KANGOUROU MATHEMATICS COMPETITION 2023-2024 LEVEL / EMINEAO 11-12

1. A patternis made of equal pentagons. Which of the tiles below, when placed in the central
hole, will form a self-intersecting loop?
‘Eva ox€610 elval KATAOKEUOOUEVO Mo ioa mevtdywva. Molo amo Ta mapakatw MAaKiSLa,
otav tonoBetnBel oTtnV KeVTpLKN TPUMA, Ba oxnUatiosl évav aUTO-TEUVOUEVN BNAELA ;

(A) @ (B) ® (r) @ (M@ (E)@

2. Which of these integers is two less than a multiple of ten, two more than a square, and two times a prime?
MoLog armd auToUC TOUG aKEPALOUG lval Katd SU0 ULKPOTEPOC Ao MOANATAAGLO Tou S£Ka, SUO TMEPLOCOTEPO
amod £va TeETpAywvo aplBud kot SUo dpopEg Eva MPwTo aplouo;

(A) 78 (B) 58 (r)38 (p) 18 (E) 6

3. Avyoung kangaroo cut a pizza into six equal slices. After eating one slice, he arranged the remaining slices with
equal gaps between slices. What size is the angle of each gap?
‘Eva veapo kaykoupo £koPe pla mitoa oe €€l ioo koppatia. Adou £daye £vo KOUUATL, TaKTomoinos ta
uTtoAouma He ioa Keva peTagy Toug. Tt péyebog ival n ywvia kaBe kevou;
(A) 5° (B) 8° (r)9° (A) 10° (E) 12°

4. Johnhasanunusual habit of drawing the xy-plane with the positive coordinate axes pointing left and down. What
would the graph of the equation y = x + 1 look like in a coordinate system drawn by John?
O lNavvng €xelL pla aiouvnBlotn cuvnBeta va oxedLAleL To eTinedo Xy e TOUG AEOVEC OETLKWVY CUVIETOYUEVWY VAl
Selyvouv mpoc¢ ta apLoTepA Kol Ttpog Ta KATw. MNwe Ba gpolale n ypadikn mapdotacn g e€iowoncy =x + 1 og
£€va oUOoTNO CUVTETAYUEVWY TTIou oxedlaoe o Mavvng;

(A) (B) (N () (E)

5. Kate has manipulated a die. The probabilities of rolling a 2, 3, 4 or 5 are still Y6 each, but the probability of
rolling a 6 is twice the probability of rolling a 1. What is the probability of rolling a 67

H Katepiva €xel melpaget éva {apt. Ol mBavotnteg va Bpet éva 2, 3, 4 1 5 eEakoAouBouv va eival Y6 yla 0
KaBéva, aAAd n mbavotnta va Ppel éva 6 gival Suthacio amd tnv mbavotnta va Bpet éva 1. Mowa eival n
mBavotnta va Bpel £va 6;

(A) Y (8) % (N7/36 (8) 2/q (E)°/1g

6. Which of the expressions below has the same value as 16%° + 16%° + 161> + 161>?
Nota amd TI§ MapaKdTw ekPpAcELS ExeL TNV SLa Tiun pe to 16%° + 16 + 161° + 161° ;

(A) 161 (B) 431 (r) 480 () 1650 (E) 4122
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7.

10.

11.

Manos wishes to colour the squares and triangles of the following figure so |™. i
that no two neighbouring figures, even those sharing a single vertex, are the

same colour. What is the least number of colours needed?

O Mavog B€AeL va XpwHATIOEL T TETPAYWVA KAl T TPlywvo TOU TOPOKATW ™ rd

OXNHOTOG £TOL WOTE VO NV UTIAPXOUV SU0 YELTOVIKA OXLOTA, AKOUA KOL AUTA

mou potlpadovtal pla kopudn, Tou va £€xouv To 6lo xpwpa. Molog ivat o
€AAXLO0TOG apLOUOC XpWHATWY TIOU Xpelalovtal;

(A)3 (B) 4 (N5 (8)6 (E)7

There are 6 glasses on a table with their open ends up. In any one move, we turn over exactly 4 of them.
What is the least number of moves required to have all glasses upside down?

