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theory Complez-Angles
imports Complex-Geometry. Elementary-Complex-Geometry

begin

1 Introduction

Morley’s trisector theorem states that in any triangle, the three points of
intersection of the adjacent angle trisectors form an equilateral triangle,
called the first Morley triangle or simply the Morley triangle. This theorem
is listed in the 100 theorem list [3].

In this theory, we define some basics elements on complex geometry such
as axial symmetry, rotations. We also define basic property of congruent
triangles in the complex field following the model already presented in the
afp [1] In addition we demonstrate sines law in the complex context.

Finally we prove the Morley theorem using Alain Connes’s proof [2].

2 Angles between three complex
definition angle-c-def:<angle-c a b ¢ = £ (a—b) (¢—b)»

lemma angle-c-commute-pi:
assumes <angle-c a b ¢ = pi>
shows angle-c a b ¢ = angle-c c b a

(proof)

lemma angle-c-commute:
assumes <angle-c a b ¢ # pi>
shows angle-c a b ¢ = —angle-c c b a

(proof)

lemma angle-c-sum:
assumes I:<a — b#0» and 2:<¢c — b# 0> and 3:<b—d # O
shows<|angle-c a b ¢ + angle-c ¢ b d| = angle-c a b d>

(proof)

lemma collinear-angle:<collinear a b ¢ = a#b = b#c = c#a = angle-c a
bc= 0V angle-cabc= pi>
(proof)

lemma cdist-commute:<cdist a b = cdist b a>
(proof)

lemma angle-sum-triangle:



assumes h:a #bAb# cNa#c
shows |Z (¢—a) (b—a) + £ (a—b) (c—b) + £ (b—c) (a—c)| = pi
(proop

lemma angle-sum-triangle-c:
assumes h:a ZbANb# cNa#c
shows |angle-c ¢ a b 4+ angle-c a b ¢ + angle-c b c a] = pi

(proof)

lemma angle-sum-triangle”:

assumes h:a Z 0 ANb# 0 Nc# 0

shows |Z(—a) b+ Z(=b)c + Z(—c¢) a] = pi
(proof)

lemma ang-c-in:<angle-c a b ¢ € {—pi<..pi}p
(proof)

lemma angle-c-aac:<angle-c a a ¢ = |Arg (c—a)]>
(proof)

lemma angle-c-caa:<angle-c ¢ a a = |—Arg (c—a)]»
(proof)

lemma angle-c-neq0:<angle-c p g # 0 = p#r >
(proof)

end
theory Complez-Triangles-Definitions

imports Complex-Angles

begin

3 Complex triangles

In this section we define triangles and derive some useful lemmas on con-
gruent triangles, following the model [1]

locale congruent-ctriangle =
fixes al b1 c1 :: compler and a2 b2 c2 :: complex
assumes sides”: cdist al bl = cdist a2 b2 cdist al c1 = cdist a2 c2 cdist bl cl
= cdist b2 c2
and angles”: angle-c b1 al c1 = angle-c b2 a2 c2 V angle-c bl al cl = —
angle-c b2 a2 c2

angle-c al b1 c1 = angle-c a2 b2 c2 V angle-c al bl c1 = — angle-c a2 b2 c2
angle-c al c1 bl = angle-c a2 c2 b2 V angle-c al c1 bl = — angle-c a2 c2 b2
begin



lemma sides:
cdist al bl = cdist a2 b2 cdist al c1 = cdist a2 c2 cdist bl c1 = cdist b2 c2
cdist b1 al = cdist a2 b2 cdist c1 al = cdist a2 c2 cdist c1 bl = cdist b2 c2
cdist al b1 = cdist b2 a2 cdist al c1 = cdist c2 a2 cdist bl c1 = cdist c2 b2
cdist b1 al = cdist b2 a2 cdist c1 al = cdist c2 a2 cdist c1 b1 = cdist c2 b2

