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(In order to surpass
we must try to
understand and to
synthesize.)

(Western learning
has its origin in
Chinese learning.)

- A SO R

(Learn the strong
techniques of the
“[Western] barbarians”
in order to control
them.)
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THE EMPEROR" NEW LESSONS

-HOW AN WHYDID-

Public
' Lecture

2012.02.17

g = by Prof:essor
Siu Man Kqung
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Department of Mathematics
The University of Hong Kong

ABSTRACT ™= Feh17,2012 (Fri)
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Since-1688-there-went-on-inside-the Imperial and-

Amnmyunﬂuwﬁmpwwbydu)smu,hdh‘wdkmbluhm cof Time: 5.30 pm dii Engllsh
an Office of Mathemati¢s at Mengyangzhai (Studio for. the Cultivation of the (hghmfreshments

Youth) in 1713 and the ten-year project in compiling the 100-volume Lili fromﬁ m)

aenan (Origins of. A Howsiccontd P :

4 #
did Emperor Kangxilearr} the new lessons? What drove ah emperor to learn Western ; PRt e, N 2
science and mathematics in such earnesc? Thistalk tries t xamine ths cpisode char |~ Venute: Wang Gungwu Theatre, Admission: Free
would be betcer understopd in a political context along with it educational context. ‘Graduate House, HKU
s L .

Please visit: htep://www.scifac.hku.hk/events/comm/2012/Kangxi for seat reservation.

P e T S, For enqumes plmmﬂ%l&oﬁ%moﬁcnenm at 2241 5861 e
i i e et ] y
T e

M.K. Siu, The Emperor’s New Lessons : s
Why and How Did Emperor Kangxi Learn

° o ¢h/t— E. .s
?
Western Science and Mathematics: e MW"“

Western Learning and Imperal Autherity During the Kangx( Reign (1662-1722)

CATHERINE JAMI

Catherine Jami, The Emperor's New
Mathematics: Western Learning and
Imperial Authority During the Kangxi
Reign (1662-1722), Oxford University
Press, 2011.




Emperor Kangxi (FEER) came
to the throne before he
turned seven in 1661 and
reigned for more than
sixty-one years until his
death at the age of
sixty-eight in 1722,
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[Collection of Moral Instructions

From Emperor Kangxi]
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Emperor Kangxi and the Sun King Louis X1V,
Special Exhibition at Palace Museum, Taipei,
03-10-2011 to 03-01-2012.



King Louis XIV (8 % Lt =)
(1654 — 1722) Le Roi Soleil (Sun King)
reigned 1661 — 1722 (1638 — 1715)

reigned 1643 — 1715

“King’s Mathematicians” sent by
Louis XIV to China in 1685 (reached
Peking in 1688) — all French Jesuits

Jean de Fontaney (1643 — 1710) % & (i)
Joachim Bouvet (1656 — 1730) ¥ &
Jean-Francgois Gerbillon (1654 — 1707) #* 3
Louis Le Comte (1655 —1728) % p*

Claude de Visdelou (1656 —1737) %l /&

[Guy Tachard (1651-1712) 3% # - stayed in Siam]




English translation of Bouvet’s
Histoire de I'empereur de |la
Chine: presentée au roy (1697)
in 1699

“His Natural Genius is such as
can be parallel’d but by few,
being endow’d with a Quick
and piercing Wit, a vast
Memory, and Great
Understanding; His constancy
is never to be shaken by any
sinister Event, which makes
him the fittest Person in the
World, not only to undertake,
but also to accomplish Great
Designs. ......



“But, what may seem most
surprising, is, that so
Great a Monarch, who
bears upon his shoulders
the Weight of so vast an
Empire, should apply
himself with a great deal
of Assiduity to, and have a
true relish of all Sorts of
useful Arts and Sciences.”

Joachim Bouvet
B (1656-1730)




“During the space of two
Years, Father Verbiest
instructed him in the
Usefulness of the best of the
Mathematical Instruments,
and in what else was most
Curious in Geometry, the
Statique, and Astronomy; for
which purpose he wrote
several Treatises. ......

He did the Honour to us four
Iesuits, Missionaries then at
Peking, to receive our
Instructions, sometimes in the
Chinese, sometimes in the
Tartarian Language; ......



