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Lam Lay Yong EEREZY ,“The Development of Polynomial
Equations in Traditional China”, delivered at the Presidential
Address at the General Meeting of The Singapore Mathematical
Society, on 19 Mar 1986.
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represents the equation

x> - 9x* — 81x° + 729x° — 3888 = 0 .
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* HZAR/RWAZ > HZrRie > MZARE > K

» WZJITREE » IWZ WAk » SRR -

For easy reference, let
a="s] . b
b=p

c=5% 2
subscripts denote the 15 trianglessg
e.g.
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& B (Fit) ¢, B (K) b, B (85) a,
> i )| gz (E) c, Ehe (K7 b, g (@) A2
3 3 Attt F3% (Bit) s RR (B4b) b, B (k) %
4 P ESINES sEZ KU) EER (X&) b, sEa Wwse) M
5 %E Bt 5% (Bi) &5l (BR) b, #54 (R 5
6 & ES=E] EEZ (KR) EER (KB) b, t&® (HE)  a
7 TS A% TEx (AL TER (B% b, TEa Wk 00V
8 ¥ BlIE EFZ BI) EFER (BE) b t¥m (IE) 0 %
9 TF Jlites TEEZ () TEER 1) b, TEE (gy) P
10 Kz B AEZ (KB)  cp AER () by, x£7 (Bm) 210
1 INE Wit NER () ¢y MNER (WR) by, hEg @R)  u
12 E Bl s@@ B cy S (HD) by, sfEg (o) 2
13 N Bz KEZ (BU) oy AER (B by AEA (i3 0B
14 Bg AR/ BE3% (B8) Cis BBRR (EIED) by, B4 (B 14

15 = MES =& (W) Cie H|R (L) by =g (IIF) A1
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+ ¢,26%0, a,=320, b;=600.

* BIRERILE A

sECYIC R

b ‘|‘a1:920 bl a1—280
* DJREAI—T 0 = H N

* ¢+a,=1000, ¢;-a,=

o FEyZFI—F
* ¢,+b,=1280, ¢;-b,

=360.
EVAGREE: ‘YA uk

=30.
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* SZECHILEZN T U H

* ¢+(by-a)=960, c,-(b;-a,)=400.

* GZFIRI—TFONE B HIE

* (a;+by)+c,=1600, (a;+b,)-c,=24

» B AEUT > ATHATIN ) B

J\T e
* =544, a,=256, b,=480.
s AT HZ=17N 0 BH
* by+a,=736, by,-a,=224.
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e Aa Kb ARA AR 9% A%ER REN KRR 2B 2R ZAA R

atb b-a a+c c-a b+c c-b c+(b-a) c-(b-a) (at+b)+c (a+b)-c

1@ 680 320 600 920 280 1000 360 1280 80 960 400 1600 240
2 g 544 256 480 736 224 800 288 1024 64 768 320 1280 192
3 & 425 200 375 575 175 625 225 800 50 600 250 1000 150
4 EE 510 240 450 690 210 750 270 960 60 720 300 1200 180
5 25: 272 128 240 368 112 400 144 512 32 384 160 640 96
6 F& 255 120 225 345 105 375 135 480 30 360 150 600 90
7 F& 255 120 225 345 105 375 135 480 30 360 150 600 90
8 F'F 136 64 120 184 56 200 72 256 16 192 80 320 48
9 FF 136 64 120 184 56 200 72 256 16 192 80 320 48
10 KZ 408 192 360 552 168 600 216 768 48 576 240 960 144
11 /p2Z 170 80 150 230 70 250 90 320 20 240 100 400 60
12 2f&: 289 136 255 391 119 425 153 544 34 408 170 680 102
13 K 102 48 90 138 42 150 54 192 12 144 60 240 36
14 B 153 72 135 207 63 225 81 288 18 216 90 360 54

15 #H 34 16 30 46 14 50 18 64 & 48 20 80 12
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RZIHELH ZH0E ce=by=225
O ZRERJITZ S #b[E] ajy=co=136 58
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Right-angle Triangle AEF and right-angle triangle OED are similar
(all angles are the same)

and their base OD = EF =, radius of the inscribed circle.
Therefore, triangle AEF and triangle OED are congruent.
Thus, their hypotenuse must be of the same length

i.e. AE = OF (KRS HEH ZH0E).

Using the same argument, we have

BG=0G (02 ZJ I ZFHE[E]).

Right-angle Triangle HEJ and
right-angle triangle AEF are similar
(all angles are the same)

and their base EJ = EF =,

radius of the inscribed circle. EEESn 0

Note: This 1s only a

proof 1n modern styles and
techniques for your easy
reference. This is not the
proof used in ancient times.

