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m—A T A
We have : u(I,AC) = — w(AI,V) = 3~ u(Ip,AC) = 5 and VI, = 2R

VK A
Now, sin AILV = T VK =VI,.sin AI,V = 2R. sini (and analogs)
b

2 A
a a cos? acos” >
_)Zbc.VKZ Zb 5 4 A2 bc. a?
c( Rsm Rcoszsmz)
4 A 2 1 r 4R+1r ro+r,+r
2 a b c
ach“’S 2 abcz( + cos 4) 2RF( +R) 2R%F 2R’F
Therefore,
a N b c _Tgtrptr,
bc.VK?  ca. VL2 ab.VM? 2R%F

183. ABCD —cyclic quadrilateral, R —circumradii.
IfAB =a,BC = b,CA =c,DA = 2R,
then : R3 > abc. When equality holds ?

Proposed by Daniel Sitaru-Romania
Solution by Mohamed Amine Ben Ajiba-Tanger-Morocco

A

1=

Since AD = 2R then AD is a diameter of the circumcircle of ABCD.
Let O be the crcumcenter of ABCD and P = pr,5(0),Q = prgc(0),R = prcp(0)
Let a = p(AOP) = u(POB),B = p(BOQ) = u(QOC),y = p(COR) = p(ROD).
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/4
We have: a++y = 7 and a = 2R sina (and analogs)

AM;GM 1 3 ]er:.-s\en 1 3
— abc = (2R)3. 1_[ sina < 8RS (§Z sin a) < 8R3. (sin (Ez a)) (o x

— sinx — concave)

— abc < 8R3. (sin (%))3 = 8R3. (%)3 — R3

/4 /4
Equality holds when : sina =sinff =sinyoca=8=y =g—> a= ZRsinE

= R (and analogs)
Therefore, R3 > abc, equality holds whena =b =b = R.
184.1n AABC,V —Bevan'spoint, I, I, I, —excenters,R,, Ry, R, —circumradii

fAVI I, AVI 1, AVI I, Prove that:

z 1 2R-r
Ra2 2R3

Proposed by Mehmet Sahin-Ankara-Turkey
Solution by Mohamed Amine Ben Ajiba-Tanger-Morocco

la
Let P be the feet of the perpendicular fromV to 1,1,

T—C T Cc
We have : u(I,CB) = — - u(CIV) = 7~ u(I,CB) = 3
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1,1
AVI I, is isosceles — u(I,VIy) = —2u(CI,V) = — Cand I,P = azb
1,P 1,1, c
- cosVI I, = I‘:—V = z.aﬁ ~ Iolp = 4R cos -, (~ I,V =2R)
1,1, 1,1, 4R cosg B 2R cos%

——

2R, ¢ 2sinl VI, 2sin(m—C)  sinC

InAvI, I, we have : sinl, VI, =

c A
=R csco = R,=R csc (and analogs)
1 1 1 . ,A 1
Now, ZFZZWZEZSIH E:ﬁz(l_COSA)
a (Rcsci)

1
-(2-7)

Therefore,

Z 1 _2R—r

185. Prove that :
hyh, N h.h, N h,h, B s2
VK2 = VL?2 VM? R?
V —Bevan’s point, VK = d(V,BC),VL = d(V,CA),VM = d(V,AB)

Proposed by Mehmet Sahin-Ankara-Turkey
Solution by Mohamed Amine Ben Ajiba-Tanger-Morocco

m—A T A
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VK A
Now, sinAI,V = T VK = VI,.sin AI,V = 2R. sini (and analogs)
b

VK be(2R.sind) b€ 2R sinA)’
c( .sin 7) ( .sin 7)
_ (2sr)? z 4R cosg.sing
4sRr 4R? sinzg
_srz 1 i_:anzsr s_szr 1_52 (021_1)
~ R? A  RLir, R2r R\ " Lir, r

tan 7

hyhe hchg  hghy, s

Th ) + + =
erefore, Lty tymz T R?

186.In AABC: 45" < B < 90°
0o —N.P.C.of AABC,D € BC,F € BA

1 1 ) 4(1+ cos B)
BC DF 1+ 2cosB

Prove that:

BC(

AABC —isoscelles.

