFFHZ, 2 E B, Gl

§:3:3
[ l]iEfﬂ]ﬂ‘é‘zJ:\ —Ff'ﬂ i! ﬁﬁﬂuﬁ'}ﬂ]. dz, bl’ bz’ h, JH_’,E{I. b1 = bl =

14, W+ 6w=(a, +a,) +2, a - w=8, b -a =ob, h-b =7 (%)

(2] FAAFRBBARIER W 6x* + 31x° - 546x% — 1813x — 77604 = 0. ( Bf)

[ 4% ]
HREWRE P, R&E: L TEMEIL4R, £, FrAam, &
M2, EAE, 6 A—KRAEZK, | ARBHARAEZK, 15, A/
ES Y8R, bERESSEEe T, HWTFES TR, H8 A2
A, BA—OHREIHER24R, BR58 THTHE, B W& L,
Fr. EA&HEHE D7
B WRELEE2L 4R, TEILSR;
Err1 2R, Fr2te6xr;
Has5R,
K: BEA—HWNEH LT, Aok KL, 535 -77604 4
FHA, 1813 A—KAEH, —S546 A KALH, 31 AZRF A
#, 6 ARG RAFH, Fwky, PRAWNEH LS, HEAE,

6.

[ R3]
SHEBERE—. Rz #FE. TR, &, AL, Pk, L5
*. B5 L, TAER. MEFFHEY — 02— BHAE T



and the rate of the work of each man is 24 chi. Find the lengths and the widths
of the upper and the lower bases and the height of the observatory.

Ans. Upper base:
length, 24 chi;, width, 12 chi.
Lower base:
length, 38 chi; width, 26 chi;.
height, 45 chi.
Process. Let the element tian be the width of the upper base. From the
statement we have 77604 for the negative shi, 1813 for the negative fang,
546 for the negative first lian, 31 for the positive last lian, and 6 for the
positive yu, an expression 2/ of the fourth degree whose root is the re-

quired width.

[ Notes ]

[ 1] Let the observatory’ s width of the upper base be a,, width of the lower base
a,. length of the upper base b, length of the lower base b,, and the height 4. That is, b, -
b, = 14, w? + 6w = (u* + a:) +2,a, -w=28,b - a, =”‘%b},h -b, =17 (G)

[ 2 ] The expression in modern form is the equation: 6x* + 31x* — 546x* — 1813x

- 77604 = 0. (C)

6. A round terrace is to be constructed, such that the square root of the sum of
the circumferences of the upper and the lower bases and the height equals the
weak-half of the circumference of the upper base; the height of the terrace

equals the difference between the circumferences of the upper and the lower

[ 4008 m

SUMOUNU( IN04 BU} JO 101N apepr

9
—
==
en
£
2
on

v
[~ -
—- |
=2
- - |
—
[ ==
-
]
=
-
™
on
!

203




HIE R

el

A,@—+:H&$Dﬁkﬁﬁﬁn_+“ﬁcﬂ amik . THAK
IR
ZH: FRANEEAR, FRELZR, @3LHER,
ARE: SERIG—RHF R, mBkz ., »f%—Jr-_:ﬁ—%:E:-l"A%J
WA, /AR, NN =FR, —HIEME, WUERFIFZ, 315
T ARG 5, BiE. REmREEKZ . 1.

[ %)
(1] ATEEE. THE, B FAR. ()
[thftlﬁléEMJLﬁﬁ*>E§J$, wHEE, FTA, &a5k1, 1, b, (L
BEHEAR) fUHEARLARX AV = 6 (IL+P +P) ho {PUTEE) A (LER
RVBIAR . MABERE [T+ 1+ h=t Lo h=L =1, h=[T + 1+ h= =3 ho(#5)
(3] AR N 5 - 8¢ + 28x° - 131328 = 0, ( B&)

[ 4% ]
HSEEWE—F. R&: L, TAS&AM, A%, FFF, LFHK
trEmd, HEFE TAZE, SRAFAKS LS. £0 A%
I9A, RI2EXL L, FA—BMIFAEIHERI2R, Fl: BEHHA
k. TREA%D?
Z: ER4L8R, TRATHL2R, :2X4R,
R RERA—AHFFiF4, vhihofnd kKA M, /53] 131328 HF
H, 28 AHZKRRAM, SAHAWRRAAE, | ARBFRAZK, FAK
F, F12AFFTEH, e, HRAFH, HeiEARE 50X AE
WhemikRKd, FEPTE,



bases and exceeds the square root!'’ by one-half of itself.| 2! The work must
be finished by 19 men in 12 days; the rate of work of one person is 32 chi.
Find the height and the circumferences of the upper and lower bases.

Ans. The circumference of the upper base, 48 chi;

the circumference of the lower base, 72 chi;

height, 24 chi.
Process. Let the element tian be the square root of the sum of the circum-
ferences of the upper and lower bases and the height of the terrace. From
the statement we have 131328 for the negative shi, 28 for the positive sec-
ond lian, 8 for the negative third lian, and 1 for the positive yu, an expres-
sion 1! of the fifth degree whose root is 12. The twice of the root is the
height. The other dimensions can be found from the addition and subtrac-

tion method.

[ Notes ]

[ 1] The square root of the sum of the circumferences of the upper and lower bases
and the height. (C)

[ 2] The rﬁund terrace is vuan ting in The Nine Chapiers of Mathematical Procedures.
Let its circumference of the upper base be [, circumference of the lower base /,, and
height 4. Its volume formula in The Nine Chapters of Mathematical Procedures is as follows:
v :516' (11, + B+ L) h. The Jade Mirror of the Four Unknowns uses the formula. The
statement is [ [ +1,+h =—i~11,h =1L ~1,h - mz—%h. (G)

[ 3 ] The expression in modern form is the equation: x* - 8x* + 28x* - 131328 =

0. (C)
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BEHIAER

Fraf

7.
[ "3 ) |
SEEFE—FD, T B A A TERAT Xtz
Ne Rz: UBBHAIESE, TSN, —NIEW, FhHZ. Bridin
%, WVPHRZ, Pk F i h¥, EFBWENTEGR¥E, LT
HRE=+AR PIBAHBREH AR, B AXE-RNAL
tXtEaXZ—, AtEHAR, 2MAKRE. M. L. FTF, &, R
ZHRRE, SX8&ILM?
ZH: B —XAR, FHIHIR, SR,
WA+ ARSAZHN, B—EtR—at+Huxxtaxz

. T
™y

WHN+—AEFAZ=, B=TUHE=aM+ LD

ZHh;

ZSHAFTFEALDAZ—, BATATRAELT LS
Z=;

FKA—HAATASAESAZ S, B2—EF=1+tH="L+N\
XA ZIN.

ARE: SERTT—RHEFFE, WMBKRZ, BANTHERL T N3E,
=FANE—AAEEE, EAENH— R =5, /AR, I
I, ERAFZ, D HBRAEF T AZ, B8 W
Z, HELEF. RRMBKZ . BHRAERSEE, MERZ. aFl.

[ %]
[1] T GE (LEEAR) fE, Bl L, FF, &8lka, b, b (1L
BHA) SHSABRARN: V=L(ab + @ + 1) h. (WTEL) B OLEH

AR) A (F)



7. The construction of a square terrace will cost 257622 -gwcas»‘.hJ ', If we place

the height of the terrace for the positive shi, 10 for the negative fang, and 1 for
the positive yu, the square root of the root of this quadratic expression is less
than the latter by one-half of itself; a side of the upper base exceeds the root of
the expression by its strong-half; the sum of a side of the upper base and a side
of the lower base is 38 chi 2], The rate of work of one person is 28 chi, and

the rate of pay for three persons is 24?'?% cash. The number of workmen is

increased each day in a geometrical progression whose ratio is 2. The work
must be completed in four days. Find the height and the sides of the bases, the
number of the workmen employed each day, and the rate of pay per day.

Ans. A side of the upper base, 16 chi; a side of the lower base, 22 chi;

height, 24 chi.
4

First day, workman employed, 20 5

6
7

Second day, workman employed, 41%.

payment, 17174 — cash;

payment, 34349 %- cash;
Third day, workman employed, 83%.

payment, 68699% cash;

2

Last day, workman employed, 166 5

payment, 137398 % cash.
Process. Let the element tian be the square root of the root of the given
expression. From the statement we have 6552 for the negative shi, 3610 for

the positive first lian, 741 for the negative third lian, 78 for the positive

f’foﬂﬂ.
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aat

[2 ] HARRED. i2EFHE hw, EHFHFRw? - 10w + h = 03RH,
w—,ﬁ?:%wﬂ a—w:%a, a+b=738, yw NaHITE. (58)

[3] FHRBBURIER A —4x® + 78x8 - 741x* + 3610x% — 6552 = 0, (B&)

[ 4% ]
-@%ﬁﬁéaﬁ,%iﬁlﬁaﬁﬁgﬁﬁfn%ioRﬁ:mé%ﬁ
HE, 10— RAZY, | ARGRALREK, FF+H5. BALFHME
A%, FEF, RREEATF TR AT FFHA S . EF AT
FRKS EFe S, b FrzAoh I8, SA— 0L AR S
Ro BINZHB2HATTE X, A#EDots, RABZL, Fl: F4&
¢ E, FF, &, REABA#K, LBEAS VT
Z: EF1L6R, TH2L2R, :#2L4K;
%lﬁmgk,nﬁwmgiﬁ;
%28 41%/&, 343&“349%14&;
30835 A, 68% 6995 LM,
KB 1662A, 137 ] 3085 4k,
K R A—ABFFFHK, AR FELLM, 135 —6552 HF &
M, 3610 A=KRAHK, —74] AWKTR A, 78 H~ KR ALK,
~ 4 AR GHRARERK, FNKRF, FE2R, ABFHZRHE, BAHF
Ak, RAEFFAHK. R4FZ, REH LS, THFARAZHSE
Gt Ltk Rtk K E, S0 ARRLKRE, BROAH
% RKZ, 1RAFELFTE,



fifth lian, and 4 for the negative yu, an expression ! of the eighth degree
whose root is 2. The square of this root is the root of the given expression,
and 4 times the root of the given expression is a side of the upper base of
the terrace. The number of workmen employed and the rate of pay per day

can be found according to the rule.

[ Notes ]

[ 1] The square terrace is fang ting in The Nine Chapters of Mathematical
Procedures. Let its side of the upper base be a, side of the lower base b, and height A. Its
volume formula given by The Nine Chapters of Mathematical Procedures is as follows:

V== "(ab + a® + b*) h. The Jade Mirror of the Four Unknowns uses the formula.

1
3
(G)

[ 2 1 What the statement means is as follows: Let the the number of former square

root be w which can be extracted by the equation w* — 10w + A = 0. w —/yw = %w, a -
w :%a. a + b = 38. /w is the number of latter square root. (G)

[ 3 ] The expression in modern form is the equation: —4x* + 78x% — 741x* + 3610x’

~ 6552 =0. (C)
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MER —1+=m

1.
[ R3]
%ﬁﬁ“$+ﬁ$2h A ARHEZ—, ) Bl FZILT?
NEZRHEZ—
*H_Lim—%%ﬁMﬁ*Zm@—iﬁ£$ﬁﬁ +£%ﬁ$
TRENNE, FHFZ, 2 8%, AR, HERRGFEAKRZ, 54,

[E%]
(1] EARIBE . . A Ha, b, o, BED: a =375, b=5+. (%)
[2] FHRBBAIEA R 25000 - 105625 = 0. (Bk)

[ &%)
Afn‘iysmtb Fi55f5‘o Bl: A %00
£:65 ¥ o
Ko R EA— R 5%, ARG ik R M 4F2]-105625 4 F # A, 2500
ARBARARK, F+H, 5352, FHFRR, BREHFARALL
DB G FHEFTFEL,

2.
[ R3]
SERAEASEZ—, BAEZaEZ— ) [ AJLE?
EH: =S a2 i
ARE: SERIT—HE, MERZ., /B—THE_+—An%, —ANA
N, FHFFZ, 88, AR, BZHERZ. G 2

[ %]

1 1
[’.]JJ:EEIJ: b-".ﬁ_s-& C=6?n{§5)
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He Fen Suo Yin ( Problems on Equa-
tions with Fract_ional Roots )
13 Problems

1. The gou is 3% bu and the guﬁ—%-bu.'- ' Find the xian.

Ans,ﬁ%bu.

Process. Let the element tian be xian. From the statement we have 105625

for the negative shi and 2500 for the positive yu, a quadratic expression *-
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which solved by the lian zhi tong ti method gives the required xian.

[ Notes ]

[ 1 ]Let the right triangle’s gou be a, gu b, xian ¢. Thatis, a = 3% b= 5—; (G)

[ 2 ] The expression in modern form is the equation: 2500x* - 105625 = 0. (C) g

211

2. The gu isS% bu, and the xian is 6% bu!'Find the gou.
9
Ans. 3 10 bu.
Process. Let the element tian be gou. From the statement we have 1521 for
the negative shi and 100 for the positive yu, a quadratic expression. Solv-

ing by the zhi fen method we have the required gou."*’

[ Notes ]

(1] 'Tha:is,b:sﬁi, c=6%. (G)
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[ 2 I A RABATERH: 10002 - 1521 = 0.( B ) Z B ERERHEA AR, (38)

[ &% )
AERST Y, HOFH, Bl OHE Y
g: 3_]%' o

AK: BRRA—AY, AdefBRFERKEE, 53] -1521 AFHH, 100
AR BRR AR, FFF5, 738, FHFARR, B2l HK
A5, FEFE,

3

[ B3 )
SRBENE a2 —, A=+ aE2Z I [, BJLa?
BH . AERNEZ .
ARHE: SERIG—H, WHERZ . 8 - F-EBE MM, —H NME,
EIHZ, 2R, AR, BZaAZ. g,

[E%]

[1]BED: ¢ =61, a =375 o ()

[2] AR BATIER R, 10082 - 2704 = 0. (BR)

[ 4% ]
SEEES Y, 355, M BAS DT
%554,
K: RXA—HMK, Aotk R, 173 2704 A FHR, 100
AmBERRAELRE, FFH5, HEME, FHFRA, BRI EREGH
Ra . HEPTF,

4.

(R3] - ,

SEEBR—T AL+ 02 H N Rz KBRWUAZ=, ME=4r
Z—, Ak, mKk—t+taz—tx. 1 E Kk FEILM?



[ 2 ] The expression in modern form is the equation: 100x* - 1521 = 0. (C) The

zhi fen method is also called lian zhi tong ti method. (G) !

. Given the xian 61 bu and the gou 3 2 pu! ') Find the gu.

2 10

Td

1
Ans. S 5 bu.
Process. Let the element fian be gu. From the statement we have 2704 for
the negative shi and 100 for the positive yu, a quadratic expression L2

Solving by the zhi fen method we have the required gu.

[ Notes ]

o=l a=32
[1]'['hat15.,c—.52,a 310.((_‘1]

[ 2] The expression in modern form is the equation: 100x* - 2704 = 0. (C)

4. The zhi ji is 18-1% bu: ') and the sum of three-fourths of the length and one-

third of the width is —i% of the length.!>! Find the length and the width.

Ans. Length, 55 bu; width, 34 bu

] %008 g
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breff BEHAIER

214

EE: KA =2, M=FNnE2Z—.
ARH: E:T_?Ej’ﬁ—?a{&, WMARZ. B=TFTtEHE+LIEX, —H—
TN, SFAFZ, B RK. AR, #ZaiERZ. G

[ %]
(1] iCEHBMmEM, £, Wa5HRS, b, a, BI: S =ab —13— (3%)
[2} ‘—ttaZ” BCE “—tEaEZ", SLUERIE. JH:EI] -b +
—_,E—a -——b (%) |
[31 HHARBIARER R 11722 - 3757 = 0, (BK)

[ 4% )
SEEARIST T . RE: Rkod, Mey, —H2mHReS, 9
K. %%ﬁﬁ}?
% kS52H, WILH,
K. BRA—HK, RdoBRFELEM, 53] -3757 A FHA, 117
ARBAREYK, FFF, FRK, FFREA, BB, ERESHK
. HEFTE,

5.
[ B3]
ASHER—EB—+HF -1 Ra: K, ¥ = —%—+"x
$2ZH 2L [, K, &I
KB FA\E=nF2, K—+HFNUEZ=
ARE: SLRIT—RF, MBRZ. B—-T=Za=+Hhm%E, “8h
+EHRINT, — T R, FAFHZ, BV AR, 2K
Z. alb,

[ %)
(1] BeBp: S—ab—llD-—- (%)
[2) KBD: a+ B 21— (%)
[3]3117‘1‘5&:9@}11!14&%&%%3 ~12x% + 257x - 1326 = 0, (k)



Process. Let the element tian be the length. From the statement we have
3757 for the negative shi and 117 for the positive yu, a quadratic expres-

sion (*. Solving by the zhi fen method we have the required length.