“Much about the same time,
Father Anthony Thomas, did
give him further Instruction
concerning the Use of the best
Mathematical Instruments, in
the Chinese language, and the
Practical part of Geometry and
Arithmatick, the principles of
which he had formerly been
taught by Father Verbiest. He
would also have us explain
him the Elements of Euclid in
the Tartarian Language, being
desirous to be well instructed
in them, as looking upon them
to be the Foundation, upon
which to build the rest.



“He was so much
delighted in the pursuit of
these Sciences, that
besides betwixt two and
three Hours, which were
set aside every day on
purpose to be spent in our
Company, he bestowed
most of his leisure time,
both in the day and at
night in his Studies.”

Joachim Bouvet
B (1656-1730)




Li Xiang Kao Cheng (Compendium of

Observational Computational
Principles of Mathematics 32 &),

Shu Li Jing Yun (Collected Basic
53 volumes.

» published in 1722/23)
Astronomy & % 5 = ), 42 volumes.
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Ferdinand Verbiest (1623-1688) & R i=

Antoine Thomas (1644-1709) =%

%

Philippus — Maria Grimaldi (1639-1712) B p# 3+

Zhou Bi Jing Qie
(Explanation of the
classics Zhou Bi % %43
#%) in Volume | of Shu Li
Jing Yun (Collected Basic
Principles of Mathematics
BI2 4 i), 1722/23.
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Matteo Ricci (1552-1610) $13& §

1656) #%

kR

Thomas Pereira (1645-1708) #% p &
Bernard-Kilian Stumpf (1655-1720) & 2%
Jean-Francois Foucquet (1665-1741) & ¥ %
Pierre Jartoux (1668-1720) + & ¥
Ignatius Kdgler (1680-1746) #* & &
Antoine Gaubil (1689-1759) & % #
Andre Pereira (1690-1743) # 24¢
Michel Benoist (1715-1774) % = i=

( in addition to “King’s Mathematicians” )

Jean-Nicolas Smogolenski (1611-



% method of

~

>t/

I,=b= N

Jiegenfang Suanfa [{G1R 7

borrowed root and powers]

[ smmeRaE s

Fﬁﬁ%ﬁ#ﬁﬁﬁﬁuiﬁﬁzémnﬁj

Fﬁ#ﬁﬂﬁ%%ﬁﬁ*ﬂiﬁﬁ%ﬁ%ﬁ&

et b A

ﬁﬂ&fﬁﬁ#ﬁ&#%ﬂﬁ#ﬁ%ﬁi&¢

A71ﬂ$%ﬁﬁiﬂﬁ@%$%%7@2ﬁ?

fTERE RN K ERERERNRES

_uﬂa%ﬁ4fumaﬁﬁﬁaﬁﬁlﬁ2x
HE KRR R SEEQE S = H =
EZJ@%%?%M%%ﬁEﬁJ&ZJ%@

B s oat & g R e

ﬁﬂﬁmﬁﬁﬁﬁﬁ_%:i&% N B

@Hﬁﬂﬁiﬁiﬁﬁgifﬂ Zi#%
T | NS wm%mwj

_ﬁﬁﬁmmﬁz W%%ﬂﬁﬁéﬁ%m&m
R E R E R NESHERRERN DS
FREER o

KN REFEER e RN SR

T | W ERRIE | | SR
ﬁ&TZﬁW$ﬁZi@mﬁméﬁihﬁﬁ

R i

¥

Francois Viete, De numerosa potestatum ad

exegesim resolutione (1600)
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Collected Basic Principles of
Mathematics] (1712 - 1722/1723)



De numerosa potestatum
ad exegesim resolutione
(1600)

Francois Viete
(1540-1603)

Example: [For easier comprehension we
adopt our accustomed mathematical
language.]

Solve 22 + Ax = B.

Let 1 be a first approximation of a root.
(21 + 22)? + A(z1 + 29) = B.

13 + 22129 + 25 + Av1 + Axo = B.

B — .582 — AiBl
Neglecting 22, we obtain x5 = L :
g g Lo 2 20 + A
B — 513% — Aiﬁl .
1+ x0 =21 + 1S a better

201 + A
approximation. Iterate the process to get a

better and better approximation of the root.