Therefore, triangle HEJ and
triangle AEF are congruent.
Thus, their hypotenuse
must be of the same length
i.e. AE = HE = OE.

(HZ OB H Z R E]).

A modern approach to see why
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KB (BU) oy AER (BiS) by, AEA (LiE) 0B

14 B =)L BB3% (HA) Ciy BBRR (HIF) by, Ba (HF) 414

15 ] TIIES] EL AT Cy5 BHig (LER) bis EXROIES



* FLAJRAIRIZ A - MUK Z= RIS
=B A) = o

N

AR a+b = c+d

RHS (Right-angle-Hypotenuse-Side), also
known as HL (Hypotenuse-Leg): If two right-

angled triangles have their hypotenuses equal
in length, and a pair of shorter sides are equal
in length, then the triangles are congruent.

¢ = (a-r) + (b-r)
a+b=c+2r=c+d
REZRIE=ET c-a=b-d

/NEBRE) =S c-b=a-d

Note: This is only a
proof in modern styles an
techniques for your easy
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reference. This is not the
proof used in ancient times.
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o BEEANE R o (30 RIARIERIE (30 AN A RE
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¢ b6‘a8 = b7‘a9 = (b6‘a6) + (bg‘ag) = (b7‘a7) + (bg'ag) = (a14‘|‘b14) - (a15‘|‘b15)
* Dbgag = byrag = (by-ay) - (byy-a;) = (bp-ayp) + (by3-ay5)

== EE® (RA) EER (XB) tEm (BE)  a
7 = A%k FEZ AL TER (B% b, TEE k) Y
8 ¥ AllE EEE BI) EFRR (BB b, tEg OIE) %8
9 TF Jlits TEZ (I TER JI&) b, TEE (ty) 0P
12 S1E Bl s@z @) cp SR (D) by, 2By () o1
13 A Bz KEE (BU)  cp KEE (B33 by, AEa Wz
14 B ABE&E BE3% (HB) Cit BARR (EIRS) by, e (BR) A4
15 = Mk = (W) Cic B (LLED) b, =49 (JIlE) d1s



» BHE GRIATGE > (30 2dE 0 (30) 2ARM - HE
(3 REARGEBE/INAERHL -

(byy-ajy) + (bys- aj5) = (C14- a) - (Cy5- bys)

X Bt xE% (XB) C1o KER (KH) by, x£9 (B 210
11 = Wit NER (i) oy MERR (WR) by, hEg @R
12 El N0 s@x (BI) cy SiER (AD) by, siEg (JIy) 01
13 A Bz AEZ (BU)  cp AER (BZ) by, AEA (i) 0B
14 B BAmE 3% (BR) CLa B (57 by 1A (B i
15 = L)1 =% (W) Cis =R (L) by =49 () 415

« HEIEE R ~ BRI AR R ER - s () B
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* (by-ay) - (bys-aj5) = (bg - a) - (bg- ag)

* =(b7-2ap - (by- a)

* =((cy3- a13) +(C13-b13) ) - (a3+ by3)

SR EE A P SRR A

* =Cpp-
EEZ (RA) EER (XB) t&m (BE)
7 & =1L FEZ B TEkR (B b, TEE k) Y
8 tF S EE BN o EFR (BB b, tFg (iE) %
9 TF Nlitss TEZ O o TER IS b, TG dty) Y
12 =15 Bl s@z B cy SR (BL) by, 2@g (o) 2
13 A2 Bz AEE (BU)  cq AR (Bi5) by, AEA Wz 3
14 Bg =JzL BBs% (B8) Cia BBRR (BIF) by, B4 (B 14
15 = Mk =% (W)l Cie =R (L) b, =49 (Il A1
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Cbis—ay4) —(b1s—a,5)I—(b1s—a,s)

=(blo "'alo)"(bo-as) = (blo—alo)"(b'z_ao)
=(blz"012)"2(bs"‘a.s) =(bnz"anz)-2(bo"aa)
=0(b1s—a14) +(bis—a16))—(by1—a,,)

=(bi4+a,5) —2a,,

TE% (W) ¢ TEmg ( TE4Q (L% &
8 L BllIEs o g = 1) G TR (BE) by tEg JIH) g
9 T Nliies T (i) ¢ TER 1) b TEE (9) &
10 xz X B AZ% (XB) c10 AZR (K byo xEa (Bt i
11 hE Wit R INERZ (LLitth) o8 INERR (LR) by, NET (HR) i
12 i Bl siEz (A)) o8 SiBEg (B0 by, SiEg (JI) =
13 A2 Bz A% (BW) ¢ ARk (852 big AEA (1L52) =
14 B HA# BEZ (HA) cu BERR (BR) by, B (A& i