[ N.otes ]

[ 1] Let zhi ji's area be S, length b, width a. Thatis, S = ab = 131—:'; (G)

[ 2 ] Shi gi fen zhi was mistaken for shi gi fen bu zhi in the original text. According

to the statement’s meaning, I revise it. That is, %b +.,;_ = :g b. (G)

[ 3] The expression in modern form is the equation: 117x* — 3757 = 0. (C)

5. The zhi ji is 110 bu; ' the sum of the length and the width is 2155 152 b2,
Find the length and the width.
Ans. Width, 8%— bu; length, 12% bu.
Process. Let the element tian be the width. From the statement we have
1326 for the negative shi, 257 for the positive fang, and 12 for the negative
yu, a quadratic expression [*1. Solving by the zhi fen method we have the

required width.

[ Notes ]

[ 1] Thatis, S = ab =11{'_}_1£. (G)

IW.
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[ 4% ] - |
SEERU0FH, RE: k. F2mh2Tsh, A k. F443
>?
5 F83F, k1224,
A RRA—AF, AdeBRFERLLM. F2] -1326 HFHA, 257
A—RARK, "RARSRARK, F+F, #35F. FFFRL,
BRIy ERESBIG . HEHFE,

xHAIE N

Fraf

6.
[ R3]
SAEBR—A—T¥ "2 — Ra: K. FENE—+ 22—
L1 PR SN 2= S R 1 N |
BH. FNE=nH2Z 2, K—F+ a2z =,
RE: S RIG—HF, MBRZ ., B—TFT=E -t Mm%, I+
MW, —F AN, FARZ, 2 18¥, AR, #BZakZ.

alal,

216 %)
[llﬂw:Szwzdm%nb-a=¢ém(%)
(2] H A ARTER N 1202 + 49x - 1326 = 0, (BR)

(5% ]
SHARNO0F Fo RE: K. F2EH4L Y. A Kk, FEAS
%

5. F834, K2y,
R: BETL—HF, RdofF kLA, 43 -1326 4 FHA, 494
—RAERE, RARGGRA LR, T-FF, F2F, FHFFRL, &R
Z ok RESGHEIRS FEPE,
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(2] Thatis, a + b =21T5§‘ (G)

[ 3 ] The expression in modern form is the equation: — 1242 + 257x - 1326 = 0. (C)

6. The zhi jiis | 10% bu, and the difference between the length and the width

is4% bu' '’ Find the length and the width.
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Ans. Width, 82 bu; length, 122 bu.

Process. Let the element rian be the width. From the statement we have

1326 for the negative shi, 49 for the positive fang, and 12 for the positive

yu, a quadratic expression [2°. Solving by the zhi fen method we have the

required width.

[ Notes ]

L

13 - (G)

[1] Thatis, S = ab =1]D—,1,—,b -a=4

[ 2] The expressiﬂn.in modern form is the equation: 12x* + 49x ~ 1326 = 0. (C)
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7.
[ R ]
SEHEHFR—A—tH_a%2—. Rza: ZFRB K, fRAESNTEZ
S RN 151 P SN 2 T 1
BE. FA$E=n#2Z—, K—tZ#HNa$Z =,
ARE: SERIT—HEK, MPBRZ . B—TILE/NA TN, =AM
B, — T AN, FRAZ, 28K AR, #BZakAZ. &,

[ 5 )
(1] HBp. S-ab-ll[}é.Sa—Zb-— (38)
[2] HARXBBHER N 120 + 3x - 1989 = 0, (R)

[ 4% )
Aﬁﬁﬁimlﬁ . FE34E, mEKE 248, % ¥, 1 K.
FEHZ 7
A 4*-824}- {&12 ¥
$:ﬁ£mﬂﬁ% Mﬁ#ﬁ%i%ﬁcﬁﬂ—WWﬁﬁ#ﬁ,}%
— kT ALK, RARBRARK, FPF, B2k, AFRE, £
Mz ok XA 5H8IFa. HEPFE,

8.
[ R3]
AEEH#E#+$_%$Z - Rz VBN Z =, KELrZI,
BB+ B2+ D K|S
EEH: FN\F a2z, K— P2 =,
AH: ERIT—HEK, WBKRZ, 8= HFNE hask, £tTt
AR, ZBENTChEM, FHRZ, P RK AR, %20
#oRZ. Gl

[ %]
(1] 4eB0: S = ab =110, ga +9b 3 . (3B)



7. The zhi jiis | l{}—% bu. If from 3 times the width we subtract twice the length
the remainder is = 6 bu!'' Find the length and the width.
Ans. Width, 82 bu; length, 123 b
Process. Let the element tian be the length. From the statement we have
1989 for the negative shi, 3 for the positive fang, and 12 for the positive yu,
a quadratic expression 2. Solving by the zhi fen method we have the re-

quired length.

[ Notes ]

[lJThansSqab-ll{)l 3a-2b==. (G)

[2] The expression in modern form is the equation: 12x* + 3x - 1989 = 0. (C)

8. The zhi ji is 1105 bu; the sum of 3 of the width and 2 of the length is

8 9
811 bu!' Find the length and the width.
Ans. Width, 8% bu; length, 12-} bu.

Process. Let the element rian be the length. From the statement we have
35802 for the negative shi, 7704 for the positive fang, and 384 for the
negative yu, a quadratic expression ‘. Solving by the zhi fen method we

have the required length.
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[2] FHRBIBCTER K. -384x2 + 7704x - 35802 = 0, (BE)

[&iF]
AHERIOLY . RE: REG S, K93, —H2 A8, M
k\+%ﬁ§}?
%5 F83F, k12dy.
R: ZBRA—HK, hefRF ik KM 53] -35802 0 ¥ #7, 7704
H— KA BH, 384 ARBRAZE, F+H5, FRK. FFRLE,
BBZ ok RASH3I0 . FEHE.

9.
[ R ]
AHEER—A—TH oz -, Ra: K. ZF. =/, mE,
HB—-FH—t+H—t 2N E K SFE& U7
Fl:. EAFE=$2Z—, K—+ 382z =,
RE: SERIL—RE, MBKRZ, - NANAHNEE, —T=Aa=
FIHAF, —t R, FHIFZ, R BT AR, ZAARK
Zo albls

€23
[ 1] BBp: S=ﬂb=ll{]—é,b+2a+3(a+b] +4(b-a}=1]{)%n(%}

[2] FFHFRMBAIER R - 1232 + 1328x - 10608 = 0, ()

[ 5% ]
A?ﬁﬁﬁ?no ¥, RE: kih 145, Feh248, K, FHeh34E, K.
F £ 445, #ﬁuo&%uﬂ k. F&H 57
2. —'F‘S—gﬁ' ‘KIZ ¥,
R: BERA—HF, u&ufﬂ?f&:—;ﬁﬁéﬁ% #$%] —10608 # ' %, 1328
H—kREHK, " RAKRBRREEK, FFF, FHF, FFRAE,
WRBZHSRELRGHING, FEPTF,



[ Notes ]

e gl 3 4, o ll
[ 1] Thatis, S = ab --11[)2, g4+ gb—B 3 (G)
[ 2 ] The expression in modern form is the equation: —384x> + 7704x — 35802 =

0. (C)

9. The zhi jiis1 10% bu: the sum of the length, two times the width, three times
the he, and four times the jiao, 1s 1 IUTBZ_ bu!'!Find the length and the width.
Ans. Width, 8% bu; length, 123 bu.
Process. Let the element fian be the width. From the statement we have
10608 for the negative shi, 1328 for the positive fang, and 12 for the nega-

tive yu, a quadratic expression |2.. Solving by the zhi fen method we have

the required width.

[ Notes ]

[1}1hati5,5=ab:lln—;,b+'2a+3(a+b) +4(b—a)=11{}18—2 (G)

[ 2] The expression in modern form is the equation: —12x* + 1328x — 10608 = 0.

(C)

I ¥00g g
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10.
[ R3]
SHEM, m¥unz—, #E-a—-—+ =2V Hx: —
A, HFEABEK ., =8, &1+ 2 ) K, F&JL
fay?

BH. SEASE=aHZ T, K—tT TS Z
ARH: SFRIL—HRF, MBKRZ, /=T -+ /\ AL, — LA
M, YAz, P, AR, #ZaERZ . Blhl

[iF% )

[1] HEBP. ab +-4—a-112-— (58)

[2] WEP: [(a+b) +5a]l - [4b+3 (b -a) ]*IE (¥ )

(3] FHRMILTER R : 272 - 2028 = 0. (BK)
[ 4% )
SEER, mPHL, 2F11253 5. RE: Kk, Fhe 1 BE5F6S
s @%&%4#%&%&%3# 4%- %-fh M. k. F&HA S
DA

5. $85F, K123F.
K BRA—HF, ReBF KL B, 53] -2028 h FHA, 274
REARRARY, FFF5, ABF, FHrRA, LB 5% KHE 5450
R -

11.

[ &3]

SHER, ¥, B, R—F—t iP5tz Ha: =
K. ZW¥EFM, 28—+ Ta82K. P KL RS ILA?

BE: FAE=aE2, K-+ NnEz=

AHE: sRI—RIK, MBRZ., BT =1t—A@%, —F N\
FNTT, PR, ERFFZ, B RK, AR, ZIMERZ.
Al



10. The sum of the zhi ji and one-fourth of the width is | 12% bu; '’ the sum
of the he and 5 times the width, exceeds the sum of 4 times the length and 3
times the jiao by ]% bu2!Find the length and the width.

Ans. Width, S%bu; length, lZ—ilbu.
Process. Let the element tian be the width. From the statement we have
2028 for the negative shi, and 27 for the positive yu, a quadratic expres-

sion ' *1. Solving by the zhi fen method we have the required width.

[ Notes )}
- 1 2
[ 1] Thatis, ab +IH_HZT' (G)
[2] Thatis, [(@a + b) + Sa] - [4b+3(b—a)]=]]—f;. (G)

[ 3] The expression in modern form is the equation: 27x> — 2028 = 0. (C)

11. The zhi ji plus the width minus the jiao is equal to | 15_1— bul'lthe sum

12

of 3 times the length and 2 times the width exceeds the sum of 2 times the he

and 3 times the jfaa% bu.!?' Find the length and the width.
2
3

Process. Let the element tian be the length. From the statement we have

Ans. Width, 82 bu; length, 123 bu.

4131 for the negative shi, 18 for the positive fang, and 24 for the positive

I’I‘OOE.
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[ %)
[1] IBP: ab + a - (b-a)=11511—20(?15}
[2]Mm:ua+w)—[2@+b}+3(b_mﬂ=%@(%)
[3] AR N 2407 + 18x - 4131 = 0, (FR)

[ 4% )
SHEER, mE, MEK, FE, & 115755, R&: Key345F
2R FRH 2R FAMIES SH. H: k. FEAS
b2
% F8%¥, k123 ¥,
ﬁ;ﬁiiﬁ%k,m#ﬁﬁ%iﬁﬁuﬁﬂﬂﬂﬂﬁﬁﬁﬁ,wﬁ
— KR EMK, 24 ARBRARK, FFF, FEK, FFRE, &R
Z kRS HIS . HEPTF.

12.

[’ ]

AFHEBR, MK, U¥ERZ, 8—T AT+ A\FARGEZ— 1V Ra: —

fl. —KWRR=F. i, FEaE2Zz— 10 K, FEILA?

e, SEASE =42, K—F TS

ARH: SLRT—RE, MBARZ, B—A_F/NE—+/ B8k, &
+H K H, =R, AN, S HZ, PR A
R, #H2Z4ERZ. .

[ %)
[ 1] BCER. {ab+b}a=1gﬁg%ﬂ ()
(2] BP: [2(a+b) +b) - [3a+5 (b—a)]:g%g (%8)

(3] FARBIULTER N 240 - 31x? - 55x — 12818 = 0. (Fk)



yu, a quadratic expression '/, Solving by the zhi fen method we have the

required length.

[ Notes ]

[1] Thatis,ab + a - (b—a)=115-]l—2, (G)
[2] Thatis, (2a +3b) - [2(a+b) +3(b-aJJ=I_f’2, (G)

[ 3 | The expression in modern form is the equation: 24x* + 18x - 4131 = 0. (C)

12. The sum of the zhi ji and the length multiplied by the width 1s equal to
1068% bu:; ' the sum of 2 times the e and the length less the sum of 3 times
the width and 5 times the jiao is 9% bul?! Find the length and the width.
Ans. Width, 82 bu; length, 123 bu.
Process. Let the element tian be the width. From the statement we have
12818 for the negative shi, 55 for the negative fang, 31 for the negative

lian, and 24 for the positive yu, a cubic expression ‘*. Solving by the zhi

fen method we have the required width.

[ Notes )

1

[ 1] That is, {ab+bJa:1{}68E. (G)

2] Thatis, [2(a+b) +b] - [3a+5(b-a)l =9T;—. (G)

I yoog B
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[ &% ]
SHEMR, Mk, AFRZ, #10684 F. RE: K, FhH2#E5X
o 1A, MEFa 3 RELGSHEIF, RAITT. M K,
FEAHZ N7
5. #83%, ¥k 1234, -
K BRA—HF, Adofg LA, /53] 12818 A FHMA, 55
A—kMERE, S3VAKAERK, 4A%HKRAEHK, Ly,
E, AR, BBz ERESHEFS, HETF,

13.

[ R3]

AHEM, AF, BN, 2—T—TtALt—¥-alut+musiz

A+ =0 B 5y BARENSE—+ a2 020, [ K F& LA

BE. ENEENEZT, K— 28T =

ARE: v KIL—NFE, Rz, -8t AERT-BL+TTH
#E, =ThEANTANE, —FTEtE T LERR, ZT/R"aNl
+ R TEE, HALTSIME, =R FFZ, B BF. AR, 2
SRz BE—ENT - TA+TEMIAET—aAt—hA=T/A\BH
#BE, —FE=Aa=1tTti=1"A—ait+8N\7, LT—8ht
A FRE_+TANNEE, —AHATELENLT AT, —HNIE
|, =fpFHZ, D B=AATN, 548482, &R B,

[ %]
[1] 1BD: (ab)? = (a+b)? = 11751% . (FR)
(2] #BP: a - (b-a) =455 o (3) |
[ 3 13 AR BRIE R 576 - 26405 + 1729%° + 3960x — 1695252 = 0. (F& )
[4] FHRABRIER N v + 15792y + 91902528y? + 233700360192y -

104208452812800 = 0. ( [f )



[ 3 ] The expression in modern form is the equation: 24x*> — 31x* - 55x — 12818

=0. (C)

13. The difference between the squares of the zhi ji and the he 1s
1175 IET?:‘ bu; '’ the jiao is less than the width by 4% bu'?!. Find the length
and the width.
Ans. Width, 8% bu; length, 123 bu.
Process. Let the element tian be the width. From the statement we have
1695252 for the negative shi, 3960 for the positive fang, 1729 for the posi-
tive first lian, 2640 for the negative last lian, and 576 for the positive yu, an
expression *! of the fourth degree. Solving we have the integral part of the
root. The fractional part can be obtained by applying the zhi fern method by
which we have the following expression: 104208452812800 for the nega-
tive shi, 233700360192 for the positive fang, 91902528 for the positive
first lian, 15792 for the positive last lian, and 1 for the positive yu, an

expression "4/ of the fourth degree whose root is 384. After reducing the

fraction to its lowest terms we have the whole root required "3 .

