
Murica Solutions



3.0 North Korea TST 2013/1

⑧
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·
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A4 .

we see that Ap is the to point , so we have FPA4 ,
where P is the

foot from
As to Bic . Since AIPBIQCIR and AA,BB , MCC ,

by Cevian
Nest (3 .23 in EGMO) , we have APRBACR as

desired .



3.1 GOTEEM 3

A
⑧

Do

f
D

·
DB

~B ⑧ ·

C

⑧ ⑧

B' DA
⑧ C

Take a 2x homotrety · We see that (PABC) , (DBACI , (D >AB)

arethe point circles of DB'c' , DA'C' , DA'B' ,
so they

intersect at
the Poncelet Point .

We see the 9 point circle of AB'c'

also goes through
this point D,

so the midpoint of DP Chomotrety back to

ABC) brings P onto the 9 point circle of ABC as desire .



3.2 USA TST 2011/1

·
A

↓
&·

·

z

=· H

⑧

j
·C

B

Note that H
is the incenter of WDE7 ,

and by a homoluely

form the incible ->
excircle, P goes through

the "top"point of

the incible of DEF . Since & is the "bottom" point ,
HQ : HR , as

QR is a diameter .



3.3 USA TST 2008/7

·

Let be the A Dumpty point .
Let G ,
I be the

midpoints of AB ,
AC . Let Q be a point

on BC ,
and

R = LARE) 1AB .
We show that there

exist PSAAQRP

is a parallelogram
(R is the unique point It there

exists

parallelogram APQR) .

Wehave t is the
center of spiral similarity

APPE
?Rent wenowatif E It

e

CGL7 = <A IE = < QGE , Since AE is the Symmedian , so Mis the

midpoint of QP . Thus , the reflection of A over the midpoint of

PQ lies on BC as desired .



3.4 USA TSTST 2017/1

⑧

.

⑧

We have , by radical axis on (AES), (BEFC), LABC),
trat AQEFMDCER

We show APRX is a parallelogram .

We have APHIRX Since

<PAB : KACB = KAfE ,
and AP = RX since

: G and

R = E and Since AN=CN , AP=XR .
ThuS , AXPR .

Consider (AH)
, (AO), (Def) .

The radical Center is MNnEf= X

and lies on
the radical axis of (AU) and (AH) , so AX + OH as desired

IX lies on Al where At is the altitude from A to 0H)
.



3.5 USAJMO 2014/6

X
⑧

.

Ev⑧
.

N
V
⑧

F

· I

⑧

Bo D
·

C

Part a follows from
Iran lemma .

Note that UVBC
is cyclic

so DINVA IBC
.

Note Mat XB ,
XC are

tangent
to (IBC) , so XI

is a symmedian
of GIBL and thus the median of NIVV .



3.6 ISL 2016 G2

Note that (2AMMA) , (2AIDI) so

2G . GD
= 1G . Gl = BG . GC

= xG · GMA So (XDMAZ) , thus , we

have &(AM , XD) = <AM2-<XD2= <AMA2-XMAZ
= <AMAX

as desired.



3.7 Korea 2020/2

A
⑧

·
E

⑧

D-

·
·

H

⑧ ⑧

B ·
·

2

Note that DD1HH
= & and Consider Pascals on

IDDEHHA) which gives
the desired .



3.8 USA TSTST 2011/4

%

ni
·

N⑧

R M N
8& ⑧-

· H

·

an
·
C

We have HM=
MM and HV

NN' , so since

HM HP = HN HQ , we have HM
. HP= HN

- HR so

CUNPR) .
Radical Axis

on
CAMN1 , (MAP) , LABC gives

REAA ,
as desired .



3.9 USAMO 2008/2

-

D

but . -
on

M

Bo
⑧ ·

C

We show
the Dumpty Point

satisfies these properties .

the Dumpty point
is the center of spiral similarity sending

AB+ Ac .
We have

<BAD= <CADA= <ABDA : So F on BD ,

and Similarly , DaOn (2 .
Thus , f

: DA So CANFPL .



3.10 USA TST 2005/6

-
↳

·

P

C

Q
a - D a

M b
⑧.

3
⑧ ⑧

2

⑧

k

The angle conditions imply that PIS treA-HM print , so since

Pis the reflection of K(K is the point such that (AK; BC) =-1)

so QP : QK = Q A if Q = AAekKMBC .
Let <PBC =

a

and <PCB
= b ,

and <PCA
= c .

Note that QP is tangent to (PBC) as QA
= QP = QB . QC .

Thus , <PGB
: a-b , <AQP= 180-2a-2b-2c .

wehave 2<O&B
= <AQK-2<KQC

= <AQK-2<PQC

=(180 - 4b -2) - (2a- 2b) = 180-2a-2b-2 as desired .



3.11 AOPS Community, NK perp BC and AK symmedian

-

·
E

⑧&

P.
↓

Fo

·
7

·

M
B k

· 2

Consider the midpoint
of Ef , P . We have MP1Ef , so

CMNPK) , SO <NPK
= <NMK= <APE by

homotrety ,
so #PK .

Thus, AK is a symmedian as AP is a median .



3.12 USA TSTST 2015/2

A
⑧

W
·
Xa

⑧ ⑧ ⑳ ⑧⑧

La B Ka M 2

We have (LaKaiBC=-1
So MD = MLa . Mka= MA .MXa

So Xa is tre A-HM point of ABC .
We have

CHXaM= 900 , So CHXaG : 90% Thus ,
Xa lies on

CHG) , so the center of (Xax4Xc) is
on the Enter Line .



3.13 STEMS 2019 CAT B P6

↳

-a
·

Al

·

C

have

-

Byconfigs,wehaveIts mea p
,

so o e



3.14 Vietnam TST 2003/2

IA
⑧&

·
B

⑥

Co

Fo

·

Ef

⑧

IB ·
· Ic

By Midpoints of Altitudes ,
ArD = #D .

Note that All and

DEF are
homotretic Since EfIllik ,

DFI/lAI , DEI11A1B . Note

that the center of 1A(B/c , 0 , I are collinear (Anler line of Aly1

as tro circumcenter , ortnocenter, 9-point centert as desired unter

of homotrety on OI) .



3.15 Taiwan TST Round 2 2019 Day 1 P2

Let Qu
be Me D-Queue point

of DAf .

We have (MDQpDQS

Since (MDAp)
and (ABC)

have
raul axis Ef .

Note that

K(AT , RM)
= <CATAAK) and

(ARDDK) and (ARDDM) ,

so ARQD ,
as
desired .