15 ] kS &% (W) Cis =Ee (LER) bys &4 (JIIE) d1s



(b1s—ay2) = ((b14—=a,,)=(b1s—a,5))
==(be“aa)“" (blo"‘axo) =(b7"ao)-(bno"a|o)

332(bg""ag)"' (blz"alz):Z(bg'—ag)-(bl;‘.-’alz)
z(bll‘_011)“[(b1¢—al4)+(bls—'als)j

:2014-(b14+015)o



FLA/ N ST (- a)e—0) = o

Prove that 2(c-a)(c-b) = d?

LHS: 2(c-a)(c-b) = 2(c-ac-bc+ab) = 2¢c2-2ac-2bc+2ab
RHS: d?= (atb-c) 2= a?+b*+c2-2ac-2bc+2ab

using a?+ b?=¢? therefore, d? = 2c2-2ac-2bc+2ab = LHS.

d

2 x ALERITIHER = =I5 c-a=b-d

Note: This is only a d
proof in modern styles and
techniques for your easy

reference. This 1s not the <
proof used in ancient times. c-b=a-d d




P (FLEEE) a’ + b =2
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< —
(c—a)(c—b) 10—5
A at+b=c+d
d? d
X a4+ b —d*+2(c—a)(c—b) =
b =
| 2
S d :2 - —b
ol (— a)(c—b)
|
\J = |w
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(¢, —ay)(c, —by) =—%—d2

(R BV INERAHFIRE L)

1
alo.bll e S
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o [EAJEARELERE
| 1 ,2
a,3+b, =—d
2
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2
(15 .b 4 = d
%HQQZ/E*Eﬁ?%‘iEfg@% as.bﬂ ;:;aoob" z‘rz
HH 52 BH RS B B 520 B AN A SIS AR B ,
(b, +Cu)(015 +-._Cls) =7
(BH5ZBA 230 B B 52 BE e W AE S > JR[E] B
. 2
(a,, +c¢, Db s tCi5) =7



=54~z AETE Ry—Ex E AR
Cg*Cg =C,°Co=0a;3°b
» HHEZJEHERHTE » 52 Ry— B KR R

2014‘b15=013’b13

+ (BB EEAIRE] )

Zals'bu =a,3°b,3
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b,+a,-—d +c,
b, "a;-(b;—d )-(a,-d )

o LSRN A)—R7E

C, +a'1 = 20, +(cl"'al)

— LA 0 HR

H R, ©

¢,-a,=(,—a;)



o R AIBI ZHe—/NE » HEGRI/NEA, -

c,+b,=2b, +(c,—b,),

Cl"b =(Cl"'b1)°

o SZEGALRy— R =4 » HagHPR L/ NA 2

JE_[ZO ¢, +(b,—-a,)=d + 3(b;—a,),
-(b —0 )-01+(Cl-b )

ﬁDEUL?Z:Za%DLﬂ?jVT@ » MR
EZ:EﬁDLﬂ?ﬁJ&Hﬁ HAE RIS AT, -

(al +bl)+C1=E(Gz+b2)+Czj+Ol
=((az +b3) +c; ) +Db,
(al+b1)—01=d

—
—_—
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a, +b2=bl +.CB=b1 +CQ

b, —a:=b, —cs=b —cy

C2—A:=b,,+cC,,

o BRI RIEEA AR D E8 At H

Al

A | c: +by, =(b, +c,) —a,

Cg-bzr-a; =09



* SZIL RyRGE BRI > HERATR AL -

C2+(b2

c, — (b,

=S AEE5Z_ERE5Z AT
BlZEHT,  a, +by) +c,]=

1|||ﬂ|

—a..)==b +c

10
—az)—al
N B == A

by, +c,

((a, +by) +c, )+ (d —ay)

HRIIRAZ LI > SR

5% LR b2 R,

252 2Rl > MR R

((az +b2) —c2l=a

=C8 + (bB _as)
=cg+ (byg —ayg)

=b,3+C;3
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480 - r

Hh

YR R

B [(K75) = b, =480

& Gah) = ;=200



EH TS EREE 0 TN B - B o SRR
B
o T RITC— A 0 (Let X be the radius)
o BRI NRFTCEE 0 15 REREE -
480 - x = P& ElZ= _
+ XEZHATHILM  WERTE BT S Ry Al -
200 - X = @E 11% '
o DIEZERTRILERE > 15w BRERE TR - BRI R4
» NBRTBEUMEY B 0 IRBEERETE  BAMNE

s WO EZEERE & o
(c—a)(c—b) = (b—d)(a—d) = %dQ
e 1
(200 — )(480 — 2) = < =
96000 — 680x + x2 = 222

