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AOKIMIO
B” & I'" AYKEIOY

XPONOZX: 60 Aemttd

* Not GUUTTANPWOETE TTPOTEXTLXA TO PUANO OTTOYTNOEWY, ETUAEYOVTOS LOVO Ulor aTtéyTnom
Yo x&be epdyTnoN.
H ovpmAnpwon va yivel pe podplouo 6Tov avtloTtolyo xUxAo.

e Kabe owotn amdvtnon Babuoroyeitor pe 4 povades. I'a xébe Aavboopévn amdvtnon
oparpeitor 1 povada.

* ATdvtnoy o AoxMoY pE RLODPELOUA OE TEPLOCHTEPO A0 Evoy xUXA0 Dewpeital Aov-
Ooopévn. Emewdn n dtépbworn Oo yiver nAextpovixd, omoltodfmote onuadt M offMoLlio
xo0Lotéd ™Y amavinon Aavboopévn.

* Mmopeite vou ¥pNOLULOTIOLNGETE TOV XWEO JLTAX aTtd TLG oxNoELS Yo Bonbntixég mpo-
Eelc.

* ZUOTNVETOL OTTWG ONUELWVETE TLG ATTOYTNOELS GTO ELOLXO EVTUTIO ATAVTYOEWY OTO TE-
Aevtaio TTEVTE AeTtTA TNG EETOaMG, opob PBePatwbelite 4Tl oL atavTroELg lval TEALXEC.

4 , , , )
Mopadeiypoato GLUTANPWONG ATAVTCEWY

1. Nox voAoyioete T0 dbpoiopa 2 + 3.
A. 6 B. 5 I'. 4 A 3 E. 2

X WOoTN CUUTIANPWON AavOaopévn copminpwon

tOOOOE LOROOO
OO0 MOIOIOROIC
LtOOOOO tOOOO®




B’ & I” Avxeiov 20" Kumproxn Mabnpatie] OAvpmiado Ampilhog 2019

1. Av nuz — ovve = a xoL N2z = B, 6ov B # 0, Tdte LoydeL:
A a’?=1-p B. a>?=1+7 . a>=1-25

A a?=1+23 E. Koavéva amd to mponyodp.eva

2. To 0pbdxevtpo ToL TELYWYOL TTOL 0pilovy oL evbeieg z = 0,y = 0 xow = +y = 1 elvon
To onuelo:

11 11 11
Y O B. r. (-,= == E. (1,1
(33) 0.0) (33) (31) L)
3. Alvetow meprtty ouvdpton f : R — R. Térte, n ouvéptnon | f| eivau:

A. Tlepttt B. Aptia I'. Obte gpTia, oUTe TEPLTTN

A. ApTior xoL TEQLTTY E. Koavéva amd to mponyoduevo

. Alvovtot TLXOL { x,y, Tét WoTE T Amté e &t ooTNT
4. Aivovtor mtpoypartixol optbuol x, y oLot e 22 > y?. A6 TIC TLO KATW OVLGOTNTE

i.rz>y

ii. x+y>0
iii. |z| > |y
iv. 22 >y

v. 224+y>0

LoyVeL TavTo

A. i B. ii. I'. iii. A v E. v

5. Av f : R — R n ouv&ptnon pe tomo f(z) = 6 — 2z, 61 0 TOTOC NS awvTiaTPOoPNS f !

elvoa:

_ 1 _ 1 _ 66—
A=t B M@=t N w =
A fl(z) = 0F7 E. f~(z) =6+ 20

2

6. Aivetor n ovvaptnon f 1 Z — Z, Yo Ty ool LoxOovy ot LOLOTNTES:

i. f(1)=0
ii. f(m+n)=f(m)+ f(n)+3(4mn—1)

Téte, n Tipn f(9) Loodtan pe:

A. 408 B. 409 I'. 410 A. 411 E. 412

Kumpraxn Moabnpatixy Etolpeia XeAida 1



B’ & I” Avxeiov 20" Kumproxn Mabnpatie] OAvpmiado Ampilhog 2019

7. To ¥ eivor 10 0dvoro 6AwY Twv onueiwy (z,y) evég opboywviov cvotiuaTog aEdvwy

TTOV LXOWVOTTOLOVY TG TTOPOX AT OVLOWOELS:

X

4
4

NN
NN

N

— X

2

+

X

NV

Y
*y
y=>x—2

WV

To ovopo Tov sLYOAOL X elval Evar TOADYWYO UE:

A. 3 mhevpég B. 4 mhevpég TI'. 5 mAevpég A. 6 mAevpég E. 7 mAevpég

8. Ot Betxol apLbuol a, 5,y eivor Sradoyixol dpot N'ewpetpixg [lpoddov pe Adyo A. Tote,
N oaviowor v < 45 — 3a toydeL, dtay:
A 1<A<3 B. A>3 I'' 0<A<«1
A A>1 E. Koavéva amd ta mponyoduevo

9. X710 To %AW oy, To TeTpdmTAsvpo ABT'A eivar opboydvio pe diaotdoetg AB = 4 cm

xoit AA =2 cm.

A Z r

o, O

To onueio E, Z eivor ta péoa twv mAevpwyy AB, T'A, avtiotoryo. To tuquota ZI1, ZT
elvol EQATTOREVO TUNULOTO. oTa NLXOXALe Stopétpov AE, EB, avtiototya. To epfoddv
TOL OXLOGILEVOL LEPOVLGS TOL TevTaywvov ATIZTB, mou Bploxetor extdg TV NULXLXALWY,

elvoau:
3 8
A. ?ﬂ cm? B. 5 cm? T. (3 - g) cm?
25
A. (5—7) cm? E (4—7r> cm?

Kumproxn Mabnuotixn Etatpeio YeAdo 2



B’ & I” Avxeiov 20" Kumproxn Mabnpatie] OAvpmiado Ampilhog 2019

10. H péyiot tiun oto R g mopdotoong

V=224 6z +T7T+V—222+122+7

elvou:

A7 B. 8 Ir. 9 A. 10 E. 12
11. 2e éva tpiywvo A ABI toydet:
nuBovvB — nul'ouvl’ = 0

Ay /B # /T, t6te yio Tig TAEVPEG @, B, Tou TLywvou A ABI toyvet:
A. o? = p% 42 B. a<p ' a=vy

A, %> B2 442 E. Koavéva amd ta mponyoduevo

¢ ’ 7 Z 7T Z 7 7 z
12. 270 o xétw oxnua, divetor 6tL 0 < ¥ < 7 X oy evbeior AT elvon e@oTttopévy

TOL xOXAOL 0TO onuelo A.

r
B
J
9
0 A
Noa exppdoste T0v AéYO0 OB OLYOPTNOEL TOL V.

TEP otepd T
A. B. I'. e A. o E. —
V2 V2 v i 10

Kumproxn Mabnuotixn Etotpeio XeAida 3



B’ & I” Avxeiov 20" Kumproxn Mabnpatie] OAvpmiado Ampilhog 2019

13. Av «, 5,7 pn apvnuxol axépotor opLbpol, téte T0 TAM00g TwV TELEAdWY (o, 5,7) TOL

LXOVOTTOLOVY TO GO TNUO

va=1-5
VB=5-1v
VI=2—«a
elvot (oo pe:
A1 B. 2 Ir. 3 A 4 E. Ameipo

14. 70 Lo 4T oYU, QoLvETOL EVa EYYEYPOULLEVO TETPATAELPO ABI'A 0e xOxho (O, R)
Tétoto, wote TA=TB =R, AA=11 xou AB=T.

H axtiva Tov xOxAov eival:
A. V31 B. 5 r. 3v3 A 6 E. 42
15. H ©py touv z, mou emainbedet v eElowon

9 24 81
—7In <10) +2In <25> +3In (80) =Inz,

elvou:
A. 2 B. 4 I'. 6 A. 8 E. 9

16. Alvetor LoOTAELEO TELYWVO TTASLEAG 6 xot P eowTeptrd onuelo ToL TELYWYOL TETOLO,
(YOTE OL OTTOGTACELS TOL oTtd OO0 TAELPES TOL TELYWVOL v eivot 1 xon 3. H amdotoon
Tov P amd v Ttpltn TASLEA TOL TELYWVOL ElvaL:

A. V3 B. v2-1 . 3v/3-4 A. V2 E. 2v2-1

Kumproxn Mabnuotixn Etatpeio YeAdo 4



B’ & I” Avxeiov 20" Kumproxn Mabnpatie] OAvpmiado

AmpiAtog 2019

17.