3.16 Sun Yat-sen University bi-weekly problem

P
.

·

E

· E
·

-

.
f

· I

⑧ ·

D'
· C

B

1

Taking a homotrety at I, we see that (AfB) , (AEC), (BCD)

and (DES) intersect (at
2 P

!

I, where p'is the pomelet point

of ABCI) .

Thus , APD - <APF+<FPD =

<FED +<ABF
= <FED+ABI

= 90% so D is our desired

point.



3.17 2013 ELMO SL G3

·

Wi

· F
[ -

wi

⑧

Bo 1)

M
·

C

Consider f(x)
: Pow(wil-Pow(w2) .

We have f(M) :

+(C)
2

and f(B) : BE . BA : BD . BC and fCC) : (D · CB ,
so

I ,
and f(M) : powm(r) + D:

f(M) = BAD
. CB

= BC"
2

so pown(w)
= R ,

and since MHA · MA = MB= Be , Hat (Aef),

as desired .



3.18 Korea Winter Program Practice Test 2018/5

By Mixti config ,
me know that T

= LADES) ~ (ABC) and

CTK; BC)=
-1 .

Let 7 = TTMKK , so (OTfK) , and since

20kf : <OM7 ,
COMTK) .



3.19 2019 ELMO SL G3

·

H

Let P = AS 1Ef ,

and G
= PA'n CABCI

.

We have

PS . PA= PE . PE = PG . PA So G'= G .
Additionally ,

Since

SAGA : CAGP= <AMP=90" , CAMPG) . By Radical
Axis an

CAMPG ,
(Aff), AEf) ,

we have SInEfnGH=T
. Howwer,

Since T
: SINEf ,

DT+Ef .



3.20 2013 ELMO SL G2

⑪·C

Bo
· y

·

We have
that XIA' So Ax' is a reflection of Ax over 0 , So 20-I

lies on Ax' , BY's C2'



3.21 USA TST 2014/1

B
⑧

·
R

· X

⑳
Ho

18 ·

Note that PQ is the Simson line
,

so XPHR is a parallelogram as

desired (H-
e)

.



3.22 ELMO SL 2018/1

·R

Let Q
: PMCH

·

We have

*EPM
= KEDM = KEDB = KCAB

= KEHC so (PEHQ) .
Similarly ,

CFHRP) as desired fixed point is M)
.



3.23 HSO math_pi_rate

X

&

X

Let D
= (AXBXcInCABC) and

define if similarly . By configs ,

ADXAYA) ,
(BEX1YB) ,

(CfXcYcL /

we have
(XcXBEF) as

<XcEf= <AEF-<AEXc=

(180 - c-x) - (A - 3) = (A+B -x) - (a - z) = G +2+
B -x

and <XcXBf
= x+ 90 - B =

+ 2 +x so <Xcff + xcXBf= 180-

Thus ,
Let XcXBtf) ,

(XAXBBE) ,
(XAXcDE) have ralical center

--

Since DR
.RXA=ER .RXB= FR . RXc ,

R is the radical center
of

1ADXA) ,
(BEXB) ,

(CfXc) as well .
Additionally ,

Since DXAMA :

-xBMB , fXCMC ,
we have R = DANEMBNFMc , so R is the unter

-

ofhomerapping
-DES + CMAMBMC ,

thus it lins on
I .

Jane



3.24 ELMO 2020/4

we have A as KPGH : KHGA = 90%. We also
have

HHVIPA as : so Since GHAA' ,
HG1 MH as

desinal .



3.25 ELMO 2012/1

·

· E

Fo
·

H

· · ↑
·

C

Consider the radical center of W, wi , We .

We see that it is ff1ff = M

so M is on the ralical axis of Wi , wa , so the raclical axis is MD .
Thus

,

w , and we meet again on BC .



3.26 Japan 2017/3

Notice that : as AEHE NADGC , so

XUIHG .
Thus , #zM , as 2

is the midpoint of AU ,
and

M is the midpoint of HG .



3.27 Sharygin 2015 Final Round Grade 10 (penultimate grade) Problem 3

let E be the reflection
of A over A ,

with a t
-

homotrety (Alf : IAA .)
,
and let D

= BeCzEr(ED-G) .

Notethat KBLBB3
= KB2BA = KB2C2f = xB2DBS , so

(BB2BsD) and (CC2DC3) . By Miguel's ,
we have

ABC n(BBzBI
MCCC-C3) as desiral .



3.28 ELMO 2018/4

X

Letf= HAECATO) .
We have

PH=PA= DHA .

k+
<BAD= X .

Thus , <PAHA
= X-190-B) = x+B3-90 .

We have

CAPHA
= 180 -(2x+2B+180) - 340-2x-2B .

Thus,
Aff = <ADE = 2 <BDA

=21180-x-B)
= 360-2x-2B .

Thus ,
APHAS is a parallelogram

.

We have fA=fHA so #If + F = X so
the midpoint of X is the

midpoint #HA ,
and is on the 9 point circle .



3.29 ELMO 2017/2

The ortnocenter
of APQ is the reflection of H overI .

we prove
that I lies on the 9 point circle ,

which

implies our result . Note that CMGQPS 1
,

so

MG . MI
= MP . MA = ME? Thus,

MG .GI
= MG . (mI-MG) : Me

=
MG

=EG . G7 ,
as desired !

We have (ICMF)) .

acr +(c) (a-e)it
= a- b2

a a

b C

-
·

Sea
2-



3.30 CJMO 2019/3

.

⑥
·
X

⑧

-
~

· ·
·

B ·

Iran lemma tells us that Bic
is the intouch chord .

Let

P = AMBICIDI (median
incircle concurrency) .

We invert about (B , GBC)

and we have $5C - (B ,
GM) (9 point of IBC) , so Y= D

. We have <MXY- <MY'x'

So <MDX'= 900 so X' is on AM and ID so x' is D . Since PE B , CI , XE(B , GBC)

as desired .

Now ,
note that

(DXiBIG)
= (D'X; ! (i)

= (YP ; B , C)
= (YDjB ,4) =- 1

So DD1XXE5,C



3.31 GOTEEM 1

LetPtOI and APIIBC . We see that G
= AD'nCDEf), so

XAGD = KAPD = 900 so (PADG) · We also have KAPI = KAGI

So (APEIS) .

Thus , radical axis on (AEF) , (DEF) , (ADG)

gives trat
Ht FP as designed .



3.32 GGG1/4

Let L be
ADMCAEf) .

We have
RJLI=JAMA

= kJBMA
=

KJDC ,
So LIlIBC , So FTH .

