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W1. Find the limit

lim <"+{/((n+1)!)a((2n+1)n)b— '(/(n!)a(@n— 1)!!)b>

n—00

where a,b € R.
D.M. Batinetu-Giurgiu and Neculai Stanciu

W2. a). If a,b,c € RY such that abc = 1, then prove the following inequality:

1 1 1 3
- - >
ad (Fpb+ Fppic) 03 (Fpe+ Fupia) A (Fha+ Frpb) = Fhgo
b). If a,b,c € R such that ab+ bc + ca = 3, then prove the following
inequality:

1 1 1 3
+ + >
a3 (Fpb+ Fpiie) b3 (Fpe+ Fhiia) 3 (Fpa+ Frpib) = Fhio
a). If a,b,c € R such that a + b+ ¢ = 3, then prove the following inequality:

1 1 1 3
+ + >
ad (Fpb+ Fppic) 03 (Fpe+ Frpia) B (Fha+ Frpb) = Fhgo

D.M. Batinetu-Giurgiu and Neculai Stanciu
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W3. For a,b,c > 0. Prove that

(a) (1) (") < <m>2<a+b+c>

Toyesh Prakash

WA4. Let a € R* and b € R. Find all differentiable functions f : R — R such
that

f(x) =af'(—z) +b,Vr € R.
Ovidiu Furdui and Alina Sintamarian

W5. Calculate

[<>(())

Ovidiu Furdui and Alina Sintamarian

n=

W6. Let n > 1 and A, B € M, (C) suvh that f (z) = e*ABe™*4 is bounded
for all z € C. Compute

C = AB— BAand D = A’B + BA?
Moubinool Omarjee

WT7. Let m > 0 and M be a point inside the triangle ABC. If we denote by
dg, dp, d. the distances of the point M to the sides BC,CA and AB
respectively, let it be shown that:

am+1 b bm+1 .c Cm—|—1

-Qa m+1
>2m+2-F‘<3)
i g T 2 V3

D.M. Batinetu-Giurgiu and Ovidiu T. Pop

WS8. If m > 0, the following inequality in triangle ABC

m+1 m+1 m+1 1—m
(a;—b) +<b;:c) +<c}—1i-a> 24m+1.(\/§)
c a b
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holds.
D.M. Batinetu-Giurgiu and Ovidiu T. Pop
W9. Calculate
i HanJrl
— (n—1)n’

where H, =1+ % 4+ % denotes the nth harmonic number.

Ovidiu Furdui and Alina Sintamarian

‘W10. The Fibonacci numbers F;,, and the Lucas numbers L,, satisfy
Fn+2 :Fn+1+Fn7FO :OaFl =1

Lypyo=Lpi1+ Ly, Lo=2,L1 =1

_a

Also, F), \/gﬁ and L, = o™ + 8", where o« = 1+‘[ ,and 8 =

Prove that
oo
Z L2FVL+2 B L2Fn+1 _ 1

L2Fn + L2Fn+3 3 .

n=0
Angel Plaza
W11. Evaluate
1 _
nZ:o(n—{_ ) ; 2t 4l(n — 2i)

Angel Plaza

W12. Calculate

//11n 2 +90) + (x1+y1)+(as2+y2)+---}dxdy

20+ + (z' +y!) + (@2 +y?) + - -

Ankush Kumar Parcha
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W13. Evaluate

i 2
tan®x
z2 (sec? x + csc? x)
0

Toyesh Prakash Sharma

W14. Let a,b, c be positive real numbers. Prove that

40/9b2 + 16¢2 + 41/9¢2 + 1642 + 41/9a2 + 16b2 >

> 5V b% + 15¢2 + 5v/ 2 + 15a2 + 5v/ a? + 15b2
Paolo Perfetti

W15. Find those positive values a and (8 for which

— 12 B+ (k+1)In(k + 1) In(In(k + 1))’
converges. For those values of a and 3, evaluate the sum
Paolo Perfetti

W16. Let a,b, c be positive real numbers. Prove that

c a b
4 4 44/ >
\/a+15b+ \/b+15c+ c+15a_3

Paolo Perfetti

W17. If z,y,z € Ry and m,n,p;r,s,t € N* find the minimum of expression

E (z,y,z) = mx + ny + pz

if 2"y*2z! = k and specify the values for which the minimum is reached

Dorin Marghidanu
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W18. If f: I C R — R is differentiable function, with continuous
derivative and a,b € I, a < b, then prove that:

JlU@ e 1 @ld=p-a-7(*57)+ (16 - @) 25"

_ x—I—b_T“ if l’E[a,aT—H)}
‘P(x)_{x—b—; if e (%20]

Dorin Marghidanu
W19. If fi, fa,..., fp : R = (0,00) are integrable functions, prove that:

1.
x

e

In(f1(t)+f2(t)+...+ fp(t))dt Y

In f1(t)dt L.
>e

+e

In fo(t)dt L.
+..+te

In fp(t)dt

O =z
O ==z
O =z
O =z

for any x > 0 and p € N*.
Dorin Marghidanu

W20. Let M be a subset of {1,2,3,...,2023} such that for any three
elements (not necessarily distinct) a, b, c of M we have |a + b — ¢| > 12.
Determine the largest possible number of elements of M.