[ Notes ]
i 5 ] 83
[l]ThallS, (ab)? - (a+ b)? = 11751 ]44{6}

(21 Thatis,a - (b - a) =4l_72' (G)

I #009.
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[ 5] R WT:

576 -2640 +1729 +3960 -1695252 (8
4608 +15744 +139784 +1149952
1968 17473 143744 545300
4608 52608 560648
6576 70081 704392
4608 89472
11184 159553
4608
15792

AL N 576x* + 15792 + 159553x + 704392x - 545300 = 0, (1)

2SR EPRH— TR TR, BT BRAR N
R mAER AR, B, TEMILER, LAS7T6 /KA (1) BT, LL576°
FesE =W, LL576° UM, FF, HTILEIAE, U576k EAK, BBATKN
153,

y* + 15792y + 91902528y% + 233700360192y — 104208452812800 = 0

xRS, RIVGEI84, JONFTRIN 7615, 8, 2og B 5 RIFT
B D . (B

[ 5% ]

SEER, Ak, KK, FRLE, 2 UTSISS ¥, RE: Kk 2 E

wEkyaLd, Bk, FEA S

5. #8224, K123 ¥,

R R A—HF, Aot F ik KI5 3] 1695252 % % H A, 3960
H—RREBE, 1729 A= KRAEH, 2640 A= RFEZHK, 576 A&
SRR R, FORF, 1B F, FFRR, BBL 5 R L5 H 5
F1$5] —104208452812800 # ¥ ¥, 233700360192 A4 — KA 7 4K,
91902528 4 — KR A, 15TNAZKFAEHE, | ARBRFAZHK, FF
vk, 155384, EA ST, 555764, RFH| 5 K35

FFE-Fr el .



I 3009.

sumowj U N0 8y} jo JoLI aper

[ 3 | The expression in modern form is the equation: S76x* - 2640x* + 1729x* +
3960x — 1695252 = 0. (C)

[ 4 ] The expression in modern form is the equation: y* + 15792y* + 91902528y?
+ 233700360192y — 104208452812800 = 0. (C)

[ 5] The process is as follows:

576 -2640 +1729 +3960 -1695252 (8
4608 +15744 +139784 +1149952
~ O
1968 17473 143744 545300 o~ =
e
—
4608 52608 560648 -5 ;;
L |
6576 70081 704392 e
=
4608 89472 5
- - [ ]
11184 159553
4608
15792
Forming the remainders into a new expression we have 299

576x* + 15792x° + 159553x% + 704392x — 545300 =0, (1)

The zhi fen method is the same as the modern method of transforming an equation
into another whose root is m times the root of the original equation. Thus in solving this
problem we multiply the second term of expression ( 1 )by 576, the third term by squared
576, the fourth term by cubed 576, and so on. Dividing this expression by 576 in order to
simplify the problem we obtain the expression.

¥ + 15792y + 91902528y + 233700360192y - 104208452812800 = 0.

Solving this expression we obtain the root 384 which is 576 times the required root.

Therefore 384 or ; is the fractional part of the required root. (C)

576
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1.
[ R3]
SHEH, B, ER&—R, XR=+_~STHEFHEF B +MEST
Z—h—F=t— & --F—-F+rF—t+—H—-+ & F=FNEH
AN Z—A=TARAa—t—." Hz: £REREBWBERE—-T, 48
BFZ2Z ERE—F . emmEks s, @EAKER, EREMSEE, £ —TH&
— TR —F/NEK, BT TE—-TFHAHK, & @r+28%%(KER)
R EHF—TEELW. m(&F gy 2 [, ZBE RS, E& L7
e BRI, B—tRT—tAntzZ2=, E—-FF—+
LR POsk \ ekt
WERE N, Bt~ T—EAHE Tt TZ=+, ELtF—+
T o S S T o 0 i 7 e AN
EREALT, BOSST =8R8+ "2 _a/N\t+h, E_F
—+HH— LN+ Z g —.
AREl: SERTT—RHERAE, Rz, BAE=ZtAAANTF—EH—+
=R, UALTEANR T AN, —ANTRE/N T R,
—HHaA—HRNE, SIHITTZ, 3 BLBE. X: srRix—RBEHE
A, mckz., B8R =t+=AA\F_aN\+Hh5xL, “H_Aht
SHMT7, WL+ —WMEE, T+ — M, R, ) 8
WEE., X yKXKT—HERAE, mfkZ. SHEA=+hAtTH
BRAIETE, AA—F=aMN+/ChNF, =h5a ARG, —
AHA—H M, S HFFZ, S BERE, &,



BOOK 1l
Ru Yi Hun He ( Mixed as You Please
[ or Various Figures 1)
2 Problems

1 The sum of the volumes of three balls, one of gold, one of silver, and the

other of jade, 1s 32 ;;(Z)g-:lt ( cubic ) inches. Their combined weight is 1 cheng

13611
13816

ball exceeds the circumference of the silver by one inch, and the circumference

zhu. U] Tt is said that the circumference of the gold

10 jin 11 liang 18

of the silver exceeds the circumference of the jade by one inch. It is required
that we use the ancient value ( of 7 ) for the gold ball, Hui’ s value for the
silver, and the mi value for the jade. According to Zhang Qiujian, a cubic inch
of gold weighs 15 liang 18 zhu, and a cubic inch of silver 12 liang 6 zhu.
According to The Nine Chapters of Huang Di, a cubic inch of jade weighs 7

liang. '?) Find the circumferences, volumes, and weights of the three balls.

Ans. Gold ball:
circumference, 9 inches;

volume, 15 % ( cubic ) inches;
7

weight, 14 jin 15 liang 4 3 zhu.

Silver ball:

circumference, 8 inches;

volume, 10 T ?(cublc) inches;

weight, 7 jin 12 liang ZOIS—? zhu.

Jade ball:

H’!‘OOE.
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[ T8 )
[1]ic4. 8. EXRMEESS IR V., V,, V., kBl Vv + vV, + V, =
3211{]31

55064 1o & R, ERNERI AR g, 8, g, WHl: g +g, +g, = 1FF
mﬁllﬁilslaﬁ“ . (¥B)

13816
(21924 . EROBRATRL, L, L, B - =1, - = 1,
EERM IR, BRR G  BER 2, K LERAR) JFLEAR, RERY
-2 z =9 p_9 (L, ys_1p =9 p-
- @, SobawEmEie, Wy, =L a=2 (Lol v, -2 ae

9 (50 ;ys 140625 _9 p5-9 (7533 __3087
16 (157 2" “7730786 7 V' "16 ©7 16 (322 " i70368 o (F)

[3] FHFABIATEA N

10051x° — 29682x° + 49464x — 5368113 = 0. (&)
[4] FHXBBIALTEA N

10051x* + 471x% + 20253x - 5338280 = 0, (BfK)

[ 5] HIrXIMIEA R

10051x° + 30624x2 + 51348x - 5307505 = 0. (M)

[ 4% ]
SAAR. R BRE—R, HARRA 32-0B F, £ F1#10
1 m18 20l » oz AEMARSKRAS 1T, AEAKEIRE

13816 |
21F, cRmERE:, ARRERESE sHRANTEE, 21 T3F 15/ 184,

BI1ITEF12HO64, £, R1T0EEVE (kaegliz) 21T ELH,
B (FFAE) thiep, FEFEBARCMORT, €8AH % VT
B 2EMOT, KRIST= T, F 14T 158 45 the
SE B 8, ARI05DE, €7 F 12 M20 {5

@A 7, 'HUFRG%%%'*T}’, T2H15 :ﬂ&l?%ﬁia



circumference, 7 inches;

volume, 6%2—% ( cubic ) inches;

weight, 2 jin 15 liang 17 %}T zhu.
Process. Let the element tian be the circumference of the gold ball. From
the statement we have 5368113 for the negative shi, 49464 for the positive
fang, 29682 for the negative lian, and 10051 for the positive yu, an expres-
sion [?1 of the third degree whose root is the circumference of the gold
ball. Again let the element tian be the circumference of the silver ball.
From the statement we have 5338280 for the negative shi, 20253 for the
positive fang, 471 for the positive lian, and 10051 for the positive yu, an
expression [*) of the third degree whose root is the circumference of the
silver ball.  Again let the element tian be the circumference of the jade
ball. From the statement we have 5307505 for the negative shi, 51348 for
the positive fang, 30624 for the positive lian, and 10051 for the pnsitive_ yiu,
an expression’ * of the third degree whose root is the circumference of the

jade ball.

[ Notes ]
[ 1] Let the gold ball’s volume be V|, the silver ball’s volume V., and the jade
' : 11031 . :
ball’s volume V,. Thatis, V, + V, + V, = 325_5234_ ( cubic ) inches. Let the gold

ball's weight be g, the silver ball’s weight g,, and the jade ball’s weight g,. That is,

g + 8 + 8 = 1cheng 10 jin 11 liang 18 }gg:é zhu. (G)

[ 2 ] Let the circumference of the gold ball be [, the circumference of the silver

ball /,, and the circumference of the jade ball /,. Thatis, I, - 1, = 1,l, - I, = 1. The

157

ancient value (of 7 ) is 3. Hui's value (of 7 ) iss—ﬂ.and mi value (of 7 ) ~2.;—2

According to the kai li yuan method in The Nine Chapter of Mathematical Procedures,

HHUOE.
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B-ai

A BRA—AEMAE, AdefRF xKLM, 53] -5368113 4 F 4
M, 49464 H— KA R4, —29682 A KR £ 3, 10051 A& & KA
A, FFain, 2220/, L. RRAA—AREA, AefiF ik
KA, 135 -5338280 A FHA, 20253 A—KRAAK, 4711 H =K
REH, 10051 ARBHRALK, Fik, RAINREBAE, X: EX
A—AEER, ARG &KL, 755 -5307505 4 % #A, 51348
A—RREH, 30624 A —KREHK, 10051 AR &HRAAH, FL
¥, MRIFE LH B, FEPTE,

[ "]
SH =AY, AR, . BE&. FRE. B2, FHE. 5%
Jl., EERE—, #R—-FHEATE D R S FAAR=
AIRE—, WEHFEAZ =, FRERFEZ=AKE—R, H537H
7%, RFMIMMMAIRE KN, s EabE, =M. MEAKEH
R =+=1. FRELZTFNUMAKE-tTZM, 2 [ LE&ILA?
EH: ZfRF—1THA, MAKRTF—T/A\1;
HEAMNR TR, BEFME—T R
FRZEN+ R, ERE— 1SR
YHE=t+HER, SLAEH—THR;
EHKF—TSHo
ARE: SERT—AHZMAKRT, WBRRZ. AN TUIATNBE=
+HRMEE, A THANTFTEEB=1TNAREF, —ANTABARTLA



the volume of a ball is as follows: V =2 &*, The d is the diameter of the ball. Therefore,

140625 , , _ 9
Lo Vi= 164

=2 LyypaLp v Lpo 250w
Vi=169=16 3477 385 V2= 16%7 16 1572 = 77307861 V-

4817 2 167 1]
=2 (L) =220 (6)

16 22 3" ~ 170368 3
[ 3 ] The expression in modern form is the equation: 10051x* ~ 29682x> + 49464x
- 5368113 = 0. (C)
[ 4 ] The expression in modern form is the equation: 10051x° + 471x* + 20253x -
5338280 = 0. (C)

[ 5 ] The expression in modern form is the equation: 10051x* + 30624x* + 51348x

~ 5307505 = 0. (C)

2. There are two piles of fruit, one with a triangular base and the other with a
square base; two bundles of arrows, one round and the other square; a circle,
a sphere, and a pile of hay. The sum of their volumes ( and areas ) is 10589
suan.' ' It is said that an edge of the cube is less by 1 than a side of the trian-
gular base but is two-fifths of a side of the square base; a side of the base of
the pile of hay exceeds a side of the base of the triangular pile of fruit by 1 and
equals the diameter of the sphere; the circumference of the round bundle of
arrows equals the great-half of a side of the sduare base of the pile of fruit and
equals also the middle-half of the perimeter of the square bundle of arrows;
the sum of the sides of the triangular base and the square base is 33; and the
diameter of the circle exceeds a side of the square base by four-sevenths ( of
itself ). (2 Find the nine dimensions.
Ans. Side of the triangular base, 15;

side of the square base, 18;

I %00d g
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et

MEE, NAB=Z MM, S HE 2, B B=/RKF. X L Kit—H
M, WRZ, B TWE AT ZF=AMN+MNHRIEE,
CEHATAATAER R, EAATHREATHAEE, A
H=A%=M, 72, EBNAKRT. X SLRIT—RHFHiINE,
MPskZ . AT NN ZAART—E—THIEX, NALTIH
O—Ttt+hmd, — T HAET—Aa =1+ AMNEE, JLEHPYH
Nial, SEAHZ, B BV FESNE .. X SERIT—RBIFETIMNE,
MR Z BT At AATHA /A NIESE, Zal+-tHn
LFThBE=1t/H~uh, —tEAELT—A T HAINE, —T/\A
AR, Az, GRIETINE . X S RJu—RFEE,
FoRZ . B EF 5 —+ AT A ABENA+ARIESE, BF-8H
+EAETF =A% l, BT TFLE=THANE, —
FNB AR, S AFZ, 7 H/BFREZE. N SERIT—HLE
%, WELRZ. B=ANHEA=FREA=SHANES, A+IFN
F=aAATHhiEH, —AEFTHERSNHAE, NA=ZHANBE, SL5FF
Z, B R R, X MRIL—AVHE, WPKZ. BEtEL
AETFAE-+ENES, t+—F—F—a +ENsl, — =
B=1T1LRNEE, —A - +REIXIMANB, SxHFITFZ, 85FFH
M, . S¥RIL—HNFHE, WEKZ, 8-A_t+HALF
NBATMRESE, A HAANTIER RS, Z A7 AL THEAMN
BE, NE= MM, SIHFZ, M B im. X MRIL—HRZE
HIEF, BkZ., #=aN+tA=FTHBAE=1T"HNIESE, ~t+H
AT =axtHEF, —HETHTSANE, SE=ZIAE, 7
FHZ, 2 RERERT. Al



perimeter of the square bundle of arrows, 24,

circumference of the round bundle of arrows, 12;

diameter of the circle, 42 chi,

diameter of the sphere, 16 chi;

side of the square, 35 chi;

side of the cube, 14 chi;

side of the pile of hay, 16.
Process. Let the element rian be a side of the triangular base of the pile of
fruit. From the statement we have 2846835 for the positive shi, 608439 for
the negative fang, 18865 for the positive lian, and 603 for the positive yu,
a cubic expression -3’ whose root is a side of the triangular base. Again
let the element fian be a side of the square base of the pile of fruit. From the
statement we have 24982344 for the positive shi, 2606652 for the negative
fang, 78562 for the positive lian, and 603 for the negative yu, a cubic ex-
pression’ * 'whose root is a side of the square base. ~Again let the element
tian be the perimeter of the square bundle of arrows. From the statement
we have 88826112 for the positive shi, 6951072 for the negative fang,
157124 for the positive lian, and 904 % for the negative yu, a cubic expres-
sion' *'whose root is the perimeter of the square bundle of arrows. Again
let the element tian be the circumference of the round bundle of arrows.
From the statement we have 22206528 for the positive shi, 3475536 for the
negative fang, 157124 for the positive lian, and 1809 for the negative yu, a
cubic expression | ¢/ whose root is the circumference of the round bundle

of arrows. Again let the element tian be the diameter of the circle. From

Il 008 mm
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Bk

[ %% ]

[1] BABEMBAGAN. R R, K2R, BUACHRZ 88, iE=/

W, WARZBGRIZ Y, v, Jfi. BSSOREH N, u, FEE. ZEEZ

Glhkd, 4, ¥hm, LhmEaNRa,, a,, BZREFRv. KB V. +V, +u, +
uy+d +d, +a +a,+v=10589, (%)

[2 ) iE=MEF. MAKT. XFET. FE5bA. W& K ¢, c,,

Ly by BBz ¢, ~a, =1, a,=2a, 6,-¢, =1, ¢,=dp L,=2¢c, I, =

2 2 5 I 3 } 3 2 F 2

, ¢, +¢,=33,d -c 4d,o(§|3}

[ 3] FHFARXHIER A
603> + 18865x% — 608439x + 2846835 = 0. (Pk)

4 ] I AR BTN -
-603x° + 78562x — 2606652x + 24982344 = 0. (F&K)

[5]) FFIrRBAIL RN

-904%;{3 + 157124x2 — 6951072x + 88826112 = 0. ( B&)

X, BT B ¥, TOE, (%)

[6] FFARMBACIE R

—1809x* + 157124x* - 3475536x + 22206528 = 0, (P& )

[7] FFHARABACER R -

~1809x* + 549934x> — 42575316x + 952104888 = 0. ( Bf)

[8 ] MBI R

603x’ + 17056x* ~ 644360x + 3473536 = 0, (FK)

(9] “—H TR, FE3CGIKE “—Ba Z+#7, SHKERKIE, “R” F "N,
Blo6 R, (%) |

[10] FHF AR

120.6x° + 10337x* — 711125x + 7055825 = 0, (Bk)

L1t ] FHFXABARERN.
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the statement we have 952104888 for the positive shi, 42575316 for the
negative fang, 549934 for the positive lian, and 1809 for the negative yu, a
cubic expression' ” ‘whose root is the diameter of the circle. Again let the
element tian be the diameter of the sphere. From the statement we have
3473536 for the positive shi, 644360 for the negative fang, 17056 for the

positive lian, and 603 for the positive yu, a cubic expression ®'whose root

is the diameter of the sphere. Again let the element tian be a side of the

square. From the statement we have 7055825 for the positive shi, 711125

P
F
==
on
&N
e
o
o

F
——
-
—d
=
- - )
—
—
-y
2
=
-
-
vy
on
o

for the negative fang, 10337 for the positive lian, and 120 chi'®! 6 fen for
the positive yu, a cubic expression ' '°! whose root is a side of the square.