Since AE
: Af ,

treimcenter of EfL is on AL, So It and If are on the live though I

parallel to BC . Consider (1e1-ES) . We know the center must be

on lelf and the perpendicular bisector of If.
Thus ,

the center must be I ,

so (1E1= EF) = w as desired .



3.33 USAJMO 2016/1 generalization

we show
the

mixtilinear touchpoint
is the fixed point .

We show
that

-

~MDID-McDI ,

or -?? -

Let " ***: X

I

Note that MBIB
: MBA and MBB : MBD

: MBA2. Or

x (MBDS2= MBA"
or MBD :

.

Thus, : . c

(by Symmetry)
as desired .



3.34 ELMO 2010/6

X

aut

By Configs ,
we know Sis the antipode of A .

We show that

>MKE-CMSIA .
We snow that - = s r+ 2 R = 1

·

We have
MS=cos(C+E)

.
We also have MK= MCsinA and KE =I

Our expression Simplifies
into

E)=# or me wish to show cosk+ E(sin (E)= I

MC MCsin(E)

wantumbuy isrml a maokane
form once a t

-

=
is true

Now let <MEK
= X.

Wehave <(S1A ,
ME) = (B+E) - (90-x)) - x = B + A -90 = 2 - = =

-MAS

as desired .



3.35 ELMO 2014/5

We have M is the dumpty point ,
N is the humpty point , so

M =

a-bc
, N

=

ab+ac-bi - bcX
=Y

= b+ c-a .

2a-b-c
ab+ac - 2b)

(ab + ac- b2-c)

Thus ,
M-N=

(a-b)(a-c)(abtac-b-c) and X-Y
=

b+c

(2a- b - c)(ab+ ac- 2bc)

So ,
= teaches ,

and this quanting is real as

-(( list- as dise



3.36 USA TST 2015/1

Note that A l and f)
intersect on (CDIE) as

<(AI . FD) = <

Let P = Air D
.

We invert
about the incircle . We sel that

Pinverts
to H , where

HE CD , (BDf) ,
Al .

Thus ,
MAIICA , by Man Lemma

as H= EDMAI , So MD : MH,
aS CD = Cz .

We also have MD : MQ by

our configs (MQ tangent
to (DEF)) .

We also have IH . IP : 1D2 dre to

inversion and IR2= /H · IP , so (DHQP) .

We see that must be the center

as MD= MQ : MH.
Thus, P is our desired point . We see that

4fQP = kQFP+ K7PQ = 4QDM + KFQ = KQPG+ KDPQ= 90

as desired .



3.37 BMO SL 2018/2

⑧

Consider the tangental
triangle of ABC .

We see that EL and M

are the perp
birectors of AC, AB , So FM and EL are actually angle

Thus , if Gis the D-excenter , by Configs ,
0 ,
G+LM .

bisectors .

meknowtitAsame
rat set interestener



3.38 Folklore P=OD cap AM on radical axis of (BOC) and 9 point circle of (ABC)

*

·

0

· P

Be · in
· C

we use linearity of POAP.
Consider f(x)

= powx/9 point circle) - powx((BOC) .

first we compute f (0) . We have OH=9R"-(artbcY , so powolapoint
circe)=0K2-(E )2

or f10)= >R2-(a ) .

- Thus f(D)
: stac

Now we compute f(D).

We have powp
((BOC) = BD . CD =

tanBtanc

-op . F(D) + DP · f(0)

By linearity
of POAP ,

f(P) =
-

+ ADfIOS

OP Om + AD

we show OMf(D)+ADfIO)
= 0

. WLOG let R= z / So OM= EcoSA .

AD12R
a+5) + (SA) ast)

= 0 + (1- ac) + it
*

= 0

I
AD

+ (2 - ( +b+c) +

2crsAcosBcrs) = 0

Since A+D+C= 180 ,
cos"Atcos

+cosC-2csAceBlusC
: I (201 AlmEll)

Thus , (2-Lab"+c)
+ (1-cos"A-cosB-cosC)

= 0

- (-a-
b c) + (1- cosA) + (l-cr B)

+ (-x ) = 0

which is true as Sint : a



3.39 Vietnam 2019/6

By confines ,
we know that

X, Y are on the Asymmedian

Thus ,
AK2 and FES So XAG . XAf : XAK . XA2 or (KEf2) .

Additionally , Pascals on KTCBA2 and KSBCA2

gives AZSBICTEf
as desired

.



3.40 AOPS tutubixu9198 (BOC) is tangent to 1/2 homothety of mixtilinear incircle 

first consider a 2xhomotrety
of (01) to the mixtilinear

incircle and
a 2x homotrety

of CBOCI .

Now ,
consider a

Foc inversion
about A ,

which sends our mixti incircle to the A-excime and (BOC

to the 9 point circle ·
By configs ,

we know
the excirce is tangent to the

9 point circle as desired .



3. 41 Sharygin Correspondence Round 2020/15

/
↑-

Let X = (AK) n KH ·

Note that AP= AQ ,
as KABH = KHCP and

4QHB= KCHP
.
Thus ,

Axis an angle
bisector , and kx is an exterior angle

bisector so (KAjPRLE(PRjYH)
= (CB3DXA)=

-1
,

Thus,
X is the Quere Point

and trus HMby Configs.



3.42 GOTEEM 2

We have QA is tangent to (ADC) and PA
is tangent to

ADB) , So QA
= QF QD ,

PA? PE .PD .

Consider the
radical center

of (A) , (DEF) , LADM) ·
Wece the

radical axis of
(A) and

(DEF) is PA ,
and (DEf and CADM) is

BC , 50 the radical center is T.
Thus ,

Since (ADM) has diamete

AM , ATHAM as desired Cralical
axis of (A) and LADM) is tangent

through A , So <MAT = 90%



3.43 2012 ELMO SL G3

we have (Ef; GD)
: -1 ,

So H= DD1EfMaGn IP (as H = GanDDL

So (HDjBC) = -1 -> <BPD : <DPC .



3.44 2017 ISL G4

· N

Le+ N = (Aff) MAR.

We have ADDN=PQ
.DA-MD . DG So CMQGPS .

Le+ G = ADMLDEF). We have (DGiff) : -1 So DD1EfnGG = I .

Consider

The radical center of (Atf) , (MPR) ,
(DEf) ,

which IS I
.

Thus ,

14 is the common tungent to (DE5) and (MPR) as desired (meaning the

two circles are tangent) .



3.45 GGG3 6

= P

= T

X=

=Y
= z

Replace the given
variable names with our config oves , and the following

collinearities
all result from configs

.