17 75 (extraction of cube root
with accompanying number)
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Book 33 of Shuli Jingyun
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=123 +8x12

1 2
1 8 2 4 =10%+8x10
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A problem in Book 33 of Shuli Jingyun

If the cube [of root] and eight roots are
equal to 1824 che, how much is one root?
In modern mathematical language, solve
73 + 8 = 1824.]

Set 1 = 10 as a first approximation.

(21 + 29)3 + 8(x1 + 29) = 1824

r3 + 3x1o + 3x175 + x5 + 811 + 819 = 1824
T3 + 821 = 1080
Neglecting x5, 3, we obtain

(3x% + 8)wg = 744, or xg = 2303 = 2.4......

Set 1 + 20 =x1 +2 =12 as the next
approximation. 123 + 8 x 12 = 1824, so

r = 12 is a root.

[If the answer is not exact, the process can
be iterated to yield a better and better

approximation to any decimal place.]
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M. K. Siu, Tongwen Suanzhi (f < & #F-,) and transmission of
bisuan (¥ E written calculation) in China: from an HPM
(History and Pedagogy of Mathematics) viewpoint, Journal
for History of Mathematics, 28(6) (2015), 311-320.
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1828 % [MEIl Juecheng 1681-1763]
{ I"7Ki&3IZ [Pearls remaining in the
red river] ) (1761)
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Let X be the

diameter, then the

circumference Is 3Xx .

The perimeter is

300 — 3x .

16 x area of square
= 9x2 — 1800x + 90000 .

16 x area of circle
= 12x2

16 x area of square
minus 16 x area of
circle

= -3x? -1800x + 90000.

16 x 3300 = 52800 .

-3x% — 1800x + 90000
= 52800 .

-3x? -1800x + 37200
=0.

x =20, and
circumference = 60 .
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Muhammed ibn Miisa al-Khwarizmi (c.780-¢.850) was
a Persian mathematician and as.ronomer who lived in
Baghdad during the first golden age of Islamic science, and
whose name has given rise to the word algorithm. He wrote
a book on the Hindu-Arabic positional method of counting
and a treatise on algebra, both of which had an enormous
influence in Europe when translated into Latin in the 12th
century. The latter work, Kitab al-jabr wa al-muqabalah (the
science of transposition and cancellation) was a compilation
of rules for solving linear and quadratic equations, and has
given rise to the word algebra. This stamp was issued by the
Soviet Union in 1983 to commemorate the 1200th anniver-
sary of his birth.

Muhammad ibn Misa al-Khwarizmi (c.780-850)
o - e ok

Al-Kitab al-muhtasar fi hisab

al-jabr Wa-l-mugqgabala

[The condensed book on the calculation of
restoration and reduction] c.825



Gl es = Latinized version

of al-jabr

al-jabr = restoration
(adding the same term
to both sides)
al-mugabala = reduction
(combining like terms)




1591 Francois Viete published
In Artem Analyticem

Isagoge (Introduction to the
Analytic Art)

@® |ogistica numerosa
® |ogistica speciosa

Quod est, Nullum non problema
solvere. (There iIs no problem
that cannot be solved!)

Z2AMBERERRFAT Y

Francois Viete
(1540-1603)
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% % % (Jean-Francois Foucquet,
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(1712)




“The old method uses numerical
values, while the new method uses
symbols that are accommodating
(tongrong jihao i f35 5L

Using this accommodatmg
notation, it is easy to perform
calculation, and it enables one to
see the situation clearly so that one
can focus on the method and
understand the underlying
rationale of the calculation. The use
of numerical value works only for a
particular value, while the use of
accommodating notation
encompasses all values in general.”

Jean-Francois Foucquet (& ¥ %)
(FE#° 232 (New Method of
Aerrebala) ) 1712
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Solution of algebraic equations

&5 tR7A EJA (calculation by
borrowed root and powers) — 17t
century

P ZAEHIFT A (new method of
aerrebala) — 18t century

X 7oili (method of celestial
unknown) — 12t1/13th centuries,
revival of indigenous method in

18th century

K &lfi7 (algebra) — mid 19t
century
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The symbols of
ARITHMETIC have a
determinate
connexion; for
instance, 4 is always
2 + 2 whatever the
things mentioned
may be, miles, feet,
acres, &c. &c.

