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Chapter |
PROBLEMS

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

a3 b3 C3 \/_
= ;
(a—b—c)2+(a—b+c)2+(a+b—c)2 &
George Apostolopoulos

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

a?2tV3 4 p2+3 4 213 > 3. (Zr\/?:)zwg.

Daniel Sitaru

353. Let a, b, ¢ be the lengths of the sides of a triangle ABC with circumradius R.
Prove that:

1 1 1 1
= ,
G Dbt Grol+a) cta)a+th) 2R
George Apostolopoulos

354. Prove that in any ABC triangle the following relationship is true:
a® + b® + c® =81 - (2r)°.
Daniel Sitaru

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

that <BAD = % «C. Prove that:

AB - AC cosC cotC
a. === b. > :
AB + AC cosB = cotB
George Apostolopoulos
356. Prove that in any A ABC the following relationship is true:
1 1 1 a?+b*+c%+3
+ - < 5
Vsind +sinB +sinC 2V2F

Daniel Sitaru

357. Let R, 7,7, 1, 1. represent the circumradius, inradius and exradii, respec-
tively, of 4 ABC. Prove that:

A B C r
: - - =)= V3=
a(1+cot2)(1+cot2)(1+cot2)_(1+2 BR)

(1D (1 D) (1+ D)2 (142).

3
H

George Apostolopoulos
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358. Prove that in any 4 ABC the following relationship is true:

D (@35 -38)' = V5 + Y35+ Ve -2

Daniel Sitaru
359. For an acute triangle ABC and a positive integer n, prove that:
1\n 3n+1
(Z(sin AsinBsinC)n) < -
where the sum is over all cyclic permutations of (4, B, C).
George Apostolopoulos

360. Prove that if m,n € N* then in any triangle the following relationship holds:
ab-+ bc + ¢a)™tntl
ZREW;”“ (W,f"—w(’f+1)2( )

(6R)m+n
Daniel Sitaru
361. Let ABC be a triangle. Prove that:

1

A csc_3§ B csc‘3§ C csc"‘3§ 26\/§ s

= : L : — S =

(1+sec2) (1+sec2) (1+sec2) _<5+ 9 >

George Apostolopoulos

362. Prove that in any 4 ABC the following relationship holds:
bRl gt wlhe
Zmahawa > sinA4 sinBsinC( % 5 + p )

Daniel Sitaru
363. Let ABC be a triangle. Prove that:

85in3g B
A1 Sl -
(1+sec 2) ( +secz>

364. Prove that in any AABC the following relationship holds:

gsin32 8sin3<
2 26
22'(1+SGCE>; 25+?\/§.

George Apostolopoulos

C
cos§+cosi+ cos 7 >ﬁ-(ma + my +m,).

Daniel Sitaru

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

4
(Va +vb ++c)
sin* A + sin* B + sin% C
where R denotes the circumradius of ABC.
When does the equality occur?

< 1ZRZ,

George Apostolopoulos
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366. Prove that in ABC triangle the following relationship holds:
Zma (lsinBI\/l ¥ cos? B + |cos BJ/1 + sinZ B) < 25v3.
Daniel Sitaru

367. Let ABC be a given triangle, and let M, N be the interior points on the side
BC such that BM = CN. Prove that:
1 1 4

AM AN~ AB+ AC
George Apostolopoulos

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

e+t [z 2 [ma+my +me + 63k

Daniel Sitaru

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

Ac, + sl > BC

AM = AN '

George Apostolopoulos
370. Prove that in any AABC the following relationship holds:

Z\/a+b—c2 /2p+12W.
Daniel Sitaru

371. In an acute triangle ABC heights AA;, BB;, and CC; are drawn. Let H be the

intersection point of heights. Prove that:
AH BH

hEseu ERT
HA, ' HB, HC,

>secA + secB + secC.

George Apostolopoulos
372. Prove that in any ABC triangle the following relationship holds:
bte? sacta’ . @bt . A3
12 p1z + c12 - R’

Daniel Sitaru
373. Let ABC be an acute triangle with inradius r and circumradius R. Prove that:
1 1 1
(sec A)seca + (sec B)sect + (secC)secc  5R —r

< :
secA +secB +secC 12r
George Apostolopoulos

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

My Ty )3
Ty +ip T 1
Daniel Sitaru

(m2 + mgmy, + m2)(mZ + mym, + m2)(m2 + mem, + mZ) > (