Proposed by Thanasis Gakopoulos-Farsala-Greece

Solution by Jose Ferreira Queiroz-Olinda-Brazil

Let BD = d, BF = f. We know that D, O, and F are collinear, so

BC BA BC BA
<—+—)cosB— <—+——Z)cos2B =2

BF BD 8D T BF
(f d) cosB - (d +f— 2) (2cos?B—1) =1
<;+Z+§_%)COSB <a+; ;_;—2)(%0528—1):2
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(f d) cosB + (E - 3) cosB - (d f) (2cos?B — 1) - (; - 7) (2cos?B — 1)

+2(2cos*B—-1) =2

4(1 + cosB) (c a

1+ 2cosB + E_E) cosB —

4(1 + cosB)

2p _
1+ 2cosB (2cos”B —1)

cosB -

+ (; _ ;) (2c0s?B — 1) + 4(cos?’B—1) = 0

c—a c—a
cosB ———(2cos*B —1) +

d f

1+ cosB )
T[LLCOSB 8cos“B + 4+ 4(cosB —1)(2cosB+1)] =0
c—a c—
p cosB—T(ZcoszB—1)+
1+ cosB
+T[4COSB 8c0s’B + 4 + 8cos*B — 4cosB=4] =0
( ) 0 2 )cosZB_I_c—a 0
c—a)-—-2(c—a =
d f f
1 1
(c— a)( cos’B — —cosB ——) =0
f d f
S 2 ’B B ! 0or( )=0 >
0,—c0s’B——-cosB——==0o0r(c—a)=0-a=c—
f d f

Therefore, AABC —isoscelles.
187. V — Bevan’s point, I ;, I, I . — excenters in AABC,R,, R}, R — circumradii
of
AVIyI  AVI I, AVI,I,. Prove that:

a b c I1,1,1.|—2F
ot
a Rb c

Proposed by Mehmet Sahin-Ankara-Turkiye
Solution by Izumi Ainsworth-Lima-Peru

We know that: [I,I,I.] = 2pR ...(¥)
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4R COS( )(ZR)2 (2R)? sin(4)
4R, 2

2R cos(g) _
sin(4) sin(g)

Now: [VI,I.] = => R, =

In the problem:

ZRZ RZZ“S'" (;l> Rlzza(l_cTOS(A)>

cyc cyc cyc

1 1
= mz a(r,—r) = m(Z ar, — 2pr>

cyc cyc

T 1R [pr (4 - 2)_2pr] 21133 (2”R 2’”) - (4)

) - (D:

z Iyl - 2F
Rz~ 2R3

cyc

188. L, —Lemoine’s point of
AABC.

Prove that:

D,E, F —collinear&e

BC BA AB2 + BC? + CA?
BF BD BC - BA

Proposed by Thanasis Gakopoulos-Farsala-Greece
Solution 1 by Jose Ferreira Querioz-Olinda-Brazil

BC =a,AC=b,AB=c,BD =d,BF =y

BL, c*
L C :ﬁ and BL, + L,C = a,then
ac? ab?
Bla=pir @ ha~pra
ch? ca?
In the same way: AL, = P and BL, = 212

Applying the Menelaus Theorem, we have”
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ch?
Al; BC Lile . _@+b? _ @  Lale_  Lale _ a?
BL. CL, AL, ca? ab?> AL, """ AL, b% + c?

a’ + b? b? + c?

Now, consider D, L, and F collinear, we will have:

AF BD L,L, 1 (Menel Th
FB DL, AL, _ (Menelaus Theorem)
c—y d a? L
y g4__ac® b*+c? B
b2 + c?

a’d(c — y) = y(db? + dc? — ac?)
a’dc — a*dy = ydb? + ydc* — yac?
a’dc + ac’*y = yd(a? + b? + ¢?)

a c_ a? + b? + ¢
y d ac '
Therefore,

BC+BA _AB2 + BC? + CcA?
BF BD BC - BA

Solution 2 by proposer

Plagiogonal system: BC = Bx, BA = By.
Let BD = D,BF = f,B(0,0),D(d,0),C(a,0),F(0,f),A(0,c),L.(l4,15)