In ALGEBRA, we take
symbols for numbers
which have no
determinate
connexion.
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l. ALGEBRA is the |
European corruption , g g
of an Arabic phrase, C fe
whichmaybethus | 18 B
written, al jebre ] f;l ?
al mokabalah, Vs SR ) -
meaning restoration f& 58
and reduction. [...] E"”;{"‘:‘ 5
Il. Aletter denotes a i
number, whichmay , Ji
be, according to *;f-
circumstances, as o
will hereafter &
appear, eitherany .+ f%
=t~AZA-A

number we please;
or some particular
number which is not
known, and which,
therefore, has a sign
to represent it till it
is known; [...]
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FZL A~ F 3 WEF (HEKF) (1859)
[August De Morgan, Elements of Algebra

BTe s By 43 (o) (1872)
[Wllllam Wallace, Algebra, written for

Encyclopz dia Britannica between 1801
and 1810]
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Every collection of algebraical symbols is called an expression,
and when two expressions are connected by the signh =, the
whole is called an equation.



Arithmetical problem and Algebraical problem
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1. Is there any such number? 2. If there be, by what operations
[...] may it be found? 3. What is the result of these operations,

or the number required.
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Method of

extracting square
root

Cpa0
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material-2744339-Finding-Square-Root.ggb
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a? ab | <
a =200 a2 = 40000 Jg
55225 — 40000 = 15225 =
ab b2
c(a+b)
b=30 b2+ 2ab = 12900 :
15225 — 12900 = 2325 . ab
c=5 2+ 2c(a+b)=2325 ab 2
92325 — 2325 = 0 | '
c(a+b)
2 3
5 52
xr =200+ 30+5 =235 2| 4
a N 431 1 52
I 29
465 23
23




43

46 5

470 0

47003

52

p— | B

52
29

40

23
23

40
25

00

00

15
00
15
14

00
00

00
10

00
09

89

91






x4+ 20414

e

w|%~2

9
L (4204 14) = 20 x 1775

2
z(z 4 34) = 71000

USKHABBSRA—IR_RAEXKE

x? + 342 — 71000 = 0.



340; a,2 ab h_l.i
3
T
34b ab b?
34c c(a+b) &

(a+b+c)?+34(a+b+c)= 71000
a € {0,100, 200, ...,900}

b e {0,10,20,...,90}
ce{0,1,2,...,9}

a =200 a2+ 34a = 46800
71000 — 46800 = 24200

b=750 b2+ 2ab+ 34b = 24200
24200 — 24200 = 0

c=20
x =200+ 50+ 0 = 250
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P(Y)=-Y*+763200 Y2 -40642560000=0.

P(800) = — 800* + 763200 x 8002 — 40642560000
= 38205440000 > 0.

Set Y =X+ 800,

P (X + 800) = — (X + 800)* + 763200 (X + 800)> — 40642560000
= — X%*—-3200 X — 3076800 X>
— 826880000 X + 38205440000

Solve P(X + 800) = 0 and obtain a solution X = 40.
Hence, Y =40 + 800 = 840 is a solution of the
original equation P(Y) = 0.



P(X)=2X3-10X2-5X+7
P(X+3)=? P(3)=?

2 -10 -5 7

0 ___6 -12 -51
2 -4 -17 -44
0.6 ___6__

2 2

0 . 6_

2 3

0__

P(X+3)="X3+8X2-11X-44
P(3)=- 44



PX)=a,X3+a,X%+a,X+a,

An algorithm to compute
P(X + o) and P(x)
as a, a, do

where b;=a,,
b,=a,+b;o,
b,=a,+b,a,
b,=a,+b, .
Repeat the procedure to the

bottom row. Stop when a
single term is obtained.




The same procedure
works in the general case
of a polynomial of degree N.



824  Mr. HoRNER'S new method of solving mumerical

the known arithmetical process for extracting the square
root.

8. At Cubic equations, the aberration of the old practice of
evolutfon commences; and our theorem places us at once on
We have here

A=uaz 4 bz"4 2
and must proceed thus:

new ground.