Again let the element tian be a side of the cube. From the statement we
have 2257864 for the positive shi, 568900 for the negative fang, 20674 for

the positive lian, and 603 for the positive yu, a cubic expression "' whose

root is a side of the cube. Again let the element tian be the base of the pile
239

of hay. From the statement we have 3473536 for the positive shi, 644360

for the negative fang, 17056 for the positive lian, and 603 for the positive

yu, a cubic expression [ 2} whose root is the base of the pile of hay.

[ Notes )

[ 1] The units of some dimensions are different. There are ge, zhi, chi, and shu.
Therefore, we can use suan for the sum of the volumes ( and areas ) of all dimentions. Let
the volume of the pile with a triangular base be V,, the volume of the pile with a square

base V,, the arrows number of the square bundle u,, the arrows number of the round



603x° + 20674x2 — 568900x + 2257864 = 0, ( Bk )
[ 12 ] FHRRBACIE A

603x° + 17056x% — 644360x + 3473536 = 0, (&)

A E B

B

[ &% )
ARZAR, WARRT, F4. B, FPRZ, 2@04E, FAE, &
FE., RERE P, AAREAH 10589 K. R&: LF@LZART S
1A, RFFEHE, EEAFREZART S 14, 51AZRF. B
AW ARTHS, AFANS . 2. WHRTZAAE 33
M FERARDART S F@ZEGL MZART. 9ART. 5
shE . BANE. FEZ, 2BZ, FAE, 2F5E. RERTFTIAM
EH 5T
. ZARKRTFISA, WAKT 184
FAIA 24 R, BFIA 12 R
FEZQ2 R, THZ16 R;
FH5&35 R, A& 14 K
XFIRT 16 R
K. BERA—HZART, Adodrd ik LM, /53] 2846835 4 F 4
i, —608439 K — KM &, 18865 H = KM &4, 603 A & KR A
#, Fix, AN =—ART., X: BRXAL—AWARKT, AR
7 ik X I M 155124982344 4 ¥ HON , —2606652 4 — KA F HL, 78562
A RREE,-603ARBH KA LAY, T LH ,EFHEART. X
EERA—HF IR, AdedrF ik R, 15) 88826112 4 F A,
6951072 3 — K &, 157124 h =R A &4, ~904%5 H K KA
23, Fixy, RBHFHMA, X ARA—AEANIE, U

240
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bundle u,, the diameter of the circle d, , the diameter of the sphere d, , the side of the square
a,, the cube a,, and the base of the pile of hay v. That is, Vl_+ V,+tu +u,+d +d, +
a, + a, + v = 10589. (G)
[ 2] Let the triangular base be c, , the square base c,, the base of the pile of hay c,,
the perimeter of the square bundle of arrows / , and the circumference of the round bundle
2 2 1

of arrows [,. Thatis, ¢, - a, = 1, q, =S an6 6= lc,=d, 1, =§.¢sz = Ef"

d. (G)

k

~ ]

¢ tc, = 33,(.!] -c, =

[ 3 ] The expression in modern form is the equation: 603x* + 18865x* — 608439x

e
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+ 2846835 = 0. (C )
| 4 [The expression in modern form is the equation: —-603x* + 78562x* -~ 2606652x

+ 24982344 = 0. (C)

[ 5] The expression in modern form is the equation: ~904 % x* + 157124x° -

6951072x + 88826112 = 0. (C)

And it is unnecessary that Luo Shilin deleted the following character ji. (G )

241

[ 6 ] The expression in modern form is the equation: —1809x* + 157124x? ~
3475536x + 22206528 = 0. (C)

[ 7 ] The expression in modern form is the equation: —1809x® + 549934x* ~
42575316x + 952104888 = 0. (C )

[ 8 ] The expression in modern form is the equation: 603x* + 17056x° — 644360x
+ 3473536 = 0. (C)

9 | The original text is 120 bu. It is a mistake. Now I revise it according to the
calculation. The following 6 fen is 0.6 chi. (G)

[ 10 |The expression in modern form is the equation: 120.6x" + 10337x* - 711125x
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Wk KR M. 53] 22206528 K4 F A, —3475536 H— KA AH,
157124 A =R R £ 4, —1809 A& KA £, FFi%, RFE HEAF
PR, X RRA—HFEZ, A4 fR5 ik KL M, 155952104888
HFEA, —42575316 H— KR Z ¥, 549934 H = KR &, —1809
ARBRRAERY, Fimy, #FHFEZ, X ZARA—HLEE,
PAde AR 7 ik RIL R, 15 3)3473536 A FH A, —644360 4 —RA ¥,
17056 A =KW &4, 603 AR FHAAAK, FLrh, 232 LHEZE,

L EEA—HFFE, LiefrF ik LB, 1557055825 4 F
R, ~711125 A — KR AH, 10337 4 =k FAHK, 1205HRHK
FEM, Fir, RAEHFFB, X: RRA—AHLFT, Adoi?
7 ik R R, 153)2257864 4 F A, —568900 4 — KA £ 4, 20674
AZRFAEEK, 603ARFAALZK, Fik, RFH LB, X
BREA—ALERT, ARG ERLAMB, 1133473536 A FHA, -
644360 4 — KA & 4, 17056 = KA 4, 603 A K H KA LK, F
L, RAFBKERT . HEFTFL,
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+ 7055825 = 0. (C)
[ 11 ] The expression in modern form is the equation: 603x® + 20674x* — 568900x

+ 2257864 = 0. (C)

[ 12 ] The expression in modern form is the equation: 603x* + 17056x° — 644360x

+ 3473536 = 0. (C)
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WBHAE R

1.
(R ]
SHT . BHS—B. mabx. PRS- THETHaA T4,
Hz: HHERBIHE, 8=, [, . J/REE L2
EE: FE—+24%, HEA=1+%.
ARHE: RITT—HHHE, MBRZ . B A tE=+NkE%E, —
HIERE, =Rk, ) BAHE—+ 4. X. sLXi—HH
HE, PRz B —a LA ILTFRAE— R miRE, —HIERE,
=FeHFHz, W BERIHE, &,

et

[iE% )

(1 ]iEHEBER, BRTHNS,, a, WS, = o BHEOER. RK55H
S, 1, BIEMEHA3E 1, WIS, =5 P HED: S, =5 P = 15552, (¥5)

(2] WBl: 1+ a=3. (¥8)

[ 3] FI =N R x* - 20736 = 0. (B&)

(4] FFARBBCIER N, »* - 1679616 = 0, (BE)

[ &% ]
AF |, BEE—H, Beands, RARMEMS15552F, R&:
Rwey Bl kpimraegidk, 43, 8: 7@K, HafKkad&Ah% )7
. AWEAKI2Y, BEEK36 T,
K: REA—AHFEega ¥, e ELLM, £33 -20736 4 F
R, | ARHLA A, Foksy, #3Fsmiak 124, X &
AA—ABEEAK, AdedRr ik LA, 53] -1679616 4 % # 7, 1
ARGKREH, Fwky, FEwAK, F6FH,
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Fang Yuan Jiao Cuo ( Containing
Squares and Circles )
9 Problems

1. The product of the areas of two farms, one in the form of a circle and the

other a square, is 15552 bu.' ' 'It is said that a quotient of the circumference of

the circle and a side of the square is 3 bu.'2!Find the side of the square and the

circumference of the circle.
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Ans. Side of the square, 12 bu;
circumference of the circle, 36 bu.
Process. Let the element tian be a side of the square farm. From the state-
ment we have 20736 for the negative shi, and 1 for the positive yu, a bi-
quadratic expression ' whose root is the required side. Again let the

element tian be the circumference of the circular farm. From the statement

we have 1679616 for the negative shi, and 1 for the positive yu, a biqua- 245 |

dratic expression [*/ whose root is the required circumference.

[ Notes ]

[ 1 TLet the area and the side of the square be S, and a, then, §, = a’. Let the area
and the circumference of the circle be S, and /. We take the ancient value (of ),
namely, 3. Then, S, = ]—12 . That s, S,S, =I_I2 @’ = 15552. (G)

2] Thatis,/ + a=3. (G)

[ 3 ] The expression in modern form is the equation: ¥** — 20736 = 0. (C)

[ 4 ] The expression in modern form is the equation: x* ~ 1679616 = 0. (C)
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2.
[ R3]
SAT . BEEgE—EK, angck. EEZAN++EP—aR LSBT
T Bz pmmak, AmERE, HE—a/\ 1t 12 b, EJA,
3 A JUA] 7
EH: BE=+¥, vE—1T_%.
ARH: AXIL—HNEAHE, WRRZ. B A—TI AR,
A—1TWMAE, —+HAER, ¥R, BEHE. X.
Ku—RAHE, WFKRZ, BE+=A_F=a/\+MHKIEX, N\
FARABNATNIELE, —THEANER, =fFFZ, 4 B HFHA,
&l |

H 1]

[ 5 )
(1] BEMBAR: 81574250, WS, 32154F JHED.
S, +S,=a +3]—4F :.cr.a'm (%8)
(2] BBR. @® + 1 = 180, (5B)
(3] FARMIRTER D 2552 - 314x - 21096 = 0, (&)

(4] FARBBRIE W 255 - 868622 + 732384 = 0, (Bf)

[ $iF ]
LA FE, BEE—k, BEERAEK, --#tufnfﬂ-tﬁvﬁz:wls?ih R %=

ZHAKEOE, wEBEK, £HF180%, F: BEFHK, 7&'311&‘1‘23-
A %7
. BmA¥k3edy, 7misKi12¥,
K: ZEA—AEBEK, Aotk LM, 55 21096 4 ¥ &
R, 314 H—RAFZE, 25HARSGRARE, FF7, FEHEAH
¥, X: ZEA—AFBAK, ARFERLER, F5) 732384
AERTA, 8686 H KA AK, 25ARBRAALK, FokF, ¥

Bxmiak, HEPTF,
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2. The sum of the areas of a circular and a square farm is 24?ﬁ 1 It is
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said that the area of the square farm increased by the circumference of the
circular is 180 bid 2. Find the circumference of the circular farm and a side of
the square.

Ans. Circumference of the circular, 36 bu;

side of the square, 12 bu.

Process. Let the element tian be the circumference of the circular farm.

From the statement we have 21096 for the negative shi, 314 for the nega-
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tive fang, and 25 for the positive yu, a quadratic expression!*’ whose root
is the required circumference. Again let the element tian be a side of the

square farm. From the statement we have 732384 for the positive shi, 8686

for the negative upper lian and 25 for the positive yu, a biquadratic expres-

sion 4! whose root is the required side of the square.

[ Notes ]

[ 1 ]Hui's value ( of 7 ) is taken, namely , w = 15%1 . Then, S, = -321% . That is,

25 29
S +S. =a+=0Pr=247==.(G)
I TV 157
(2] Thatis,a® + | = 180. (G)
[ 3 ] The expression in modern form is the equation: 25x* - 314x - 21096 = 0.

(C)

[ 4 ] The expression in modern form is the equation: 25x* — 8686x* + 732384 = 0.

(C)
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[ "]
ASF ), BHES—B., Aams. 7 HEBPNEIEEE, BARAHE,
RZEHB ATtz B BEAREDTE, R
—F =\, 2 el . BAEILT?
FE: BR=1ARE, TE—+ %
AH: yXc—AHRBRE, WFKZ, B2l T+HE—+LtHhETF
THERIES, A/, AT RS LR, AHA
MIERE, =FFHZ, B BRE. G,

WHIAIER

Bk

[ %)
[1] BEAER: H22427, mu%:g_?gmmn:
(S,-1) + (S,-a) = (@ ~1) + (G=F ~a) =197 . (¥B)

(2] BeBP: P - a = 1284, ()
[3 ] T ABBIE N

88x* — 226065x% — 88x + 145177200 = 0. ( BR)

[ &% ]
ARFE, BEE—3, asingt, ZHEHRAXZADREK, B9
RAMEF LK, —ARLAF 191 F, Ra: BAAKRIRR
Erxmiik, #1284 %, Fl: vwmak, HEFRKEA ST
%, BmAK36Y, 7aak12¥.
K. kEA—AA®EAXK, RefFELELH, 1§58 145177200 4 F
R, —88 A — KT A H, —226065 A — KA A4, 88AKZHAMAA
¥, Fwky, FREAARAK, FEPTF,
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3. There are two farms, one circular and the other square . From the area of the
square farm take the circumference of the circular and add to this difference
the area of the circular minus a side of the square. The sum is 199 ﬁ bul!'1t
is said that subtracting the side of the square farm from the square of the cir-
cumference of the circular farm gives 1284 bu.!?! Find a side of the square

i

farm and the circumference of the circular, using the mi value of .

Ans. Circumference of the circular farm, 36 bu;

side of the square, 12 bu.
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Process. Let the element tian be the circumference of the circular farm.
From the statement we have 145177200 for the positive shi, 88 for the

negative fang, 226065 for the negative upper lian, and 88 for the positive

yu, a biquadratic expression >/ whose root is the required circumference.

[ Notes ]

[ 1] Mivalue (of 7 ) istaken,namely,r:% .Then,Szzg—LF,Thatis.
7 1

T - - 2 —_ — = 199 — |

(S, -1)+(S5,-a) =(a r‘)+(88F a) 9 (G)

[2] Thatis, 2 — a = 1284. (G}

[ 3 ] The expression in modern form is the equation: 88x* — 226065x* — 88x +

145177200 = 0. (C)
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[/ )
AHF . BHS B, masx. BEHBEMYHEEF L, X7 R B
B, AL, At H. 0 Rz BA. FEsfp+/ 260, 6. [EH
B . & L7
%H. BREA=4%, FHE—TZ%,
ARE: dMRIG—HEME, WFRZ, B AAT=ZAR T HIESR,
—F—H\H N REF, —+—HER, FRAFZ, PR RIEBF. .

BHIAEE

B

[ %)
[ 1] #eBp: (S, +1) - (S, +a) = (a>+ 1) - {T]§F+a) = 60, (¥P)
[2] BP: [ + a =48, (F8)
[3] FHRBBTER RN
11x% — 1128x + 26352 = 0, (&)

[ 4% )
AAFwE, BE&—3k, Beinsx. BE@RMEFEAK, FTL;
T ey Am@EmmER®EAE, dil, £60F. R&: AAAKLFEA
k—FAamA 48 ¥, Bl BEAK. sEAKEHE VT
. AmA¥36Y, 7wiak12¥,
XK. FFEA—ABEEAK, AdeRFERAM, 53526352 W&
F, -1128 5 —RAZHK, 11 ARHRRAEAHK, FF+5, A DF
¥. HEFE,

5.