Let : ATAn (AI) ,
and we have

SSP, : <SATA
: <SLTA So PrElITAL . We show

P ,P/ILTA . We have

= as desired , so Pe as desired .



3.46 Iran TST 2012 Day 1 P2

G+ G= MEMBC .

We have
<DEG +3ffG= 160 so (PEfG) .

Thus, ep1 TP and Since +ItAM , IpI .

Thus ,
(GEiDE (MDiDC)

=-1 So as <GPE= 900 ,
<BPZ= (EPC as desired .



3.47 Centroamerican Olympiad 2016/6

we have <NDP= <NBP = <NMB
and NM/IPR

so NMID

and NMIE are parallelograms .

Thus , ID
: NM=IC and sinmlP= /Q ,

PP = Ge .
Since Al

is the parp
bisator of AI , ND and

Me intract

on LABC) ·

Thus , <PND : <HNTA= CHMTA=<QME ,
So CNPBL and

CURE) have the same radius



3.48 2019 ELMO SL G1

let K be fre intersection of the A Symmedian
with (ABC) . Thus ,

PKBCnE7=
I by configs

·
Pascals on CAKPQB gives

that

BanAK is on EI ,
trus , Since Al

bisects Ef ,
su
does Ba .



3.49 Wolfram Alpha Euler lines of AEF, BDF, CDE are concurrent

Note that the centes of Atf, BDA, CDE are on the 9 point circle

as they are the midpoints of AH, BH, CH .
Since Aff and BDA are similar,

<(G7 ,
kG) = <(If , (1) So <(1 , G5) = /I ,

KG) , so LI and kG intersect on

the 9 point circle .

Thus ,
LI, KG,

JM all intersect on the 9 point circle as desired .



3.50 Romania JBMO TST 2019/1.3

⑳

-

Since <MAI=
90 and =DE=90" , we have (DEFA) . Thus , we wish to

snow that MI passes through tre center of (ADEFK) .
(The point

K lies on our circle due to configs) . However ,
note that

TAI bisents
ATAI .

Since 1K : ID and <IDTA
,
<IKTAL 90,

we have (by

LoS) ,
<IDTA= <IKTA and TAK

= TAD ,
FFIM is the perpendicular

bisector of kD , so MI passes through
the center of (AEFD)

andthus If .



3. 51 MMOSL G3

let 2'ke a homotrety at A of G (tre Humpty points . We have

<An'7 = 7 2 p = 7 DB
= < AX= So (A2fX) and Similarly,

CAzEYS .

Thus , A2x+A2'M = <AfX+18- M2P=180 sum and similarly

M2'N so 2'= 2 as desired . Thus,
(ff2)

: (MN2) ,
and since

-

Mlixh , a homotrety
at 2 means (MN22 and (X42) are target .



3.52 AoPS MP8148 mixtilinear homothety sends Q to the midpoint of IQ

x(a
+ x+1)

x(a
+x+1)

a

X

I

We let the factor
of homotuety be X .

Since EI
: EL ,

and

MBAC= (B , we have LE . =T = + (a . LT = 12
4

4xa+x+ (x+1)(a+x+1)
= (2ax + 2x2+ 3x+ a)(2ax +2x43x+ a +1)

↳ aa -x x
= 0 + (a-x)(a+x+ 1) = 0 + a

= x as desired .



3.53 AoPS i3435 A’Y bisects AM

·

Al

·
· Q-Po·

R

·

N
↓

Fo

· H-
· E

Bo ·
·

M
·

C

yo

↑

we see that AN
intersects (ADC) at the point K such that (AKjBC)

: -1 .

consider a #. As inversion . We see that x=4 ,
NETK : Cinc EFE (ABC) .

We see that P, Q Go to the 2x homotreties of FIG about A . Let these

points be fi , E. . Note that H is on the peop
bisectors of Af', Al

So H is the circumcenter of Af'E' , So H is on the peop bisector of f' , I' .

Thus , (XYF'E') or (PQKY) .

Radical Axis on (APR) , (PQKY) , (ABC) gives AA
& PARKY=J . Additionally , since

-

kMA , we have KTYA = KKYA= KKA'A=K AAR= K JRA so

15YAR) .

We fren have <AYR : <AJR= <B-<C and <AUA= CABA = B- <C

so FRY as desired .



3.54 I on (AH) iff midpoint of H on incircle

we snow both conditions imply
AH=22.

Let Rit .

If I on <AH) ,
Men Am

= #H /
Al : SFE)

2r
r

-cost+
cosA t cosA= 2r (AH=2r1 .

im
= sin(E) - AH:

n ElinE ~+
sin'E 2r+

1-10 A

If the midpoint of
AH is on the incircle ,

then

cos (E + c-90) : AM= 2 Al . 1G

irIretri: "a4

Thus , the 2 conditions are equivalent as desired .



3.55 IGO Advanced 2020/2

Take a
homotrety at A .

Then
P - M ,

Q+ N
,

R + pro
j of A anto

fr , where
is the midpoint

of Al . Thus
,

EREN=fA2 = El , so

AM is tungent
to
(RINI) . Note mat

IMI = MB = M'M . MIN ,
so

All is tungent to
(INM) .

Thus ,
R'M are both on the unique

circle though
I , N trugent

to Am ,
so we have

LMNR'E) tangent

to Al + COUR) Mugent
to Al by

homotrety ·



3.56 AOPS user jayme HeHf perp DX

we have
D = = (a+b + c-

*2) ,
f = -(a +b+c- xz) ,

f = z(a+b+ c- =2) .

The altitude
fom A to ef is x

= (e - f)(a) + e + ef- eF
-

2 - I)

Simplifying ,
X =

ab + ac - ab"-ac+bi+b+ Lab
D -X =

(a-b)(a-c)(ab+ ac+ 2bc)

4abc
4bC

we have He-Hf= (f+b- d) - (d+e- c) = (c-b)(ab+
ac+2b))

.2bL

Thus, itFFifie <lastaitab) as desired .



3.57 Japan 2019/4

Let
G'r te antipode of G ,

and be the intersection of
AG' and the incircle .

ht K b GNAD, so note (EGIG) and (AfK) are tungent by
homotrety ,

and that <AfK = 90%

Now,
we just real to prove

MKLA I.
Let = = (AkLr(1M) (mG , M- are tangents to the incircl .

Note

=(m41f)

CE1G
=<k=E=<kAE3 FTf , and Sinc <AEk =

<IEM=<Afm= 90% Ek , so MK Al as desired .



