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AOKIMIO
B” & I'" AYKEIOY

XPONOX: 60 Aewtd

Na copTANEWOoETE TEOGEXTIXA TO GUANO ATTOVTNOEWY, ETLAEYOVTOG LOVO Lidt ATTAVTNO
Yt xabe epdyTnom.
H ovumApwon vo yivel pe podpLopa oToy avtiototyo xOxAo.

Kabe owot) anavinon Babuoroyeitor pe 4 povades. Mo xdbe Aavboopévn amdavinon
ouportpeitor 1 povédo.

Amévtnon oe doxnomn PLE LoOPLOPO. OE TEPLOTOTEPN OTtd Evary xUXA0 Dewpelitor Aoy-
Oaopévn. Emedn n Otépbwor Oa yiver nAextpovixd, omolodymote onpddt 1 ofMoLpo
xo0Lotéd Ty amtévinon Aavbaouévn.

Mmopeite vo YpNOLLOTOLNOETE TOY XWEO SITTAX OO TLG AOXNOELS YLo BonbnTinég Tpa-
Eelc.

ZUOTNVETAL OTTWE ONUELWVETE TG ATTOVTINOELG OTO ELOLXO EVTUTIO UTTAYTNOEWY OTO TE-
AevTolo TTEVTE AETTTA TG €EETOIOTG, aupoV PBePonwbelite 4Tl oL aavTioeLg elvor TEALXEG.

( Mopodeiypoto CLLTANPWONG ATAVTCEWY h
1. No vtoroyioete To dbpotopoa 2 + 3.
A. 6 B. 5 Ir. 4 A. 3 E. 2
X WOoTY CUUTIANPWOT AovOaopévn couTApwon
L OO®OO® L OROOG
L OOOO® OO0
- J
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B’ & I Avxeiov 24" Kumproxn Mabnuatixn OAvpmiédo AmpiAtog 2023

1. H mpd&n * opileton wg eEg:

prg="+21 vpger-{0}
qQ p
H ©pv g mopdotaong
K = % * Z +1%3
elvo Lom pe:
11 2 11
A — B = r. — A 2 E. 1

2 T8

2. To ovppetpixd Tov onpeiov 3(—3,1) wg Tpog Ty evbeia y = x elvor To onueio:

A. (3,-1) B. (3,1) r. (1,-3) A (-1,-1)  E. (=1,-3)

3. A6 TG ToPOXATL EELOWDOELG, AVTN TOL EYEL TO WUEYOADTEQO TIANDOG TTEOYUOTLXWY

ANOoewy elval n:

A, *=z+1 B. qu@)=22 T. 22+4=0 A. 3*=22-1 E. tep(z) =2

4. X7o opboywvio Tpiywvo ABI (A = 90°) tov TOEOXATW oYNLoToG, oL BN xow I'A eivow
oL JLOTOUOL TwY OEELWY YWYLWY TOL xoL oL x&beteg amd 10 A TPOg TLg dLXOTOUOUC,

TEUVOLY OUTEG oTa onuelor P xow K.

B

(o,

A N r

To pétpo g ywviag PAK eivot:

A. 30° B. 45° I'. 60° A. 15° E. 75°
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B’ & I Avxeiov 24" Kumproxn Mabnuatixn OAvpmiédo AmpiAtog 2023

5. Mia pwtoypopio dtaotdoewy 15 cm x 10 cm elvor toobetnuévn o opboywvia xopvila,
wote vo dnutovpyeital TePLBwELo, OTTOL GAEG OL TASVPES TNG PWTOYPXPLOG VoL ATEYOVY

ekloov amd Tig avTioToL EC TTAEVPECS TNG XOPVLLAS, OTIWE PALVETAL GTO TIOPOXATW TYNLOL.

dwToypaPia

Av 70 gpBadby Tou mepLhwpiov eivor 186 cm?, o Staotdioetg g xopvilog eivo:

A. 20cm x 15¢em B. 18cm x 13cm I'' 21ecm x 16ecm
A. 25cm x 10ecm E. 22cm x 16ecm

6. To tetpdywvo ABI'A éyel xopvpéc A(1,0), B(1,2),1'(3,2) xow A(3,0). H evbeio y = =
OTOXOTTTEL ATO TO TETPAYWVO TO 0p00YWYLO TPlywvo K BA, 6Twg QolveTal 0T0 TOOOK-

XOTW TYNULOL.