(proof)

lemma angles:
angle-c b1 al c1 = angle-c b2 a2 c2 V angle-c b1 al c1 = — angle-c b2 a2 c2
angle-c a1 b1 c1 = angle-c a2 b2 c2 V angle-c al b1 cl angle-c a2 b2 c2
angle-c al c¢1 bl = angle-c a2 c2 b2 V angle-c al c1 bl angle-c a2 c2 b2
angle-c ¢1 al bl = angle-c b2 a2 c2 V angle-c c1 al bl = — angle-c b2 a2 c2
angle-c ¢1 b1 al = angle-c a2 b2 c2 V angle-c c1 b1 al angle-c a2 b2 c2
angle-c b1 c1 al = angle-c a2 c2 b2 V angle-c b1 c1 al angle-c a2 c2 b2
angle-c b1 al c1 = angle-c c2 a2 b2 V angle-c b1 al cl angle-c c2 a2 b2
angle-c a1 b1 c1 = angle-c c2 b2 a2 V angle-c al bl cl angle-c ¢2 b2 a2
angle-c al c1 b1 = angle-c b2 c2 a2 V angle-c al c1 bl = — angle-c b2 c2 a2
angle-c ¢1 al bl = angle-c c2 a2 b2 V angle-c c1 al bl = — angle-c c2 a2 b2
angle-c ¢1 b1 al = angle-c c2 b2 a2 V angle-c c1 b1 al angle-c c2 b2 a2
angle-c b1 c1 al = angle-c b2 c2 a2 V angle-c b1 c1 al = — angle-c b2 c2 a2

(proof)

end

end
theory Complex-Trigonometry

imports HOL— Analysis. Convex Complex-Angles Complex-Triangles-Definitions

begin

4 Complex trigonometry

In this section we add some trigonometric results, especially the law of sines

lemma ang-sin:
shows«Im ((b—a)*cnj(c—a)) = cmod (c—a) xcmod (b—a) * sin (angle-c ¢ a b)»
(proof)

lemma ang-cos:
shows(Re ((b—a)*cnj(c—a)) = cmod (c—a) xcmod (b—a) * cos (angle-c ¢ a b))
(proof)

lemma law-of-cosines’:

assumes h:<A#C) (A#B»

shows ((cdist B C)? — (cdist A C)? — (cdist A B)? ) | (— 2x(cdist A C)x(cdist
A B)) = (cos (£ (C—A) (B—A)))



(proof)

lemma law-of-cosines’”:

shows (cdist A C)? = (cdist B C)? — (cdist A B)? + 2x(cdist A C)*(cdist A
B)x(cos (£ (C—A) (B—A)))

(proof)

lemma law-of-cosines’":

shows (cdist A B)? = (cdist B C)? — (cdist A C)? + 2x(cdist A C)*(cdist A
B)x(cos (£ (C—A) (B—A)))

(proof)

4.1 The law of sines

theorem law-of-sines:

assumes hl:b # a> <a # ¢ b # ©

shows sin (angle-c a b ¢) * cdist b ¢ = sin (angle-c ¢ a b) * cdist a ¢ (is A =
?B)
(proof)

lemma law-of-sines”: assumes hl:<b # a> <a # ¢ b # ¢
shows sin (angle-c a b ¢) % cdist b a = sin (angle-c b ¢ a) * cdist a ¢

{proof)

lemma ang-pos-pos:<q#p = p#£ r = r #* ¢ = angle-c g r p > 0 = angle-c
rpq=>0)
(proof)

lemma cmod-pos:<cmod a > 0>
(proof)

lemma ang-neg-neg:<q#p = p# r = r # ¢ = angle-c ¢ r p < 0 = angle-c
rpq< 0
(proof)

lemma collinear-sin-neq-0:
<mcollinear a2 b2 c2 = sin (angle-c a2 c2 b2) # 0>

(proof)

lemma collinear-sin-neq-pi:
<mcollinear a2 b2 c2 = sin (angle-c a2 c2 b2) # pi»
(proof)

lemma collinear-iff:
assumes a#b A b#c A c#w>
shows <collinear a b ¢ +— (angle-c a b ¢ = pi V angle-ca b ¢ = 0)»



(proof)

definition <innerprod a b = cnj a * b

lemma left-lin-innerprod:<innerprod (z + y) z = innerprod x z + innerprod y z»
(proof)

lemma right-lin-innerprod:<innerprod = (y+z) = innerprod x y + innerprod x z»
(proof)

lemma leftlin-innerprod:<innerprod x (txy) = t * innerprod x y»
(proof)

lemma rightsesqlin-innerprod:<innerprod (txz) (y) = cnj t * innerprod x y»
(proof)

lemma norm-eg-csqrt-inner:<norm x = csqrt (innerprod T )
(proof)

lemma abs2-eg-inner:<abs (innerprod x y) 2 = innerprod x y * cnj (innerprod x
y)
(proof)

lemma complez-add-inner-cnj:<txinnerprod x y + cnj (txinnerprod x y) = 2% Re
(txinnerprod = y)»