18.

19.

20.

21.

Av
f(x+2yax_2y):$ya Vx,yeR,

T6te 0 f(x,y) LoobTon pE:

E.

x2+y2
8

Ay z,y, c elvor TporypoTixol aplbpol tétolol, wote |x| < ¢ xat |z —y| < 1, téte N péytot

duvarth T tov |y? — #?| elvous

A. 2¢c+1 B. ¢c+1 r. +1 A. (c+1)?

E.

Y10 o xatw oynue, To ABI'A eivor opboydvio xow to K eowtepind onueio tov, pe

KA =4,KB =6 xouw KI' = 5.

A B

Q

To KA woodton pe:

A. 2 B. V3 r. v5 A V6
Av 7 eklowon
1
(32)2 4+ (27-37 —15)z +4=0
gyeL oA pila, Téte M TLUN TOL p Elvon Lom pe:
1 1

A 2 B. - r. —- A, -2
2 2

H mepiodog ¢ ovvéptnorng f pre ToTO
f(z) = nutz + owvlz, VzeR

elvou:

A. B.

N

T
2 ' )

E. 3

E -1
3

E. 27

Kumproxn Mabnuotixn Etatpeio

YeMda 5



20" Kumproxn Mabnpatie] OAvpmiado Ampilhog 2019

B’ & IV Avxeiov

,

3

’

’

7

(VL0 TTOL POUVETOL OTO TTLO XATW OYNUOL, T TPt N OXLACUEVO TELYWYO

’,

22. X0 opboy

3

, VTLOTOLY XK.

2,3 xot 4

Bodé

€Yovy e

z

P

A

’,

7

7

OV TOL OXLOOUEYOL TOLYWYOUL LOOLTAL UE:

To epPad

EYLO.

A %ot B oto 7 X 7 TAé

Vo onueio

7

d

’,

7

’

QTW OYNUA, ONUELDOVOVTOL

23. Xto TLo %

) Abog

7

EYULOTOG, TOTE TO T

AOLTToL oMUElOL TOL TTA

7

7

z

LYOL EVOL OLTTO TOL VUTTO

3

I'e
WY IOV E€XOLUE YLOL TO ONUELD

Euy

3

éva onpeto

7

Ay

A ABT mov oynuotiletot

3

, WOTE TO TPLYWVO

7,

r

’

’

7,

TWY ETLAOY

’, 7

WYLO, LOOLTOL UE:

’

Vo ELVOL O

30

20

18

14

2eAido 6

Kumproxn Mabnuotixn Etatpeio



B’ & I” Avxeiov 20" Kumproxn Mabnpatie] OAvpmiado Ampilhog 2019

24, e éva oyvidtl Tov TOToL «Mévtede To TANDOG TwY BOAWY TOL LTIAEYOVLY GTO SOYELO >,
OL TTOLLXTEG XAAODVTAL VoL 3Wo0LY pLor exTiunoy. Kepdilel o maintng mTou 1 exTiwnon Tov
elvat TTLo XovTA 670 axpLfég TAnHog Twv BéAwy oL vTTdEYoLY GTo SoyElD. ATOVEUOVTOL
Boofela avéhoya e To TOoO x0oVTa elval N extipunon. To amoteAéopota Lo Lo TETOL
TEPLTTTWON TTOLYYLOLOD POLYOVTOL GTOV TILO XATW TTLVOXO.

Oéon oty xotdtoEy | Extipnon | Ovopo [Maixty
1 125 Avvo
2 140 Baoiing
3 142 INwpyog
4 121 Aunroo
5 120 EAévn

To mwAnbog twv BéAwy oL LTNEYXAY GTO SOoYELD NTOW:
A. 129 B. 130 . 131 A, 132 E. 133

25. To mAM0og Twy dratetaypévmy (VYWY axepainy (K, A), ytor Tow oTtoio £, A > 0 %o

K3+ M3+ 156\ = 125

LooVTOL UE:
A1 B. 3 I'. 5
A 6 E. Kavéva amd to mponyoduevo

Kumproxn Mabnuotixn Etotpeio YeAida 7
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20" CYPRUS MATHEMATICAL OLYMPIAD
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EXAM PAPER
11" & 12" GRADE

TIME: 60 minutes

e Fill in carefully the answer sheet, by choosing only one answer to each question. The
selection must be made by shading the right answer.

