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oboboobooboboooboboubbDzp<ze<zp<zaOOOOOOOOOO
ooooACOOO0OOOCOODOOO

AC = /(x4 —2c)? + (ya —yc)? = V(1 +a?)(za — 2c)?

goon
BC = T @)ap—1cP
AD = /(1+a%)(va—zp)?
BD = /(1+a?(xp—2p)?
ooodo

(5e)/ o) = G (o) -y - )

, , dz g dzc d(xald+yc) —zc(d+ya))  dld+b)(xa —2xc)
Ty —To = — = =

d+ya d+yc (d+ya)(d+yc) (d+ya)ld+yc)
oooao
ol d(d+b)(zp — xc)
Boe (d+yp)(d+yc)
oy d(d+b)(za —zp)
AP (d+ya)(d+yp)
o = d(d+b)(zp —zp)
B TP (d+yp)(d+yp)
oooao

A'C"  d+yp xA—2C AD  d+yp xpa—2D
B'C" d+ya zp—2c BD d+ya xp—ap
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3 0000000 (Desargues’ theorem)

200000 ABCO A/B'C’0U000000O0D0OU0DOODOOOOOUOUDOUOOOOOOOO
obooboobooobos3sbobooooobooooog

ood1

dboboobooboobooboooooooooooooooooooooooooooon
ooog

300 oADoBOoOCOUOOOUOOOOOOOUODOODOOODOD ABCOUOODOOODOO
ABC'000000000«¢000020000 BCO B/ C’0000O0OO0OOOOOOOOOnO
BCUOOOO ABCOUODODOOODOOOOD B/C’0 A'B'C'O0000000O0OOOODO2000
o0 pPpOOD/¢0OO000000O0DOO0QO ROODOYODOOOOOODDOODODOOOOOD
ooboooobooobobobooooOOobooobooooooobooon
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gbogobogbooobobbogooon

20 A(za, ya)OB(zp, yp) D0DO0ODO0OODOOODO

Lap(z,y) = (xa —2B)y — (ya —yB)x — xAYB + TBYA =0
oooooooo
Lag(xa, ya) = Lap(zp, yp) =0

ubooooboaaoaboo



00000 Lap(z, y) 00000000000 Cae, yo)00000000000 Lag(ze, yo)

00000000L,p(C)00000000000000

Lap(C) = (za—zB)yc — (ya —yB)Tc — TaYB + TBYA
= —ZTAYB +TBYA — TBYC + TCcYB — TcYA + TaYyc
= Lpc(A)=Lca(B)
= —Lcp(A)=—Lpa(C) =—Lac(B)

20 COADDO0O000000OLea(r, y)=000000 ADDODO0O000000LAp(z, y)

0 Lea(z, y) 00000000000

La(z, y) = aLap(z, y) — fLea(x, y) =0

O00000La(x, y)O 20y000000LA(za, ya)=0000000000000000O0

oooooooooog
La(zo, yo) = aLlap(ro, yo) — BLca(xo, yo) =0
O00000oooook0oooooog

a = Lca(ro, yo)/k =Lca(O)/k
B Lag(wo, yo)/k = Lagp(0O)/k

oooooo Aooooooo
kLao(w, y) = Lca(O)Lag(z, y) — Lap(O)Lca(z, y) =0
0000000000 (x,y) 0000000 COOOOOOOOOO
kLso(C) = Loa(O)Lap(C) = Lao(C)Lap(C)
O00k=Lsp(C)000000000ODOOOOOO
Lag(C)Lao(w, y) = Lca(O)Lap(z, y) — Lap(O)Loa(z, y) =0

ooog
oo00oOoOoooO0O BoocoooOoOoOooooOoOo

Lpc(A)Lpo(z, y) = Lap(O)Lpc(z, y) — Lpc(O)Lag(z, y) =0
Lea(B)Leo(z, y) = Lpc(O)Lea(x, y) — Lea(O)Lpe(z, y) =0

000 AB'C’0000000000000000OO

Lap(C'YLao(z, y) = Lera(O)Lap(z, y)— Lap (O)Lera(z, y) =0
Lpc/(A)Lpo(x, y) = Lap(0)Lpc(x, y)—Lpc(O)Lap (2, y) =0
Lo (B')Loo(x, y) = Lpc(O)Loa(x, y) — Loa(O)Lpior(z, y) =0



