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?2><0.24 S ii b 1
20x2.4

2x0.24 0

1. What is the value of /
20x2.4

(4) (8) (©) (D) (£)
0.01 0.1 1 10 100

A: >

2x0.24 0.48

= =0.01
20x2.4 48
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2. Which square is split up into two pieces that do not have the same shape?

e e

E: >
Oh BU§ Bgn Yl gay S § Oladkst B S 8 pwaladl OF el B e
It is clear that the two pieces in shape (E) do not have the same shape, this is not available
in the remaining options.

insgoof Xd N .
@Mawhiba | Mawhiba.sa K:,,cu.l.l i) .aubga



oos.. o000 & w
il ajlig .
Vi Eccaion Mawhiba
dimgag)lails
aaaaaaaaaaaaaaa
MMMMMMMMMMMMMM

S5 @ o (ol op P ) Kt gkt S0 3T gl 381 b Bl gl o LU 508 3
2P ) b gge Suad |l s i Bl g ogmgll el o LU Sue pgad ga Wl SEged b81,2,3
S 3R 9 Q p9i oo ol b g0t Aol b 6=14+2+3

3. The number of the dots on opposite faces of a die add to7 . The vertex labelled P on the
die is formed by the faces which have 1, 2 and 3 dots on them. Its vertex sum is the sum
of the number of dots on those faces which meet at a given vertex. The vertex sum of P is
1 + 2 + 3 = 6. What is the maximum of the vertex sums of vertices Q, R and S?

(4) (8) (©) (D) )
7 9 10 11 15

D: 5

T=142+4 =8 il gses 11=243+6=R oM gge2 c 9=14+3+5 = Q ) blis g

A1 s» ggez Jsf

The vertex sumof Qis 1 +3+5=9, that of Ris 2 +3 + 6 =11 and that of S is
1 +2+4="7.Hence the maximumis 11.
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4. A hopping game is played in the following way: Each player hops into the squares,
swapping between left foot - both feet - right foot - both feet - left foot - both feet, and so
on, as shown. Maya played the game and hopped into exactly 48 squares starting with her
left foot. How many times did her left foot touch the ground?

(4) (8) (©) () (£)
12 24 36 40 48
C >
B %x48 =36 2)¥ Cod BT 3m Md (Dglas ol S 0 Dlpe SN 21 (G pudl Ls aB el

Maya’s left foot touches the ground in three out of every four steps. Therefore, it touches

the ground a total of %x 48 =36 times.
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5. Tim wants to draw the figure shown on a piece of paper, without lifting his pencil
off the paper. The lengths of the lines are given in the figure. He can choose to start
his drawing anywhere. What is the shortest distance he could draw to complete the

.3cm +2-(lcm + 2cm + lem + lcm)+2cm =15cm

figure?
(4) (B) (€) (D) (E)
14cm 15¢cm 16cm 17 cm 18cm
B : &
& Bl J,..aéi

The shortest total distance is 3cm + 2-(lcm + 2cem + lem + lcm)+ 2cm =15¢m .
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6. The figure shows a square with four circles of equal area, each touching two sides
of the square and two other circles. What is the ratio between the areas of the black
region and the grey region?

(B

(£)

(4)
1:4

1:

)
3

\S]

—~~
g o)
W9 |~

w

—_
S
B

1

bt Gy o) OB 10y A30ey sl B39 Ol Sl Tt T (698 i JS 80 Slagpo diagyl B} IS ol oS8
3 AT 2 dbet ddlail) dxluwg o134 dilaill

B : &

a

N\

<

<
/

The figure consists of 4 white circles inscribed into a quarter of a square. In each of those quarters, there
is one black part and 3 parts of equally big grey area. So the answeris 1:3.
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7. Yahya makes a sequence of structures on a table, beginning with one cube. He makes
the next structure by adding five cubes which hide the visible faces of the initial cube, as
shown. What is the smallest number of cubes he needs to add to the second structure so
that all the visible faces of the second structure are hidden?