(proof)

lemma Re-innerprod-inner:<Re (innerprod (a—b) (¢c—b)) = (a—0b)-(c—bd)»
(proof)

lemma angle-c-arccos-pos:

assumes h:<a#£b A b# ¢ <angle-c a b ¢ > 0»

shows <angle-c a b ¢ = arccos ((Re (innerprod (a—b) (¢ — b)))/(cmod(a—b)xcmod(c—b)))»
(proof)

lemma angle-c-arccos-neg:

assumes h:<a#£b A b# ¢ <angle-c a b ¢ < 0

shows «— angle-c a b ¢ = arccos ((Re (innerprod (a—b) (¢ — b)))/(cmod(a—0b)*cmod(c—b)))>
(proof)

end
theory Third-Unity-Root

imports Complex-Angles



begin

5 Third unity root

In this section we prove some basic properties of the third unity root j.

lemma root-unity-3: «(z::complex) ™3 — 1 = 0 +— (z = cis (2*pi/3) V 2=1 V z
= cis (4*pi/3))
(proop

definition root3 where (root3=cis(2xpi/3)

lemma root3-eq-0:<1 + root3 + root3 2 = 0»
(proof)

lemma root-unity-carac:
assumes hi:<al*xa2xa8 = j» <1—alxa2 # 0 N 1—a2%a3#0 N 1—al*a8 # 0>

<j=root3»
and R :<«R=(al * b2 + bl1) / (1 — al * a2) (is <R=7R»)
and P «P=(a2xb3 + b2)/(1—a2xa8)) (is «<P=7P))
and Q:<Q=(a3xb1 + b3)/(1—a3*al) (is <Q=7Q»)

shows (a1 2+al+1)xbl + al " 3x(a2 2+a2+1)xb2 +al 3*xa2 3x(a3 2+a3+1)xb3

—jxal 2xa2x(al—j)x(a2—j)*(a3—j)*(?R +jx 7P +j 2% 2Q)>
(proof

end
theory Complez-Triangles

imports Complex-Trigonometry Third-Unity-Root
begin

lemma similar-triangles’”:
assumesha;éO/\b;«éO 0#cNa #0Nb#£0 AN 0

and hiZ (—a) b= 2 (—a) b <L (=b) ¢/ =2 (-b) o
shows<4(—)a—4( c’) a”
{proof)

lemma similar-triangles:
assumes h:a ZFbAb#cNa#cNa #b Nb#c A c'#ad
and hi1:<Z (c—a) (b—a) = £ (¢'—a’) (b'=a’)y «£ (a=b) (¢c=b) = Z (a’=b’)
(e¢'=b")
shows  « Z (b—c¢) (a—c) = £ (b'—¢') (a'—c)»
(proop

lemma similar-triangles-c:



assumes h:a ZbANb#cNa#cNa £ Nb#Ec N c'#a

and hl:<angle-c ¢ a b = angle-c ¢’ a’ b’y <angle-c a b ¢ = angle-c a’ b’ ¢
shows <angle-c b ¢ a = angle-c b’ ¢’ a’>
(proof)

lemmas congruent-ctriangleD = congruent-ctriangle.sides congruent-ctriangle.angles

lemma congruent-ctriangles-sss:
assumes h:a ZbAb#cANa#c
and hl:<cmod (b — a)= cmod (b'—a’)y <ecmod (b — ¢) = emod (b’ — ¢’)y <ecmod
(¢ —a) = emod (¢’ — a')
shows «congruent-ctriangle a b ¢ a’ b’ ¢/
(proof)

lemma congruent-ctrianglel-sss:
assumes hia #bAb# cANaF#c
and hl:<cdist a b = cdist a’ b <cdist b ¢ = cdist b’ ¢’y <cdist a ¢ = cdist a’ ¢’
shows «congruent-ctriangle a b ¢ a’ b’ ¢’

(proof)

lemmas congruent-ctriangle-sss = congruent-ctriangleD[OF congruent-ctrianglel-sss]

lemma isosceles-triangles:
assumes <cdist a b = cdist b ¢»
shows <angle-c b ¢ a = angle-c b a ¢ V angle-c b ¢ a = — angle-c b a ¢