S a A(rdr4.....
r Br= B —aAr
— o —
8 Y a'
ar B4+r'= B =Alr
r ] ar
&c. A’ ——

This ought to be the arithmetical practice of the cube root,
as an example.will prove. Lo i

Ex. 1. Extract the cube root of 48228544. -

Having distributed the number into tridigital periods as
usual, we immediately perceive that the first figure of the
roct is g = . Conscquently, the first subtrahend is Ri=33,
the first derivee gR*=¢7, the sccond gR =g ; the third (=1,)

need not be sritten. Hence Lt e
48228544(364
i 8% 2%
6. - e 570 —
i 21228
g6~ 8276 cecracnians -19656
1¢2. Oi2..
& .. 43836 1572544
o . L-157%544 .
1084° 893186/”

In this example the reader will perccive that no supple-
mentary operations are concealed. The work before him is
complete, and may be verified mentally. I need not intimmate

W.G. Horner, A
new method of
solving numerical
equations of all
orders by
continuous
approximation,
Philosophical
Transactions of
the Royal Society
of London, 109
(1819), 308-335.

“The elementary
character of the
subject was the
professed
objection; his
recondite mode of
treating it was the
professed passport
for its admission.”

(T.S. Davis) !

Same principle as the method given

by Qin Jiu-shao (% 1

2) in

(#%Z {1 & [Mathematical Treatise
in Nine Sections]) (1247)



(BENE) &/\:8

EEEANAE - 18 IEIF"ﬂ
b - d65h= Eﬁﬁﬂi ar
EPMEREITAE - JIRXK -
A A - EFZ% ? mREs -




Let X? be the diameter.
Solve the equation

P (X) = X1+ 15 X8 +72 X° — 864 X*
— 11664 X2—34992=0.



Let X be the diameter.
Solve the equation

P(X)=X3+3X?-972=0.

A similar problem was treated by Li Ye [ F /& 1192-1279]
as Problem 4 in Book 3 of his book (| [F]# 4%
[Sea Mirror of Circle Measurement]) of 1248,
resulting in solving a cubic equation.
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— 34992 34992 0
0 11664 11664
— 11664 15552 3888
0 5184 5184
- 864 2592 1728
0 864 864
72 216 288
0 72‘_\ 72

“so_Multiply by 3
15 add ----»> 9 ~~24

\“xxﬁl\ultiply by 3
0 add----> 3¢ ~3

~

‘~\\Mulﬂply by 3
1 add----> 0 "~ 1

P (X) = X109+ 15X2 +72X® — 864X* — 11664X%2 — 34992,
P(3) = 0. Hence, 3 is a solution to the equation P(X) = 0.



3x +2y + z = 39

IRCEERIRIV 2x+3p + z= 34

x+2y +3z = 26
M w nl T ul ™ m

woon W w1 m

T ad Y nd "R ke
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ap Xy tagp X+ ... +ta X, =C;
Aoy Xy + 8y, X, T ...+ Ay, X, = C,

Qi Xy T AL X, ...+, X, =C,

x = A; (mod my)
x = A, (mod m,)

x = A (mod my)
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’J,'il ¢ ﬂat‘th-(ﬁinn lgcrnlﬁ.

JOTTINGS ON TIE SCIRNCE |
OF THE CNINESE.
CARITHMETIE, ¥

( Continsed from -No, A13.)
In examining the ||rmi||rlinn; of the.
thineag, one finds conxiderable ulilllﬂlll."
n wesigning the precise dato for the origin
Wfany matl emntical process; for on al-

: NQ'_'I 10,~—VCTUBER 1, 3sTwa. )

st every point, where we consuit a

we find references to some

”::r:.;;‘;:’;ﬂ :nrk on the subject, The
;‘,I'h yeneration with which it has heen
tomary for them to look upon the
O of the anclents, hax wuile them
more_desirons of elucidating the works
[ thele predecessars; than - of secking
;,,u in an untrodden path{ vo that some
of their mast: fmportant formulee have
reached, the slate In. which we now find
(hem by an almost innumerable series of