(4) (8) (©) (D) (£)
8 9 10 13 19

D el
didal) § 839 gh Sl 5 M 0 gl Adard SLaSe 8 zlasty (sakall CaaSdl B M o gt ddaid DS 5 ) (5% s
LS 13 grtis @ LSl £ g0 0453 ( Add)

Yahya needs 5 cubes to cover the faces of the top cube and 8 cube on the ground level. It
makes 13 cubes in total.
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8. A three-digit palindrome is a number of the form ’aba’ where the digits a and b can
either be the same or different. What is the sum of the digits of the largest three-digit
palindrome that is also a multiple of 6?

(4)

(8)

(©)

(D)

(£)

16

18

20

21

24

Plias sde (ST OB Wy (3 Olislias 0 abyl £ g0 055 lrgy 3T 5S4 0T 46 Slislias oo suall 055 S
-8 4+ 8 + 8 = 24 o ald)i psey (888 g2 by,adl 3i0

E el

If it is a multiple of 6, it must be even and its digits must add up to a multiple of three.
It must start with 8 to also end in 8, the largest of which is 888 and the sum is
8 +8 + 8 = 24.
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9. Mohammed draws a square with vertices A, B, C, D and a regular hexagon with side
OC, where O is the center of the square. What is the size of angle a?

(4) (8) (©) () (%)
105° 110° 115° 120° 125°

A3

mLD =907 () &gy iy g b b 0 ) mLC =45 :OCDE 4} & . E 32 iyl i1 ﬂ

1055 JWy . (plasl) it § Bds 11 Byl mZO =120 (M G R0 dgl3h)

.a= 360"—-(45+90°+120°) = 105°

A F D
O
«
0 120°
457
B C

Let E be the vertex of the requested angle. Look at the angles of the quadrilateral OCDE.
The angle in C is 45° (angle between side and diagonal of a square). The angle at D is a
right angle. The angle at O 1s 120° (angle of the regular hexagon). Therefore

a= 360"—-(45 +90"+120°) = 105°.
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10. Adam encloses a rectangular field with 40 m of fence. The side-lengths of the field are
all prime numbers. What is the maximum possible area of the field in squar meters?

(4)

(8)

©)

(D)

(£)

99

96

91

84

51

okse oWl L g .0\;53? Olade I,W o [+w= 20 oV adsg 40 :2([ +w) céjL'*-.’.JjJ’“!":’:
Tx13 = 91 m? 482 i ST (1Lw) = (7,13) 5 (Lw) = (3,17)

C: >

Perimeter of the fence 40 =2(/ +w ), sol/+w= 20. Both /and ware prime numbers.
There are 2 possible pairs(/,w) = (3,17) or (7,13). Maximum possible area is
7x13 = 91 m”.
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11. A rectangle is divided into three regions of equal area. One of the regions is an
equilateral triangle with side-length 4, the other two are trapezia, as shown in the figure.
What is the length of the smaller of the parallel sides of the trapezia?

(4) (8) (€) (D) (£)
2 V3 22 3 N
B :J)-\

Byglue Gble 3 pe 05 Jbaxudt OY %x4x2\/§:4\/§ Sl Cll Al 0455 kg .2\/5,.»&:&\ gy

(Solwd dgb 0B 4 (g9l Jukeind! 25 OY5 3x43 = 1243 (St Jbaznd) A lus 01 Ll

124J§ ~33

3V3 =23 =43 st Bl s & sl Bl g 0B S .

The altitude of the triangle 23, so its area is %x 4x2+/3 =4/3. The area of the rectangle

is then 3x4+/3 = 124/3. Then its length is 12:1/5 =34/3. So, the length of the smallest

parallel side of the trapezia is 33 =243 =4/3.
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12. Ayah places the capital letters A, B, C and D into the 2 X 4 table shown in the figure.
Exactly one letter is placed in each cell. She wishes to make sure that in each row and in
each 2 X 2 square, each of the four letters appears exactly once. In how many ways can

she do this?
(4) (B) (C) (D) (£)
12 24 48 96 198

B : 5

QU a b 05 OF o (Wl il 3 A X3 X 2X T =24 58 51,50 O A1 Co ) i Bk sus Sy Ll
35 OB ol 2 ) Canall oo W) M 3 B3 065 O g 15 (JgY Gl e SNy gty Jo¥) b e Lk
G oA i e i S s G Gl G By i Of o Ayl iy J3 Y1 il 0 il M
24 Sglas AL 3 1 sde OB 1y L JsY1 il