27)? = 2x°

96000 — 680z = 2
=120 %
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o SUE AT - SRR
ERRTHIRT & ) FoAR - LEZARTHME
T 8 U B -

IR o 8 1 P (EAER -
DIFETCRR BT e o BRI -

e

B Areaof AABC=ab/2
Areaof ABOC=cr/2

Areaof AAOB=br/2
Areaof AAOC=ar/2

SLEERER » R =H

Note: This is only a
proof 1n modern styles and
techniques for your easy

Ly Therefore ar br cr ab
reference. This 1s not the

proof used in ancient times. b 2 2 2 2
ab
—=a+b+c
A\
C d A LEEAERE =5

see 0T (JLERMT) &L ' Ak, BN
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SHEN\E - keth e

8% {m] 2

KH L NH o

=

(= AN 7 /N B el e 700
5%, ° =M1 Z Ryt > DL

e == N A=
o BUESERE D -

—t

=

BI85 see figures on the left.

(a+ b+ c)d = 2ab

T =

d ab
2 a+b-+c

Ao E

» R 2K
R P



ab
—=a+0b+c
"

since a+b=c+d=c+2r

Therefore

b
a—:a—|—b—|—a+b—2r:2a—|—2b—2r
-



alv

b=480+r

a=200+r

& Gah) = ;=200

B [(K75) = b, =480
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© RRIALATE > SOEALRIES v RER BUEMDARS
+ Dmde P oL A B2t - 5 -

2
ab _ RO+ 2)U80+2) o 1 op 9 — 2200 + ) + 2(400 + 7) — 2z

x x
2
96000 + 680x + x — 1360 - 22
x
96000
— 680 =x
x

96000 — 680z = z°

2% + 6802 = 96000

x =120
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Solve the quadratic equation ##—7T K 12
227 Lecture Note Set #02 “FJ7flg”

( OULEST) &L wi ) B4

This is not exactly the same as  “F4c~ = HB2" in CHIEES

O

10




- {[& : Is it possible that
(680+1)x1 < 96000 < (680+9)x9 2 — I

e | : Is it possible that
(680+10)x1 < 9600 < (680+90)x9 2 O &

——

e 7 :Is it possible that
(680+100)x1 <960 < (680+900)x9 20 €—
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* Find the largest single digit integer n

so that (100n+680)xn < 960
TRE AR E LR n > 11(100n+640)>xnZA KJR960 -

* [f n=1, 780x1=780 (less than 960)
o [f n=2, 880%2=1760 (over 960!!!)

Therefore, n=1.



780x1=780, 960-780=180, 1x2=2
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* Find the largest single digit integer n

so that (10n+880)xn < 1800
A ARV EALEEE n > (f1(10n+740)xn A KJR2200 -

* [f n=1, 890x1=890 (less than 1800)
* [f n=2, 900%x2=1800 (equal 1800)

Theretfore, n=2.



900x2=1800, 1800—1800=0
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Skip to 7=

(the 224 problem)
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76800 — 80x = z* % + 80x = 76800
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This is not exactly the same as  “F4c~ = HB2" in CHIEES
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- {[& : Is it possible that
(80+1)x1 < 76800 < (80+9)x9 ? ) 4

e | : Is it possible that
(80+10)x1 < 7680 < (80+90)x9 2 O B
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e 7 :Is it possible that
(80+100)x1 <768 < (80+900)x9 70 €—
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* Find the largest single digit integer n

so that (100n+80)xn <768
PRI ENL R n > 11(100n+80)xnZEAKRT68

o [f n=1, 180x1=180 (less than 768)
* [f n=2, 280%2=560 (less than 768)
* [f n=3, 380%3=1140 (over 768!!!)
Theretfore, n=2.



280%x2=560, 768—560=208, 2x2=4
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* Find the largest single digit integer n

so that (10n+480)xn < 2080

P RHELFEE n > (10n+480)xnZA K FR2080 -
* If n=1, 490x1=490 (less than 2080)
* If n=2, 500%x2=1000 (less than 2080)
* If n=3, 510%x3=1530 (less than 2080)

+ If n=4, 520x4=2080 (equal 2080)
Theretfore, n=4.



520x4=2080, 2080—2080=0
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