T;mmu. . One of the most remarkable

of these h'lh’ﬂ(ﬁi Ta-yen * Great
Extension,” 8 rule for the resalution of
Mflnmiuu"n’mbltml. This rule s
met with in embryo in Sun Taze's Arith-
metical Claxsic ¢ under . the name of

Mx#l !Ii IWah puh che s00 * Un-

3 general gtatement. infour lines of rhyme,
the follawing question in proposed t—: *
. Glven, an unknewn number, which when divid.
o by 3, leaves o vemainder of 2y when divided
by 3, it leaves 31 and when divided by 7, it leaves
2y what v the number ! - Ans, 23,

fciently enncise and eliptical, to elmle the
eomprehension of the’ casnal ‘reader i—

140y dividing hy.$ with & rewainder of 3, set
Jown 631 dividiag By 7 with & remainder of 2,

234, from which snbtrse the rema
In the number - feddebint

-A more general note succeedsy'}— !
For | oblained hy 3, set down 70 for | obtained
Ay 5, set down 21 for | obtained by 7, et down
131 when the: sum ie 100 or abeve, subtract 105

we find ‘it. gradually: becoming  clearer,
1ill tawards the end of the Siing dynasty,
when the writings of Tain Keti<chaou put
uy In full possession of the principle, and
enable ns to unravel: the meaning . of the

lllt. three divisors and 7, gives-105

. i il -
li'nl'rl'w":'('o e 417, Y% *Yen-so0 ¥ Exten-
Sian nimber ¢

. Divide thid again liy.7,
| 5 ‘In the
FRicm

Multtplfin teenis™

Tiis-ls follawed by a special rule for |
working out _the problem, in terms suf- | -

Divklng by 3 with & remainder of 2, set dawn t

set down 301 l“l'llh‘:oull:l‘mkr ves |

fiom it, and the remainder Is the nomber requireds |- °
. In. tracing “theconrse.’of this process, |-

abavd mysterfons axsemblazzd of nimerals, -
Applsing the prineiples of the:Ta-yes ns |
there laid down ':—'-.\;uhlpl_\'-lnu-lngﬁhér_' i

49 Aga
present 1l
the 3 pan
sent the

symbal, &
Wit int
the seven
The 4

the junio
Junior fen
numbers,

respective
three.

Qreat Ext

known numerical quantities,” where after | before.

Alexauder Wylie.

Alexander Wylie
(1815-1887)

A. Wylie, Jottings on the
Science of the Chinese.
Arithmetic, North China
Herald, 108-121, 1852.

Ying s06 ** Use number,” ot ‘an it i given
sbave,—for | obtained by 7, set dowen 15.
Divide the FExtension parent - 105.by the
Fixe:d parent 6, and the quatient 21.is

by 5, and the overplns’ 1 is the Multip-
lying term. - Multiply the Estension
nomber 21 hy this, and the product 21 is
the Use number ;. which Is given abute,
~—for, | obtained by5; set down 21, , Di-
vile the Extenslon parent: 105 by .the
Fixed parent 3, aml the quotient.35 js
the Extension number,: Divide this again
by'3, and there fs a ’.,T “Ke,"* Remain-
der™ of 2, | ‘This Remainder being mort
than unity is then submitted to a sub-
shd rocess ummljyk — Keu Yih
* Findihy unity,”. whichis the alternate
division of the Extension parent anil e«
mainder by cach other, Il the remainder
i retlueed to*l ¢ the resnlt In the prexent
instance f¢ 2 which fs. the - Multiplying
term 1 by which multiply the Extension
number, apd the product’ 70 Is the Use
wumber; which ls the meaning of the
sentence,~for | oblained by 3, set down
,?-._ll"lng_llml obtained the sevéral
Use nmmbers, multiply the enrrespond-
ing original remaindors by these ;—