YIapyxouv 6 ToTrpLla 0 €va TPATEJL PUE TO QVOLXTO OTOMO TOUG TPOG TA AvVw. Y€ OMOLASATOTE Kivnon,
avarnodoyupiloupe akplBwe 4 amo autd. Molog eival o EAAxLOTOC aplBUOG KIVAOEWVY TIOU ATTALTOUVTAL YL
va €XOUUE OAa Ta TtoThpLa avanoda;

(A) 2 (B)3 (ra (a) 5 (E) 6

A student started with the number 1 and multiplied it by either 6 or 10. He then multiplied the result by
either 6 or 10, and continued this procedure many times. Which of the following cannot be one of the
numbers he obtained?

Evag padntnig &ekivnos pe tov aptBuo 1 kal tov moAamAaciooe €ite Ye 1o 6 gite pe to 10. 3TN CUVEXELD
noA\armnhaciaos To anotéleopa £ite Pe To 6 €ite pe To 10 Kal cuvéxloe auth tn Sltadikacia MoAAEG dopEg.
MoLog amod Toug mapakatw Sev UMopEl va eival évag amd Toug aplBpolg Tou M pE;

(A)2100320580 (B) 290320580 (r) 290320570 (A) 2110380530 (E) 250550

A black trail and a grey trail cross a park, as shown. Each trail divides the park into two regions of equal
area. Which of the following must be true about the areas A, B and C?

‘Eva poUpo HOVOTTATL Kol £val yKPL LovoTtdatt Slacyilouv €va mapko, omwe daivetat. Kabe povomdtt xwpilet

To TApPKO og 8UO0 TEPLOXEC (oNng €kTtaonc. MoLo Ao To MOPOKATW TPETEL VA LOXVUEL YLat TLG TIEPLOXEG A, B Kall
r;

(A)A=C (B)B=A+C (DB=%M+C) (MB:§M+C) (DB:§m+q

Exactly one of these statements about a certain positive integer n is true. Which statement is true?
AKPLBWC Hia Ao AUTEG TIC TIPOTACELG OXETIKA HE £vav BeTIKO aKEpalo n eivat aAnbngc. Mola mpotaon eivatl
aAnng;

(A) nis divisible by 3 / to n Siailpeital pe 1o 3 (B) nis divisible by 6 / to n Slatpeital pe To 6

(F) nis odd / to n givat mepLtrog (A) n=2

(E) n'is prime / to n gival mpwrtog
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12.

13.

14.

15.

16.

A triangular pyramid ABCD has sides of length 5, 6, 7, 8, 9 and 10. The points
M, N, P, Q, R andS are the midpoints of the edges of the pyramid, as
shown. What is the perimeter of the closed hexagonal line MNPQRSM?
Mua Tplywvikn rupapida ABCD £xel mAeupég unkoug 5, 6, 7, 8, 9 kat 10. Ta
onueia M, N, P, Q, RkalS sival ta oo Twv AKpwV TNG mupapidag, Onwg
daivetal. Mowa eival n meplpetpoc TG KAELOTNG €€QYWVIKAC YPOUUAC
MNPQRSM;

(A) 19 (B) 20 (r 21 (A) 22 (E) 23

A quadrilateral ABCD has two right angles at Band C, where AB = 4,BC = 8 and CD = 2. Point X lies on
BC.What is the minimum value of AX + DX?