The letters A, B, C and D can be arranged freely in the four squares of the first row.
There are four options for the first letter, then three options for the second square and two
for the third square. That is4 x3x 2 x1=24 options. Having filled the first row, consider
the second square of the second row. This can’t be the letter in the first or second or third
position of the first row. So, it must be the same letter as in the fourth position. Therefore,
the second row is uniquely defined by the first row and there are 24 options.
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13. Sami cuts out three circles from three different pieces of coloured card. He places them
on top of each other, as shown in Figure 1. He then moves the circles so that all three
circles are tangent to each other, as shown in Figure 2. In the first figure, the area of the
visible black region is seven times the area of the white circle. What is the ratio between

the areas of the visible black regions in the two figures?

(8) (€) (£)

(4

C

)
1 9:7

~
(@) | N

3: 4:3 6:5

D : 3

Aol Gl . T W sobd Jo¥1 JSCEN & 613 gt Ailail) dlus OB Ol o . W (S5t slized! 3 511 Bl S
W =W =6 p slad) B dles Lgie Bgdt J9Y1 JSCEI) (8 13l Bl Line (g9l a1 S 6135l
716 2 st il Gy Eed) 5SS Sy

Let the area of white, black and grey circles respectively be w,b, g . Also, if the visible
black area in figure 1 are 4, =b—g= 7w, and in figure 2, 4, =b-w—-g= Tw—w= 6w
(note that w < g). The ratio between the areas of the visible black regions in the two

figures 7:6.
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14. Mariam’s daughter gave birth to a baby girl today. In two years’ time, the product of
the ages of Mariam, her daughter and her granddaughter will be 2024. Mariam’s and her
daughter’s ages are both even numbers. What is Mariam’s age now?

(4) (8) (€) (D) (£)

42 44 46 48 50
B: >
st o ool . 2 (g5l gl asy 2T (g5l i e 08 S i 2 (G5l Bt a8 s el o
o8 OF 4802024 = 2 (2 11) x (2-23) o ehalse 1) 2024 Sl o \gmyliy . 2 (2d ) - (2m1) S5\ B
A4 G s 08 JWlg ¢ 2223 = 46 gp i Ay g0

The granddaughter will be 2 years old in two years time. Let Mariam have the age of 2m
and her daughter’s age be 2d . The product of the ages must be2-(2d ) - (2m ). We compare

this with the prime factorization of 2024 = 2 x (2-11) x (2-23). So Mariam will be 46 in two
years time, making her age now44 .
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15. A point P is chosen inside an equilateral triangle. From P we draw three segments
parallel to the sides, as shown. The lengths of the segments are 2m,3mand 6m . What is the
perimeter of the triangle?

(4) (8) (€) (D) (£)

22m 26m 33m 39m 44m
C
Jsb 055G WLy .o o1 ilge clSg alo¥1 Bllase Ellie Likis 068t ansliznl o P dablidl aladll u s wis
3x11=33m gt pSI St bt 0559 (2m +3m +6m =11m gyl 1S3 SU) o

2 6 3

Extend one segment through P. We have an equilateral triangle and parallelogram. The
sides of the original triangle have length 2m + 3m + 6m =11m . So, the perimeter of the
triangle is33m.
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16. A number is written in each of the twelve circles shown. The number inside each square
indicates the product of the numbers at its four vertices. What is the product of the numbers
in the eight grey circles?

(4) (8) ©) (D) (£)
20 40 80 120 480
B : 5
U G 0 st el OF Lo Ldm) Y1 awgdy & 83gmshl Slaill § 3lustl oy Jol 9a aupe IS J5 13 Sl sl
2 Al Sl O feol OB LWy ol (e g il & sliznd) Jlall 50 Ly bl au b !
; 4x24x6x10

ot oL a Ylka gl pglaf o =40

If the products inside the squares are A, B, C, D, E , then the required product is

ABDE 4x24x6x10
c 12

each at the products A4, B, D and E and those in white circles show up twice each. The

picture shows an example with a possible construction.