3.58 Brazil  2013/6

Note
P is the Gergonne point , so LAPGDCE (AXHN)=-1 ,

where NDMAAX

Note (XP ,

MALE (XAJND1=-1 , so DHIIXP , SO His tre foot of
the altitude for

& to Ef .

The ortic
triangle of Def is nomoietic

to ADsmich gives the
desired .



3.59 ISL 2002 G7

let the
midpoint of KIA be E .

we have
(BNCE) since NK · KE = PK · KIA

=BK· KC .

Note that Be =E , since K , IA are symmetric

about
the midpoint of BC

. By shooting

lemma , since our circle goes through

·
N and is tangent

to BC
at K , we see

it is also tangent
to (NBC) as KE



3.60 USA TSTST 2016/2

We see that
= AA1GG . Let I

= f frmD ,
So (AH; ID)=-1

e since SAGH
= 90%

-IGH = NGD =<DAN=cHAQ - Ta
.

Pascals on AAQ4GH gives
FIN .

2+ J = PNCMEEN) , so fl - If=51 . W =
G1-IQ - (GJAN) .

queve point)

we also have (PAMJG) Since <M5N= <P5M= 90%
S

Thus,
radical axis on (PA2) ,

(Aff) ,
(MEf) gives Aanmonefn

!san" bypot, me se
Matt ,

as

desired .



3.61 CAMO 2020/3

Let DXY
be the

reference

triangle .

Note that
we have

Af = AG = AX = An ,
jo<xEY

= <xf4
= 90%, so

we

have T
= 47nxE ·

G is the Quere point , so
SFRT= FET=<F2P

- (PYRft , /XPEQ)
.

Thus ,

PT. TQ
= 4T .T) = AT . TG +CAPGR) .

GTf= <ATY
= < xTP = <QTE +GafE .

we have AT : AQ ,
where Q=AQ(Def) .

So ,
Th'llEx

, so TQ is tungent to (TXY) ,

as cQ'TY = <EfY= <TXY .

Inveting about (EFx4) , (DGx4)
+ (TX)

and (APRG) - TQ ; as desired .



3.62 AQGO 2020/6

-
Y

Theorem 1.4. 1) gives AHA has peop bisator X4, tens,
PRAM / SO As is the symmedian of

ABC . Note that
HDVTs HDMHA

are ayc
So by PUAP , CUHAMT) .

So we wish to show

CHAVTM)
is tungent to

(BHAC) At He -
Invert about (BCES) · Note that

MYTiBC) =-1 , so Y andT swap (4
: AAMKK) .

So, CHAMT) <-YA ,
which is tungent to

(BHAC) as desired .



3.63 i3435 X, D, L, K cyclic

(t'f')

H

consider D=7 as our
he frence triangle

and performa I inversion . Note fant
De'=Df' . We have

Cut twis live be e)

Efc(DEf) so x
<ex" (midpoint of arc EF) .

We have ADLA tre
line though H

-

parallel
to BC ! swin

Ea and DH . DA=DEDf) .

Then , I' CnDE and f"senD5 .

we have
k= (Df"f")e(Def) and

= "f" ref (k
and L are the inverfel kill

By configs , we
have ,

I'k'X" as desired



3.64 Romania TST 2009 Day 3 P3

Let x'be the reflection of X over yu .
We snow that
= * in

1

-

order
to Snow tral AXHnXE=D .

We have x'H'= RY
Meant of x22)-xH

&

42

-42
-

XH XH'

2r(sin(2x)+ Sin(27)
+sin(22) sin(24)

+sin(22)
- 1= -

(exarea) -
XH' 42

I
20 sinX Gr asX

Sin (2x)

I XI' . 42

-

And I-
mass points)

=

sin12U)+sin1223 as desired .

sm-sin( Sin(2x)
SinA



3.65 2017 USAMO P3 MAN and KID

-

the midpoint
of IL, or 1

⑧
.

we have As , since K=LDn(ABC) ,
since MALLA , we have

LAMDHRKM= S
,

so

(H = (mBC)
.

Let 1'= (BC) &Al .

We also have
(D . rK = 4 -=L (IDK1) , by contings.

we also let
<AMN=X and <ALT1=x+

<AITA=90tX So LANI'= 180-2x
- CAI=X .

Thus, CMANI) . Since To is the midpoint of II',
me are done .



3.66 Taiwan TST 2015 Round 3 Quiz 3 P2

·

we have
(AliNSLE(MD ; T ,

P)=-1 .

and (TksHG) (G :
Hare He

feet from DIC to
/C,BI) ECTDjBCh= -1 .

Thus, T
is on the polar of S

Wrt CDM4H) , (SirceS
is On KPS .

Thus , we know that the circle with

diameter ST is amogonal to
the print circle



3.67 Modified Iran TST 2009/9

.

Note by ban lemme , R
= CIREG, Q

= BInZ7 and are
the fact of the altitudes

.

Thus,
His BPRCA .

Also , Since / is tre ortmounter of HBC , it is the inventer of DPA . By ,
midpoints

ofaltitudes ,
Since INAPR , H lies on vie .

Now , since Nikiw'
is the schwakt

line of

↳DEF, we know that
Gr as desired .



3.68 POGCHAMP 6

t

we
have J

=01nEG ,
and <15E=

900so 5 = (AID) .

We have
<AJG=<AJG= Ale

=AmIn I Since (MAl'A)(by radical
axis) .

We let AE: X, So <05f=
98-1958- 90

- x,

and <FAM=180-x , So <fOM
= 2x

+ <Omf=<rfm=90-x , so COMfJ) .
Thus, 1037 : OJM

so <FIG
= < MJG = <7Af = <MAG + FAG .

This problem can now be reduced

to a trig bash . AASINFAIA AMDIA :

tanCDIAS .
We pare

GIA I

AM sin FAE
- AMSInCDIA

-

-

we have An=cos(B
+ E) : **

we have
GM

~"run it- the i re
Let R

= t



3.69 proglote T (nomothetic center) collinear with G and Ge

Notice that
Ge is the symmadion point

of off , and T
is the

symmadion point
of Alk , so

sett
.

Note G is fre
center of homotrety

that sends
AD to HIA ,

JIBt BE ,

IK to cf , So it sends
CAMADBE

: Geto IKHAJ
toL , So

EeGT + etLT .



3.70 2012 ELMO SL G7

Note P is the Humpty
Point ,

and Let K: APnCArC , So (AkiBC)=-1 .

Additionally , by configs , akm ,
and BLAMLK , as if

ment D= LKMBL ,

AkiBC)
? (MLjBL)=-1 - FIM .

