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Chapter I

PROBLEMS

3 51, Let a, b and c be the lengths of the sides of a triangle with inradius r.
Prove that:

e3 b3 c3

G -;4 + 
1o - a * ry * 1o * n - ry > o^l-zr'

George Apostolopoulos

352. Prove that in any ABC triangle the following relationship is true:

oz+,1-z * 6z+^11 * rz+.,13 > 3 . (2r{1)'**.
Daniel Sitaru

353. Let a,b,cbe the lengths of the sides of a triangle ABC wilh circumradius R.

Prove that:
ILlI

CT D@ + r)- (b + c:(c + a)- (c + a(r^ + b)- +n''
George ApostoloPoulos

354. Prove that in any ABC triangle the following relationship is true:
a6 +b6 * c6 > BL.(2r)6.

Daniel Sitaru

355. Let ABC be a triangle with qC = 2<B. On side BC consider a point D such

1

that4BAD - - {C. Prove that:
4
AB ,AC

a'BD= 
AB+AC;

cos C cotC
h_
"'cos B = cotB'

George Apostolopoulos

356. Prove that in any A ABC the following relationship is true:
t L 1 a2+b2+c2+3

-: ----------------

\fn7 ' \AinB \6inc - z"l2r
Daniel Sitaru

357. Let R,r,ro,16119 tlpresent the circumradius, inradius and exradii, respec-
tively, of A AB C . Prove that:

t Att Btt Ct r -r.,3a. (t + cot;)(t + cotT) lt + cot7,) > (1 + z,lz *) ;

a (t +1) f' . i,) (' . i) = (' * *)'\ rol \ 16/ \ r'/ t 
, eorge Apostolopouros

VeurrEll

358. Provethatinmy.ll^li

fee*
359.FormeQll

*herethen"-.'S

:16O Proveth*ifilLa e I
2f t rf*'

lJ

361,.lEtABC be a triangb
-l!/ ,\s'(r+'".)'-(r

362. Prove that in any A A)

lm"'w.
363. Let ABC be a triangfe.

e rios4

(t *'".i) '-(r

364. Prove that in *t, 
!*

cosT* t

365. Let P be an arbitrar
distances from P to the sid

a
where R denotes the circur

When does the equal



with inradius r.

r), > O'lSr'

George Apostolopoulos

p is true:

Daniel Sitaru

,tBC with circumradius R.

I>_
Xa+b)-4R2'

George Apostolopoulos

ip is true:

Daniel Sitaru

8C consider a point D such

' cntC

3*"
George Apostolopoulos

[sr-.f is true:
#i': - c2 +3

---=--.
Daniel Sitaru

s, ---:dius and exradii, respec-

.-3
--t,

George Apostolopoulos

Vor-uur ll

358. Prove that in any A ABC the following relationship is true:

If* + w -Ve)t >',lEa +'",lzu + 
"lzc 

- z.

Daniel Sitaru

359. For an acute triangle ABC anda positive integer n, prove that

George Apostolopoulos

()crt'.4 sin B sin c;i)" 
= +

wbere the sum is over all cyclic permutations of (A' B' c)' 
George Apostoropouros

36t0. Prove thatif m,n c N* then in any triangle the following relationship holds:

2R t wtr*'(w|n - wt + L) r(ab * bc * ca)m+n+r 
.L u .. (6R)**"

Daniel Sitaru

361. Let ABC be a triangle. Prove that:

l. ,41csc-:11 t Btr.-tf, , 6rrtr-tf, .(r*4€\*.(r+secTJ (.t*secl) .(t*sec1) =\ s /
George Apostolopoulos

362. Prove that in any A ABC the following relationship holds:

lmoho*o> sinA sin B sin,^ (ry .+.+)
Daniel Sitaru

363.LelABC be a triangle. Prove that:

/, A18sins4 / Blssinss t Clesintf, 26 -(r+sec7J .(t*sec1) 2.(1 +secl) >s+;t/s.
George Apostolopoulos

364. Prove that in any 
OMBC 

the following relationship holds:

cosT * cosT * cosT ) u(m" * m6 * mr).

Daniel Sitaru

365. Let P be an arbitrary point inside a triangle ABC.Let a,b and c be the
distances from P to the side BC, AC and AB, respectively. prove that:

(rla + rlE + rlv)* z .t.to2
sina,4 * sinaB * sina c = LLrr'

where R denotes the circumradius of ABC.
Iyl/hen does the equality occur?



366. Prove that in ABC triangle the following relationship holds:

l^,(trinrtJr +.or'r * lcosBl# + ri"'B) < zr.'/s,

Daniel Sitaru

367.Let ABC be a given triangle, and let M,N be the interior points on the side
BC such thalBM = CN. Prove that:

lL4
-_r-\-Au- AN' AB + AC'

George Apostolopoulos

368. Prove that in any ABC triangle the following relationship holds:

Jra + r[*, + r[^. > f,*" * T116 * TrL, + 6'J h"hbtu.

Daniel Sitaru

369. Let ABC be a given triangle, and let M,N be the interior points on the side
BC such thatBM = NC. Prove that:

AC2 AB2

-+ -> 
BC.AM AN 

GeorgeApostolopoulos

370. Prove that in any AABC the following relationship holds:
s- r--) Va +-b-c> lzp+tz\lrr.L \ 

Daniel sitaru

37L.ln an acute triangle ABC heights AA1,BB1., and CCl are drawn. Let H be the
intersection point ofheights. Prove that:

o' * t' *Y>sec.A *secB * secc.HAr' HBr' HCr-
George Apostolopoulos

372.Prove that in any ABC triangle the following relationship holds:

ba c7 c4 e7 qabT V3

ou + w + c, >-'
Daniel Sitaru

373.Let ABC be an acute triangle with inradius r and circumradius R. Prove that:

(secA)* + (sec g).".' + (sec C)# - 5R - r
secA*secB*secC 12r

Tup Orvvprc MATHEMATTcAL MlRnrsoN VoluwrE ll

375. Let ABC be an acute I

376. Prove that in ABC a

sides a, b, c, respectively a

s(a'b'

, a+b+cwhere5= - -;p 
=

2

377.Prove that in all acutr
tan2 A. tan2 B 'tan

378. Prove that in ABC tri
I

,

379.Letwq,w6,w" be the
of the sides a, b,c of atriat

(v
\I

for each positive integer n

380. Prove that in any ABt

1. Y-2- /-'bJ

381. Let q",b,c be the le
medians of a triangle ,4BC

T2 0224_<-- R - 
'l^rt

382. Prove that in ABC fr,
LT

tinA + ri"

George Apostolopoulos

374. Prove that in any ABC triangle the following relationship holds:

(^?" + rlarftb + m!)(mi * mym, + m?)(m| t m,mo + ^?"), 
1 

grornr' 
13 .=\to+16+rr)'

Daniel Sitaru