=40. This is because the numbers in grey circles are included once

insgoof Xd N .
@Mawhiba | Mawhiba.sa K:,,cu.l.l i) .aubga



s o 3 g
——— Mawhiba

««««««««««««««««

S bl sus galay JoYI Lt § L sus lgd Sk e 3us oy ¢ gl Jo Sbpaie ayl Sla 17
348 Sgld o alad e s ) LAl sus Soluw W LAkl § OLd sus Buy sol dakd o (g
348 Solu drl ) Ay pall § gl sus gl alad S S s @ Dbl dus ol AW Dpall § bl
(bRl § Ol s oS (Dlgh) 0 AJBH) Jho Lgd Ol sus J) bl

17.There are four vases on the table in which a number of sweets have been placed.The
number of sweets in the first vase is the number of vases that contain one sweet.The
number of sweets in the second vase is equal to the number of vases that contain two
sweets. The number of sweets in the third vase is equal to the number of vases that contain
three sweets. The number of sweets in the fourth vase is equal to the number of vases that
contain zero sweets. How many sweets are in all the vases together?

(4) (8) () (D) (£)
2 3 4 5 6
C:
4 dua 0513) Ol 4 gty Y WY 2B ) (6350 N3 OB sk 4 e 25T a1 Sl e s G OT13)
WU Oyl e ik sie o (spf Lpwdi D a0 ol OF 2BL5 L) U5 (635md ¥l DL e Bty § Slgl>
Olagyss JBY1 o Sl .l paill sue (gobuy Slghd sus Q1) sk 3 512 5T 1 510 o (5558 ljai0 (S5 drgn ¥
2020100 2:0umpad e

If in any of the 4 vases would be more than 4 sweets that would lead to a contradiction
because there are only 4 vases. If there were 4 sweets in one of the 4 vases, it would lead to
a contradiction because this vase itself contains a different number of sweets. So there are
only vases with 0, 1, 2 or 3 sweets. The total number of sweets is equal to the number of
vases. There are at least two possible distributions in four vases: 2, 1,0, 1 or 0, 2, 0, 2.
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18. Jassem has n°(n > 2), identical small cubes. He used these to make a large cube and

painted the entire outer surface of the large cube. The number of small cubes with only one
face painted is equal to the number of those with no face painted. What is the value of » ?

(4) (8) (€) (P) (£)

4 6 7 8 10
D : &
98 lgwe g T sl o § @) Bpiadd) OLaSLl e (6(71 — 2)7 ga Lgae dadd dly g gl £ () B el LS sus
n=2_8 oiw\h5.6(n—2)2: (n=2),n >2 ot 4. (n—2)

There are (n—2)*small cubes with a single painted face visible on each face of the large
cube; so the total number is 6(n —2)*. There are (n —2)’ cubes without any outer face and
the big cube. From 6(n—2)* = (n—2)’,n >2we deducen=3§.
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19. Amnah has a set of cards numbered 1to12. She places eight of them at the vertices of
an octagon so that the sum of every pair of numbers at opposite ends of an edge of the
octagon is a multiple of 3. Which numbers did Amnah not place?

(4) (8) (©) (D) (£)
1,5,9,12 3,5,7,9 1,2,11,12 5,6,7,8 3,6,9,12

E: >
o sl LSy 3 Slisliae oo Talael (558 O Y & Bygldl g )l aed OB 3 Slislias oo Tade (g5% gy A LIST13)
Slusd Oesst Olagig oLl IS 3.3,6,9,12 29 3 Slislias dames OF ot W JWLg <3 suall Slislias da

If one of the numbers at a vertex is a multiple of 3 then the number at EVERY
neighbouring vertex must also be a multiple of 3. Since we have only 4 multiples of 3 we
3, 6,9, 121545t be removed. Two possible

come to a contradiction. So, the numbers
constructions are given above.
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20. yonis makes a net using a combination of squares and equilateral triangles, as show in
the figure. The side-length of each square and of each triangle is 1 cm. He folds the net up
into the 3D shape shown. What is the distance between the vertices A and B?