¢ Every correct answer is graded with 4 points. For each wrong answer, 1 point will be
deducted.

e If a question is answered by shading more than one answer, the answer will be
considered wrong. The correction will be made electronically, so any additional mark
might be taken as wrong.

* You can use the space next to the questions to take extra notes.

¢ It is recommended that you complete the answer sheet in the last five minutes of the
exam, making sure that your answers are final.

( Examples of filling the answer sheet

1. Find the result 2 + 3.
A. 6 B. 5 . 4 A. 3 E. 2

Correct filling Incorrect filling

LtOOOOE LtOROOO
LOOOOO MOIOIOROIC
LOOOOE tOOOO®




11t & 12t Grade 20" Cyprus Mathematical Olympiad April 2019
(B" & C" Lyceum)

1. Given that sinx — cosz = a and sin 2z = 3, where 3 # 0. Then:
A a?=1-p B. a>=1+7 . a>=1-253

A a®>=1+28 E. None of the previous

2. The orthocentre of the triangle determined by the lines v = 0,y =0 and x +y =1 is
the point:

A. (;;) B. (0,0) T. (;;) (ii) E (1,1)

3. Given the odd function f: R — R. Then, the function |f| is:

A. Odd B. Even I'. Neither even, nor odd

A. Even and odd E. None of the previous

4. Let x,y be real numbers, such that 22 > y2. From the following inequalities

L.x>y

ii. z4+y>0
iii. |z| > |y
iv. 22 >y

v. 224+y>0

the one which is always true is:

A. i B. ii. . iii. A. iv. E. v

5. If f: R — R is the function with formula f(x) = 6 — 2z, then the formula of the inverse

AN = s B S 0) = o o=
_ 6+

2

A, f(x) E. fi(z)=6+2z

6. Consider the function f : Z — Z with the following properties:

i. f(1)=0
ii. f(m+n)= f(m)+ f(n)+3(4mn—1)

Then, the value f(9) is equal to:

A. 408 B. 409 r. 410 A, 411 E. 412

Cyprus Mathematical Society Page 1



11t & 12t Grade 20" Cyprus Mathematical Olympiad April 2019
(B" & C" Lyceum)

7. The set ¥ is the set of all points (x,y) in a rectangular system of axes which satisfy the

following inequalities:

The boundary of the set X is a polygon with:

A. 3 sides B. 4 sides I'. 5 sides A. 6 sides E. 7 sides

8. The positive numbers a, 3,y are consecutive terms of a Geometric Progression with ratio

A. Then, the inequality v < 45 — 3a is true, when:

A 1<A<3 B. A>3 I' 0<A<1

A, A>1 E. None of the previous

9. In the figure below, the quadrilateral ABI'A is a rectangle with dimensions AB = 4 cm
and AA =2 cm.

A Z r

e, QO

The points E, Z are the midpoints of the sides AB, I'A, respectively. The segments ZII, ZT
are tangents to the semicircles with diameter AE, EB, respectively. The area of the

shaded part of the pentagon AIIZTB, that lies outside the semicircles, is:

A. 3—7T cm? B. 5 cm? TI. § _r cm?
2 3 2
2
A. (5—7) cm? E. (45 - 7r> cm?

Cyprus Mathematical Society Page 2



11t & 12t Grade 20" Cyprus Mathematical Olympiad April 2019
(B" & C" Lyceum)

10. The maximum value in R of the expression

V1246 +T7+\/ 222+ 122 +7
is:
A7 B. 8 r. 9 A. 10 E. 12
11. In a triangle A ABT it is true that:
sinBcosB —sinI'cosI' =0

Given that /B # /I, then for the sides «, 3,~ of the triangle A ABI it is true that:
A. o? =%+ 42 B. a<g . a=v

A a? > B2+ 42 E. None of the previous

12. In the figure below, we have 0 < 9 < % and that the line AI" is tangent to the circle at

the point A.
r
B
%
v
0 A
or
Express the ratio — in terms of 9.
OB
sec csc ™
A. B. I'. tanv A. cot?d E. —
V2 V2 19

Cyprus Mathematical Society Page 3



11t & 12t Grade 20" Cyprus Mathematical Olympiad April 2019
(B" & C" Lyceum)

13. If «, 8,7 are non-negative integers, then the number of triples («, 8,) that satisty the

system
Va=1-4
VB=5-7
\ﬁ =2—«
is equal to:
A1 B. 2 Ir. 3 A 4 E. Infinite

14. In the figure below, we have an inscribed quadrilateral ABI'A in a circle (O, R), such
that TA=TB =R, AA=11and AB=1"1.