[ 3]

A4 . HIHAE&—B. mags. 7 HBEMEE B, &, UHRERZ,
BRTFAEL+HEF—aREHEAEZA = R Jr HiiniEH
R =4r2—12) [a), JyEE., B EEE I



4. Subtract the sum of the area of a circular piece of lénd and a side of a square
piece of land from the sum of the area of the square piece of land and the
circumference of the circular. The remainder is 60 bu.!'’ It is said that the
circumference of the circle added to a side of the square equals 48 bu 2. Find

the circumference of the circle and a side of the square using the ancient value

11 Yoo
SUMOUNU[ N0 8U} JO JOLI apearal.

of .

Ans. Circumference of the circle, 36 bu;
side of the square, 12 bu.

Process. Let the element rign be the circumference of the circle. From the
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statement we have 26352 for the positive shi, 1128 for the negative fang,
and 11 for the positive yu, a quadratic expression '*! whose root is the

required circumference.

[ Notes ]

[1] Thatis, (S, +1) - (S, +a) = (a®+1) - (-]]—2F+a} =60. (G) 251
[ 2] Thatis, ! + a = 48. (G)
[ 3 ] The expression in modern form is the equation: 11x* — 1128x + 26352 = 0.

(C)

S. From the area of a square farm subtract the area of a circular farm and multiply
the remainder by the area of the square farm. The result is 5877% bu!''Ttis said
that a side of the square is one-third of the circumference of the circle ‘2. Find a

side of the square and the circumference of the circle, using Hui’ s value of .
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BH. FE—F =, EIJ*J =+7<¥.
ARE: SRT—HHEE, MERZ ., B2\ FREa-LHEanT
—H AN, —HETAAL FERER, =RhFZ, 6
HHE, g8,

[ R )
, 63
(1] BBP: (S, -S,) 8, = (a - %149}11_537715? (%)

[ﬂﬂmma:%u(ﬂJ
C[3] FFHRBIMATER R 13973 - 289744128 = 0. (k)

[ 4% ]
Ak A |, BEE—k, Arinkk, 7 BHARAREEEGER, L
¥, raaREZ, 41‘%58?7157%@ ARz: Z@AKFTHS
*lét'r‘]—._-, Bl sEAKk, BO@AKEHZ 7
%: mEAK 1Ry, BEpRK36Y,
K. ERA—AFBLK, AdoRFERIAM, 53] -289744128 #
EHR, 13973 AR HAA LK, AWRF, FRAFEHAK, H6
B 19l o

6.

[ FEx )
A4 . BIE&—BE, mnEss, J7 AL A 7 i, B R Py E

BT, BATAEH ALV RS FEAKRER B,
B, . BESILA?
wE: BA=1ASE, FE—+ 2%,
AE. FRIE—HEHEE, R, SATHHETZTRENAR
355, AHARANBREN, AA=ZFAE=1T 8N LR, BTE
Bt —HRETE, LTHEIMNE, =FfFF2, P EEE. 5H.



Ans. Side of the square, 12 bu;
circumference of the circle, 36 bu.
Process. Let the element rian be a side of the square. From the statement
we have 289744128 for the negative shi and 13973 for the positive yu, a bi-

quadratic expression '*’ whose root is the required side.

[ Notes ]

e e e o (. 25 m) s sgr 63
[ 1] Thatis, (S - 5,)S, = (a 3]41"}&-58??]5?.(03)

[ 2] Thatis, a :3lf+ (G)

[ 3] The expression in modern form is the equation: 13973x* — 289744128 = 0. (C)

6. The product of the difference between the area of a square and its side by
the difference between the area of a circle and its circumference is 8856 bu." '
It is said that a side of the square is less than the circumference of the circle by
24 bu '2. Find a side of the square and the circumference of the circle using
the mi value of .

Ans. Circumference of the circle, 36 bu;

side of the square, 12 bu.
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B

WEHAIE R

=33
T1) BB (S, - a)(5,-1) = (a2 -a) (g5 P~ 1) = 8856, (¥§)
(2] BP: I —a=24, (B)
[3 ] FHFAMBATEL N .
7% - 4741x° + 93632 — 580800x — 8572608 = 0. (B )

[ &%)
Sk sE, BWE—3, Asieagt FHEBRAREFBAK, BEd
AR EERK, —fHMAE, H8856F, R&: s uiAKiktEwaf
KI24%, ¥, Fwmiak, BafkEHh 3D
2. BaFk36y, 7@ Kk12¥,
K: #XA—AHOERK, RoFELELM, 155 8572608 4%
R, —580800 K — KA EH, 93632 H = KAARHK, 4741 A=K
RAEY, TTARZAANEZH, FOXy, FREBEAK, F6FF,

7.
[ R )
ASFF . RBE—B. mags. FEBEREEBR, &, URRERZ,
BE=t=%. 0 Ax, FREARN—8, FAFFZ, ARERER
Rl (=1 Py 11 I 1) =D A R e
SE . BR=+A#, hFE—1t "%
RE. yFRIE—HEAER, WERZ., BATLE—-FH8%%, h
TEttANMAE, WEAT 4 LR, —8 =Tt XA ZH ., —~TH
XFHE, —NIFRE, mEHFZ, I BRERAER, =2, AEF. 4.

[ %]

. [ _ N 4 _
(1] BB (S, - S,) xo= (& - ==F) x5 =432 ()

[2] I B %-{4‘;-4.] =5, (%)
[3 ] FFr BN -

¥ - 200 + 1360 - 480x% + 576x — 6912 = 0, (&)



Process. Let the element tian be the circumference of the circle. From the
statement we have 8572608 for the negative shi, 580800 for the negative
fang, 93632 for the positive upper lian, 4741 for the negative lower lian,
and 77 for the positive yu, a biquadratic expression [*/ whose root is the

required circumference.

[ Notes ]
(1] Thatis, (S, - a)(S, - 1) = (a'—a)(gg P ~1) = 8856 (G)
[ 2] Thatis,! - a = 24. (G)
" 3] The expression in modern form is the equation: 77x* — 4741x* + 93632x* -

580800x — 8572608 = 0. (C)

7. The product of the difference between the area of a square and a circular
farm by the diameter of the circular is 432 bu.' ' It is said that the square root
of the perimeter of the square farm increased by 1 is less than the diameter of
the circular bylﬁ bu . *'Find a side of the square and the circumference of the
circle using the ancient value of .
Ans. Circumference of the circle, 36 bu;
side of the square, 12 bu.
Process. Let the element tian be the diameter of the circular farm. From the
statement we have 6912 for the negative shi, 576 for the positive fang, 480
for the negative upper lian, 136 for the positive second lian, 20 for the
negative lower lian, and 1 for the positive yu, an expression'?’ of the fifth
degree whose root is the required diameter. This root multiplied by 3 gives

the circumference of the circle.
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[ 4% ]
AR F W, B WS BRREE, 5 B ERAREEEBR, LR,
U\ ERERZ, F432F, R&: 7Ea8BKkm1, FF5, Rk
WHEEEEY S, M. ymiak, BaAkEhEr?
£, AmAk36Y, 7wk 12¥,
K X A—AHBELE, Adofh kKR, T3] -6912 4 FHA,
576 A — KRR AL, 4804 = RMAH, 136 A = RFA A, 204
WARAM, 1ARBZRALZHK, FARF, FREWAZ, A3 K
Z, FEEHER K, HF&PF,

HEHIIE R

Bl

8.
[ "3 ]
AHF . RBAE—B., mnaok. FHEHENBEBRE =22, R8T L;
FRERAIMAHEE 22—, BL, f—+$H—a0attarz—a—_
AU Rz ., BENIEE, Z R, =AM, — AN,
SEAFFZ, EBEan B, 2 h. B, AU ?
KE . BE=1E, FE—t %,
ARE: STRIG—RHIFHE, WBSRZ . B—H—a N+ N\ sk, —
TABNAFIMNY, —FEANT/ A ERE, —T-E+ A
B, CEH-THAIATEE, WAL RNETE, Tk, ik
FHZ, BB R=%. Mz, B HE. 5.

[ %)
: -2 - lagy=(a2-21)-(2ps+ly =
[ 1] BKBp: (5, 3I) (Sz-t-za) (a 31) (3I4F+2a)
10925 . (%)
157 °

[2 ] AP, w=Tlﬂ¢ HbwRHAAXL +32-2x- (a+1) = ORIR. (F)

[3] FHRMIRIES R
_T75x6 - 450x° + 225x* + 2072x° + 10488x% + 1884x — 10188 = 0, (k)



[ Notes ]

‘ ; _ 1 _ - 1p 1 _
[ 1] Thatis, (S, Ssz3_{a lzf)x3_432.(G}

[2:|Thatis,?fa [4a+1 =5. (G)

[ 3] The expression in modern form is the equation:x® — 20x* + 136x* — 480x" +

576x - 6912 = 0. (C)

8. From the difference between the area of a square farm and two-thirds of the
circumference of a circular subtract the sum of the area of the circular and
one-half of a side of the square. The remainder is 10}:52—_2;, bu!'- It is said that
by taking the sum of a side of the square farm and the circumference of the
circular for the negative shi, 2 for the negative fang, 3 for the positive lian,
and 1 for the positive yu, we have a cubic expression whose root is equal to
the weak-half of a side of the square.?! Find a side of the square and the
circumference of the circle using Hui’ s value (of ).
Ans. Circumference of the circle, 36 bu;
side of the square, 12 bu.

Process. Let the element tfian be the root of the given expression. From the

statement we have 10188 for the negative shi, 1884 for the positive fang,

10488 for the positive upper lian, 2072 for the positive second lian, 225 for

the positive third /ian, 450 for the negative lower lian, and 75 for the nega-

tive yu, an expression [ of the sixth degree whose root is 3. This root

multiplied by 4 gives a side of the square.
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[ 4% ]
#ﬁﬁmxmm%fﬂumwmmuﬁm%@ﬁmﬁ%mwﬁﬁﬁ%,
EARETE; Boe@Re brmakel, rdk, #1010 ¥,
Az, 7HAKE E W B RAIEAS R K, 24— KRARHK, 3EA
SRFAK, |HHRBRAEK, FaH, IEFTFFaLKM
. BEAK, FHWAKEAZ D7
2., BapAK3ed, 7wiak 12,

K: BEA—AHFFHE, AdofrF kLKL, 53] -10188 A F A,

1884 3 — K3 A 4L, 10488 A — KA A4, 2072 A= KR %, 225

A gk R A, —4504 BOKR A, —T5 AR B KRR R, TFNRTT,

B FFH=F, dwkx, HEFEIK, FEN,

9.
[ R3]
AHF . BHE—B., magx. BBEBRNN - RBE, B—&7HA,
ABCTE; XFEBWM=AFEE, w-BEER, K% E; U
Mk, YBHEASZ &2, BT ZENE. 0 AE.
FHEEREE, MRS, =HNE, —HER, THFZ, 8%, U
ATz, SEMELS, ) [ HE. BRI
wE . HE—+ %, FR=HAE.
RE: TRIT—HFFH, 0BRZ, B—F—FE+ %%, &
ANEIETHE, S MMEHE, — LA PUEE, AT, —N
WEE, ATHFZ, B, BB A,

[ %)
[ 1] sLBp.



[ Notes ]
1 H _E _ _l‘ - :_2 _ 25 3 l -
[ 1] Thatis, (S, 3.’J (SE+2a)—(u 3!) (m!”+?a)¢
128
1[}157, (G)

[ 2 ] Thatis,w = %a.wisamﬂlufmeequaﬂonf +3 -2x-(a+1) =0. (G)
| 3 [The expression in modern form is the equation:—=75x* — 450x* + 225x* + 2072x°

+ 10488x* + 1884x — 10188 = 0. (C)

0. Add to the area of a circular farm twice its circamference, then subtract the
area of a square farm. Set the result thus obtained aside. Add to the area of the
square farm 3 times its side and subtract the area of the circular. To this result
add the result set aside and multiply by the small-half of a side of the square
farm, then by one-sixth of the circumference of the circular. The product thus
obtained is 2304 bu.'' It is said that if we put a side of the square farm for the
negative shi, 4 for the negative fang, 3 for the positive lian, and 1 for the
positive yu, the root of this cubic expression multiplied by 18 will equal the
circumference of the circular farm.'?’ Find a side of the square and the cir-
cumference of the circle using mi value (of m ).
Ans. Side of the square, 12 bu;
circumference of the circle, 36 bu.

Process. Let the element tian be the root of the given expression. From the

I Ji'm:'E.
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1 1, _ 1T n 2
[(Sz+2I~SI}+(St+3a*-Sl)]xjaxﬁf_[(88F+21 a’) +
7 1 1 .
2' e —— — — —
(a* + 3a SEIE)]xgaxﬁf 2304, ($8)

[2] BP: 18w =1, HHFEwEIFFRw + 3uw? - 4w —a = O, ()
(3] AAMHARIER R
x4+ 6x° + 19x° + 30x° — 56x° — 1152 = 0., (B&)

Bt HHIAIEN

[ 4% )

AXAE, BEd—k nesuzs BRHRMES R 24E, &5 A
@R, RAKFFL; Iru@mmimidkey3iE, aBwHR, i
RUMET LA, AF@aReSRL, LANEAKS ¢ RL, #
2304 %, R&: 7 BAKREARE, 4EA—RKRTREE, 3EH KR
2 IVEARZHARAAK, Fir, AI8HIR, FTAWAK, M.
Fmiak, HEEKEAS VT

& 2. 7wk 12y, AwWAK36CY,
- K. BEA—HAFF¥, AR FEELLM, 55 1152 A FHRA,

260 —56 A= KA HEE, 30 A RRMAEH, 194 B KRAMAER, 6 A<KA
¥, VARG EHK, Ty, F32F, AFFH, F60
=] o




statement we have 1152 for the negative shi, 56 for the negative second
lian, 30 for the positive third lian, 19 for the positive fourth Zian, 6 for the
positive fifth lian, and 1 for the positive yu, an expression |*! of the sev-

enth degree whose root, 2 bu, is the required root.

[ Notes )
r . 1 1 7
(1] Thatis, [(S,+20-5) + (S, +3a-5)] xzaxgl=[(gl+
7 ] 1
2 2 e — —_ —] =
21 -a*) + (a* + 3a SRF)] x zax ¢l=2304 (G)

[ 2] Thatis, 18w = . wis aroot of the equation w® + 3w®* — 4w —a = 0. (G)
[ 3 ] The expression in modern form is the equation: x” + 6x° + 19x° + 30x* - 56x°

- 1152 =0. (C)

I HWE.
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Baft HFHAIEN

BB —+mpn

1,
[ R3]
@ﬁ?ﬂﬁ@+h$£ﬁ~fﬂﬁiz:ﬁz+ﬁﬁhﬁL%ﬁ@ﬁﬂ
fa]?
ZH. —t+HFE,
ARHE: SLRITT—AMBERE, PR  B—AHTAE -+ R NEE,
—tHANE, FHEHZ, 12 A,

[ %]

(1] WA R R '57 A, B, 5"3211‘2 493?_1339(%)

[ 2] AARBIBCTER R, 251"’ 15625 = 0, (B&)

[ 4% ]
ARBRHBRIOTT Y, F: AREHE, BAAS Y7
g.‘: 25 'ib-c

A BEA—ARBEFTFSR A, Aoz ik RKELM, 55 -15625
AFHA, S5 ARHAREAERK, FFF5, FIARB. F4F75,

2.

[ R ]
SEFERANT S = -1tz _a="1J. . AEE=ZI/L

a7

EH: tHF—-anttarz—-aat—.
RE. XTI ERE, WBRZ, B—BH AT _TFTHB N
L, ZANFARENTIUCANE, FAFZ 0 AR, DEREEAR
Kz Al



San Lii Jiu Yuan ( Reckoning Circles

with the “Three Values of 77 )
14 Problems

1. The area of a circle is 49 %ST% ( square ) bu '’ Find the circumference
using Hui s value of .
Ans. 25 bu.
Process. Let the element tian be the circumference. From the statement we
have 15625 for the negative shi, and 25 for the positive yu, a quadratic

expression -2’ whose root is the required circumference.

[ Notes ]
[ 11 Use Liu Hui’ s value of 7 to calculate, namely m = 1?501 .Thatis, S = % I?
239
= 49 314" (G)

[ 2 ] The expression in modern form is the equation: 25x* — 15625 = 0. (C)

2. The area of a circle is 49 ?Ti ( square ) bu. Find the diameter using Hui’s

value of .