00D00(1) 00 Lpe(0)0000((2)00 Lea(0)000D0(3) 00 Lyp(0)00000

Lag(z, y) = Lpc(O)Lea(O)Lap(x, y)
Lea(r, y) = Lap(O)Lpc(O)Lealz, y)
Lpc(z, y) = Lca(O)Lap(0)Lpc(z, y)
D00OO(1)0()0(3)000000
Lap(z, y) — Loa(z, y) = 0 (7)
Lpc(x, y) — Lap(z, y) = 0 (8)
Lea(z, y) — Lpe(z, y) = 0 (9)
ooodo
oooo
Lap(z,y) = Lpc(0)Lera(O)Lap(z, y)
Loa(z,y) = Lap(0)Lpc(O)Lora(z, y)
Lpc(x, y) = Lea(O)Lap(0)Lpeo(z, y)
0000040 ((G)0(6) 000000
Lap(z, y) = Lea(z, y) = 0 (10)
Lpci(x, y)— Lap/(z, y) = 0 (11)
Loa(z, y)— Lpc(x, y) = 0 (12)

0000

00000Lao(z, )0 Lao(z, y 00000000000000000000000000
000Lgo(z, y) O Leolz, y)O Leo(z, y) O Leo(z, y) 0000000000000000
0000 k0K .0k 300000

Lag(z, y) — Loalz, y) = K1 (EA’B/(xa y) — Lo (a, y)) (13)
Lpo(z, y) — Lap(z, y) = Ko (EB’C’ (z, y) — Lap (z, y)) (14)
Loa(z, y)— Lpolz, y) = K3 (EC'A’(J?, y) — Lpcr (2, y)) (15)

0000000000 (13)0(14)0(15) 000000000 0000000
(k1—K Q)EA’B’($’ y)+ (K2 —K 3)ZB’C’(177 y)+(K3—K 1)[~/C’A’($a y)=0 (16)
gddododoboouoooooobuobounoibdk 1=Ke=Kg=Kk OOOO
Lap(z, y) =k Lap(z, y) = Lpo(z, y) =K Lpo(x, y) = Loa(w, y) =k Lorar(z, y) (17)

D0000000000Lap(z, y)—K Lap(z, y) =000200 ABO A/B' 000 ROOO
0000000000 Lpe(z, y) —K Lpe(z, y)=000200 BCO B'C’000 QOOOO
000 Lea(z, y) —K Loa(z, y)=000200 CAOD C’A’000 QUOIDOOODOOO(LT)
000000Lap(z, y)—K Lag(z, y) =00000000 Lpe(z, y) —K Lge(z, y) =00
Loa(z, y)—kK Lera(z, y)=000000000000000000000030 POROQO
0Ooooooood



4 0000D00OODO (Pappus’ theorem)

00+¢000 ADBOCOOOO/YVOODO AOpBOC'O00000OO AB O ABOOOO PO
00 AC’0O A/CU0000 RODO BC'O B/COOOOD RODOOO3000000DO0DOOODO

00
0 ADDDOO La(z,y) 000000

La(z,y) = aLap/(z,y) — BLac(z,y)
O000oooooooo Aoooooooo a0p000000kOOO0DODOOO
kLaa(z,y) = Lac'(A")Lap (x,y) — Lap (A" )Lac/(z,y) =0

000000000Lac(A") = —Laa(C)OLap/(A') = —Laa(B)0DO0000000O00(z, y)
00 C'0000000000k=La(B)0000000

Lac/(B')Laa(x,y) = —Laa(C')Lap (2,y) + Laa (B ) Lac/ (x,y) =0 (18)
00000000 BB'OOOOOOOoOOO
Lpc(A")Lpp (z,y) = —Lpp (C")Lpa (z,y) + L (A" ) Lpcr (z,y) =0 (19)

oood
o000 Ao000ooo Ly (x,y) 000000

Ly(2,y) = o'Lpa(z,y) — B'Loa(z,y)
O0oooodoooo Adddoodoo Jopg ouooogg
Lea(B)Laa(z,y) = —Laa(C)Lpa(2,y) + Laa(B)Lea(z,y) =0 (20)
00000 BO0000000 BB/O0000OOOOOO
Lo/ (A)Lpp (2,y) = —Lpp (C)Lap (2,y) + Lpp (A)Lep (2,y) =0 (21)
(18) 00 Lea(B)0ODD0O0O0DD(20)00 Lae(B) 0000000000000

Loa(B)[=Laa(C')Lap (x,y) + Laa(B")Lacr (,y)]
= Lac/(B') [~Laa(C)Lpa(x,y) + Laa(B)Loa(x,y)]



ooooboooooooooon

LCA/(B)LAA/(C/)LAB/(,CC7y) — LAC’(B/)LAA/(C)LBA’(xay)
= Loa (B)Laa/ (B")Lac(z,y) — Lac(B)Laa(B)Lear(z,y) (22)
0000((22)00000000000000 ABD BADOOO POODO ACCOCA'DOODOQ