L= ac? L - a’c

17 a2 +b2+c2” % a2+b%2+¢2
, 111 a ¢ a’?+b*+c?
D,F,L, — collinear = |d 0 [, =0@_+E=—

0 f L / ac

o (a+0) 2 22 e (1 1)+ (1 1) b?
acl=+=)=a c al=—=)+cl=-=)=—
f d f c d a/ ac

189. V —Bevan’s point, I, I, I. —excenters in AABC. Prove that:
aVA? + bVB? + cVC? = 4R([1,1,1,] — 3F)

Proposed by Mehmet Sahin-Ankara-Turkey
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Solution by Izumi Ainsworth-Lima-Peru

By Stewart theorem:

A A
(2R)*ry, - csca + (2R)?*r, - csca = (VA)?4R - cos— + 11, - csc*a - 4Rcos —
2

A A
- 4R? (r}, - csca + r.csca) = 4R - cos ((VA)2 + 17, - sec? —)

wread 2
COSZ

— 4R?* = (VA)? + 4R? - sinBsinC — (VA)? = 4R*(1 — sinBsinC)

2F 2F
Z aVA? = Z 4R?*(a — a - sinBsinC) = 4R? <2s - 2 a- —- —> =

ac ab
cyc cyc cyc

= 4R? (25 — %) = 4R(2sR — 3F); (n)

F=2 [1,0,1,] = (4R ' COS%) (4R ’ COS%) (4R : cos%) )

4R 4-2R -

- [IIpI.] = 8R? = = — = 8R? —S—ZR (6)
_ ) _ R :
oAbl €oS - COS - COS SR;

From (u), (6) it follows that:
aVA? + bVB? + cVC? = 4R([I1,1,] — 3F)
190. 1,1, I. —excenters in AABC, @, @p, @ —circumradii
of ABCI,, ACAIl,, AABI,. Prove that :

z 1 B 1
oW, Rr

Proposed by Mehmet Sahin-Ankara-Turkey
Solution by Mohamed Amine Ben Ajiba-Tanger-Morocco
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m—C m—B mw A
We have : u(BI,C) =T — u(BCI,) — u(CBI,) = — - =—=—=

2 2 2 2
a a 4R singcos%
InNABCl, : 2@, = ————— > P, = =
sinBI,C . (n A) A
2sin|{5 —5 2cos~
2 2 2

A
= 2R sinE (and analogs)

Z 1 _Z b+c Zb+c 1
PaWa A abc _ 4sRr Rr

2bc. cos > 2R sm

1

1
Therefore, Z = —

PaWq Rr

191.

N
B a [\ C

S, —Spieker’s point of AABC. Prove that:

BC BA
D,F,S, — collinear & —— (AC + BC) + ——(AB + AC) = 2(AB + BC + CA)

Proposed by Thanasis Gakopoulos-Farsala-Greece
Solution by Jose Ferreira Queiroz-Olinda-Brazil
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AM MyM . —medial triangle.

c b
BC = a,AB = c,AC = b,BF = y,BD = d, MMy = 5, MyM = 5, MM ==

N| R

GMb =X, MMb =Z
AFBD is similar AGM ,D, so

FB  BD y d

2y 2d
= e d el -
GM, M,D % _x d_9

c—2x:2d—a

1
2dy—ay=cd—2dx—>x=ﬁ(cd+ay—2dy)

AGM D is similar AGM ,M

a c
M,D GM, d—-5 5—X 2d-a c-2x
= 4 = - =
MbM GMb VA X z

X

1
x(2d —a) 3g(cd+ay—2dy)(2d—a)
2dx—ax=cz—2xz—->z = 5 = 1
c—ax c—a(cd+ay—2dy)
_(cd+ay—2dy)2d—a) (cd+ay-—2dy)(2d—a)
2= 2(cd—cd - ay +2dy) 2y(2d — a)

