MATHEMATIC KANGOUROU 2016 — Student-Levels 11-12

3 point problems (ntpoBAnuata 3 povadwv)

1. The sum of the ages of Tom and John is 23, the sum of the ages of John and Alex is 24

and the sum of the ages of Tom and Alex is 25. What is the age of the oldest one?

To abpolopa Twv NAKLWY Tou Tom Kal Tou John elvat 23, to aBpolopa twv NALKLwY Tou John kat tou Alex
gival 24 kot to dBpolopa Twv NALKLWY Tou Tom Kal tou Alex sivat 25. Mota eivat n nAwkia Tou peyaAutepou;

(A)10 (B)11 (C)12 (D)13 (E)14
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1 1 1
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3. Maria wants to build a bridge across a river and knows that the shortest

possible bridge from each point on one shore is always of the same length. Which of these pictures
cannot be a picture of her river?

H Mapio BéAeL va xtioel pla yébupa o €va MOTAL Kol YVwpLleL OTL yLa TV IO ULIKPN O UAKOG yédupa,
KABe onpelo TN aKTNG £XeL MAVTOTE TO (810 UAKOC. Mola ard QUTEG TIG ELKOVEG Sev UMOPEL va lval elkova
TOU TOTOMOU TNG;

(A) (B) (€ (D) (E)

4. How many integers are greater than 2015 - 2017 but less than 2016 - 2016?
Méoot aképatot ival peyalutepot amo to 2015 - 2017, ala pkpdtepol amd to 2016 - 2016;

(A)O (B)1 (C)2015 (D) 2016 (E) 2017



5. A set of points forms a picture of a kangaroo in the xy-plane as shown.
‘Eva oUvoAo ohpelwv Slapopdwvel TNV €lkOVA VOG KAYKOUPO OTO eMimedo Xy, Onwc daivetal.

y‘\

For each point the x and y coordinates are swapped. What is the result?
Mo KABe onUEelo OL CUVTETAYUEVEG X Kol Y eVOAAAccovTalL. Moo elval To AnoTéAECUQ;

y‘\ U‘ N y‘\

(0) “(E)

6. What is the smallest number of planes that are needed to enclose a bounded part in three-
dimensional space?

Molog elval 0 IKPOTEPOC aplBUOG eTMESwWY TIOU ival amapaitnta yia va ¢pdouv éva LEPOG TOU
TPLOSLACTATOU XWPOU;

(A)3 (B)4 (5 (D)6 (E)7

7. Diana wants to write nine integers into the circles on the diagram so that, for the eight small triangles
whose vertices are joined by segments, the sums of the numbers in their vertices are identical. What is
the largest number of different integers she can use?

H Diana BéAeL va ypael evéa aképatloug aplBpolc oe KUKAOUG 0TO SLAYPOLO £TOL WOTE, YLA TOL OKTW
ULKPpA Tplywva Twv omolwyv oL KopudEC EvvovTal Pe eUBUYpaA TUAUAT, £XOUV TA aBpolopata Twv
aplBuwv otig kKopudEg loa. Molog eival o peyallTepog aplBuog Twv SLadopPETIKWY AKEPOLWY TTOU Umopel
VO XPNOLLOTIOLH OEL;

(A)1 (B)2 (€)3 (D)5 (E)8



8. The rectangles $; and S in the picture have the same area. Determine the ratio g

' ' i . ) ' y X
Ta opBoywvia S; kat S, otnv elkova €xouv To 1610 epuPfado. Bpeite To Adyo 5

S

52

T
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9. Ifx? —4x+2 =0, thenx +§equals

Avx?—4x+2=0,t0tet0o x + % LooUTOL HE
(A)-4 (B)-2 (C)0 (D)2 (E)4

10. The lengths of arc AP and arc BP in the figure are 20 and 16, respectively. Then the value of the
angle £ AXP equals
To pAKn Twv towv AP Kat BP oto oxua sivat 20 kat 16, avtiotowa. H TiuA the ywviag £ AXP tooutol

A
B
16 X

20

P

(A)30° (B)24° (C)18° (D)15° (E)10°

4 point problems (mpoBAnuarta 4 uovadwv)

11. a, b, ¢, d are positive integers satisfyinga+ 2 =b—-2=c-2 =d: 2.

Which is the largest of the four numbers a, b, c and d?