1l
Ans. 71 57 bu.
Process. Let the element tian be the required diameter. From the statement
we have 1562500 for the negative shi, and 24649 for the positive yu, a
quadratic expression !/ whose root, a mixed number, is the required

diameter. Obtain the integral part of the root by the usual method. For

I HWE.
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BHIE N

Bl

[ %)
[1]) FHRHBALIER N, 2464922 - 1562500 = 0, ( B&)

[ &%)

AAME @RI F, F: AR, B2A S 57
151
Z. TET‘VFU
K: BRRA—ARBEHHAGRRZ, AR FEXKLHR, F3)
—1562500 A FHKH, 24649 A X H AT E¥, FFH5, FFRA, &8

ROER FIARRKRKE B S, REEHE,

3.
[ Rz )
SAEFRBN+RES—+—a£2 0, b REREILE?
EHE: 1+,
RE: ERTT—HERE, MPSRZ. fLELHANERE, —HNIE
B, FHHZ 1 Flhl,

[ %]
(1] WUBER =%Aﬁ, JHER . S=8—78F - 451—91c (35)
[2] FHFRBRIER N 2 - 576 = 0. (BR)

[ &% ]
4\#1'@1&%@#345%» o B AHERE, WAL SV
: 249,
K. BEA—AXREFERFHGEAR, AeRFELEM, 53 -576
HEHAR, |1 ARBRALRK, FF5, FEEAR. H6FF.



obtaining the fractional part apply the lian zhi tong ti method.

[ Notes ]

[ 1 ]The expression in modern form is the equation: 24649x - 1562500 = 0. (C)

3. The area of a circle is 45% ( square ) bu ‘'’ Find the circumference using

the mi value of .
Ans. 24 bu.
Process. Let the element fian be the circumference. From the statement we
have 576 for the negative shi, and 1 for the positive yu , a quadratic expres-

sion -2! whose root is the required circumference.

[ Notes ]

f1] Use = 2%2_ for the calculation, then S =8_];3 P = 451—‘;1 . (G)

[ 2 ] The expression in modern form is the equation: x* - 576 = 0. (C)

HHOUE.
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WrHEIE

Bl

4.
[ R )
SHVFERNY+ L L —+ b2t B AEREEILA?
BH: t¥—t—nEZ Lt
RE: SLRITT—AFER, PRZ, BETHER A NRE, —A =
+—ANEE, P,V /Bt AR, mZakRZ. Gl

®:3:3
[1] FHRABMATEL K. 12122 - 7056 = 0, (BE)

[ &% ]
#ﬁMHﬁﬁﬁmﬁ%ﬁnﬁ:mﬁﬁﬁﬁ,E&ﬁﬁ&?
’,g‘: TL s

K BRA—AAE T FOHEEZ, Ao T HKIAM, /2] -7056
AFER, 21 ARBRAZYE, F¥F, RETY, FHARE, &
BZ ok R BHE . HEFTF,

.
[ F3x )
SAESBRAEE TR UL [ Ad L EAE LA ?
BHE: LR,
ARE: SERTG—HH AR, BRZ, B—THETHEEA T " Am
2, WA, sz, B—X R P2 gEl,

[ %)
(1) iESTBMER, EES5IHV, d, Bon = 3, (LERR) MFFLEASR

_9
tﬂv_md%(%)



4. The area of a circle is 45 —- ( square ) bu. Find the diameter using the mi

value of 1.

Ans. 7% bu.

Process. Let the element tian be the diameter. From the statement we have
7056 for the negative shi, and 121 for the positive yu, a quadratic expres-
sion ! whose root, a mixed number, is the required diameter. Obtain the
integral part of the root by the usual method. For obtaining the fractional

part apply the zhi fen method.

[ Notes ]

[ 1] The expression in modern form is the equation: 121x* - 7056 = 0. (C)

5. The volume of a sphere is 972 ( cubic ) chi' ', Find the diameter using the
ancient value of .
Ans. 1 zhang 2 chi.
Process. Let the element tian be the diameter of the given sphere. From the
statement we have 15552 for the negative shi, and 9 for the positive yu, a

cubic expression 2} whose root, 1 zhang 2 chi, is the required diameter.

[ Notes ]

[ 1] Let the volume of the sphere be V, and the diameter 4, and use 3 for w. Ac-

I %008
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[2] FHRBARER D 9x2 - 15552 =0, (BE)

[ 4i%]
SR BRITZ R, Fl: AEkitHE, W HZEAY SV
122K,
R: RRA—HAEEiH ey L Meh B2, AdoARH ik RAM, 73]
~15552 AFHA, OARSKAERK, Fimr, FHIL2R, H&
BT 1)

6.
[ E3]
AEMBFIE-E TR U 8l Sy sz B AL
BH: =LAR,
AE: stRIT—HEEE, MRz, SHASRFASER TN
L, —RIER, SSHFHZ, /B=LAR 2 A,

[ %)
(1] ier B mE L, Br =3, B (UEER) (LRSS .
9 1,
V=Ed3 =Efz (%)
(2] A BRIER A © - 46656 = 0, (PR)

[ 4% ]
AHHOERRITZ R, B AEHEHH, ZEGEAKXKAS D7
Z: 3+ 6R.,
R: BEA—AAEFETEGIAAE, ARk RKALM., 73
—46656 A FHA, 1 ARSGRALZHK, FiLH, HEILO6R, &
i



I ’IWE.

sumowun 1no4 ayj Jo Joui esper

cording to the /i yuan method in The Nine Chapters of Mathematical Procedures,

9
V =— 4"
160’-" (G)

[ 2 ] The expression in modern form is the equation: 9x*> - 15552 = 0. (C)
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6. The volume of a sphere is 972 ( cubic ) chi''l. Find the circumference
using the ancient value of 1.
Ans. 3 zhang 6 chi.
Process. Let the element rian be the circumference of the given sphere.

From the statement we have 46656 for the negative shi, and 1 for the posi-

tive yu, a cubic expression [2) whose root, 3 zhang 6 chi, is the required 269

circumference. .

.[ Notes ]

[ 1 ]Let the circumference of the sphere be I, and use 3 for 7. According to the kai
li yuan method in The Nine Chapters of Mathematical Procedures, V = I_!Zi d’ = Elt; .
(G)

[ 2 ] The expression in modern form is the equation: x> — 46656 = 0. (C)
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[ R3]
SAMEARNNAE - N\R—BETEARZ—EWY, [ HRGLEE
JUfar?7
BH: —L TR,
ARE: SIRTT—HBLEZ, WARZ. B—TLH 1/ ki,
—NIER, HFFZ 2 Bl

[ %]
[1] AERR, RURADRIMEOREBARRE: v =150 @, Fafii.
e (FLEEARTE) ShXIMARESE SRR AFUREE, MR “LIRRESE" . (5)

(2] AFRBBRIER N 2 - 1728 = 0, (BE)

[ &% )
SAHMHARIL (07 Ro M: MK I, e Hi2H 5 I
Z: 1£2R,
K: REA—AABRA L GRGE2, RS ERLM, F5]
~1728 AFHA, 1 AZRSRAELZI, Fisx, HEE,

8.
[ ")
AHSLBABILE - +FAR—EEH+ESRZ—H N, (6 S8ar B E L
faf 7
BH. =HLARR,
ARE: SERTT—HAHBOLEE, WFRZ, BUAANTANEL AN
L, —RIER, MAHZ, /B =3XAR. 5,



7. The volume of a sphere is 928 % ( cubic )chi''’. Find the diameter using

Hui’ s value of .
Ans. 1 zhang 2 chi.
Process. Let the element tian be the diameter of the given sphere. From the
statement we have 1728 for the negative shi, and 1 for the positive yu, a

cubic expression ‘2! whose root is the required diameter.

[ Notes )
[ 1] From the statement we know that Zhu Shijie considered Liu Hui’s formula of

the volume of a sphere V = g d*. We do not know why he considered so . According to

512
the existent Commentary of “The Nine Chapters of Mathematical Procedures™, Liu did
not completely solve the problem of the volume of a sphere.And Liu pointed out that they

must wait for the person who could solve it ( yi si neng yan zhe ). (G)

[ 2 ] The expression in modern form is the equation: x* — 1728 = 0. (C)

8. The volume of a sphere is 923% ( cubic ) chi. Find the circumference

using Hui’ s value (of ).
Ans. 3 zhang 6 chi.
Process. Let the element tian be the circumference of the given sphere.

From the statement we have 46656 for the negative shi, and 1 for the posi-

tive yu, a cubic expression '’ whose root is the required diameter.

/| #005'.
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33 |
[ 1] FAAREBRIER K & - 46656 = 0, (BK)

[ 5iF ]
SARBRRIB o Ro Fl: BRI, a9 REH 5 57
Z: 3L 6K,
R BRRA—A AR F iR A K, AT ELEM, 73
46656 A FRA, 1 ARFSZAALRY, Fim, H3L6R, HEF
=] 5

9.
[ Fx) |
SESEBNE =R —4RZA s [ L EE I

fE':El: —‘St:.ﬁu
ARBE: SLRITG—AFLERE, WRRZ, B=+" AATHRAELTZ
Rk, —B/NTIAARE, SIAHZ 2 i,

[ %]

[1] B CLEFARER) PERRSK T =25 BhEREBRARR Y =
%dﬁﬂ HETEA R, RPN 189 = 9 x 21, BAXM 852 BRI 577
ZR. (F)

[2] HHFRBIRIER S 189 - 326592 = 0, (Bk)

[ &iF )
¢ﬁ¢w¢ﬁmw%ﬁamrmﬁﬁﬁ#,ﬁﬁﬁﬁwzw?
%.1%2R, |
K: FEA—AUAERIT ke 52, AR5 ERLBR, /75
—326592 AFHA, 189 ARFZRAZHK, FFLFH. HEPFE,



[ Notes )

[ 1 ] The expression in modern form is the equation: x> — 46656 = 0. (C)

9. The volume of a sphere is 927 % ( cubic ) chi''). Find the diameter using
the mi value of .
Ans. 1 zhang 2 chi.
Process. Let the element tian be the diameter of the given sphere. From the
statement we have 326592 for the negative shi, and 189 for the positive yu,

a cubic expression (2! whose root is the required diameter.

[ Notes ]

[ 1] According to the extant Li Chunfeng s Commentary of “The Nine Chapters of
Mathematical Procedures”, the formula of a sphere given by Li Chunfeng is V = % & by
using T =%2— . There is a mistake in the problem. The positive yu 189 = 9 x 21 is the
product of the denominator of the formula and the numerator of the volume of the sphere.

(G)

[ 2 ] The expression in modern form is the equation: 189x* — 326592 = 0. (C)

HHOOE.
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.

=

Zl 10.

£ 1mx)

¥ AHLEBAE - HER——ARZI B HESLEE L
EH: =LARG |

ARE: SERT—HFLERE, ERZ, BUAARTANERL TN Am
%, —NIEM, SAFZ, MV R=EEAR Gl

[ %]
[1] FHRMBRIERN: ©* - 46656 = 0. (BK)

[&iF]
ARRMEROIT R, F: ABERHE, ROAKA 5 ?
Z:3L6K.
K. REA—AAEETHEORGAR, oG ERLAM. 72
~46656 HEHA, | ARBHRARK, FiF, FE3IL6R, H&
el o

274

11.
[FEx)
AHFER_AANTRER D, B AFHE L2
“E ., —t+AR—T—aRZ=,
ARH: s RT—IEHE, MKz, BB TRV, —HN1E
BB, EHFZ. 2 AR, . B f/hl.

[ %]
(1] PRI ET . Bl a* = 265, (%)
[2] FFHRBBAIR N - 265 = 0. (BR)
(3] REMEBES 1605, HEMRIFHR N e - 320 - 9 = 0, XM (NLER



10. The volume of a sphere is 927% ( cubic ) chi. Find the circumference
using the mi value of 1r. |
Ans. 3 zhang 6 chi.
Process. Let the element tian be the diameter of the given sphere. From

the statement we have 46656 for the negative shi, and 1 for the positive yu,

a cubic expression "' ! whose root is the required circumference.

[ Notes )

[ 1] The expression in modern form is the equation: x* — 46656 = 0. (C)

11. Find a side of the square whose area is 26 ( square ) chi''’,
3 .
Ans. 16— chi.
11 |
Process. Let the element tian be a side of the square. From the statement

we have 265 for the negative shi, and 1 for the positive yu, a quadratic

expression (2] whose root, a mixed number, is the required side (31,

[ Notes )

[ 1 ] The ping mi refers to the square of a side. That is, a®> = 265. (G )
ping g

[ 2 ] The expression in modern form is the equation: x* ~ 265 = 0. (C)

[ %000 gu
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: “p v pm 9 9 _3
AR YicE, HA¥E S “LISEEIE L e $ﬁ:ﬂ+l=§§—“a{%)

BeAb & H DO RME . FLAIF 7 R18-

1 0o -265 (16
16 256
16 9
16
32
1
33

A, 16% %4 16-137 S RUE, (BR)

[ &% ]
LA FRER265 R, Fl: WAEREFH, LiAaKkA % )7
ﬁ':lﬁ%ﬂ.a
K. BEA—HEFHABK, AdefRF kL LM, 35 -265HF
BA, | ARGAAZK, FFF, FHFRE, hitfpEdtsH
R HEFTF,

12.
[ "3 ]
SHEYFE—+AR—+—RZ=. [: KHFRIJLfA?
%H. —AATHER. -
RE: SERTC—HFRE, MBRZ, = -FA+HAMEE, —H
—+—HMNMF, B, FEm—. ' FE 2k

[ %)
[1] FFRXICTERN: 121x - 32065 = 0, (BR)



[ 3] After extracting the integral part of the root 16, the jian gen equation is x? -
32x - 9 = 0. According to Liu Hui’s Commentary of “The Nine Chapters of Math-

ematical Procedures”, the fractional part can be solved by yi jie suan jia ding fa er ming

_9_23
32+1 33 11

fen, that is | . (G ) The result given here is only the approximate

value. It is found in the following manner:

1 0 -265 (16
l 256
16 9
16
32
1
33
Therefore 16% or 16% is the approximate root. (C )

12. A side of a square is 16 % chi. Find the area.
Ans. 265 chi.
Process. Let the element tian be the area of the given square. From the
statement we have 32065 for the negative shi, and 121 for the positive

fang, a linear expression '] whose root is the required area ! 2/,

{ Notes ]

[ 1] The expression in modern form is the equation: 121x - 32065 = 0. (C)

] HﬂﬂE.
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[ 2] ALY A ZE R HEME . LT 0K E:
16 x 11 = 176, (176 ) = 30976, 2X i?* L -3,

3 x 3 x 121 = 1089, 1089 + 30976 _ 765, (Bk)
121

[ 5iF ] |
SHEFHH—LKH16>R, B REFHG@RY S D7
2 265 R,

R ®EL—HEFHeG @R, mfnfﬂ:&*&iﬁ-ﬁ#u %3] —32065, 4
AMEE, 121 EA KRS, R, FEFFE.

13.
[ Ex ]
AR RAA-E TR, [\ Asr w2
H: A\RtHRZ .
ARE: SERIC—H A, WELRZ, BABAE LT AR, —AIE
M, SIHAFZ. U AR, fihr. aniz

[ %)
(1] FAFRHBRIEA S £ - 574 = 0, (BR)
[2] MeAb# RS RAOUCEME . HRAInTF A KE:

1 0 0 -574 (8
8 64 512
8 64 62
8 128
16 192
8 24
24 1
217

B, 8 B 83 TR (U o (B )



| 2 ] The result given here is only the approximate value. It is found in the

following manner:

2x16 + 1

16 x 11 =176, (176 )% = 30976, T =3

1089 + 30976 _ 565 ()
121

3x 3 x 121 = 1089,

13. The volume of a cube is 574 ( cubic ) chi. Find an edge.

Ans. 8%— chi.
Process. Let the element tian be an edge of the given cube. From the state-
ment we have 574 for the negative shi, and 1 for the positive fang, a cubic

expression '’ whose root, a mixed number, is the required edge (2.,

[ Notes ]
[ 1 | The expression in modern form is the equation: x* — 574 = 0. (C)

[ 2 ] The result given is only the approximate value. It is found in the following

manner:
1 0 0o 574 (8
8 64 512
8 64 62
8 128

16 192

8 24

24 1

217

Therefore, 35‘% or 8% is the approximate root. (C)

11 %008 g
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m

iz

| [4F]

B AHIHARSTAR, Bl BAERESIK, KiLKkH$ D7
$ 2 3% R .