Av E; eivon 1o epfoaddy tou Totywvov KBA xou Ey T0 €pfaddy TOL TEVIOYWVOL

E
KAI'AA, téte 0 Aoyog El LOOVTOL UE:
2

1 1 1 1 1
A - B. - r. - A - E. —
9 8 7 6 )
7. T ™ ovvéptnon f: R — R toydel 6Tt
flzy) = xf(y) +3f(x) +3

i xébe x,y € R. H ttpy tov f(5) eivoe:

1
A, -3 B. 0 I. 3 A1 E. 2

Koumproxn Mabnuotiy Etowpeia XeAida 2



B’ & I Avxeiov 24" Kumproxn Mabnuatixn OAvpmiédo AmpiAtog 2023

8.

10.

11.

12.

13.

Aivotow to onueion A(5,3), B(1,6),I'(6,1), n evbeia
(e): dr — 3y =11

xaL oL axdlovbeg TpotdoeLs:

(o) H evbeioe AB eivor xébetn otny evbeio (¢).

(B) To A eivaw onueio tng evbeiag (¢).

() H ardotoon tov onpeiov I' arnd v evbeio () eivon pnrog aptbpoc.
AT TIg TopaTtdvw TPoTdoelg opbég lval:

A. Moévo 7 (o) B. Mévo n (B) . Mévo ot (o) o (B)
A. Mbévo ot (a) xar () E. O\ec

"Evoe awvtoxivyto avePBaivel og éva Ao pe toydtnto 30 km /h o xatePoiver v (Sio

amtéatooy pe ToxvTnTto 60 km/h. H péon taydtnra Tou awtoxtvitou yiow 6Ao to ToEidt

elvou:

A. 45km/h B. 42km/h I'. 48km/h A. 40km/h E. 46km/h

"Evag @opuaxomordg €xel mapaoxevdoet 0,4 AlTpot OLVOTIVEOUXTOG, TEPLEXTLXOTNTOG

15%. 't vou Tépet ovdmvevpo TeplexTixdtTog 32%, Ta Altpo xabopol ovomvebuotog

IOV TPETEL Vo TPOoOETeEL lvaL:

A1 B. 2 r. 0,05 A. 02 E. 0,1

Ye éva draywviopo Mabnuotixwy, 10% twy pabntoy mpay 70 povédes, 35% mrpov
80 povadeg, 30% mrpayv 90 povddeg xor oL vtoAoLTol oy 100 povédes. H dSropopa
LETOED aptuntixod péoouv xar Stopéoov Twy Boabporoyiwy eivor:

A1 B. 2 I'. 3 A 4 E. 5

Av 7 klowon 922 + 62 — ¢ = 0 éyeL mpoypoTinés pilec he dapopd 2, TOTE N TLWA TNC
TOPOLETPOL ¢ ELVOLL:

8 8
A - B. —— I'. 8 A -8 E. 24
9 9

OEuywvio Tplywvo €xel TAELEEG e unun 3,4, x. Téte v To & LoydeL 6TL:

A z>7 B. 1<x<V7 . Vi<z<5

A <z <T E. Koapla and Tic mponyodueveg amavtioeLg

Koumproxn Mabnuotiy Etowpeia XeAida 3



B’ & I Avxeiov 24" Kumproxn Mabnuatixn OAvpmiédo AmpiAtog 2023

14. 7o mopoxdtw oxfuo to onueio P Bpioxetor extig tov xdxiov (O, 1), N x0edH TOL
AB eival mopdAAnAn mpog to OP xaw AB =r.