Thuse &B te Amounter
of OLDM .

thus ,
QP and QO

are isogonal conjugates as SQAKNQML .

Thus , QPA=2QOM, and <ROM+OQB
= 90 as desired .



3.71 Fake USAMO 2020/3

!.

Radical Axis gives
us fanEPrAX=

HlorPascals on
ffQffP) .

Now ,
notice that

( = ASEE) (kTifE) ECKM3RD)
: -1

,
so TM is the polar of

K ,
or KILARand

kH is the

polar of
G out the incircle. Browards on

FGQP) .
However , notice that

kle is the

radical axis
of the incircle

+ circumcirc Since
kS. KA=kf .K and Ha

- Hf: HX. HA ,
so

KH +01 ,
and Since kHAIG ,

FOG .



3.72 i3435 AZ bisects MT

let I be tre midpant of MN .
Note

&XNINXEN , SoXNM
XEf. (Xis foot fom

NtofI) . Similary Yitufort from Ntof) satisfies there proporties .
By te second

isogonality lemmas A2
and Al are isogonal conjugates . Notice AEMS is

similar to

ABTC , so A2 bisects MT Since Al bisect MN -



3.73 i3435 P on 9 point of DEF

let P be treirvese of to not (DEf)(lies on a print of DEF Since CAL int to its

we have (SGDE0) , where DG1ff .

If we let 8 : 1512 fe then note (S0EoD)

by configs, so (SOEDG) ·
Pascals on PSDDOG0 gives trat SPMDO

is m Am

as desired .



3.74 2015 Taiwan TST Round3 Quiz 1 P2 X, M, A’ are collinear

Do a c invesion .
Note that O ,

and On live
to re insiste +excirce

, and

the common fangents
livet to wiwe ,

which are tungent
to BLa+D,

f lincircle
+

excirce
touchpoints through

A .
We nec to show

GGA ,
x'MX , 2

,
A are again, or

Mx - MA = m7 -G = MDP Howeve ,
note that LAf; /(A)

? (GfjDEl , so MF MG =MD as

desired .



🔗

3.75 i3435 concur on OI

Note KA is tre to point , so ERKA
.
Note ABC is

honotretic to 'Efl , so
AD' , BE's

of interest at trecute of horfrets
betwen the two triangles lanebok

on 013 .

Consider (1HkM) ,
the image of line AD' after inveting about tre inciple . Note XAcK ,

12 .
517) ,

Mich lies m DM. Note J = All refix, by radical axis ,
lies m our since since

< m5 = < 145=900 .

We also have CHARN) by our 2.5.14 anAg , SO <HMI=LANR= AHXA

: <AJ , so CYAKIM) · Note by
inversion , CMAKXAh ,

So by rad axis m (ABC ,
CMAKI,

Cls , we have MKnAXARHYA= G . finally , Pascals On AMAHYA LAXA gives

LAMYA ,
and Since CALL is honoletic

to the midport triangle of DESWe see
-

facepl, masms ma, OI intrself attre
cuter of honoterty between

the apart circle

of DEF and (ABC) .



3.76 MP8148 polar or H WRT BIC

Let D'be
the foot from H to Al

. Let R= 1 .
Let D be tre Part on AlstOBIIBC .

We show MD . MD'= MIP .
We Have AH=cos A , So AD'=

cosASin(c+An) .

We have

D'M= AM-AD'= sinCtElCl-crsA)
.
Note

= SinCEl , so MD : E

Thus ,
MD . MD' = =(6-10s AC= Si(A)

= MC = M12 .

Thus ,
HD is tre polar of DisO

plies on
the polar of H .



3.77 SORY P6

By Areove
2

.73 , we know XW is trugent
to our incircle

at DeforDP1 (Def))

We wish to
show XMW has (DEF) as the invince .

Note 42
is antipaalll to

DL / SO A is tremidprit
of are zw

. Since (DEF) is tuugent to xw and

NIA ,
so

MXW is the unique triangle
with Mas a welex with circumcince Ars)

and

-

invince (DEF) , so xM
is tungent

to (DEF) as desiral .



3.78 Beiqiang 

1 .
We have Tis the snarky

devil

·
Al

point since T= NBMCAC) , So TRIA' as

well .

We Snow
CANWNFIA .

Notice that if you construct tre
live through

&

A tuugent
to or circes , it lutrets attl ,

thereflection of A over the perp bisector of BC

Isnowthglemmal , Let the tangency point be !

Thus ,
ON'LAA' and ONLDC , SO For . Now , we can

SHOW NANO WONFIA -

we snow = .

AN= (S-b)-ccusB ,
NN'= <Sm ,

NF a+c-b

NO= B /let R=1) ,

we misk to snow

: Ear2

-

2

we have
B

= P(K = CABU) and r = I , so =

E
we substitute

cosB= ab" to get ((S-b) - c(*)) : a = (5-n)(22) which is tre.

Now <NAS = <OEN =
LENIA SO AOUINIA , <PNIA-CTIAA

= <TPA+ CTIAPA) (since

AL= LB= (N . LT) · We have <APT= STCL
=

<TNB
,
and from ELMO2011/6, <[FB = <LA'/A / so

LPIA = <LAT = <LCB = <LNB= <LNf=<LFN=<LAlA - ChA'AAP) .

↳ <LNC= <LA A =

>NPIA + IAPlIBL
CAPIA :

<ALIA
= 90" + A'P1lAP , so ONHIA'P .

finally , radical axis
on (ATAP) , (CAAAP), LATLAY gived ATMA'LMIAP .



3.79 2017 ELMO SL G4

Consider Pascals on
BrGhaMcMiBeBuGMBMc

o OI

C2B, LiMBMcC-
BiC2nByMC on Ol

Thus, MiMcrBuGeBiG
= X , so Xlies on the perpendicula

bisector

of Al (MMC)
as desired .



3.80 MP8148 OI cap MD, ND

S

We have
&TANM=2X ,

<AN+A=180 - 2x ,
<AMTA=

98.X ,
AOTA=18-2x ,

So LAUNTI) .
Note that

MDeo1 on the center
of homtrety betwe

the

intown
trangle

+ the triangle composed of MA , Mrs , Mc ,
which also les on ATA

.

+ f
= 011ND . Notice taht

MDI ~ MIS-OA' IA , so SIDNNWA10

So <AO1
= <IND - (FONAS



3.81 2014 ELMO SL G8

The previous problem
tells us that

te midpoint
of Im is on

CAOAK ,
and that

13 .
SOL

on NG
is m CAOA' . Let X

= 101G .