‘Eva tetpanAcupo ABCD €xelL 8U0 opBEC ywvieg oto B kat C, omou AB = 4, BC = 8 kaL CD = 2. To onueio X

Bploketal mavw oto BC. Nota elvat n eAdxlotn TN twv AX + DX;

A

B c
X

(A) 9V2 (B) 12 ()13 (8) 10
(E) none of the previous / kapia amno TG mponyoUeVEC

John has a number of all black or all white unit cubes and wants to build a 3 x 3 x 3 cube using 27 of them.
He wants the surface to be exactly half black and half white. What is the smallest number of black cubes he
can use?

O Tavvng €xel évav aplBuo amod 6Aoug pavupoug fj oAOAsukoug povadlaioug kUBoug Kal BEAsL va dTiatel
€vav KUBo 3 x 3 x 3 XpnOLUOTOLWVTOG 27 amo autoud. OEAsL n emidAveLa va eival akpLBWE pLon pavpn Kot
pon Aeukrn). Molog elval o PKpOTEPOG aPLOUOG HaUpwV KUBWVY IOV UIMOPEL val XpNOLUOTIOLOEL;

(A) 14 (B) 13 (r12 (a)11

(E) none of the previous / kapia amo TG mponyoUEVES

A diagonal, a semicircle and a quadrant are drawn in a square of side 6 cm. What is the area,
in cm?, of the shaded part?
Y€ TETPAYWVO MAEUPAC 6 cm oXeSLATETAL SLOyWVLOC, NULKUKALO KOL TETAPTNUOPLO. MNoLo sivat

10 epBadov, o cm?, TOU OKLAOUEVOU TUALOTOG;
(A)9 (B) 3m (r) 6m-9 (A) 10m/3 (E) 12

The figure shows four squares. The smaller ones have side lengths a, b and c. The
vertices A and C of two of the smaller squares coincide with two diagonally opposite

vertices of the large square. The vertex B of the third small square is on the side of A .----"'fﬂ‘u

the large one. Which of the following expressions represents the side length of the a r ‘
largest square? 3 W
To oxnua delxvel TEooepa TETPAywWVA. Ta LKPOTEPA EXOUV LRKN TTAEUPWV a, b kat c. b Y f,»-*”"‘]_c

OL kopudég A kat C og 800 amd Ta UIKPOTEPA TETPAYwWvVA cuTimTtouv pe Svo
Staywvia avtiBeteg kopudEg Tou peydhou tetpaywvou. H kopudn B tou tpitou
HLKpOU TeTpaywvou PplokeTal otnv MAEUPA TOU PeydAlou. Mola amo TG MAPOKATW
EKPPACELG AVTLTPOOWTEVEL TO KOG TAEUPAC TOU EYAAUTEPOU TETPAYWVOU;

(A) = (a+b+c) (B)VaZ + b2+ cZ (N +/(a+ b)% + c2
(A) /(b —a)? + c? (E) Va2 + ab + b2 + c?
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17.

18.

19.

20.

21.

22.

We have two positive numbers p and g, with p < g. Which of these expressions is the largest?

‘Exoupe SU0 BeTikoU g aplBoUg p Kal g, HE p < g. Mola and auTtEg TLg ekPpACELC Elval N LeyaAUTEPN;

wW=E= @=t 0t () (E) 21

How many three-digit numbers are there that contain at least one of the digits 1, 2 or 3?
MNooot tpuprdlot aplBuotl uTtdpyouV mou ePLEXOUV TOUAd)LOTOV £va amo ta Yndia 1, 2 A 3;
(A) 27 (B) 147 (r) 441 (p) 557 (E) 606

| write down a 4-digit non-zero number N =pqgrs. When | place a decimal point between the g and ther, | find
that the resulting number pq, 7s is the average of the two-digit numbers pg and 7s . What is the sum of the
digits of N?

Mpadw éva 4PndLo , un-pedevikd, aplBpd N = pgrs. Otav tonmobetriow UTTOSLACOTOAN HETAEY TwWV g KAl T,
Bplokwl otL TO anotéAeopa pq, s elval o péoog 6pog Twv duo Swpndlwv apBuwy pg kot 7s . Molo elval to
aBpolopa Twv Pndiwvtou N ;

(A) 14 (B)18  (N21  (A)25  (E)27

Two candles of equal length start burning at the same time. One of the candles will burn down in 4 hours, the
other in 5 hours, each at their own constant rate. How many hours will they have to burn before one candle is
3 times the length of the other?