0000000000000
(19900 (21)00000000

Lop/(A)[=Lpp/(C")Lpar(z,y) + Lpp (A') Lpc (2, )]
= Lpo(A') [-Lpp (C)Lap (x,y) + Lep (A)Lop (7, y))]

ooboooboobooobooogon

Lpci(A")Lpp/(C)Lap (2,y) — Lep (A)Lpp (C')Lpa(z,y)

= Lpc(A")Lpp (A)Lep (2,y) — Lep (A)Lpp (A ) Lper (2, y) (23)
DDDD(23)DD o000O0oooOoOon AB'O BA'OODO POOOCB O BC'OOO R
go0O0O0O0ooooooooo

30 POQUROUODODOOOUUOOOOOOOODO(22) 00000 (23)000OooooOoO
gobooboobooobooooooobooog

Loa(B)Laa(C')  Lpc(A')Lpp (O)

= 24
Lac(B)Lan(C) ~ Lon (N Epm(C) 24
goooggo
O0v¢O0 /0000 O0O000O0O0OooCcoOoOoOooOoO
Lep(O)Loa(z,y) — Loa(O)Lep (z,y) =0
O00oo00 A0 BOOoOUOoooOooooooo
Lep (O)Lear(A) = Leoa(O)Lep (A), Lep(O)Lea(B) = Loa (O)Lep (B)
gooooooooo
Loa(B) _ Lop(B)
Lea(A)  Lep(A)
00000000000 Lea(A) = —Laa(C)0 Lep(B) = —Lpp (C)0000
Lea(B) _ Lpp(C) 25)
Laa(C)  Lep(A)

oooooo
oooooc’'ooooon

Lpc(O)Lac (2,y) — Lac(O)Lpcr (z,y) =0
O00oooo A0 B ooooooooooog

Lpc/(O)Laci(A") = Lac(O)Lpcr(A'), Lpc(O)Lac(B') = Lac/(0)Lpc/(B')



oo0oooooooo

Lac(A)  Lpor(A)

Lac/(B')  Lpcr(B)
00000000000 Lae(A) = —Laa(C)0 Lpe(B') = —Lpp(C') 0000
(
(

LAA/(C/) o LBC’ A’

)
Lac'(B') — Lpp/(C") (26)

oooooon
00 (25)0 (26)0000 (24 00000000000O0OCOOO30 PORODROOOOOO
oono

5 0000000 (Pascal’s theorem)

0000000000000 30000000000 (ooooooo)Doooooooo
000000000000000000A0BOCUA' OB OC'00DOOD AB O ABOOO
0 POOO AC'O A/CcOU0O00 RODO BC'O B'CO0OUO0O ROOODOO30000000OO
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0000000000000 oooooo/0/Y 0000000 ooooooooooooon
gdoooooouooogoooouoobooobooog (QQ)DD(QS)DDDDDDDDDDD
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000 200000a2+bay+ey?+dr+ey+ f=006000000000000000
O00o0oo000oo0o0o0oo0ooooboob0bdi0ed0d0 e=10000000000000000
200000000 500000000000 10000000 D4000 ADBOA'DB'OOO
oo0ooono
Lag(x, y)Lpa(x, y) —kLaa (z, y)Lpp(z, y) =0 (27)
00000000000 k00O CcOO00ooOoOoOoooDoOoooo

Lap(C)Lpa(C) — kLaa (C)Lpp (C) =0 (28)

0000000000000 0000000000000000O000D0UDOoUOoOO ¢C'uoo
O0o000 k0000DO

Lap(CYLpa(C") — kLaa (C)Lpp (C') =0 (29)



000000280 (29)00 k000000000000 OOO

Lap(C)Lpa(C) Lap(C')Lpa(C')
LAA/(C)LBB/(C) o LAA/(C/)LBBf(O/)

oooooooo LA’B(C) = LCA/(B)D LB’A(C) = LCB/(A)D LA/B(CI) = LBC/(AI)D
Lpa(C')=Le(B)000000(30)000000000

(
Loy (B)Lep (A) _ Lo (A")Lac/(B')
LAA/(C)LBBI(C) LAA/(C/)LBBr(C’)

gboobgoboboboobooboobooboog

Loa (B)Laa(C') _ Lpo(A)Lpp (C)
Lac(B')Laa(C)  Lep (A)Lpp/(C')

000000000 (24)00000000000030 PORUROODOOOOOOO