We
handAbirziNG

So <OAN=<GIN
=</XN(XIG) Istangent

to AN .

We have

XXN=<NAO : <AMO=<A ALA=dLAA'G ,
so CAIXG) .

Note that
Ob IX= Al . W

=Al .M . t= PowLII , a fixed value so X is a fixed point (symmetric

not B , I so we are done! AXO
: COXA' by fact 5) .



3.82 USA TST 2016/2

we have
<TF-2 = <AAD = <ADB= <EDT , so T is tre mixtilinear touchpoint

AA'IBCh .

Let H be the reflection of G over Ef .

Then ,

AH . AT = AE . Af (AHT SinvAG , AT are isog conjugates) , so
HE LefDL and How

excircle .



3.83 EMMO Juniors 2016/5

Wehave
YOllEf since AX+Ef

and Ax+ 40 .

Let GIN be the midpoints of

Af and
At , so we have MEN .

Let Dbe tre A-Dumpty
print, and I

= YDMPX Let

P = Y2M(ABC) · Note
that

<MYP=<P2X= <PXY So = 1P. IX . Note that Pascals on

P5xxA2 gives (5
= PD(ABCI) JXA2

= 0 . Thus,
<DPX=<1DX= 900 solD

= IP - /X ,

so 41= YD ·
Note that CUDGNL

= (AXBC)=-1 , so by Harmonic
Bundles ,

1G.W = 41= 1P. /X so Pt(GX) as desired .



3.84 All Russian 2013 Grade 11 P8

We snow that (x42)
invets to incircle under the

inversion about (BIC) .
Note :him : En , let Im

= R , so

21 = E . Thus,
M2' M2= C21+/M/ /M-r)

=(Er + R](R-V) = R2 so (2 = Am invites ,
we se

(x423< (xY2') and CADC) <S BC as desired .



3.85 MP8148 QD’=QI

. N

Let l'before refraction
of love A .

Then me
want to show Q is tre enter

of

I'D'I).
Consider an inversion about the incircle .

If His
the orrocute

of Daf , mekuww

TA init to Me midpoint
of DH , where it is the amounte

of GED (note
To as well

.

Then 1H1 IP' ,
and DD'+ IP'(wnarep'

is the image of P under
inversions .

Thus, tre projection

of JantoIp' is N , Mure IN = Np1 ,
as H5= 50. Thus ,

15 = JP ! Thus , <JP'I-SPTAl
: STAIP

So IP =

PTA , so & is on tre perpendiculo bisector of ITA,

and Sivce ALL IA , it is also

&

ID , and

on the popendicular
bisector of II ! Now , note that ok and

I inverts to the
midpoint of IK, so we have DI] (I"DiTA) , so & is the

centr

of this circle
as desired .



3.86 Mathematical Reflections O451

Ut J= MATaff , andmesnor =
.

Note tat MRcos(E +C)
= AJ .

Since

1RDBL=-1 , we have MR= -

D
-

We have MA1= MAC=
(in()(u+ R = 1)

Mc (E)sin()

and LAM = mc. t ,
and LAMA = 1

.

we wish
to snow ni a(r)(E +2)

2(b-c)

HMSInB simplifying, we

Mem)
: Es E):

we have
cos (E+C:

- 2 -(E)

See this
is fre , so M51ef(org def of JS . Now note by 3 .

15 , we have
kn1PQ

-

So KIM , and Note
<MKQD=MAAT : <TLAMA

= TAID=<TAlQp , so (QD15K) , so

TAQD .TAK =TAS TAJ + TA O rad axis as desired
.



3.87 AoPS Problem Making Contest 2016/7

· Let L
= AE MBC .

we have

CAEA) by
radical axist configs ,

↑
and 1Al'L // MATA .

·

2 R= BCMETA .

Th
&

·
L

4

·V

I' .

-

/HiND) * (LAjPE)
= (KAilAI)=-l SO AAPR .

If melet

Let T
= PHA MEMA .

We have
I LIT

T'be fre MATAM r , men

-- NA Thus ,
and name inte nee

MAS

Since IMA--MAIA ,
T'MA= MAV' , where

= TAMAREIA .
Ifment v=

ZahelA , tren

LAiPEl'E(TViMAD) , so
TMA-MAV-T= T .

Thus, Tis
tre midpoint of the are

made by BC
in W .

mehave (STABC)
& (Te'BL

= -1 So SSNETA=X -

wehave XTA
= XB. XC= xS2 as desired .



3.88 tutubixu 

Note that <pMw=<PNM
and that OMION

are the external angle bisectors
of CPMN SPAM , so

<MO =</NO=900 Choose
JADE astre reference

triangle instead ,
and redraw the problem as follows:

let Als be atiangle . Let Albe the
antipode of A ,

and let Ab be the angl
bisector

Then , let
f = ADMCA) ,

= AlBrAD .

Then ,
let G be the antipodeof A in LAff) .

A He invet

gives A'5 ,
and 7- LABJIMAD

= fl, tre foot from BROAD .

And fl, the foot from
to AD .

Let K = CABLOLAEfS , antre foot from A to AG. Hones note that
(If ME') , since

JBS-EIPM

so
f JM = <fe'M , sokzeM , so ERG iStre A-symmedian as desire



3.89 Supercali 

0
: HDRAMMEF

If At
intersects BC at L and LINAD= T, we Show AT

= 2TD
·

we have
ID= + TD= H2.

= AT. D ,
as 10. Ym: z

OM

HI

Thus , we wishto show :**, : 2
.

Note that At , is the

-

·
Al

polar of
0 , So IO- A .=ID" we also have (HI %

0D) , Since isthe

umocenter of WHYC .

Thus OH=
bab) , using moss ratios .

Thus,

· H a +
bla+b)

(a-b) HI =

an
+b

= 2g/D
= a , so we se this

·
Pi OD

= a+b ,
OAl=

- b
:

5

3
To finish ,

notive by
configs,

Febic, were
h is the

midpoint of At.
Note

· O is tru -

#
a& Al= 'T ,

and Since DI=ID ,
and DT= Th ,

feGI it ,
so
Sine

·

D
Afe= feA , At EIT

as desired .



3.90 Iran TST Third Round 2020 Geometry P4

·
I

k

we work in terms of It IBI%. O is the 9 point center ,
I is the ormocenter.

Note that (DA ;
(BIC)

= -1 , so we can urify that DA · AL= IBA .Al
, so (l'DLIn) and

trus , (KDIAA' Where Aliste refraction
of A ouw L .