K. REA—HEFERAB K, Ao FELLM, 135 574 H%
R, VABBLFEEK, Fis, FHFRE, AikhbEFTLEFHK
o, HEFTE.

14.
[ R3]
SAMAENARLFRZ . [ AL HRILA?
EH. Attt
ARE: SIRT—HILE, WPRZ., B—t AR TAENF NI
L, ANt =R, KB, FAAZD G0

[ %]
[1] FHAAEACIERh: -343x + 196882 = 0. ([4)
[ 2] eAbss RS RO T ME . JLRGE7 T .
73 =343, AN
(8 x 7)° = 175616, 8 x 3 = 24, 24 x 8 = 192,

192 + 24 + | = 217, :’"';—7= 31, 2 x 31 = 62. 62 x 343 = 21266,
21266 + 175616 = 196882, ML

196882 _ 574, (Bf)
343 |

[ 5% ]
SHEFHRNLKASER . Fl: EFRGRAA 5 57
. 574 R,
K. EEA—HEFRGERR, Aiofri kKL M. 175 196882 A
FHA, 343 A — KA EH, RARBRALRYE, FFFF ., HEPTR.



2
7
Ans. 574 ( cubic ) chi.

14. The side of a cube is § = chi. Find the volume.
Process. Let the element tian be the volume of the given cube. From the
statement we have 196882 for the positive shi, and 343 for the negative

fang, a linear expression ' whose root is the required volume '*'.

[ Notes ]

[ 1] The expression in modern form is the equation: —343x + 196882 =0. (C)

[ 2 | The result given is only the approximate value. It is found in the following

manner:

7* = 343, for the fang.
(8 x 7)*=175616,8 x 3 = 24,24 x 8 = 192,

62,62 x 343 = 21266,

192 + 24 + 1 = 217. %: 31,2 x 31

21266 + 175616 = 196882, for the shi.

196882 _ 574. (C)
343 |

I Yoog B
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BHIER

Haf

WIBEBE W)

1.
[ R3]
SHEEM—TZF U, Ra@g g 2, b, 2B JuT?
BH: —#,
ARHE: SLRIU—-RAE, WRKRZ, 1§+ = RIEE, /RN,
VOB, —RHMBE, Si 2. 0B Al

(8]

(112 EHB W . K9k a, b, ED: ab = 12, (FR)

[2 PEBMT ., KaREEDREMNZ ., B, MEBAXHHLR %, HEp
a+c=8,(F)

(3] FHRBIULIEA N 2+ 42 - 28x + 23 = 0. ()

[ % ]
SRKFHOGERI12ET, AEHZEFAAH8Y, Fl: GREH SV
%T": I'ﬁ_\,

A, RRA—AHMIE, ARt i LKL F2 23454 FH5,
O8MEH — KRB, AMEH AR, \EIRHRTAE K, i
Fo HEFTE.

2.
[[E3]
AEHBR—1 =% . Ru@EMNL . b 25807
B ZH#,
ARE: SERIC—RAZE, MBKRZ, L+ 2 hamE, ST AN
i, —tN Rk, —HNIER, SAFHZ, N gl



Ming Ji Yan Duan ( Problems on
Areas )
20 Problems

1. The zhi ji is 12 (square ) bu ('’ , and the sum of the gou and the xian 8
bu 2!, Find the gu less the gou.
Ans. 1 bu.
Process. Let the element tian be the jiao. From the statement we have 23
for the positive shi, 28 for the negative fang, 4 for the positive lian, and 1

for the positive yu, a cubic expression [*) whose root is the required jiao.

[ Notes ]

[ 1 1 Let the width of the zhi ji be a, and the length 6. That is,ab = 12. (G)

[ 2] Let the width and the length of the zhi ji be the gou and the gu of a right
triangle. Then, the diagonal of the zhi ji is the xian. Thatis,a + ¢ = 8. (G)

[ 3 ] The expression in moder form is the equation: x* + 4x — 28x + 23 = 0. (C)

2. The zhi ji is 12 ( square ) bu, and the sum of the gou and the xian 8 bu. Find

the xian less the gou.

Ans. 2 bu.

Process. Let the element tian be the xian less the gou. From the statement

we have 72 for the negative shi, 64 for the positive fang, 16 for the nega-
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B

[ 5]
(1] FFARRIIRIE R R, 2 - 16x% + 64x — 72 = 0. (BF)

[ &%)
SAHRKIM@AR 12T, RAE{YEFH8Y ., ¥. JEEAHA SV
;'éi: 2 ﬁ

R IR A—A8 58, idofriERKILM, 53 -721E4HFH00,
64 EAH—KMEH, —16FAHAFRAEK, |\ ARG LAZK, F

LT, AP,

3.
[ E3C )
SHEHBR -+ %, RN, [ IEE LT
ZE: —¥,
ARE: SRIT—HRZE, WBSKZ, BIUCMES, 1/ kg,
“roANER, —RmbE, SEFZ N SRl
[ F%)
(1] FHFAHRBBULIER R - + 202> - 28x + 9 = 0, (BR)
[ 5iF ]
SHRAB@MI2Y, R HZ A 8F, ¥ RIZLZA S V7

. 1%,
A BEA—AREZEK, AR FERLALE. 135 9154 %F 00,
—28VE A — KRB E, 204 KM A, -1 AR SKA R,
EF . HEFTE .



tive lian, and 1 for the positive yu, a cubic expression- '’ whose root is the

required number.

[ Notes ]
[ 1 ] The expression in modern form is the equation: x* — 16x* + 64x — 72 = 0.

(C)

3. The zhi ji is 12 ( square ) bu, and the sum of the gou and the xian 8 bu. Find
the xian less the gu.
Ans. 1 bu.
Process. Let the element fian be the xian less the gu. From the statement
we have 9 for the positive shi, 28 for the negative fang, 20 for the positive
lian, and 1 for the negative yu, a cubic expression''’ whose root is the

required number.

[ Notes ]

[ 1 | The expression in modern form is the equation: —x* + 20x> — 28x + 9 = 0.

(C)

I }IUOE.
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4,
[ F3X ]
SHEBER—1TZH, BRGNS, [ 5580 T
BEH. _H. .
ARE: SERIC A ME, PSRz, B-E 2 ESE, B+ 2ok
71, —TNHMRR, —RIERE, L HFFFZ 12 A,

EHAIE Il

Haf

[ 8]
[ 1] SEANE s S A MM 2%, (a+b) — ¢ (55)
2] AR IMARTER K, 2+ 1602 - 720+ 72 = 0. (BE)

[ 4% ]
SRHEKFHOBR 12T, REHEZERASY ., M. #ZhhE 7
. 2%,

K, BRA—HZFE, Ut FE L. 35 72564 F %5,
~NAEA—KREE, 161 A= KNEH, \EARHELREK, F
TF ., AP,

5.
[ Ex )
AA Rt b, BRI, . dedE ) L

%QEI: qu;E‘s
RE: LRIC—HEBHE, PFORZ, f—H L N8R, —H
AT, F U i E, —MIERR, S FFZ. 2 gl

[ 5]
1] B 5 a2 c - (b-a), (3F)
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4. The zhi ji is 12 ( square ) bu, and the sum of the gou and the xian 8 bu.
Find the gu plus the gou minus the xian ''..

Ans. 2 bu.

Process. Let the element rian be the sum of the gu and the gou less the

xian. From the statement we have 72 for the positive shi, 72 for the nega-

tive fang, 16 for the positive lian, and 1 for the positive yu, a cubic ex-

pression ‘2 whose root is the required number.

[ Notes ]
[ 1] Thatis, (a+b) —¢. (C)

[ 2 ] The expression in modern form is the equation: x* + 16x* -~ 72x + 72 = 0.

5. The zhi ji is 12 ( square ) bu, and the sum of the gou and the xian 8 bu.
Find the xian less the jiao!'' .
Ans. 4 bu.

Process. Let the element tian be the xian less the jiao. From the statement
we have 192 for the negative shi, 128 for the positive fang, 24 for the
negative lian, and 1 for the positive yu, a cubic expression ‘>’ whose root

1s the required number.



Bt WEHAIE

(2] FFARBBCIERX K, - 24x2 + 128x - 192 = 0. (B&)

[ &%)
ABKFHERI2Y, REHEZEMRAT ., 9 Zidch %07
;ai: 4'1!:&0

A, REA—HZKIK, Ao FE KL, 155 102464 F #00,
1284 A — KR EBE, 244 AR AERI, 1 EARH A RAESK, F
LT o AFEFTE,

6.
[ FEx )
SHEB- -+ 8, REaszfASE, 8. 2858 JUA?
%:E: :ﬁo
ARE: SERIC— NEEEL, WBRZ, 5/HIESE, /AT, /R
e, —ANIEM, SLTHZ 0 FlE.

[T )
(1] s a)SalREZEZa - (b-a), ()
(21 FHFARXABARERHN: ¥ - 82 +8x + 8 =0. (M)

[ $iF )
LA KFHEEMRI12F., REHEFH8H, Bl: HixiH %7
%4,
K. EEL—AHEE, o FaRLM. 35 8447 #A, 8
Ve — KRR Ak, -8 A —RA A, IEARSAAZE, FL7,
& PR,



[ Notes ]

[ 1 ] The xian less the jiao is the difference between the xian and the difference of
the gou and the gu. Thatis,c - (b —a). (G)

[ 2 ] The expression in modern form is the equation: x* — 24x? + 128x — 192

=0. (C)

6. The zhi ji is 12 ( square ) bu, and the sum of the gou and the xian 8 bu. Find
the gou less the jiao '’ |
Ans. 2 bu.
Process. Let the element tian be the gou less the jiao. From the statement
we have 8 for the positive shi, 8 for the positive fang, 8 for the negative
lian, and 1 for the positive yu, a cubic expression "2’ whose root is the

required number.

[ Notes ]

[ 1 ] The gou less the jiao is the difference between the gou and the difference of

the gou and the gu. Thatis,a — (b - a). (G)

[ 2 ] The expression in modern form is the equation: x* — 8x> + 8x + 8 = 0. (C)
P €q

I J\"'-'?*'51‘5.
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Bt WFHISIER

7.
[ F3x)
SHHER—T 8. RZ@ZmALE, a: 207
¢S P
RE: SERTG—HAM, WPSRZ, (B HEAA+=RIFEE, —@XH
7, VORssBE, —RER, SEHTFZ. 0 &6,

[ 5]
(1] FHFRBIBTIER A 2 - 42 - 100x + 553 = 0, (BK)

[ 4% )
SHERFHARMRI2Y, REHERAST, Fl: GRFHE V7
1%,
K: BRA—AG®RA, AT i LKL, 153) 553 1F4 %800,
~100# 4 — kR A, AEH R REH, | AR RALK, F

LT o FFEFTEL

8.
[ BEx)
SHEER—T &, RS, b6 LML
BE: L. |
ARE . SERITC—HBEEM, MBRZ, BICHIES, ~HT RN, =
TRMEE, —RwElE, S AFFZ Y B,

[ %]
(1] FASHBUCER S, = + 2002 - 100x + 9 = 0, (FR)



7. The zhi ji is 12 ( square ) bu, and the sum of the gou and the xian 8 bu.
Find the sum of the gou and the gu.
Ans. 7 bu.
Process. Let the element tian be the sum of the gou and the gu. From the
statement we have 553 for the positive shi, 100 for the negative fang, 4 for
the negative lian, and 1 for the positive yu, a cubic expression ‘'’ whose

root is the required number.

[ Notes ]

[ 1] The expression in modern form is the equation: x* ~ 4x* — 100x + 553 = 0.

(C)

8. The zhi ji is 12 ( square ) bu, and the sum of the gou and the xian 8 bu.

Find the sum of the gu and the xian.
Ans, 9 bu.
Process. Let the element tian be the sum of the gu and the xian. From the
statement we have 9 for the positive shi, 100 for the negative fang, 20 for
the positive lian, and 1 for the negative yu, a cubic expression ''’ whose

root is the required number.

I Yoog gu
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WEHIAIE R

Bk

292

[ 53%]
SHRFHBOERI2Y . REZJZRAH8Y ., Bl RiEA S D7
fé"‘! 9&:

K: BRA—ARER, Ao FERLLMB. 53 9 4FH %300,
—1001EA—RMBH, 204FH =k TZ%, -1 ARG KEA R,
37, HEPTE .,

0.
[ B ]
SHEAR—T 2. Rz R. (b, sggf i Jufay?
BEH: A<,
RE: SrRKIG—REHEM, WK, Bt NESE, B+ b
I, — VAN HMNERE, —N2EH, SLHIFZ. 2 A

[ 8]
(1] szl 5 aEZfM: (b-a) +c. (55)

[2] FFH BB R, - + 1602 - 72x + 72 = 0. (BF)

[ 6% ]
SbHEKFHAOMRI2YT, REHEZAABY, Pl ZKfH 517
.65,

K. EFEA—HEEp, Aot rE LM, 55 724545400,
NI —kRERK, 161FH —RTAAS, - IEAZDAAAZL, F

LT AAEFTElL,



1T %00 g
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[ Notes ]
[ 1 JThe expression in modern form is the equation: —x* + 20x* — 100x + 9 = 0.

(C)

9. The zhi ji is 12 ( square ) bu, and the sum of the gou and the xian 8 bu.

Find the sum of the xian and the jiao "'’

X
F
=
o
&£
D
&

——
—_—
=
-_
L
=3
-
—
e o
c2
— =
.
- 4
™
o
™

Ans. 6 bu.
Process. Let the element tian be the sum of the xian and the jiao. From the
statement we have 72 for the positive shi, 72 for the negative fang, 16 for
the positive lian, and 1 for the negative yu, a cubic expression 2’ whose

root is the required number.

[ Notes ) 203 "

[ 1] The sum of the xian and the jiao is the sum of the xian and the difference
between the gou and the gu. Thatis, (b —a) +c. (G)
[ 2] The expression in modern form is the equation: —x* + 16x* — 72x + 72 = 0.

(C)
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Bk

10.
(R ]
SHEMR -T2, BazsZ /L, ). sZHF ) JLfay?
EH. —+ "4
ARHE: L KIC— R HMA, MPLRZ, JB—a Lt “hask, —A =
T/ hE T, PR, — R, IRz, ) /bl

[ %]
(1] BERIMBL SR ZH: ¢+ (a+ b). (FR)
[2] FHXBIBACIHER K. - + 2422 - 128¢ - 192 = 0. (k)

[ 4% )
ARKFHEER 12T, REYEAAHY . 9. Ehfoh % )7
2 12%.
R: BEA—HiEFoRe, Doz E LKL, 35 19244 FHA,
—128 A —RAEH, UHEAZKAEHE, -1 HEIRHRARK,
FELF ., 46 FrFE.

11.
[ Ex )
AHER—T %, RadfiyRais, {2480 [ 2 ke
7% JLfn] 2
BH. QNFE, dhT,
ARE: L RIG—NE), MBRZ, S ANEBRIEE, HA—TtH
45 EBE, = AMBB, = HZ, P Ba,  X. ERIL—RHET,
MRz, BEALEN P RES, —THaM A B, —H8
MR, =T HZ. 5 Bl

[ %)
(V] &ENEICa+b) —co WE: ab=120; (a+b-c){b-a) =42, (FE)
[ 2] FFHRBPATER N, 3¢ ~ 51722 + 20800 = 0. (FR)
(3] FFARMBEIER R & - 1440x° + 50544 = 0, (FR)



10. The zhi ji is 12 ( square ) bu, and the sum of the gou and the xian 8 bu.
Find the sum of the xian and the he ',
Ans. 12 bu.
Process. Let the element rian be the sum of the xian and the he. From the
statement we have 192 for the negative shi, 128 for the negative fang, 24
for the positive lian, and 1 for the negative yu, a cubic expression' 2 ‘whose

root is the required number.