José Luis Diaz—Barrero

W21. Let f be a nonnegative and non increasing function on [0, +00) and
let g be a function defined on [0, 4+00) such that 0 < g(x) < 2023 with

0+°o g(z) dz = 6069. Prove that

+oo 3
f(z)g(z)dx < 2023/ f(z)dz.
0

0

José Luis Diaz—Barrero

W22. If 0 < z,y < z and a,b,c > 0 then:

(onfD) o) (oD )
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(ool (o) o o)

Mihaly Bencze and Florica Anastase

W23. For a,b,c € (0,3) and k > 0 let Sy = aF +bF + . If S, 11 =1, then:

(25«1 o 1)51(1 _|_an)a(1 + bn)b(l +Cn)c < (1 + 51)51 H(a+ bn+1 + Cn-‘rl)

cyc
Mihély Bencze and Florica Anastase

W24. In AABC the following relationship holds:
wl 3 R &
D S5 (2> ;mEN
e a + my T
Mihély Bencze and Florica Anastase

W25. In AABC the following relationship holds:

2 2., 2A 3
s“+rectg°s 10
||(1_|_A92)Z(1_|_ 37"3)

cyc ctg 2

Mihély Bencze and Florica Anastase

W26. Let be the function f : [0, 1] — R integrable such that f(1) =1 and
JY (0 dt = Sl () — 2/(2)), Yy € [0,1]. Find

i 2
I = f(z) - tg°xdu.
0
Mihély Bencze and Florica Anastase

W27. If n € N;n > 1 then:

F_F
F' 4 F 4 FY, > Fy, <F L P )

FnJrl

Daniel Sitaru
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W28. If in AABC, N - ninepoint center, I - incenter then:

NA-IA NB-IB NC-IC
+ +
be ca ab

>1

Daniel Sitaru

W29. If F, - Fibonacci numbers (Fy = 0; Fy = 1; F, 40 = F,41 + Fy;n € N)

then:
/ / 2 dmdy 2F3, 1
2 Jrz 14wy (1+F5)(1+F5+2)

Daniel Sitaru

W30. Let ABC be a triangle, where AB = AC and m (W) =«
60° < a < 120°. The point M is considered with in the triangle ABC, such
that m (MBC) =30° and m (MBC) = f3, where 283 + 60° = «. Calculate

w (A0C).
Ton Patragcu

W31. If F'(n),>, are Fibonacci numbers with Fy =1, F5 =1 then find all
solutions of the following equation:

BEy ... F,=F,

Seyran Ibrahimov

(a2 +1),n € NU{0} .Prove inequality

DN |

W32. Let ag =a > 1 and ap41 =

n

I (@ +1) =2 42" (n+1)(a—1),n € NU{0}.
k=0

Arkady Alt

W33. Let f(m):=m+ [y/m] and f, (m) defined recursively by

fn(m)=f(fn-1(m)), neN

and foy (m) = m. Prove that for any m € N sequence
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fo(m), fi(m), fa(m),..., fn(m),...contain at least one perfect square.

Arkady Alt

W34. Using only elementary technique (without derivatives or methods of
linear algebra) find greatest value of function

h(x1,22,...,Tpn) := X1T2 + T2x3 + ... + Tp_1Tp,

for any real x1,xs,...,z, such that

x%+m%+...—|—a}i:1,n23.

Arkady Alt
W35. Let S, (z) be polynomial defined by recurrence
Snt1—2(x+1)S,+S,—1=2z,n €N
with initial conditions Sy = 0, S7 = z.Prove that
Sp(z) <(14+nx)" =1,z >0,neN;
Arkady Alt
n! (1 + 1)" "
W36. Calculate nhﬁr{.lo o +Tll 7 .
Arkady Alt

W37. Let n € N*. Prove that the function f : (0, +00) — R where

In(z+ k)

(@) = =
n T (= + )
k=1

ﬁ:]:

1S concave.

Marius Dragan
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W38. Let n € N*, it exist t € (0,1) such that

tht2 1
{Z k(k:+1)(k:+2)}<18

where {-} represents the fractional part.