(proof)

lemma non-collinear-independant:— collinear a b c = a #b AN b# c N a # ¢
(proof)

lemma congruent-ctrianglel-sas:
assumes <al # bl AN bl # ¢l N al # cl»
assumes hl:cdist al bl = cdist a2 b2
assumes h2:cdist bl c1 = cdist b2 c2

assumes h3:angle-c al bl c1 = angle-c a2 b2 c2 V angle-c al bl c1 = — angle-c
a2 b2 c2

shows congruent-ctriangle al b1 c1 a2 b2 c2
(proof)

lemmas congruent-ctriangle-sas = congruent-ctriangle D[ OF congruent-ctrianglel-sas]

lemma congruent-ctrianglel-aas:
assumes hl:angle-c al bl c1 = angle-c a2 b2 c2



assumes h2:angle-c bl c1 al = angle-c b2 c2 a2
assumes h3:cdist al b1 = cdist a2 b2

assumes hj:—collinear al b1 c1 —collinear a2 b2 c2
shows congruent-ctriangle al b1 c1 a2 b2 c2

(proof)

lemmas congruent-ctriangle-aas = congruent-ctriangle D[ OF congruent-ctrianglel-aas]

lemma congruent-ctrianglel-asa:
assumes angle-c al bl c1 = angle-c a2 b2 c2
assumes cdist al bl = cdist a2 b2
assumes h0:angle-c b1 al c1 = angle-c b2 a2 c2
assumes h4:—collinear al b1 c1 —collinear a2 b2 c2
shows congruent-ctriangle al b1 c1 a2 b2 c2

(proof)

lemmas congruent-ctriangle-asa = congruent-ctriangle D[ OF congruent-ctrianglel-asa)

lemma orientation-respect-letter-order:
assumes angle-c a b ¢ = angle-c b a ¢ = collinear a b ¢
shows Fulse

(proof)

lemma isoscele-iff-pr-cis-qr:

assumes h':<q#£r>

shows ((cdist ¢ 7 = cdist p r) <— (p—r) = cis(angle-c q r p)x(q—r)>
(proof)

lemma equilateral-imp-pi3:
assumes (q#£7r> cdist g r = cdist p v cdist p r = cdist p q
shows |(angle-c ¢ r p)| = pi/8 V |(angle-c q r p)| = —pi/3
(angle-c q r p) = (angle-c p ¢ ) A (angle-c ¢ v p) = (angle-c r p q)
(proof)

lemma isosceles-triangle-converse:
assumes angle-c a b ¢ = angle-c ¢ a b —collinear a b ¢
shows dist a ¢ = dist b ¢

(proof)

lemma pi3-imp-equilateral:
assumes (q#ry (pFEQ (r#Ep
and <(angle-c ¢ p r) = pi/3 V (angle-c g p r) = —pi/3>
and «(angle-c ¢ p r) = (angle-c v q p)»



and <(angle-c g p r) = (angle-c p r q)»
shows <cdist p r = cdist g v A cdist p r = cdist p ¢
(proof)

lemma pi3-isoscele-imp-equilateral:
assumes (q#£ry «(pF£@ cdist g r = cdist p r
and |[(angle-c ¢ p r)| = pi/3 V |(angle-c ¢ p )| = —pi/3
shows <cdist p ¢ = cdist r ¢

(proof)

lemma pi3-isoscele-imp-equilateral’:
assumes (q#£T) (pFEq> cdist g v = cdist p r
and |(angle-c g p r)| = pi/3 V |(angle-c ¢ p 7)| = —pi/3
shows <cdist p r = cdist p ¢

(proof)

lemma equilateral-caracterization:<q#r = (cdist g v = cdist p r A cdist p r =
cdist p q)

< ((p—r) = cis(pi/3)x(q—r) V (p—r) = cis(—pi/3)*(¢—7))

(proo)

lemmas equilateral-imp-preispi8 = equilateral-caracterization| THEN 4ffD1]
lemmas preispi3-imp-equilateral = equilateral-caracterization| THEN iffD2]
lemma equilateral-caracterization-neg:

fixes p q r::complex

assumes hl:(p#r»

shows <(cdist p r = cdist p g N\ cdist p ¢ = cdist g r N angle-c ¢ v p = —pi/3)
—— p + rootd x q + root8 "2 x r = 0>
(proof)

end
theory Complez-Axial-Symmetry

imports Complex-Angles Complez-Triangles

begin

6 Axial symmetry in complex field

In the following we define the axial symmetry and prove basics properties.