0x2=140; 21 x3=63; 15x2=30;
ald these three numbers together as atat-
el in the rule, and the sum ix 233 from
which aubtract as many times-the parent
number 105 ns jt.will adwnit, which maks

tiply the 12 fon nitme | "

i e product 15 s the- JTTE | ¥ asimg

the Extension number.: Divide this ajiin |

number
might s
‘whole sty
stroke
‘whole an
the mear
eliving in
of Fo-he
posed to
Some kn
cessary |
dingrann
of a very
" The ?
of conjn
eyelen ¢
an folloy
e Jatthe
‘modn's re
a0 days,
day ofthe
in the Int
Kes-taze |
solar year
Oth day o
twa conjt
three eyt
clapeed, 2
time bett
223,600 ¢
already |
9,077,

ing 1_'2. the remainder is 23, the number

The ¢



| The: gEn'cral'ffpﬁ'néiplééﬁ}’bf ‘the “Ta-yén
arc probably given in their simplest form,
in"the above rudimentary problem of Stn
1.82(!..; :Subsequent- authors’ enlarging on
the- idea,“applied jt'with .much, effect to
that coiniplex system of cycles and épicy=
cles which form. such a* prominent feature
' the middle-age " astronomy of the: Chi-
nese; The reputed originator of this theory
13 “appliéd "to” astronomy is the..priest
"hh Hing who had scarcely finished :the
Tough draft”of his work S 417 JBF o

Ta-yen leil-shdo, when he died'A.D.717.
art .'Of;hu'inbéri:’_ by Tsin Keu chaou that
we have the most full and explicit details
on this. subject, ““Here we have the vari-
2us applications of this " th eory . worked

out.at_great length “the ' first problem

dlflnlﬁg‘ nun‘bers ® et * .:' ks AT

_tl‘lefY.i]u-King'tréﬁting of_'th'é.or-ig‘i.nhqf: the

pote. In the Yih King it is said,~~'The Great
7 nsion number is 50, and the Use number is

P -

R MR 1) x ) g i Ll = ) )
-y,,,i-',i""" writers are divided In opinion as to the time
Sun w un Tsze lived ; sgme eonsider him the same as
- T Wontaze,
h':;‘;:g,;'c‘jzzo‘ - The mors probable -opinion however,
the W ;m ived tywards the end of the Han or during
J b dynasty in the third century of the Christiap era,

- Butit_is'in_the.* Nine.sections. of the.|

to-find ‘a’solution™of a passage “in'|

-8 military officer during’ the Ileptarchy’|

Da Yan K7
(Great
Extension)
Art of
Searching
for Unity

&=/LE8
(QIN Jiu-shao)

(FENE)
1247

AROTK—1ig



Shushu Jiuzhang #IZ A%, Book I, Problem 2

Lct tlxe soIar)car be-equal to 365} days, the |
moon s rcvolunon, QSm days, and 'the. I\ca-ts~e, E
60 dms 91lppose in"the year A. D 12 }6, the 53d° *EEE
| day of tlie Kea-tszé. or. sc‘(agcnary cycle of dnw

‘is.the 1st.of the 11th month; the 57 7th day of the
FKeastsze S TRe Wintér solstice or 18t diy of "the

‘solar year;—and the 1st'day of the Kea-tsze is the &E
-9th day of the month. . Kequired the tinie between'
two_conjunctions of the commencement of thesc’
three ¢ycless. “also, the time that has already:
‘elapbed and how much hasyettorun. * Ans.- The ||
_time between .. two._ conjunctions, .. 18,240 . years:.
-225,600 months: 6,662,160 days: number of years
*already past 9 163 number of Yo unc\pn-ed

han
Sha gYuan J:E e e ® @ Winfer Solstice
> ________ o’ﬁrslr #‘gg:ma
Bl s - oFmHa of e
60-cycle

N days in & Shang Yian PQH‘OJ.
N = O (mod 365%) 2<=4x740xN

N = O (mod 2942) = =OgmmL {373340)
N = O (mod 60) r=a cm PrSees 3
=2

0874 76800, N=555180

A

o
Abi1246 8

N =i o 26 % Time elapsed since
i B ajé Shang fion = N4°>’5

about calendrical reckoning



REM).* A Dedekind domain

R possesses the followzng property |
| gCRTQ Given a finite number of ideals o, and of elements x; of R

(3= 1, , 1), the system of congruences x = x,; (mod a,) admits a solu-
tzon X in R zf and only zf these congruences are pazrwzse compatzble that 1s,

ideals of a Dedekind demain R, each of the operatlons N and + is dis-
tributive with respect to the other; that is, that given three ideals a, b, b’
in R, we have:

aN( + b)) = (aNb) + (aNb’)
a4 (bNDH) = (a4 6)N(a + b').