Taa, b, c,d elvar Betikol aképatol aplBuol mou kavorowly T a+2=b—2=c-2=d:2.
Moo ivat o peyohUtepog amnod toug Téooeplg aplBuolg a, b, ¢ kat d;

(A)a (B)b (C)c
(D)d (E) This is not uniquely determined (6gv pnopel va urmtoAoylotel povadika) .



12. In this pyramid of numbers each upper field is the product of the two

fields directly underneath. Which of the following numbers cannot appear in the top field, if the three
bottom fields only contain natural numbers bigger than 1 ?

Y€ QUTH TNV TUPAULSA TwV aplBuwy kabe avw medio elval To ywopevo Twv SUo Medlwv akplPwe ano KATw.
Molog armo toug mapakatw aplBpouc dev punopei va epdaviletal oto nedio Tng Kopudng, av tTa Tpla KATW
nedia mepLléyouv povo dpuoikoug aplBpoug peyalutepoug amnod To 1;

(A)56 (B)84 (C)90 (D) 105 (E) 220

13. Whatis x4, ifx; = 2 and x,,,1 = x,"»forn > 1?
TLEWVOLTO X4, AV Xy = 2 KOL Xpipq = Xp*myla n > 1;

(A)22°  (B)22" (0)22"  (D)22" (F)2?"*"

14. In rectangle ABCD the length of the side BC is half the length of the diagonal AC. Let M be a point
on CD such that |[AM| = |MC|. What is the size of angle £ CAM?

& opBoywvio ABCD to prkoc TN mAeupdc BC eival To PLod Tou HAKoUC Tou

Tne Staywviou AC. To M eivat éva onpeio otnv CD tétolo wote |[AM| = |MC| . Moo eival o péyedoc tng
vwviag £ CAM;

(A) 12.5° (B) 15° (C) 27.5° (D) 42.5° (E) some other angle(dAAn Tun ywviag)

15. Diana cut up a rectangle of area 2016 into 56 equal squares. The lengths of the sides of the rectangle
and of the squares are integers. For how many different rectangles is it possible for her to do this?

H Diana ékoye éva opBoywvio gpfadol 2016 oe 56 ioa TeTpdywva. Ta LAKN TWV TAEUPWV TOU
opBoywviou Kot Twv TETpaywvwy eivat aképatol apBuol. Na noca dtadopetikd opboywvia ival duvatov
YL 'aUTAV va To KAVEL aUTo;

(A)2 (B)4 (C)6 (D)8 (E)O

16. On the Island of Knights and Knaves every citizen is either a Knight (who always speaks the truth) or a
Knave (who always lies). During your travel on the island you meet 7 people sitting around a bonfire.
They all tell you "I'm sitting between two Knaves!"' How many Knaves are there?

10 vnoi tov Intotdv kot ATtate®vov Kabe moditng etvar gite éva Inndtng (mov Aéel mavta v
anfein) N Anatedvag (mov mavta Aéel yépota). Katd ) didpkela g enickeyne cov 6to vnoi
ocuvavtdg 7 avBpdmovg mov kdbovtot YOpw amd o eotid. Olot Gov Aéve

"kéBopar avapeca oe dvo Aratemveg!" [1ocot Atatedvec vdpyovv ekel;

(A)3 (B)4 ()5 (D)6
(E) more information is needed to determine this (xpelaletal nepiocodtepn mAnpoddpnon yLa vo
UTTOAOYLOTEL).



17. The equations x> + ax + b = 0and x> + bx + a = 0 both have real roots. It is known that
the sum of squares of the roots of the first equation is equal to the sum of squares of the roots of the
second one, and a < b.Then a + b equals,

OLeflowoelcx? + ax + b = 0 kaux? + bx + a = 0, £éxouv kat ot 500 TPAyUATIKES piles. Eivat
YVWOTO OTL TO ABPOLoWA TWV TETPAYWVWY TWV pLWV TG Mpwtng e€lowaong elval ioo pe To aBpolopa Twy
TETPAywVwWY Twv plwv tng Seutepng, kata < b .Toteto a + b wouTtal,

(A)O (B)-2 (C)4 (D)-4 (E)Itisimpossible to determine(givat aduvato va umoloylotel).