Marius Dragan

W39. If 1 < a <bthen

b

/ dx - (b—1)(2a+1)

1
zlnz — n(a—l) (2b+1)

a

Mihaly Bencze and Ionel Tudor

‘W40. If a,b > 1 then compute:

/ 22 (ab)” In 2 + na™ 1 (b* — a®) + 2 (b*Inb — a® Ina)
2" (ab)” + 2™ (a® + b*) + 1

Mihély Bencze and Ovidiu Bagdasar

WA41. If ay, € R (k=1,2,...,n) then

IRCETEEE ()

cyclic

Mihaly Bencze and Sorin Radulescu

W42, If 1 < a <b then

b
2
/(lnx) dz élnablné

202 —x—1 — a
a

Mihaly Bencze and Ovidiu Bagdasar
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n
W43. If a, >0 (k=1,2,...,n) and ] ar = 1 then

k=1
2ap_ _
> <(n—1) tn—2) 24 42y I 1) "\ayT? >
‘ a2 az an—1 Qn
cyclic
nn—1) —
1D,

k=1

Mihaly Bencze and Sorin Radulescu

W44. Determine all two times differentiable functions f : [-3, +00) — R for
which f(0) =2, f/(0) = 2 and

(f (a:))2 + f(x) f" () =2(1 —sinz — cosx) + x (sinx — cos x)
for all x € [-3,4+00).

Mihély Bencze and Florica Anastase

W45. If 0 <a <band 0 < c<d then

b d
// 2+1 y+1) dxd >ga7'ct b arct d—c
2z +y) (x + 2y) T gl—i—ab gl—i—cd

Mihaly Bencze and Florica Anastase

W46. If a, >0 (k=1,2,...,n) then

2 2 2 2
T ((1> +(2> >+4nzgz o+
’ az ai ‘ a1a9

cyclic cyclic

Mihaly Bencze and Eugen lonagcu

‘W47, In all triangle ABC holds:

4 44a2b%+b* AR+r\2 A dr2p2 4
D). 23<1+( ) ) 2). ZWM23(2+ﬁ)

Mihaly Bencze and Gabriel Prajitura
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WA48. If a;, >0 (k=1,2,...,n) then

ai n \"
> =
(a2 +ag + ... + ap) n—1

cyclic

where r > 1.

Mihaly Bencze and Rovsen Pirguliev

n

W49. If 2, € R (k=1,2,...,n) and Y 22 = n then

k=1
n n
Z|xk|—ka§n+1
k=1 k=1

Mihély Bencze and Marius Olteanu

n
W50. If ap, > 1 (k=1,2,...,n) and [] ar = €" then
k=1

= 1
Z <2ak — ) > 4n
ag

k=1
Mihaly Bencze and Nicusor Minculete
W51. Find the volume of the ellipsoid
x2+y2—|—22+$y+yz+zx: 1
Fugen J. Ionagcu

W52, Let n > 2 be an integer. Show that for all x,y, z > 0, we have

" 4 y"t +n 24 .3 (n+1)
n+z+y+z2ttt ndy+z+amtl o ntz4r+yntt T o n43

Eugen J. Ionascu
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W53. Let AABC be an acute triangle with A, B, C' in counterclockwise
order, and let a,b, ¢ denote the side-lengths in the usual order (a opposite A,
etc.).

(i). Prove that there are unique points D, E, F on BC, CA and AB,
respectively, such that DE | CA, EF | AB and FD | BC, (see Figure 1).

(i ) Prove that ADEF from (i) is similar to AABC, with similarity ratio
TR

(iii). Iterate the operation of (i) to get a nested sequence of triangles; the
next one would be AKLM with K, L, M opposite F, F, D, respectively.

Prove that the vertices of these triangles converge to the point I with

barycentric coordinates [c%, a%, b%]

¥
| =

Figure 1, AMABC-AEFD-ALMK
Eugen J. Ionascu

W54, If ¢ € (0, %) , then prove

v/sin x \/cosx
2 ﬁ Sln 2x
cos sin? z 2

Pirkuliyev Rovsen
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W55. Solve on R, the equation

1 + arcsin? z

n————— = arctg (arccos x) — arctg (arcsin x
1 + arccos? z 9( ) 9( )

Pirkuliyev Rovsen

W56. Let (an),cn a sequence of real numbers, defined as follows:

1 — en?an
a1 € (0,1],an41 = ————, n>1
(0.1}, @nt (n—i—l)2

Calculate:

lim n* ((n? —1) (1 —e™) —n(e ™ — 1))

n—o00 ln n

Stanescu Florin

W57. Let (A, +, ) a finite ring, with 1 + 1 invertible, S a subset of the A,
a € A, b€ S two invertible elements, which have the following properties:
a). The orders of the two elements in the group (A4, -) there are two odd
numbers;

b). There is a divisor p of the number |S|! 4 1, such that:

p—1

> (pgl)ak (ab+ ba) aP~17F =

k=0

(we note 2° = 1, x € A). Show that ax + za € S for all z € S if and only if

a=(1+1)"
Stanescu Florin
W58. Let the function f : [0, A] — [0,00), A > 0, continuous, strictly

increasing, three times differentiable in 0, such that:

F0)=1, f7(0)#£0, 0< f(z) <z, (V)x € (0,A]

Consider the sequence of real numbers (z,,),,c - defined by:

HAS (07A] y Lp, = f <x1 +x2n+_1+ xn_l) , n>2

a). Show that lim z,-lnn = — 2~

n—00 J™(0)

b). Claculate: lim nlnn (zp+1-In(n+1) — 2, -1In(n))
n—oo

Stanescu Florin