* A rule fo asolution_of simultaneouys linear congruence ,_essentially
e?uivalegt ‘EI;E Theorem 17 in the case of the ring / of integers, was found b
hinese calendar makers between the fourth and the seventh centuries.A.D
t was used fo ding the common periods to several cycles of astronomical
phenomena.

Chinese Remainder

Theorem

Oscar Zariski & Pierre Samuel,
Commutative Algebra, Vol. I
(1958), Chapter V, p.279.



What is (Abstract)
Algebra?




MATH2301 1s too Don’t worry.
difficult for me. I am Abstract algebra is
going to flunk it. easy.
PR 2 SRR
Why do I have to study all thlsw All the notions are clearly
abstract stuff? I do not see defined and all the theorems)
~ how it is used in my other * are systematically derived.{
% courses nor in daily life. I do Everythlng is so precise and
not see why it is called , / logical. You can even start

“algebra” either. It looks \ from scratch without having to \
entirely different from the klnd >know much beforehand. How

of algebra I learnt in school. I come you do not understand:
get confused with the what is going on and feel
multitude of definitions and \ confused? el /m\ <\
theorems about thmgs I cannot / \ C)
visualize.
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POLYA'S ENUMERATION THEOREM
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G. Polya,
Kombinatorische
Anzahlbestimmungen
fur Gruppen, Graphen
und Chemische
Verbindungen,

Acta Mathematica,
1937 (68), 145-254.
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** G. Birkhoff, T. C. Bartee, Modern Applied Algebra,
1970.

¢ L. L. Dornhoff, F. E. Hohn, Applied Modern Algebra,
1978.

** R. Lidl, G. Pilz, Applied Abstract Algebra, 1984; 2"
edition, 1998.

** M. R. Schroeder, Number Theory in Science and
Communication, 1984; 2" edition, 1990.

¢ J. von zur Gathen, J. Gerhard, Modern Computer
Algebra, 1999, 2" edition, 2003; 3" edition, 2013.

Manfred R Seheoeder Modern compater Algebra
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EQUATION

3r =4
202 — T —4 =0
x3 — T2 4+9=0

330:35'1:1

d?y dy
-3 = e”

da? dax
A11L1 T *°*°* T ALy — b1
aA21L1 T *°°*° T A2nLnp — bz

Am1T1 + *** + QmnTpn = bm



Is the quintic equation

solvable by radicals?

Joseph Louis Lagrange (1736-1813)
1770/1771 Réflexions sur las résolution
algébrique des equations

Niels Henrik Abel (1802-1829)

1824 Mémoire sur les équations
algebriques

Paolo Ruffini (1765-1822)

1799 Teoria Generale delle Equazioni, in

cui si dimostra impossibile la soluzione

algebraica delle equazioni generali di
grado superiore al quarto

P
Y Y R\

Evariste Galois (1811-1832)

1831 Mémoire sur les conditions
de résolubite des equations
par radicaux



Solving algebraic
equations
ax?+ bx+c=0,

ax3+bx2+cx+d=0,

Q, R, C—>Field

Z —> Ring

Group

Permutation of roots Integral Domain
Group of Permutations — UFD, PID,

Group Euclidean Domain

Quotient Field
Extension Field
Algebraic Closure

Galois Theory

< BN, KA REIAENNE, (1,2, 3, LN , FHE,
1990/1993/1994.

¢+ M.K. Siu, On the learning and teaching of tertiary algebra
[unpublished expanded version of “Why is it difficult to
teach abstract algebra?”, in Proceedings of the 12th ICMI
Study Conference: The Future of the Teaching and Learning
of Algebra, 2001, 541-547, published in Italian in Progetto
Alice, 10 (29), 2009, 311-330.]




What is abstract algebra?

“... the program of studying
algebraic manipulations on
arbitrary objects with the
Intent of obtaining theorems
and results deep enough to
give substantial information
about the prior existing
particular objects.”

B Saunders MacLane,
History of abstract
& algebra: Origin, rise
and decline of a

e movement, Texas Tech.
2= Univ. Math. Series, 13

L » e

Saunders MacLane, (1981), 3-35.
(1909-2005).
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