We can find that

DIB= sis
using our harmonic bundles and we let f be the reflection of I over

O ,
and prove DFA : <DIAA' by proving tru

(DfA'S : fanCDIAA' . We have Al : croBlos,

0 , 2= I A , so fA= CSA-cosBcisc
. This reduces

to a trig bash (tm
(DAA))

-taCDIAA+AlA' which is relatively clean .



3.91 ELMO 2016/6

we have I *
: : #R So As , AT

are isogonal conjugates
.

Note that if

ASMARL=S' , ATMARCI= Y , than S'T'IIST / So
LAST) is honotretic to (AS'T' at A . Note GStGT

so they are tangul

soby fact5 ,
(AGs) .

We will snow
(DEF) and (4) are ortrogonal , or 1X - M= r .

we have AX=<s(E1 ,
A4=bas(E) - snow (ce(f)-n)((E) - Es) = vo

.
Let R-t , so

1*-r)-r)
= r(a(ES) er(a)

-a = ri(I-snCES) : vLI) .
plugging in

r= i and Get=ina" ,
we an

this is tre ·
Thus ,

Def invite to itself under a(x2)

2bL

inversion ,
and (AST) crivets to BC , as desiral .



3.92 AoPS Community <HPI bisected by PD

Let X= EfMBC .
me have (XDiBC) by

2012 ElmOS2 G3 , so as <XPD

is right , BPD=<DPC . Additionally , note SpAl ,
and by isogonality Commer,

Since BHCA is a parallelogram , BPH : <CPA' .
Thus , PD bireck <HP1

.



3.93 2020 Taiwan TST Round 2 Mock IMO Day 6

⑧

Al

Note trat Tistre
Sharky-Reil Purit ,

So <STD= < StMe=<SAI . Thus , we wish

to prove < S71= <SHI , N (AISH) · LetOIMCBIC)
= &

.

Then, by Radical
axis ,

CAISQ) .

Thus ,we prove (A1QM) · Now , preform a c inversion about BKC . Note that & AlB-

OCTH , SO Al. IH-ID . KC , So
A ESH .

We see that MARC Al , the reflection
of I over

BC .
Note that

BOC and
BHC swap , so If OA is the center of BHC

,
ten FOA

and Io are isogonal conjugates
. Thus ,

Q4 INGRBC= Q .

We wish
to snow

Ha'A . Note that Mor
is the reflection

of INA over BC ,
and IH . IA = IMA .Ale

HMAHA'A - be Ceras , AMA
MHArINa ,

and Haus , Internat
an BC

,
as desired .
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-

·

Q

&

AKA a btc

we snow
& invets to G ,

the symmedian point
.

We have
KASP ,

and
=b

cunder vic Inventi

AKA · AP= DC ,
so we show AKA-AP= AQ' AR

ar = ,
which is relatively

simple via Stewarts+POAD
.

We have KE (ADR) Since REOX , so LAKDAI
a'm ,

the

anch

·"

vint michanne
Schwatt

line of ABC - Let f be the
midpoint of altitude AD . Them , D' Siem MABL .

we see that BS ,TL goto
(ABS) , KFA) ,

and te perpendicular bisector of AD goes to

a circe centered
at D'trong

LAD'MAB= <AD'MAC .

Let D'B and Di
interest MAbMte at !,c .

We have
a D'AMA= (DBL= DB'd

So CAMAD'D'S ,
CAMABD'C) .

We also have D'MN
, so N , is the midparit

of

B'C , and site ANDIC , ADMC
= <AC MB= <AD'MAG=

<AD'MAC ,
as

desinal
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Since T Misc , Fim , FAI , Tore,
then Attenti , because

the two

lines are
each others retruction over 0 .

Let G= 1D +(BCBe) .

Note GieCB

is an isoscelest
trapeloid ,

since the feet from Be and Gare symmetric
mt BC .

Thul,

Bet ID .

Bel = GTB (BeDC) · Note
that MBcA'INA is a parallelogram , so

Mal= MDcBe
= MBcG , so CMDcGI

=
<GIMA=<AID=

<AfoD .
Thus, AfrnID

= X

has (Xf04MDC) is Cycli,
so GOD .DM = BD. DC= GD . DX, so

Xt(BCBel , so

X= Be ,
as desired -AGo passes through

the altide fom DtoGP and A , so the
centr

of honotery
its on its .
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·

S'

Let G
= LP1Ad .

Note that by a
kit ,

DP . Dr Da .DL-
and since

<OPL=
<LDM ,

we have PLD
= <amD ·

Thus,
<P and Sim

interest on (DEf · Now,
note

1AHjQD)= -1 ,
because QtH= <HED

an <AGH = 908 .
Thus ,

<AGa=aGH .
Let GHn(DA4)

he , So
<SGD = <AGD - DA=DS · Now ,

since GH · HS'= DH .HL and GH-HS=DH
.HA ,

we have
HS: 2Hs' SOLABC as desired .
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We have by Theorem
2

.
72 at S101Y2 .

We will show lies on STA . Consider the excirce
of ABC

,

and let the tangency points be A . BIC
.
Now , Let AnBa ,

Labe
the refuctions of It our the tungeny print.

We

snow
that is tre entr of horotrety betwe (Amica) and (11B1) ,

which proves
the desired .

With that MADIAII

-r = a
: Ea

have STA2 .

We know that BE . b=2K / and GIA = -a

by midpoints
of altitudes ,

and since TA , We

PIA= In .

We have AB = Start and laB = a
,
cola :
- since BEIICUA ,

(au- ICIA
22

Thus: BE : b

we have caflc , and symmetrically, Bly
.

However , nose that Budn'lik , so is recenter
of homoiety mapping

-

CAmula) to (Ilyi) as desired)we allowa AnullIIn , Andall be
and we're done by norotrety) .
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-

Radical axis
of AfIE) ,

(AIB) , LDEf) gives BiBuMES ·

We see trant BietIMB

My=

midparit
of Ge , so BiBulDf ,

ar trus ,
if me let M87, 012 betwe medial triangle

C24 .

We have that by Radical
axis m (DBIBU) ,

181 ,
((nC)

- -

wer B ,WB2
BWareC2 So BUNCI is on our ralical axis .

that tre ralical Center is m

,WBL·WB1= UW
.WB ,

and his by symmetry from
beforel .

Bicerian Bundes
i Def , GB, Mefht (DMEf ,

El , fW
uncur and so do Da ,

FB ,
EC , SO PRESGNZCMWS ,

is on Ne radical
axis . Thus, Mef

is our radical axis
te schwatt line ; so M is also on the radical axis .


