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Chapter I

PROBLEMS

Notations:
s - semiperimeter of MBC,F - area of L,ABC,R - circumradii, r - inradii,
ho,ha,hc - altitudes,rrla,TrL6,TrL6 - medians, sa,s6,sa - symedians,
w6,w6,wg - internal bisectors, T6,T6,fs - exradii

1. Let a,b,cbe positive real numbers. Prove that:
d5 6s c5

a2+ab+b2' b2+bc*c2' cz
---------------- > abc.+ca+az

----:----------- *,--:--------:-- ^ *
George Apostolopoulos

2. Prove that in any acute-angled AABC with length's sides a ) b > c the
following relationship holds:

a3 + 2b3 * c3 < (a + b)(ab + c2) + (b - c)(bc * a2).
Daniel Sitaru

3. Let a,b,cbe positive real numbers with a + b + c = 3. Prove that:
ab(b + 7) bc(c + L) ca(a* L)

-b-c a 
GeorgeApostolopoulos

4,ln AABC ; M, N, P e IB Cl. Prove that:
3",tAM 4N 4p (]_ *+. #) = i * 

,r(i.;)
\AM AN AP / - 3 3 \c 

Danier sitaru

5. Let a,b,c be positive real numbe.r;y.n that a * U *rc = 3. Prove that:

J---!--\_
a2+b'b2+c c2*a-2'

George Apostolopoulos

6. Prove thatif M e (BC),N e (AC),P € (AB) then:

VoLUME I

B. Let be A' ,A" e (BC); B'
AA, NBB' NCC' + @. PrOI

271]

w,

9. Let a, b be positive real r

10. Prove that in any triani

s("'

11. Let a,b be positive
maximal value of expressir

(a+ b

12. Find x,y,z,t

13. Let x,!,2 be positive rr

'JQ# +3x, +3x l

14.Provethatifa 1b<c
(mom")

15, Let x,!,2 be positive r,

't*

16. Prove that in any trian
,,laU + tlt

. [o,i]'.
vfnffit

Daniel Sitaru

- ca+ a2)2 3

(c*a)a - 1'6'
George Apostolopoulos

AM2 BNz CPz F2 t- I
-.:- 

- 

-.:- 

-

BN + CP' CP + AM' AM + BN' 2s Lbcsinz!'

7 . Lel e, b , c be positive real
(a2-ab+b2)2
---Gi Dr--

numbers. Prove that:
(b2 - bc + c2)2 (c'

-L -:-------------- -L(b+c)4 '



Voruvr I

B. Let be A' , A" e (BC); B' , B" e (BC); C' , C" e (AB) in AABC;
AA' n BB' n CC' + @. Prove that:

sin.r sin y sin z sin f * cosrcosycosz cost = l-.

Daniel Sitaru

13. Let x,!, Z be positive real numbers. Prove that:

George Apostolopoulos

14. Prove that if a < b < c in AABC then:
(m ym r)m a - ^ " 

(m oma)^ a- m b 2 (m om r)m "- 
m 

" .

15. Let x,!,2 be positive real numbers with xlz = 1. Prove that:
JN1+Ji4+t+,1N7 <4.x2+y2+22

George Apostolopoulos

16. Prove that in any triangle ABC the following relationship holds:
,lau + ^lw + ,lca > VARF $ffi + *,lbc + tl*).

Daniel Sitaru

9

r - inradii,

-;> 
abc.+a'

George Apostolopoulos

sides a>b>c the

-c)(bc * a2).
Daniel Sitaru

= 3. Prove that:
r)

>6.

George Apostolopoulos

27lA'B'C',l / BA', CB' ,4C'\3

WErfi = l"r" * cs,* *,)
Daniel Sitaru

9. Let a,b be positive real numbers with a2 + ab * b2 = k2,k > 0. prove that:

,la+b+\m=4.!t.n.
Vs 

George Apostolopoulos

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

3(a"bb c)* 
= 

VA*F I (a"nb c'1*.

Daniel Sitaru

11. Let a,b be positive real numbers such that a2 + ab + b2 = 9. Find the
maximal value of expression:

(q + b)6 + (ab)s + Z(ab)3 + (ab)z - to.
George Apostolopoulos

12. Find x,!,2,t elo,|]such that:

2rb c\*t(; *;,)
Daniel Sitaru

* c = 3. Prove that:
3

-2' Daniel Sitaru

Ir:
v a-*L\
$

George Apostolopoulos

L

bc sin2 !'
2

Daniel Sitaru

i---a*azlz 3

- a)4 - 76'
George Apostolopoulos

) xyz + B^[xw.
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. Let a, b, c bepositive real numbers such that qbc = 1. Prove that:

(o=(o+ 1) + az(b +1) + c3(c + 1)) . 
(tt *'l(L' *''.).(t=' 

1-t) = 
nu.(a+ L)(b + 1)(c + 1)

George Apostolopoulos

VoLUME I

26.Prove that if a,b, c, d Q

a((ac + bd)

27. Let a, b, c be positive r
a4

G

28.Provethatif0(x(1

(x + y'.

29. Let a, b, c be positive r

Find the maximum value t

4=(a*b

30. Prove that in any triar

I sinA lcL

31. Find all triples (x,y,z'

32. Prove that in any acut

.", (1 -

33. Let &,b,c and d be re
that:

:lq4+b4+c4+W

34. Prove that in any acul

laa t'i,

18. Prove that if a,b, c, d e IR* then:
(abc - ac - bc - ac)z < 4(1 + az)(L + b2)(1 + c')'

2L. Let x,y be positive real numbers

expression: 17+ 1+ \[F4.

Daniel Sitaru

19. Let a,b,cbe positive real numbers. Prove that:
3q2 +iab +zbz 3b2 +Sbc *3c2 3cz +Sca*3a2

-L-I-------------- z 11

a2+ab+62 - b2+bc+c2' c2rca*s2
George APostoloPoulos

20. prove that if n e {L,2} then in any triangle ABC the following relationship

holds:

sr-n (az"*t *o'n*t * La) >_ z,6@ndT.
\ m" tTt6 m, /

Daniel Sitaru

with xy = 3. Find the minimum value of

George APostoloPoulos

Zl.Provethat if a, b, c € (0, 1) are the length's sides in any triangle ABC then:
(s-z)'+r2+4rR-1 3@=ffi

Daniel Sitaru

23,Let a,b,cbe positive real numbers such that a + b + c ='J.. Find the maximal

varue ofthe expression A = (o- i)' * (o -))= * ('- i)'
George APostoloPoulos

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

'>#.*='I#*
Daniel Sitaru

25.Leta,b,cbe positive real numbers such that a + b + c = L' Prove that:
e2n+7 bzn+7 ^2n+7 n - 1

*________________ +_+_ + " ^ (a"b + hnc *c"a) 2
an * (n- 1)6n ' bn + (n- \)cn cn * (n- t)an n

3n
for all integers n with n ) L

George Apostolopoulos