18. If the perimeter of the square in the figure equals 4 then the perimeter of the equilateral triangle
equals

Av n EPLUETPOG TOU TETPAYWVOU TNV ELKOVA LOOUTOL UE 4, TOTE N TEPIETPOG TOU LOOTTAEUPOU TPLYWVOU
LoouTal

(A)4 (B)3++V3 (03 (D3 ++V2 (4 + V3

19. Each of ten points in the figure is marked with either 0 or 1 or 2. It is known that the sum of nhumbers
in the vertices of any white triangle is divisible by 3, while the sum of numbers in the vertices of any
black triangle is not divisible by 3. Three of the points are marked as shown in the figure. What numbers
can be used to mark the central point ?

KaBe éva amo ta déka onpeia oto oxrpa onpewwvetal pe 0 4 1 R 2. Elval yvwoto 0tL To dBpolopa Twv
opLlBuwWV oTL KopudEG Tou KABE AsukoU TpLywvou Slatpeital pe To 3, evw To ABpoLou TWV apLBUWV OTLG
KopudEG Tou KOs pavpou tplywvou dev Slatpeital pe to 3. Tpla amno ta onpeio onUelwvVovVTaL OMWG
dalvetal oto oxnuo. Moot aptbuoi pmopouiv va xpnotponotnBouv yla To KEVIPLKO onueio ?.

2

(A) Only 0. (B) Only 1. (C) Only 2. (D) Only 0 and 1. (E) Either O or 1 or 2.



20.
Betina draws five points A, B, C, D and E on a circle as well as the tangent to the circle at A4, such that all

five angles marked with x are equal. (Note that the drawing is not to scale.) How large is the angle

<2 ABD?

H Betina onuelwvel mévte onpeia A, B, C, D kal E og éva kKUkAO, KaBw¢ Kal TNV ePpamtopévn Tou KUKAOU OTo
A, £T0L WOTE OAEC OL TIEVTE YWVIEC TTOU ONUELWVOVTAL PE X va elval (oe¢. (Znpelwote otLTo oxedlo dev eival
og KAlpaka.) Néoo peydAn sival n ywvia £ ABD;

(A)66°  (B)70.5° (C)72° (D) 75° () 77.5°

5 point problems (npoBAnuara 5 povadwv)

21. How many different solutions are there to the equation
MNooeg SladopeTIkEG AUCELG UTIAPXOUV yLa TNV e€lowan

(x% — 4x + 5)x2+x—30 =1

(A)1 (B)2 (C)3 (D)4 (E)infinitely many(amneipec)

22. A quadrilateral contains an inscribed circle (i.e. a circle tangent to the four sides of the quadrilateral).
The ratio of the perimeter of the quadrilateral to that of the circle is 4:3. Then the ratio of the area of the
quadrilateral to that of the circle is:

‘Eval TETPATTIAEUPO TIEPLEXEL EVA EYYEYPAUUEVO KUKAO (KUKAOG TTOU £PATITETOL OTLG TECOEPLG

TIAEUPEG TOU TETPATAEUPOU). O AOYOG TNC TEPLUETPOU TOU TETPATTAEUPOU UE eKelvn Tou KUKAOU elval 4:3.

O A\dyog Tou epPadol Tou TETPATIAEUPOU HE EKEIVOU TOU KUKAOU gival:

(A) 4: (B)3vV2:m (C)16:9 (D)m: 3 (E)4: 3
23. How many quadratic functions in x have a graph passing through at least 3 of the marked points?

Mooeg oUVOPTAOELG TOU X SeUTEPOU Babuou £xouv ypadikr mapdotacn mou SLEPYeTAL ard ToUAdxLotov 3
amno Ta ohpela mou ¢aivovral;

(A)6 (B)15 (C)19 (D)22 (E)27



24. In a right-angled triangle ABC (right angle at A) the bisectors of the acute angles intersect at point
P . If the distance from P to the hypotenuse is V8, what is the distance from P to A?

Ye éva opBoywvio Tpiywvo ABC (opbn ywvia oto A) oL S1X0TOLOL TWV 0EELWV YWVLWY TEUVOVTOL OTO onuelo
P. Av n anoctaon anod To P mpog tnv unoteivouca eivatl V8, mola eival n andotacn amno to P oto A;

(A)8 (B)3 (C)V10 (D) V12 (E) 4

25. Three three-digit numbers are formed from digits from 1 to 9 (each digit is used exactly once). Which
of the following numbers couldn't be equal to the sum of these three numbers?