To eufaddy Tov OXLAGUEVOL PELXTOYPOUULOL TOLYWVOL PAB toobTaL UE:

mr? r2\/3 r?
A — B. r. —
4 4 6
7'('7"2
A. e E. Koapio amd tig mponyodueveg amavinoets

15. Av to A eivar évae abvoro pe k otowyeio, émov k € {1,2,3...}, T6te T0 TAM0OG TV
oLVOPTNoEWY f: A — A, oV elvot €val TTPOG Eva oL €TTL E(vouL:

A, k? B. k* r. 2k
A, 2k E. k(k—1)(k—2)---3-2-1

16. O MuydAng xow o Anunteng emtAEyouy o xobévag Tuyaio Eva omtd TOUG OEX OXEPOLOVG
1,2,3,...,10. H mbavétro xavévog amd toug axépotovg mov emtAéyinxay vo eivo
TETPAYWYO TOL AAAOL €lvort:

A. 0,81 B. 0,9 I'. 0,84 A. 0,72 E. 0,95

17. Aiveton 6Tt

49 16 25 6
H v tov
1+1+1+1+1+
9 25 49 81
elvou:
AT B T r. ~ A T BT
7 8 9 10 11

Koumproxn Mabnuotiy Etowpeia YeAido 4



B’ & I Avxeiov 24" Kumproxn Mabnuatixn OAvpmiédo AmpiAtog 2023

18.

19.

20.

21.

22.

Ye xptéd TETPATAcLPO ABI'A wydovy 61t AB = Bl = 4cm, ABI = 100° xou
I'AA =130°. To pfxog tng draywviov BA eivou:

A. 45cm B. 5cm I'. 55cm

A. 6cm E. Koapio and tig mponyodueveg amavinoetg

To &bpotopa
S = mu?(1°) + qu?(2°) + n(3°) + - - + Mu(89°) + nu*(90°)

LOOVTOL UE:!

A. 44 B. 44,5 I'. 45 A. 455 E. 46

Ay
a+B8+~7=15 xow o?+p*>+~?=83

TOTE M TLUN TNG TOPATTOONG
I =a®+ 8%+ +° — 3aBy

elvou:

A. 100 B. 180 I'. 200 A. 210 E. 0

[N Toug Betinodg axepatovg n, k Yvwpilovpe 6Tl LOYOOLY Ol TOPOXATL TEOTAOELS:

(o) O aptBudeg k Srowpel tov n + 1
B n=2k+5
(v) O optBués n + 7k eivon TphTog

To TAn0og twv CevyWy (n, k) TOL LXOWVOTTOLODY KO TLE TEELG TTPOTAOELS ELVOL:

A1 B. 2 I'. 3 A 4 E. 5

AT pLoe ammootoA ®BwTiwy, To 7 OVTOV TEPLEXEL aoNuEVLOL YORLTUaTOL Xtk TOL UTEG-

AoLTtor TTEPLEYXOLY YPLOA. Avoiyovue TO % TV XPOTIOY ol ToHEATNEOVUE OTL TO %
OVTWY TEPLEYEL YPLOA Voplopoato. To pEPog TwY XAELGTWY XPwTlwy TOL TEPLEKEL
oonuévia voulopota eivot:

4 1 1 1 1

B. - r. — A — E. —

A — . . . .
15 4 15 16 20

Koumproxn Mabnuotiy Etowpeia YeAida 5



B’ & I Avxeiov 24" Kumproxn Mabnuatixn OAvpmiédo AmpiAtog 2023

23. Ay 6 .
O<a:<E noLL npt(m):7
2 nw(2r) 2
TOTE M TLUYN TOL XKAROUOTOG
ovy(6x)
ovy(2z)
elvot:
1 3
A - B. 1 r. -
2 2
A 2 E. Kapia amd Tic mponyodueveg amavtioeLlg

24. H etElowon
2z —al+3lz+ o =1

UE TOPAUETPO @ = 0 €XEL TOLAGYLOTOV Lo TTEAYUOTLXY] AVom. o Ty Ttopdpetpo o

LoyveL ot
1
A.1<a<1 B. 1<a<?2 'n «a>2
A 0<a< i E. Koplo amd Tig TEONYOVREVES ATTOVTNOELS