AUo kepld loou prkoug apxilouv va Kalyovtal tautoxpova. Eva amno to kepld 0a kael o 4 wpeg, To AAAo o 5
wpEeg, To KaBéva e To S1kd Tou otaBepo pubuo. Mdoeg wpeg Ba MPEMEL va Kalve potoU To £va Kepl elval 3
$opég To UrKog Tou AAAOU;

(A) 11 (B) 13 E (8) 3 (E) 15

Andre has six cards with one number written on each side of each card. The pairs of numbers on the cards are
(5,12), (3,11), (0, 16), (7, 8), (4, 14) and (9, 10). The cards can be placed in any order in the blank spaces of the
figure. What is the smallest result he can get?

O Avtpéag £xel €€L KAPTEG e Evav aplBUo ypoupévo os KABe mAeupd kaOe kaptag. Ta levyn aplOpwy oTLg
kapteg eival (5, 12), (3, 11), (0, 16), (7, 8), (4, 14) kav (9, 10). Ot KApTEG Umopouv va tomoBetnBolv ue
OTOLOOATIOTE OELPA OTA KEVA TOU OXALATOC. MoLo €lval TO PLKPOTEPO ATOTEAECHA TTOU UIMOPEL VoL TTAPEL;

o o o B B

(A) -23 (B) -24 (r)-25 (A) -26 (E) -27

Kangaroo solves the equation ax? + bx + ¢ = 0, and John solves the equation bx? + ax + ¢ =0, where a, b, c are
pairwise distinct non-zero integers. It turns out that the equations share a solution. Which of the following
must be true?

To kaykoupd AOveL tnv e€iowon ax? + bx + ¢ = 0, kat o MNdvvng AOvel tnv e€iowon bx? + ax + ¢ =0, érou Ta a, b,
c eival katd Zevyn Sladopetikol pn pndevikol aképatol. AmodelkvueTal OTL oL e€LloWOELS €XOUV Kowvr Auaon.
Moo amd Ta MAPAKATW TPETIEL VAL LOXVEL;

(A) The common solution must be 0. / H kowr AUon mpénet va eivat O.

(B) The quadratic equation ax? + bx + ¢ = 0 has exactly one real solution. / H 8eutepoBdButa e€iowon

ax? + bx + ¢ = 0 éxel akplBw¢ pio mpaypatikn Avon.

(Na>o0

(A)b<0

(E)a+b+c=0
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23.

24,

25.

26.

27.

Exw pla Awpida xoptiol mou £xel nkog 12 cm Kat mAATog 2 cm. To KAvw WL

| have a strip of paper that is 12 cm long and 2 cm wide. | make a crease across
it at 45° and then fold it, so that the two parts of the strip are aligned in a right
angle, as shown. What is the smallest possible length, in cm, of XY?

Todkwon ota 45° kat petd to SumAwvw, wote ta dVo pépn tne Awpidag va
guBbuypappiotolv og opbn ywvia, onwc ¢aivetal. Nolo eival To PLKPOTEPO
duvatod pnkog, os cm, Tou XY;

(A) 6v2 (B) 7v2 (r 10 (8)8 (E) 6+V2

Maria has several unbiased 12-sided dice, each with faces labelled 1 to 12. When rolling all the dice at once,
the probability of rolling a 12 exactly once is equal to the probability of rolling no 12s. How many dice does
Maria have?