1
Z=Z(Cd+ay—2dy)

We know that if G, Sp and M are collinear, so

( 1 1 )+< 1 1 )_ M M,
MM MM, M,G M M, MM, MM,
b
1 1 1 1 2
z a|f{x"¢)Tac”
2 2 2 2
2y 2 2d 2b

cd+ay—2dy_a+cd+ay—2dy=E®
yac — c(cd + ay — 2dy) + dac — a(cd + ay — 2dy) = b(cd + ay — 2dy)
yac — c*d — yac + 2cdy + dac — acd — a*y + 2ady = bcd + aby — 2bdy &
aby + a’?y + c¢*d + bcd = 2dy(a+ b +¢) ©

a c
E(a+b)+;(b+c)=2(a+b+c)
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Therefore,

BC AC+ BC B4 AB + AC) = 2(AB + BC + CA
gp AC+BO) + 5o (AB + AC) = 2(AB + BC + C4)
192.In AABC,V —Bevan's point, I, I, I . —
excenters,R,, Ry, R, —circumradii of AVI, 1., AVI I, AVI I,

Prove that :

Z he, rra+rp+ry)

Proposed by Mehmet Sahin-Ankara-Turkey
Solution by Mohamed Amine Ben Ajiba-Tanger-Morocco

la

m—A T A
We have : u(I,AC) = — u({I I,V) = 3~ u(IpAC) = 5 and I.V = 2R.

1.V A
In AVI I ., we have : sinl I,V = 2;2 >R, = RcscE (and analogs)
a
= ZA = ZA
h, 2sroSIV"3  2sr sin® » T A r(rg+ry+r)
ZRaZ_RZZ a R A A_2R325tanf_ 2R?

4R sin 2 cosS >

Therefore,

Z h, rg+ry+ry)
Raz - 2R3
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193. In AABC,n, —Nagel’s cevian, the following relationship holds:

T n, T, N,
cyc cyc

Proposed by Bogdan Fustei-Romania
Solution by Mohamed Amine Ben Ajiba-Tanger-Morocco

R h, ng 7,
Let's prove that: 2 (— - 1) z —= Z <_ + _)
r n, ro, ng

cyc cyc

n, E_nﬁ+rﬁ s? —2r h, + 12

ra na B nara nara
2,.2
) s 5 . QST
s?—2rohg+1i s 4sr  sr  as (s—a)—4s"rt+_—o
T, r, a s—a a(s —a)r, B

_as’(s —a)? —4s’r’(s — a) + s’r*a _
B asr(s — a) B

a(s — a)? cos% —41r%(s — a) cos% + ar? cos%
=9 2 =
ar(s — a) cos>

a(s — a)? cosg —41r%(s — a) cos% +ar(s—a) sing
=S A =
ar(s —a) cos>

A A A
a(s —a) cos5 — 41r% cos5 + ar - sins
_ . 2 2 2 _

. cosA
ar - cosx
A A A A
2, a3l A o A A
=s-16R cos ZH(San) 4r cos5 +ar-siny
.cos4
ar - cosy
_)"5‘*‘7“21:S.4Rr-cos3g—4r2-cosé+4Rr-cos%sin2%:
T ar-cos%

4R (1 — sin? %) —4r + 4R - sinzg 4s(R—-71) (R )h
=S- = = a

2(——-1
a a r
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Y- p -y
Ty MNg ron, r n,

cyc cyc cyc
194. V —Bevan’s point, I ;, I, I . — excenters in AABC, R, Ry, R, — circumradii
of
AVI I, AVI I, AVI I}, @,, @p, @ — circumradii of ABCI,, ACAI,, AABI..
Prove that:

PaRy = PRy, = @R, = 2R?
Proposed by Mehmet Sahin-Ankara-Turkiye
Solution by Izumi Ainsworth-Lima-Peru

A
4R cos (7) (2ZR)*  (2R)%sin(A) R
VIpL] = = > Ry = (@)
4R, 2 sin (%)
180 — C 180 — B
ar, argcsc ( > ) rq CSC ( 2 )
[BICl =" = 20 -
a
r
b= B
2 cos (7) cos (7)
(61{2) X (B): R
r r
= (paRa = ; C " ZRZ

2 sin (%) cos (g) cos (7) } Z—ﬁ
Analogously: ¢,R;, = ¢ R, = 2R?

195.