[ Notes ]

[ 1 ] The sum of the xian and the he is the sum of the xian and the sum of the gou and
the gu. Thatis,c + (a + b). (G)

[ 2 ] The expression in modern form is the equation: —-x* + 24x* — 128x - 192=0.

(C)

11. The zhi ji is 120 ( square ) bu, and the product of the huang fang by the

[

jiao 42 bu. '’ Find the gou and the huang fang.

Ans. Gou, 8 bu; huang fang, 6 bu.
Process. Let the element tian be the gou. From the statement we have 20800
for the positive :,:hi, 517 for the negative upper lian, and 3 for the positive
yu, an expression -2 of the fourth degree whose root is the required gou.
Again let the element fian be the huang fang. From the statement we have

50544 for the positive shi, 1440 for the negative upper lian, and 1 for the

positive yu, an expression *’ of the fourth degree whose root is the re-

quired huang fang.
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[ &% ]
SEKFHAOBARI120T ., REEF5ARBIRFTRNRY, B: 45
EHEH L7
. 8%, HHm6W,
K. BFEA—HL, AefRFE LA, 25 20800 4F 4 F3A,
—SITHEA KRR AFIEA RS RARE, FOAF , FHEH, X
BRA—ARKF, A0 ik KK W% 15 3] 50544 4F A4 % #O0, —1440
A —KRAE, | EARHKAAL, AwRF, 3 FHF5., &
& Fr 9]

W E

et

12.
[ "3 ]
SHEEMR—B 1. RuoZB Rz, {3t ) w75 L
{7
BE: N
ARE: SIRITT—HEF, WBRZ, 8=+ am%k, AN, F
Iz A

[ 5% ]
(1B [e- (Bb-a)]l(a+b) =c] =60. (FH)

(2] FAHRBIARIERX T 2 - 36 =0, ()

[ 4% ]
SbH(EFHEBERI0F ., REZRREZRRIBRFTOY . Fl: &
AL

g"': 6%::

K. Exa—Hh&F, dofni KL, 153 36 1A wEOR, 1
YA KR RE, TFFH. FEeRTF,



[ Notes ]
L 1] That is, ab = 120; the huang fangis (a + b) —c, (a+ b -c){(b - a)
=42. (G)
[ 2 |The expression in modern form is the equation: 3x* — 517x* + 20800 = 0. ( C)

[ 3 ] The expression in modern form is the equation: x* — 1440x? + 50544 = 0. (C)

12. The zhi ji is 120( square ) bu, and the product of the xian less the jiao by
the he less the xian 60 bu. '’ Find the huang fang.
Ans, 6 bu.

Process. Let the element tian be the huang fang. From the statement we
have 36 for the negative shi, and 1 for the positive yu, a quadratic expres-

sion 2} whose root is the required huang fang.

[ Notes )

(1] Thatis, [¢ - (b-a)][(a+b) ~c] =60. (G)

[ 2 ] The expression in modern form is the equation: x> — 36 = 0. (C)

I 1008 pu
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BHIAIE R

B-a

13.
[ "3 )
SEHR—AA TP, REaiZBfesi i, B—-a /L. E. 2
553 Lfaf 7
BE. — A%,
ARE: SLRIL—RAZE, MBRZ, BN Aa L850 e
%, ZANEER e FRR, —NIERE, =FAFZ 1 Al

[ %)
[ 1] Bl. ab =168, (c —a)[{a+b) —c] =108, (FB)

[2] %" F “"u7, o6, () AL

x' - 291.6x° - 10497.6 = 0, ( B&)

[ 5 ]
AR FHOERI68 Y., REHERE ZfEZRETI08F ., 9:
RZEE ALY

x: 8Y, ®A6Y.

K. BREA—HHEEK, AR ELLR, 55 - mw%ﬁWﬁ
FHA, 2910 M A ZHT A, VAR RARLK, Tk,
1243 5| &) 5248, HAPTIE).

14.
(R3]
SHHB—A /NP R A6 EBRARE, 15—+ /L. a2 L]
BH: L.
AHE: SIRTT—HE), WRRZ, S=dE+th LT -H=1T/,H
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13. The zhi ji is 168 ( square ) bu, and the product of the xian less the gou by
the he less the xian 108 bu!'’ Find the xian less the gou.
Ans, 18 bu.
Process. Let the element tian be the xian less the gou. From the statement
we have 10497 bu 6 fen for the negative shi, 291 bu 6 fen for the negative

upper lian, and 1 for the positive yu, an expression!?’ of the fourth degree

whose root is the required number.

[ Notes ]

)
F
=
&
4
T
A

F
——
=]
=0
>
=]
=
=
-y
]
-]
F
™
o
o]

[ 1] Thatis,ab = 168, (¢ —a)[(a+b) —c] =108. (G)
[ 2] 6 fen following bu is 0.6 bu. (G)

The expression in modern form is the equation: x* — 291.6x* - 10497.6 = 0.

(C)

14. The zhi ji is 108 ( square ) bu, and the product of the xian less the gou by
the gu less the gou 18 bu. ''* Find the gou.
Ans, 9 bu.

Process. Let the element tian be the gou. From the statement we have

3779136 for the negative shi, 69984 for the positive upper lian, 207 for the



WHIAIE R

Bl

e, ANHILFILENTI AN EEE, —A-LRiE =B, — ik,
HFEHFZ, 12 Flnl,

[ %)
[ 1] UEBEP: ab =168, (¢ —a) (b -a) = 18, (ZR)
[ 2] FHFHRBIBCIER R —x® - 207 + 69984x2 — 3799136 = 0, ( [&)

[ 6% )
AHKFHEGERI08F, A ZKEHREBZIAFAFTISH., F: 4
A%
2. 9%
K. EEL—HE, Adofi kL Lg, 135 37991361 4 E KA,
69984 YA — KA L4, 207 EAHWAMAES, -1 ARG KAE
2, FxRF, 1245324 . 459,

15.

[ E3X ]
SHEEM—ANT AL, RaBoLER ) ZE, 15— /B b 5%
FA LA

:%:Elt _f_l-—i_f!\:}_[;E‘C-
AE: SERIC—HEAH, MBSRZ, B =T—a =1t "Nk, —
AR, FHFZ. 2 A,

[ %)
(1Bl (e = b)Y (c-a) = 18. (5F)

(2] FARMBARIERA A »© - 3136 = 0. (B

[ 5% )
ABH¥FHOTMARI168F ., AERZREHZBRZIFRFTISF, F: &
Fafahy % 7
2. 56 F.
K: R A—AiEFoFe, AR F ik RKLM. 152 -31364F A F3A,

lﬁﬁﬁ%&m%ﬁ,ﬁ%ﬁ,ﬁﬁﬂﬂﬁﬁﬂﬁ%ﬁﬂu



negative third /ian, and 1 for the negative yu, an expression!?' of the sixth

degree whose root is the required number.

[ Notes )
| 1] Thatis,ab = 168, (¢ ~a)(b -a) =18. (G)
[ 2 ] The expression in modern form is the equation: —x% — 207x* + 69984x* -

3799136 = 0. (C)

15. The zhi ji is 168 ( square ) bu, and the product of the xian less the gu by
the xian less the gou 18 bu. !'! Find the sum of the xian and the he.
Ans. 56 bu.
Process. Let the element tian be the sum of the xian and the he. From the
statement we have 3136 for the negative shi, and 1 for the positive yu, a

quadratic expression 2! whose root is the required number.

[ Notes ]
[ 1] Thatis, (¢ = b){c-a) =18. (G)

[ 2 | The expression in modern form is the equation: x> — 3136 = 0. (C)

/] 4008
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Bt WHIAER

16.
[ R3]

AT BT\ R BRI, b b, 1) [l SRR
JLfiT '
%E, A
REL 3 It — WA, MESRZ, BET— B AN,
OIS, P IF . () e,

[ 8]
(1] BB [c - (b-a)](e-a) =72 (%)

[2] FHRAIBIER N 1440 - 5184 = 0. (%)

[ &% ]
AR KFHOERIB Y. AEZRREVEZERZIBAF TN, Bl &
Fedi A % )0
£ 69,
K kR A—HZfg, Aok K. 35 518444 F 44,
445 AR B AR LY, 15, @FH AP, FEHF,

17.
[ ")
AHEM B ¥, Razfkasgi, S8/ /. )
B JLfar?
BE: N,

RE: SERITG—REE T, MBSKZ, B=TF/NENEE, MEILAN
i LHE, —AMEE, =, BFRIE. BZ. TFlE.



16. The zhi ji is 108 ( square )bu, and the product of the xian less the jiao by
the xian less the gou 72 bu. ''’ Find the he less the xian.
Ans. 6 bu.
Process. Let the element tfian be the he less the xian. From the statement we
have 5184 for the negative shi, and 144 for the positive yu, a quadratic

expression 2! whose root is the required number.

[ Notes ]
| 1] Thatis, [¢ - (b -a)l(c-a) =72. (G)

[ 2 ] The expression in modern form is the equation: 144x> — 5184 = 0. (C)

17. The zhi ji is 120 ( square ) bu, and the product of the sum of the xian and
the gu by the xian less the gou 288 bu. '') Find the huang fang.
Ans. 6 bu.
Process. Let the element rian be the half of the huang fang. From the state-
ment we have 3600 for the positive shi, 409 for the negative upper lian,
and 1 for the positive yu, an expression [ 2’ of fourth degree whose root is

the half of the huang fang. The root multiplied by 2 gives the huang fang.
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[ %)
(1) B (e +b)(c-a) = 288, (3R)
L2 ] A MEAIER R ¥ - 4092 + 3600 = 0, ()

BEHIIER

Bk

[ 4% )
SAKFHAERI20F, RERBRELHZZRZRETI88F. 4.
KHHE VT
Z: 6%,
K EEA—ARF 5, Adednsr sk KIM. 192) 3600 4 4 %
R, —409VE A =R A, \FARFAR AL, FFwky, 125)%
T3 It RIRBRG . AR

18.
[ 32 )
SAHER—A . RaaEmaesgis, Ma 4.0 w5 &
ZI AN LA 2
EH: WY, AR =8
AREL: SLRIC—AEDT, WBRZ, BHA-LT/ANAERNLEE, TN
B = 17"t ERE, —NIERE, =FFHZ, 2 Bk, X o
RIL—Re M, MBCRZ, B—-TF/\NEN HIESE, AR,
TFRRFHBRZ . ) &l

[ %)
LT IEBP: (e +a)(c—-b) =50, (5B)
[2] FFRBBRIERR: ¥ - 163657 + 57600 = 0. (k)
[3 ] HTTAABUER N . -80x + 1840 = 0, (Bf)



[ Notes ]
[ 1] Thatis, (¢ + b){(c -a) =288. (G)

[ 2] The expression in modern form is the equation: x* — 409x? + 3600 = 0. (C)

18. The zhi ji 120 ( square ) bu, and the product of the sum of the xian and
the gou by the xian less the gu 50 bu.!'’ Find the huang fang and the sum of
the gou and the gu.
Ans. Huang fang, 6 bu;
sum of the gou and the gu, 23 bu.
Process. Let the element tian be the huang fang. From the statement we
have 57600 for the positive shi, 1636 for the negative upper lian, and 1 for
the positive yu, an expression' 2’ of fourth degree whose root is the huang
fang. Again let the element tian be the sum of the gou and the gu. From the
statement we have 1840 for the positive shi, and 80 for the negative fang, a

linear expression ' *! whose root is the sum.

i 3008.
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HHIE R

Ba

[ 4% ]
SLHKFHAOERI0F . AxHZRE5RERZAF TSSO . B: &
BB ARy BT
. ZEHE6H, GBRF235F,
K: REAL—HFF, AdofnF i REM. 535 57600 15 A4 F H#7,
—1636 14 — K REH, | EARBRAZK, FWRF, FIFH 75,
L. ERA—HEG A, Adobdix KL, 53] 1840 1F A F K
B, ~8O0MH—RFAERE, FABFF., FEHE.

19.
[ R3]
SEER—A/\P. RAD)ZMABILM, @3NAN AL H: ¥
77 B % JUAa) 2
BE: WHAY, E—tTHY.
ARE: MR HET, WHRZ, 8- =TF=a -t/ i,
ANENF /M, FHFZ, 2 EETAE. X SLRIT—AH
%, MBURZ, B—TF/HoRiEsE, £+ 2k, B35, R —,
189%. ) g,

[ i+%F )
(1] BP: (c+a)(c+b) =648, (F})

[2] FAAERIER M. 648x2 - 23328 = 0, (BR)
[3] FARBBCHEAR . -72x + 1080 = 0. (B&)

[ 4% ] |
AHKFHOTRRI108 Y. REHEPERZERZIRFT AT, F:
KHERZEEAS VT

2. &F6F, ZI15F.
K. REA—HFF, AR FERLM. 75 2332814 %A,
648 Ve A K Bk ARk, FFFH, FEFHF6T., X ARA—AIRE,
Plder i ik KM, 35 1080 A FHA, A —RAREK, #
TN AR, — KR A AR, B, RIFRZ, FEFTF



[ Notes ]
[ 1] Thatis, (¢ +a)l{c-b) =50. (G)
[ 2 ]The expression in modern form is the equation: x* - 1636x* + 57600 = 0. ( C )

[ 3 ] The expression in modern form is the equation: —80x + 1840 = 0. (C)

19. The zhi ji is 108 ( square ) bu, and the product of the sum of the xian and
the gou by the sum of the xian and the gu 648 bu.'' Find the huang fang and
the xian.
Ans. Huang fang, 6 bu;
xtan, 15 bu.

Process. Let the element tian be the huang fang. From the statement we

have 23328 for the negative shi, and 648 for the positive yu, a quadratic

expression [ 2! whose root, 6 bu, is the huang fang. Again let the element

tian be the xian. From the statement we have 1080 for the positive shi, and

72 for the negative fang, a linear expression *! whose root is the xian.

[ Notes ]
{ 1] Thatis, (c+a)(c+b) =648. (G)
[ 2] The expression in modern form is the equation: 648x° — 23328 = 0. (C)

| 3 ] The expression in modern form is the equation: =72x + 1080 = 0. (C)

H’I‘GOE.

SUMQUMUN N0 B JO Joupy apep

)
F
==
&N
L
T
(7]

Sasrs.
(=
=
P
=
-
=
-
co
=
=
Y
&>
™

307



HEIER

Baf

20.
[ ")
SAEMR—A/B, RahfAl, IEHE, B=T-ta/\ #, ! .
5% JLfn] 7

B — R

ARE: v RKu—R%, MFLKkZ, Bt That iz F=ax+
HANRA _tTHN&HEE, E R T a8/~ F AT AN
fE, —TH P ANFILE LR =8, A _FNAa=1tAH
MBE, HFHFZ, 2 155%. Bl

[ %)

[ 1] JHBp:

f(a+b) + (c+a) + (c+b) + [c+ (a+b)] +[c+ (b-a)ll x
{(b-a)+ (c-a) +(c-b) +[c-(b=-a)] + [(a+b) -c]t=3780,
(76 )

[2] FHARBUER N |

12636x° — 20524995x" + 7522842600x% - 797493650625 = 0. ( Bk )

[ 5% ]
AH,FHG@RI08Y , Rxhfl ARZRETI80F . F: ZH
%7

2. 15%.

K. BEA—HE, iR F xR LM, 133) -797493650625 1 4 F
FR, 7522842600 1A =k R4k, —20524995 1 4 R WM AR AL,
12636 YEA L H AR A, FxkF, EFPE. FEAF.
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20. The zhi ji is 108 ( square ) bu, and the product of the five he by the five
jiao 3780 bu. ‘'’ Find the xian.
Ans. 15 bu.
Process. Let the element tian be the xian. From the statement we have
797493650625 for the negative shi, 7522842600 for the positive upper lian,
20524995 for the negative third lian, and 12636 for the positive yu, an

expression ') of sixth degree whose root is the required number.

[ Notes ]
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[1] Thatis, {(a+b) + (c+a) + (c+b) + [c+ (a+b)] + [+
(b-a)ll x{(b-a) +(c-g)+(c=-b)+[c-(b-a)] +[(a+b) -

clt =3780. (G)

[ 2 ] The expression in modern form is the equation: 12636x® — 20524995x* +

7522842600x* - 797493650625 = 0. (C)
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