context

10



fixes z1 z2 :: compler and « B :: complex

assumes neq0:<z1#z2»

defines (a = (21—22)/(cnj 21 — cnj 22)»

defines <8 = (22xcnj 21 — zlxcenj 22)/(enj z1 — cnj 22)»
begin

definition azial-symmetry::<compler = complex> where
cazial-symmetry z = cnj zx(z1 — 22)/(enj z1 — cnj 22) + (22%cnj z1 — z1xcnj
22)/(enj z1 — cnj 22)»

lemma norm-a-eq-1:<cmod () = 1>
(proof)

lemma zi1-inv:<azial-symmetry z1 = z1»
(proof)

lemma z2-inv:<azial-symmetry 22 = 22>
(proof)

lemma cmod-azial:<cmod (azial-symmetry z — azial-symmetry z") = emod (ax(cnyj
. A
z—cnjz))
(proof)

lemma cmod-azial-inv:<cmod (azial-symmetry z — azial-symmetry z') = cmod (z
— 2"
(proof)

lemma azial-symmetry-dist] :<cdist z1 z = cdist z1 (azial-symmetry z)»
(proof)

lemma azial-symmetry-dist2:<cdist 22 z = dist z2 (axial-symmetry z)»
(proof)

lemma «of: <axcnj 8+ B = 0>
(proof)

lemma involution-symmetry:<azxial-symmetry (axial-symmetry z) = 2
(proof)

lemma arg-a:<Arg a = |2xArg (21 —22)]»
(proof)

lemma Arg-invol:<Arg (azial-symmetry (azial-symmetry z)) = Arg 2»

(proof)

lemma angle-sum-symmetry:<z#z1 = |angle-c z z1 22 + angle-c 22 z1 (axial-symmetry
2)| = angle-c z z1 (azial-symmetry z)»
(proof)

11



lemma angle-symmetry-eq-imp:
assumes h:<zl#z» 22#2»

shows<angle-c z z1 22 = — angle-c (azial-symmetry z) z1 22 V angle-c z z1 22
= angle-c (azial-symmetry z) z1 22>
(proof)

lemma angle-symmetry:
assumes h:<zl#z> z2#2»
and <angle-c z z1 z2 = angle-c (azial-symmetry z) z1 22>
shows <z = azial-symmetry z»

(proof)

lemma line-is-inv:<z€ line z1 22 N 2#£22 N z#21 = z = axial-symmetry 2>
(proof)

lemma dist-inv:<cdist a b = cdist (azial-symmetry a) (axial-symmetry b))
(proof)

lemma collinear-inv: assumes <collinear a b ¢> and <a # bA b # ¢ N\ c#w>
shows <collinear (azial-symmetry a) (azial-symmetry b) (azial-symmetry c)»
(proof)

lemma azial-symmetry-eg-line:<z#z1 N z#22 = z = azial-symmetry z =—> 2z €
line 21 22>

(proof)
lemma angle-symmetry-eq:

assumes h:<zl#2> z2%#2 zé&line z1 z2»
shows«angle-c z z1 z2 = — angle-c (azial-symmetry z) z1 22»

(proof)

end

end

theory Morley

imports Complex-Azial-Symmetry

begin

7 Rotations
locale complez-rotation =
fixes A::complexr and ¥::real

begin

definition «r z = A + (z—A)x*cis(9)

12



lemma cmod-inv-rotation:<cmod (z—A) = emod (r z — A)»
(proof)

lemma inner-ang:<cos (£ z1 z2)x(cmod z1 *xcmod 22) = Re (innerprod z1 z2)»
(proof)

lemma ang-eq-cos-theta:<z#A = cos (angle-c z A (r z)) = cos (V)
(proof)

lemma cdist-dist:<cdist = dist»
(proof)

lemma ang-eg-theta:assumes h:<z#A) shows <angle-c z A (r z) = [¥)
(proof)

lemma inj-r:cing r»

(proof)

lemma img-eql:<cdist A z1 = cdist A 22 N angle-c z1 A 22 =9 = 22 = r 21>
(proof)

lemma r-id-iff :<|¥] = 0 +— 7 = id>
(proof)

end

lemma azial-symmetry-eq:<azxial-symmetry B C' P = azial-symmetry C B P» if
«C#£B) for C B P
(proof)

lemma img-r-sym:
assumes h:<zl # 22> <z ¢ line z1 22»
shows <azial-symmetry z1 22 z = complex-rotation.r z1 (|2xangle-c z 21 22|) z»