Tpelg tpupndlot aplbuot oxnuatilovral pe Pndia and 1o 1 £éwg 9 (kabe Pndio xpnolponoleitol akpLBwg
uLa popd). Notog amod Toug mapakAatw aplBpolg dev Ba pnopoloe va elval (oog e To aBpolopua TwV TpLWY
QUTWV apLlOpwy;

(A) 1500 (B) 1503 (C) 1512 (D) 1521 (E) 1575

26. A cube is dissected into 6 pyramids by connecting a given point in the interior of the cube with each
vertex of the cube. The volumes of five of these pyramids are 2, 5, 10, 11 and 14. What is the volume of
the sixth pyramid?

"Evag k0Bog tepayiletar oe 6 mupapideg cuvogovtag £va 0e00UEVO GNIEID GTO EGMTEPIKO TOV
KOPov pe kdbe KopvEn Tov KHPOL. Ot YKol TV TEVTE TVPApid®V ivan 2, 5, 10, 11 kon 14. Tlowog
etvat 0 yKog g ékng mupapidog;

(A)1 (B)4 (C)6 (D)9 (E)12

27. Jakob wrote down four consecutive positive integers. He then calculated the four possible totals
made by taking three of the integers at a time. None of these totals was a prime. What is the smallest
integer Jakob could have written?

O Jakob éypae téooeplg Stadoxkol BeTIKOUG OKEPALOUG. 2T CUVEXELA UTIOAOYLOE Ta TEcoepa Tbava
oBpoiopata maipvovtag TpELC amod Toug akEpaloug kabe dopa. Kavéva amd autd ta abpoiopata Atav
TMPWTOC apLlOuOG. Molog eival o pHKPOTEPOG aképatog mou o Jakob Ba pmopouos va ypalel;

(A)12 (B)10 ()7 (D)6 (E)3

28. Ann chose a positive integer n and wrote down the sum of all positive integers from 1 to n. A prime
number p divides the sum, but not any of the summands. Which of the following could be n + p?

H Ann enélee éva BeTiko aképatlo n kal éypae To GBpolopa OAwV Twv BeTikwv akepaiwv amno 1 £wg n.
‘Evag mpwtog aplBuog p Siatpel To abpotopa, oAAA KavEva amod Toug 6pouc Tou abpoiopatog. Molo amnod ta
MapaKkATw Ba prmopoloe va ival n T Tou n + p;

(A) 217 (B)221 (C)229  (D)245  (E) 269



29. Consider a5 X 5 square divided into 25 cells. Initially all its cells are white. In each move it is
allowed to change the color of any three consecutive cells in a row or in a column to the opposite color
(i.e. white cells become black and black ones become white). What is the smallest possible number of
moves needed to obtain the chessboard coloring shown in the figure?

Ykedteite éva tetpaywvo 5 x 5 tou Siatpeitat og 25 kuPEAeG. ApXLKA OAEC oL KUPEAEG TOU €lval AEUKEG. I€
KABe kivnon umapxel n SuvatotnTa va aAAGEEL TO XPWHLA TWV OTIOLWVEATIOTE TPLWV SLaSOoXLKWVY KUPEAWV
O€ [l VPO UM | O€ pila oTtAAN HE To avTiBeto xpwua (dnAadrn Asukég KU EAeC yivovTal LaUpeg Kal LOUPEG
vivovtal Asukég). MoLog gival o PLKPOTEPOG SUVATOC APLOUOG KIVAGEWY TIOU QTTALTOUVTAL YLOL VO TIAPOUUE TN
XPWHOTLOTA OKAKLEPA OTWG GAlVETOL OTO O,

(A) less than 10(Awyotepo amd 10)

(B) 10

(C) 12

(D) more than 12(neplocdtepeg and 12)

(E) It is impossible to do(6ev elval Suvatd vo KATAOKEUAOTEL).

30. The positive integer N has exactly six distinct (positive) divisors including 1 and N.

The product of five of these is 648. Which one of the following is the sixth divisor of N?

O Betkog aképatog N €xel akplBwg £€L Stakpltolg (BeTikolg) Slapeteg cupnephapBavopévwy Twy 1 kat
N. To ywvOpevo TEVTE amod autouc ival 648. NMolog amd Toug MOPOKATW Elval 0 £KTOG SLalp£tng tou N;

(A)4 (B)8 (C)9 (D)12 (E)24