D,F, I, —collinears if

(1 1)+( 1+1>_ AC
BD BC BF BA) BC-BA

Proposed by Thanasis Gakopoulos-Farsala-Greece
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Solution by Jose Ferreira Queiroz-Olinda-Brazil

H \O J
We extend F1, to the H] side of the AAH] at point Q.
In the triangle AHJ, we have: 1, —incenter of a triangle.

We know that if Q,1, and F are collinear, so
1 1 1 1 AJ

HQ HJ] HF AH AH -HJ’

()

AABC is similar to AAH], with similarity ratio k = Sf—a, then

cs bs as
AH = VA = ,HJ =
s—a s—a s—a
. .. BD FB ac
Now, AFBD is similar toAFHQ, soH—Q = E;AB +BH =AH and c + BH = 7
ac ac f(s—a)+ac
BH = ,FH=FB+ BH = f + =

s—a s—a s—a
d f 1 f(s—a)
—— - — =
x f(s—a)+ac x d[f(s—a)+ac]

s—a

Replacing in (1) it follows that:
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1 1 1 1 bs
__s-—a
~ __as +f(s—a)+ac_ cs_~_as___cs_
- s—a s—a s—-as-—a
f 1 1 1 b

d(f(s—a)+ ac] E+f(s—a)+ac_gza<_>

1 f _ 2 f _1 ~ _
f(S—a)+ac'(E+1)_5934'1—“0[“5 a) + ac)]

11 b 1 1
£+1=2+L(b+c—a)<—>———=—+———
d ac

d f ac a c
G-e(eh-2

Therefore,

<1 1)+( 1+1)_ AC
BD BC BF BA) BC-BA

196. S, —Spieker pointin AABC,d, = d(S,, BC),d, = d(S,, CA),
d,. = d(Sp,AB). Prove that:
s?+1r%—2Rr

4R

Proposed by Mehmet Sahin-Ankara-Turkyie
Solution 1 by Izumi Ainsworth-Lima-Peru

da+db+dc=

If M, N, P —midpoints of AB, BC, CA respectively.D € MP such that N, S, and D be

; DS _ 3 _ a
collinear.By property: SN §+§ =
h
DN 2s Ta d h,(b+c) bc(b+c)
_ = = — = —
S,N b+c d, . 4s 8Rs

In the problem:

Y- Yo Ly e s(51-2)-

a 2s
cyc cyc cyc cyc
_F s2+r2+4Rr 3r 2R _sz+r2—2Rr
B 4FR 2F 2R/) 4R
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Solution 2 by Jose Ferreira Queiroz-Olinda-Brazil

h
BC=a,CA=bAB = ¢ AH = hy ML =hy ==
d n r h, r h,, rd hchl n abc
e Ty Ty Ty Ty T T TS 24 M= ST =R
d +do+d _h, r+hb r+hc r
atTh T BT 9 2 2 272 2
2(d, +d +d)_Zsr+Zsr+2sr 3
atTh T T g b c r
A
b
€ M, DMD
B H FM C

2(d d d) =2 <1 1,1 3
(a+ p T+ c)— ST E+E+E)— r

ab + bc+ cd
Z(da+db+dc)=ZST'T—3T
2(d, +d, +d,) =2 ab + bc + cd 3
a T @p T Ge) = 2ST 4Rrs r
(s> + 1%+ 4Rr) — 6Rr
2(d,+dy+d,) = R

Solution 3 by Thanasis Gakopoulos-Farsala-Greece
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_ c(b+c) | .
PS, = Tarbid) (1) from theory of plagiogonal system.

Z ab(a + b) = 2s(s®> — 2Rr +1?%); (2)
cyc
b beb+c)  beb+c)

APDS,: d, = Pcdot sin B = PS, - — = _
pt fla = TCAOLSIN P’ 2R 4R(a+b+c) 4R-2s

d, +dp+d, = L b( +b)(fi)28(s2—2Rr+r2)_sz+rz_2Rr
a b C_4'R'ZS aola = 1R 2s — iR
cyc
Therefore,
s> +1% —2Rr
d,+dy+d,. = iR

197. O —circumcenter, W —area of orthic triangle of acute
AABC,0,,0,, 0, —circumcenters of ABOC,ACOA,AAOB. Prove that:

F =2/%.[0,0,0]

Proposed by Mehmet Sahin-Ankara-Turkey
Solution 1 by Mohamed Amine Ben Ajiba-Tanger-Morocco

C

B F A

1
We have : AE = c.cos A and AF = b.cos A —» [AEF] = EAE.AF. sin A
_1 A.b.cosA.—
=5-C.c0sA.b.cosA._

abc
- [AEF] = IR cos? A = F cos? A (and analogs).