H Mapia €xel ToAAG apepoAnmrta {apla 12 eSpwv, To KaBeva pe €vdelfn otig £6peg 1 €wg 12. Otav pixvel 6Aa
Ta {apla tautoxpova, n bavotnta va pifel éva 12 akplpwg pia popd sival ion pe tnv mbavotnta va piEet
kavéva 12. Nooa Ldpla £xeL n Mapia;

(A) 8 (B)9 (rio (a)11 (E) 12

A polynomial p(x) satisfies the relation p(x + 1) = x> - x + 2p(6) for every real x. What is the sum of the
coefficients of p?

‘Eval toAuwvupo p(x) tkavormolel tn oxéon p(x + 1) = x2 = x + 2p(6) ywa kABe mpaypatikd x. Moto eival to

aOpoLopa TV GUVTEAECTWY TOU p;
(A) -40 (B) -6 (a2 (A) 40
(E) none of the previous / kapia amno TG mponyoUeVEC

The values of x, y and z satisfy 2* =3, 2¥ =7 and 6* = 7. Which of the following gives the relationship between
X, y and z?

OL TLHEG TWV X, Y KalL Z LKAVOTIoLoUV 2% = 3, 2Y = 7 ko 62 = 7. Molo amnd ta mapakatw SiveL Tn oxéon UETALU X, ¥
Kal z;

-y X 2 =X oy -1
(A) z= T (B) z—y +1 (r) z . +1 (4) z p— (E) z=y .

A strip of paper consists of eight squares. Initially each square contains the number 0. In every move, we
chose 4 consecutive squares and add one to each of the numbers in those squares. The figure below shows
the outcome after a number of moves but unfortunately some ink is covering some of the squares. What
number is written on the square with the question mark?

Mta Awpida XapTloU amoTeAElTL ATIO OKTW TETPAYWVA. APXLKA KAOE TETPAYwWVO TEPLEXEL TOV aplBud 0. 3t
KABe kivnon, emhéyoupe 4 SLadoXIKA TETpAywWVA Kol TPooBETouEe éva o KABe £vav amod Touc aplBuoulg
QUTWV TWV TETPpAywVwWY. To oXAHA TILO KATW OelXvel TO amotéAeopa HETA ommd TMOAAEC KLVAOEL, aAANG
SUOTUXWC KATIOLO PEAGVL KOAUTITEL LEPLKA OTTO T TETPAYWVA. MoLog aplBuog ypAadEeTal 0TO TETPAYWVO LIE TO

cOuBoAo ? ;
{J) 30 | 42 (;\1@ @m

(A) 24 (B) 30 (r) 36 (a) 48
(E) none of the previous / kapia amnd Tig mponyoUUEVEG




KANGOUROU MATHEMATICS COMPETITION 2023-2024 LEVEL / EMINEAO 11-12

28. A function f: R —— R satisfies f (20 - x) = f (22 + x) for all real x. It is known that f has exactly two roots. What
is the sum of these two roots?
Mta ocuvdptnon f: R - R wkavomolei tnv f (20 - x) = f (22 + x) yLo OAa TaL TpayHaATIKA X. Elvat yvwoto otun f
€xel akplBwg dVo pilec. Nolo sival to abpolopa autwy Twv duo plwy;

(A) -1 (B) 20 (r21 (a) 22
(E) none of the previous / kapia amno TG mponyoUeVES

29. Twelve points are equally spaced on a circle. How many triangles containing a 45¢ angle can be formed by
choosing three of these points?

Awbeka onueio Bpiokovtal ot ion amootaon og évayv KUKAo. Mooa Tpiywva mou nepléxouv ywvia 45° priopolv
VA OXNUATLOTOUV EMIAEYOVTOG TPLO ATIO AUTA TA ONUEL;

(A) 48 (B) 60 (ry72 (A) 84 (E) 96

30. A special four-digit number abcd satisfies the equation abcd = o* + b® + ¢ + d’. What is the value of a?
Evag e181kd¢ tetpaidrog aptduds abed kavorotei tnv e€iowon abed = o® + b° + ¢ + d%. Mota eivar n Twur Tou o

(A) 2 (B)3 (N4 (8)5 (E)6