25. Yto mopoxdtw oynuo to AE eivor bog xol 1 BA didpecog tov totywvov ABI.

A

48°

B E I

Av AE = BA xou AT'E = 48°, 10T TO HETPO TNG YWVIOG T'BA eivou:

A. 20° B. 24° I'. 26° A. 30° E. 36°

Koumproxn Mabnuotiy Etowpeia XeAida 6
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24" CYPRUS MATHEMATICAL OLYMPIAD
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EXAM PAPER
11t & 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.

e 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

L OOOOE L OROOO
Lt OOOOO MOIOIGIOlC;
OO0 Lt WOOOG
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11t & 12t Grade 24" Cyprus Mathematical Olympiad April 2023
(B” & C" Lyceum)

1. The operation * is defined as follows:
p*q=§+% vp,q € R — {0}

The value of the expression

1 3
K=_x—-+1
g ¥ tix3
is equal to:
11 27 11
A. 5 B. 3 r. — A 2 E. 1

2. The symmetric point of the point ¥(—3, 1) with respect to the straight line y = z is the

point:

A. (3,-1) B. (3,1) r. (1,-3) A. (-1,-1)  E. (=1,-3)

3. Out of the following equations, the one with the greatest number of real solutions is:

A, ¥*=z+1 B. sin(z)=22 T. 22+4=0 A. 3*=2x—-1 E. sec(r) =2

4. For the right-triangle ABI" (A = 90°) in the figure below, BN and I"A are the bisectors
of its acute angles, and the perpendiculars to these bisectors from A meet them at the

points P and K.

B

(o,

A N r

The measure of the angle PAK is equal to:

A. 30° B. 45° I'. 60° A, 15° E. 75°

Cyprus Mathematical Society Page 1



11t & 12t Grade 24" Cyprus Mathematical Olympiad April 2023
(B” & C" Lyceum)

5. A rectangular photo of dimensions 15cm x 10cm is placed in a rectangular picture-
frame, so that a margin is created, where all the sides of the photo are at the same

distance apart from the respective sides of the frame, as can be seen in the figure below.

Photo

If the area of the margin is 186 cm?, then the dimensions of the frame are:
A. 20cm x 15¢cm B. 18cm x 13¢cm I'' 21cm x 16cm

A. 25c¢cm x 10cm E. 22cm x 16ecm

6. The square ABI'A has vertices A(1,0), B(1,2),I'(3,2) and A(3,0). The straight line y = «
cuts off the square the right-angled triangle K BA, as can be seen in the figure below.

If E is the area of the area of the triangle KBA and E, the area of the pentagon

E
KAI'AA, then the ratio ﬁl is equal to:
2

I
7. For the function f: R — R it is true that
fly) = xf(y) +3f(x) +3
for every x,y € R. The value of f(5) is equal to:
A -3 B. 0 I. % A1 E. 2

Cyprus Mathematical Society Page 2



11t & 12t Grade 24" Cyprus Mathematical Olympiad April 2023
(B” & C" Lyceum)

8.

10.

11.

12.

13.

Given the points A(5,3), B(1,6), I'(6,1), the straight line
(e): dr — 3y =11

and the following propositions:

(o) The straight line AB is perpendicular to the line (¢).
(B) A is a point on the line (¢).

(y) The distance of the point I" from () is a rational number.
From the propositions listed above, the ones that are true are:

A. Only (o) B. Only (B) I'. Only (o) and ()
A. Only (&) and (y) E. All of them

. A car climbs up a hill with speed 30km/h and descends the same distance with speed

60 km/h. The average speed of the car for the whole journey is:

A. 45km/h  B. 42km/h  T. 48km/h  A. 40km/h  E. 46km/h

A pharmacist has prepared 0,4 litres of alcohol of strength 15%. To get alcohol of
strength 32%, the amount of litres of pure alcohol that he has to add is equal to:

A1 B. 2 I'. 0,05 A. 0,2 E. 0,1

In a mathematics test, 10% of the students got 70 points, 35% got 80 points, 30% got
90 points, and the rest got 100 points. The difference between the arithmetic mean and

the median of the marks is:

A1 B. 2 Ir. 3 A 4 E. 5

If the equation 922 + 62 — ¢ = 0 has real roots with difference 2, then the value of the

parameter c is equal to:

8 8
A - B. —— Ir. 8 A -8 E. 24
9 9

An acute-angled triangle has sides of lengths 3,4, z. Then for x we have:

A>T B. 1<z< V7 . Vi<z<5

A S5<x <7 E. None of the previous answers

Cyprus Mathematical Society Page 3



11t & 12t Grade 24" Cyprus Mathematical Olympiad April 2023
(B” & C" Lyceum)

14. In the figure below, the point P lies outside of the circle (O, r), its chord AB is parallel
to OP and AB = .

The area of the shaded region is equal to:

2 2 2
AT p, V3 r. =
4 4 6
mr?
A. 5 E. None of the previous answers

15. If A is a set with k elements, where k£ € {1,2,3...}, then the number of functions
f:A— A, which are one to one and onto is:

A. k2 B. k* r. 2k
A, 2k+1 E. k(k—1)(k—2)---3-2-1
16. Each of Michalis and Demetris chose randomly one of the ten integers 1,2,3,...,10.
The probability that none of the integers that were chosen is a square of the other is
equal to:
A. 081 B. 0,9 I'. 0,84 A. 0,72 E. 0,95

17. It is given that

QRO T TR
49 16 25 6

The value of
1+1+1+1+1+
9 25 49 81

is:

2 w2 2 2 w2

A, — B. . . .
7 8 9 10 11

Cyprus Mathematical Society Page 4



11t & 12t Grade 24" Cyprus Mathematical Olympiad April 2023
(B” & C" Lyceum)

18. In a convex quadrilateral ABI'A it is true that AB = BI' = 4cm, ﬁ = 100° and
I'AA = 130°. The length of the diagonal BA is:

A. 45cm B. 5cm I'. 55cm
A. 6cm E. None of the previous answers
19. The sum

S = nu(1°) + e (2°) + n?(3%) + - - + M3 (89°) + nu?(90°)
is equal to:

A. 44 B. 445 I'. 45 A. 455 E. 46

20. It
a+pf+~v=15 and a?+p2+~%*=83

then the value of the expression
II=0o®+ 3% ++° — 3aBy
is:

A. 100 B. 180 I'. 200 A. 210 E. 0

21. For the positive integers n, k the following propositions are true:

() The number k divides n + 1
B) n=2k+5
(Y) The number n + 7k is prime

The number of pairs (n, k) that satisfy all three propositions is equal to:

A1 B. 2 r. 3 A 4 E. 5

1
22. Out of a shipping of boxes, 1 of them contain silver coins and the rest of the boxes

1 1
contain gold coins. We open 1 of the boxes and we observe that R of them contain

gold coins. Then the fraction of the closed boxes that contain silver coins is equal to:

4 1 1 1 1
B. - r E. —

A — . .= A — .
15 4 15 16 20

Cyprus Mathematical Society Page 5
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(B” & C" Lyceum)

23. If n6z) 5
T sin(6x
f d -2
O<w<g and GG =2
then the value of the fraction
cos(6x)
cos(2x)
is:
A. B. 1 . 3
2

N o=

E. None of the previous answers

24. The equation
2l —a|+3lr+al =1

with parameter a > 0 has at least one real solution. For the parameter « it is true that:

1
A.1<a<1 B. 1<a<?2 ' a>2
A 0<a< % E. None of the previous answers

25. In the figure below AFE is a height and BA is a median of the triangle ABI".

A

48°

B E I

It AE = BA and AI'E = 48°, then the measure of the angle T'BA is:

A. 20° B. 24° I'. 26° A. 30° E. 36°

Cyprus Mathematical Society

Page 6