—>‘I’=F—Z[AEF] =F—ZFCOSZA =F(1—ZCOSZA) =2F1_[cosA
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> = 2F1_[cosA(1)

Oc

(@) T
We have : n(AOB) = 2C - n(400,) = C and p(0OBA) = > c

~
o
N\t

R R R
Now,in AAOB,sinOBA =—— - 00, = 2
ow. St 200, "¢ 2sin(E—c) 2cosC
2
Similar to (a) and (b),we have : n(0,0A) = B and 00, = S cos B - uw(0,00,)
=B+C=m—A
[0,00,] 10000 in 0,00 1 R R in A
- =_. . . =_. . .
b= Hel ™ 2 b Ul S U U e = 5 5 cosB 2cosC - "
_ R?sin24 (and logs)
= 16T cos 4 and analogs
[0,0,0.] Z[o 00,] R” sin 24 R Z in 24
- = = =
a¥b™e b= e 16[JcosA 16]]cosA st
RZ
=16]'[cosA'41_[SmA=
RZ
= . 0,0,0.|=——— (2
4] cos A 2R2_>[ a00c] 8[]cos A (2)
From (1),(2) : 2J¥.[0,0,0.] = 2 ZFl_[ A—t
rom (1),(2) : .[0,0,0,] = cos BT[cosA

Therefore, F=2y¥.[0,0,0,]
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Solution 2 by Izumi Ainsworth-Lima-Peru
We know that:

w - abc - cos Acos Bcos C_( )
= 2R e
If M, N, P —midpoints of 0A, OB, OC respectively, and

¢B00, = 20,0C = A
£0,0A =B - [0,0,0,] = [0,NOP] + [0,POM] + [0.MON] =

£€00, =
£A00, = 20,0B = C
_R R t A+ t B+R t C =
=55 tan 5 5 tan 5 5 tanC=
R? - tan Atan Btan C
= 2 ; (B)

(a.p)

In the problem: 2,/¥.[0,0,0.] =

\/abc - cos Acos Bcos C R? - tan Atan Btan C _
2R 4 B

Rabc 2F 2F 2F
VF2 =F

R , , ,
—\/E-abc-smAsmBsmC—\/ > be ca ab

198. Find:
T T 2w T 2w
Q- tang . cotﬁ - tanT . cotﬁ - tan§ . tanT
4L S T
2 2 2

Proposed by Samir Cabiyev-Azerbaijan

Solution 1 by Asmat Qatea-Afghanistan

T T 21 T T 2
tang . cotﬁ - tan? . cotﬁ - tan§ . tan?
7T ST

2 2
cot 18 + cot 18

2 T
+ cot? 19

T 41 21 41 T 21
_ tangtan? — tanTtanT — tangtan?
2T 2 2m 2 Am
tan 9 + tan 9 + tan 9
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3tanx — tan3x
V3 = tan(3x) = 1 3tan?x -3 =tan(3x) - x; =

4 2m
, X2 :?,X3 = —?

ol

3 2 —
T3z P 3V -3t+V3=0-

T 4m 2w
tl . tz + tl : t3 +t2 . t3 = —3, tl = tana,tz = tan?,tg = tan—

5 3tanx — tan3x\’ ) T 2T 4m
3 =tan“(3x) = 1~ 3tanix -3 =tan“(3x) > x; = a,xz = =

2
3t —t3
<1_3t2> 16 —33t* +27t2 -3 =03+t +t3 =33

Therefore,
tan™ - cot = — tan?™ . cot ™ — tan™ - tan 2T
Q- ang - cotyg an—g--cotyg ang an9=_i
7T 5 yi4 11
2/ 2 21 2 It
cot 18+cot 18+cot 18
Solution 2 by proposer
(A (A yi4 (A 2m
Qztang-cotﬁ—tanT-cotﬁ—tang-tanT
2 T 2 ST 2 T
cot 18+cot 18+cot 18
tntnth tntnthI
an9 c0187an9 2018 an9 ang.()
b1 T T
2 7 22 2 .
cot 18+cot 18+cot 18.(11)