The radius of the circle is:
A. V31 B. 5 Ir. 3v3 A. 6 E. 42

15. The value of z, that satisfies the equation
9 24 81
—7In| — 2In [ — In|{— | =1
7n<10>+ n<25>+3n<80> nz,

A. 2 B. 4 I'. 6 A8 E. 9

is:

16. Consider an equilateral triangle of side 6 and an internal point P of the triangle, such
that the distances from two sides of the triangle are 1 and 3. The distance of P from

the third side of the triangle is:

A. V3 B. v2-1 . 3v/3—-4 A. V2 E. 2v/2-1

Cyprus Mathematical Society Page 4



11t & 12t Grade 20" Cyprus Mathematical Olympiad April 2019
(B" & C" Lyceum)

17.

18.

19.

20.

21.

It
f(x+2y,x—2y) =2y, vx’y € Ra
then f(z,y) is equal to:

r Y B. =Y r. =Y A Y g Oy
8 1 2 2 8

If 2, y, c are real numbers, such that |z| < ¢ and |z —y| < 1, then the maximum possible

value of ‘yQ — 932‘ is:

A. 2¢+1 B. ¢+1 r. ¢2+1 A. (c+1)? E. ¢

In the figure below, ABI'A is a rectangle and K is an internal point of it, with KA = 4,
KB =6 and KI' = 5.

A B

@

Then, KA is equal to:
A. 2 B. V3 r. Vs A. V6 E. 3

If the equation
1
(3z)? +(27-37 —15)2 +4=0

haw a double root, then the value of p is equal to:

A 2 B. 1 r. -1 A -2 E -1
2 2 3

The period of the function f with formula
f(z) =sinz + cos'z, Vz €R

is:

T m
A.Z B.§ . . 5

Cyprus Mathematical Society Page 5



11t & 12t Grade 20" Cyprus Mathematical Olympiad April 2019
(B" & C" Lyceum)

22. In the rectangle of the figure below, the three non-shaded triangles have areas 2,3 and

4, respectively.

77
(/7777
72777777
7777777777
/222722272777
1777777777777
7070777777 777777
17707 77777777777
727777 7077777777777
7707777 707777777777777
711111777777
ey
77777777777 1777777777 Yo7
YIIIIII I 77777777777777777777
/2227227277777 7777 7777777777
7111177777777 77777
ey 77777
Y1 I I I I I 711770777 7777777777777
Ry
TIIII I I I 77777777777
ey
Ay
1777770777777 77777777777777777777
ey
ey
1777777777777 7777 Ry
ey
ey Ry
77 Ty
ey
ey
ey
Ry
17777777277777777775
ey
ey
ey
ey
72272777777
7777777775
7277777
7727772
27774
772
72

The area of the shaded triangle is equal to:

A. 5 B. 6 r. 7 A. 8 E. 9

23. In the figure below, two points A and B are denoted on the 7 x 7 grid.

If a point I' is one of the rest points of the grid, then the number of choices for selecting
the point I, so that the triangle A ABI" be acute, is equal to:

A. 8 B. 14 . 18 A. 20 E. 30

Cyprus Mathematical Society Page 6



11t & 12t Grade 20" Cyprus Mathematical Olympiad April 2019
(B" & C" Lyceum)

24. In a game of the type “Guess the number of marbles in the jar”, the players are asked to
give an estimation. The winner is the player with the nearest estimation of the number
of marbles in the jar. Prizes are awarded according to the proximity of the estimation.

The results of one case of this game are shown in the table below.

Position in the ranking | Estimation | Name of the Player
1 125 Anna
2 140 Vasilis
3 142 Giorgos
4 121 Dimitra
S 120 Eleni

The number of marbles in the jar was:
A. 129 B. 130 I'. 131 A. 132 E. 133

25. The number of ordered pairs of integers (x, A), with x, A > 0 and

K3+ A2+ 156\ = 125

is equal to:
A1l B. 3 Ir. 5
A. 6 E. None of the previous

Cyprus Mathematical Society Page 7