(proof)

lemma img-r-sym”:

assumes h:<zl # 22> <zéline 21 22>

shows <azial-symmetry z1 22 z = complez-rotation.r z1 (|—2xangle-c 22 21 z|)
2

(proof)

lemma equality-for-pgr:

assumes I:<(a2::complex)xa3#1» and 2:«\z. h z = a3*z + b3 and 3 Az. ¢
z = a2%z + b2 and g (h 2) = 2

shows (z = (a2%b3 + b2)/(1—a2xa8)>
(proof)

lemma equality-for-comp:

13



assumes 2:<\z. h z = (a3::complex)xz + b3» and 3:«\z. g z = a2xz + b2
and 4:«\z. fz = al*xz +b1»
shows «((fofof)o(gogog)o(hohoh)) z = (al*a2+xa3) 3z +(al 2+al+1)xbl
+al"3%(a272+a2+1)xb2
+al"3%a2 3x(a3 2+a3+1)%b3 »
(proof)

lemma eg-translation-id:
assumes <h = complez-rotation.r A 0> <h B = B)
shows <h = id»

(proof)

lemma r-eql:
assumes (A = By (91 = 92
shows <r A 91 = r B 92

(proof)

lemma r-eql”:
assumes (A = By (91 = 92»
shows <r A 91 z=r B9Y2 »

(proof)

lemma composed-rotations-same-center:

shows «(complez-rotation.r A 91 o complex-rotation.r A ¥2) = complez-rotation.r
A (91 4+ 92)

(proof)

lemma composed-rotations:
assumes h:<|V1 + 92] # 0>
shows <(complez-rotation.r A 91 o complez-rotation.r B 92) =
complex-rotation.r ((Ax(1—cis 91) + Bxcis 91x(1—cis 92))/(1—cis
(91492))) (W1 4+ 92)»
(proof)

lemma composed-rotation-is-trans:

assumes <|J1 + 92| = 0>

shows <(complez-rotation.r A 91 o complex-rotation.r B 92) z = z + (B —
A)x(cis(V1) — 1)

(proof)

8 Morley’s theorem

We begin by proving the Morley’s theorem in the case where angles are
positives then using the congruence between two triangles with the same
angles only not of the same sign we prove Morley’s theorem when angles are
negatives.
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We then proceed to conclude because in a triangle either angles are all
negatives or all the angles are positives depending on orientation.

theorem Morley-pos:
assumes<—collinear A B C»
<angle-c A B R = angle-c A B C / 3» (is «Zabr = %abc»)
angle-c B A R = angle-c BA C ] 3 (is «?bar = %)
angle-c B C P = angle-c B C A / 3 (is «?bcp = ?bcay)
angle-c C B P = angle-c C B A | 3 (is «<%cbp = 9»)
angle-c C' A Q = angle-c C A B/ 3 (is <%caq = ?caby)
angle-c A C Q = angle-c A C B/ 8 (is <%acq = %)
and hhh:<|angle-c BA C | 8+angle-c C B A/ 834+angle-c A C B/ 3] = pi/3»
shows <cdist R P = cdist P Q A cdist Q R = cdist P ()
(proof)

theorem Morley-neg:
assumes<—collinear A B C»
<angle-c A B R = angle-c A B C / 3» (is «%abr = %abey)
angle-c B A R = angle-c BA C / 3 (is «%bar = %)
angle-c B C P = angle-c B C A/ 3 (is «?bep = %bcay)
angle-c C B P = angle-c C B A [ 3 (is <%cbp = 9)
angle-c C A Q = angle-c C A B/ 3 (is <%caq = %caby)
angle-c A C Q = angle-c A C B/ 8 (is <%acq = %)
and hhh:<langle-c B A C | 8+angle-c C B A | 3+angle-c A C B /] 3| =
—pi/3
shows <cdist R P = cdist P Q A cdist Q R = cdist P (>
(proop

theorem Morley:
assumes<—collinear A B C»
<angle-c A B R = angle-c A B C / 3> (is «%abr = %abcy)
angle-c B A R = angle-c BA C / 3 (is «%bar = %)
angle-c B C' P = angle-c B C A/ 3 (is «?bcp = ?bcay)
angle-c C B P = angle-c C B A | 3 (is «%cbp = 73»)
angle-c C A Q = angle-c C A B/ 8 (is «?caq = Zcaby)
angle-c A C Q = angle-c A C B/ 3 (is «Zacq = ?p)
shows <cdist R P = cdist P Q A cdist @ R = cdist P @
(proop

end
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