s s 3tana — tan’a
20°=a->3a=60 - tan3a=V3 >3 =

1 - 3tan?a
tan3a — 3vV3tan?a — 3tana ++v3 = 0; (1), a = 20°, 8 = 40’ - 38 = 120°

- tan3p = —/3 - —tan®a — 3V3tan?a + 3tana + V3 = 0
- B =-40" (1) true,y = 80" - 3y = 240" >
tan®y — 3v3tan?y — 3tany + 3 = 0 > (1) is true.
tan®a — 3V3tan?a — 3tana + V3 =0 - a, = 20", a, = —40", a3 = 80°
ax3 +bx*+cx+d=0
b? — 2ac - ) , o
gz tan“20 + tan“(—40) + tan“80 =

x3+x%+x5=

2

\ \ . (-3vV3)"—-2-1-(-3

= tan?20’ + tan®40’ + tan?80° = ( ) P =3 =33
tan 20°tan(—40") + tan(—40")tan80’ + tan20’tan80’ =

119

RMM-GEOMETRY MARATHON 101-200



ROMANIAN MATHEMATICAL MAGAZINE

www.ssmrmh.ro
(x1 + x2 + x3) — (x§ + x5 + x3) _

= X1X2 + X2X3 + X1X3 = 2 -3
Therefore,
(4 b4 21 (A (4 2m
Q- tang . cotﬁ - tanv . C0t1—8 — tang . tanT _ _i
5 11

7T T
2 2 2
cot 18 + cot 18 + cot 18

199. BD1 - dllBDZ -
d;

BF, = f1,BF; = f;
1 1 1 1
_—— = — 3+ —
dl d2 fl f2
D1F1 nDzFZ - I

Prove:

BI is bisector of 2D BF,

F

= D
2 '\ 2

Proposed by Thanasis Gakopoulos-Farsala-Greece

Solution by Jose Ferreira-Olinda-Brazil

>

o D
F2 l\ y 2
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l_l_l_l_l_)dz—dl_h"‘fz_
di dy fi1 f2 did,  fif2 '
D1D2=d2—d1
F21=x,D21=y

(D

Applying Menelaus Theorem (F4, D4, I) —collinear

DZI_F1F2'BD1=1<_>Z.f1+fz. d, _
le BF1 D1D2 X fl dz - dl

1

(o2 28t fnh ) % — BlI is bisector of 2D, BF,
142 1 2

200. S;, —Spieker point, O —circumcenter in AABC. If d(0,BC) =d,,
4(0,CA) = d,,d(0, AB) = d,, (S, BC) = dy, d(S,, CA) = d,
d(S,, AB) = d; then:

s? — 6Rr — 312
dlda + dzdb + d3dc — 4

Proposed by Mehmet Sahin-Ankara-Turkey
Solution by Izumi Ainsworth-Lima-Peru

We know that: d; = bc;l:;c); (a)

Now, ABOC is isosceles, BO = 0C = R » BC = 24 —» +BOC = 24
d, = RcosA; (B). From (a), (B) it follows that:

Z dod. — z Rbc(b + c)cosA FRZ (2s —a)cosA
1Ha ™ 8Rs T 2s -

a
cyc cyc cyc
_FR 5 ZcosA Z 1 _FR2 s2 —r2 —4Rr (1+r) ~
“2s\ %% a cosa I =551%° 4RF R/|
cyc cyc

_sZ—4Rr—r2 FR<R+r Zsr)_sz—GRr—Elr2
B 4 2s\ R 2F) 4

121 RMM-GEOMETRY MARATHON 101-200




R M M

ROMANIAN MATHEMATICAL MAGAZINE

www.ssmrmh.ro

It’s nice to be important but more important it’s to be nice.
At this paper works a TEAM.
This is RMM TEAM.
To be continued!

Daniel Sitaru
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