(4) (8) (D) (£)

J5em (l+\/§)cm (1+\/§)cm 2\2 em

B : J&
G B b OB gl plisaaly 1 cmggd M o2 Jsbs CDEF 2 A Bl el gl ughy SI

ai;ﬁ‘w-AC=10m,CM=gcm 1 Ly JBACM &I\ (CE jadl chaze M oS3 .\[2em = CE

2
.1+\/§cm=1+2x£:AB op‘;ij.|Am|: 12—(gj =% st
F E
A
N
M N>
C 1lem D C M E

The 4 vertices joined to A form a square CDEF of side 1 cmlong. Therefore, by the
Pythagorean theorem, its diagonal CE is V2em long. Let M be the midpoint of CE. Then

AMC is a right triangle with hypotenuse AC of side 1 cmand leg CM of side %cm .

aY 2

2
Again, using the Pythagorean theorem, we get |Am| = |1’ - (7j =—— . The distance

2

between A and B is 1+2><7:

1+\/Ecm.

AR
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21. The prime factorisation of the number n!=1-2-...-n is of the form shown in the
diagram:

o
2.3 .5 T 13t 1T - 43 - 47

The primes are written in increasing order. Ink has covered some of the primes and some
of the exponents. What is the exponent of 17 ?

(4) (8) (€) (D) (£)

1 2 3 4 5

C:
Gasgmge 13° o) 3 53 QU 59 Jotal) 8 )y 47 < <53 05 Jllg <47 a oot § Jf s ST
n=52 0B Wby 13,26,39,and 52 & lslall sdng n! 313 saall Slislias dmyi Jg5 sm Mg Joud!

3 17 saalt Wl 08 JWLy (17,34,51 29 52 o 31 17 suall Slislias B wrgs
The appearance of the prime 47 shows that 47 <n <53 (else we would see the next prime

53). Since 13" is part of the factorization, four multiples of 13 are included inn!. These are
13,26,39,and 52, son=52. There are three multiples of 17 before 52 (these are

17, 34 and 51). Therefore, the exponent of 17 1n this factorization is3.
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22. One day Kamal is always telling the truth, the next day he is always lying, the next day
he is always telling the truth, and so on. One day, he made exactly four of the following
five statements. Which one could he not have made on that day?

(4) I lied yesterday and I will lie tomorrow.

(B) I am telling the truth today and I will tell the truth tomorrow.
(C) 2024 is divisible by 11.

(D) Yesterday was Wednesday.

(E) Tomorrow will be Saturday.

C:
ks Ll OB Wy s Cgll G Sl 15T OF s (D),(E) Sbyuadly (o3 a5 V) Uhgdy ¥ (B) 3yl
(C) 2 2331 JWS gl § &1 B gl o Byladl . Lad1s O3S psdl a3 JeST 0 Sy . omdlS
Statement (B) can only be made by a person who lies on that day. Looking at the
statements (D) and (E), they cannot both be true. Therefore, we have at least two

statements that are lies. This means that Carl is lying today, so he couldn’t make the
statement (C).
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23. The sum of the digits of the number N is three times the sum of the digits of the
number N +1. What is the smallest possible sum of the digits of N?

(4) (8) (©) (D) (£)

0 12 15 18 27
B : 5
BY i g .9 2 N 3aall 3T G OF o g (N suall a6y g ga (o0 51 NV +1 sualt 0By ¢ 9022 0
N 348t 0By 302 o 5T N +1 30t 2Byl g0 OF ol 1 jlis ol pdall B> 31559 Jheo & N +1 suall 531
08 QWU (X 98 NV sl alyi £ 90 S 8 yluis

x=3(x-8)=2x=24<x=12.

o) e Ay are 551129, 219... Leiw 0ds Gl A sis reol 39 sl

The sum of the digits of a number decreases only if the number has the last digit9, so that
the next number ends in0, and 1 is added to its penultimate digit. In that case, the sum of
the digits of the number N +1decreases by8, compared to that of the number N. At the
same time, it is three times smaller than the sum of the digits of N. Denoting the sum of the
digits of N by x, we have

x=3(x-8)=2x=24<x=12.
The number 39 is the smallest number that has this property, while 129, 219... are larger
than it and have the same property.
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24. jana has some black, gray, and white unit cubes. She uses 27 of them to build a
3x3x3 cube. She wants the surface to be exactly one-third black, one-third gray, and one-
third white. The smallest possible number of black cubes she can use is A and the largest
possible number of black cubes she can use is B. What is the value of B — A?

(4) (8) (©) (D) (£)
1 3 6 7 9

D : &
S 3 g o oS JS 18 (ssled 0 IS 8,0 ALl OF amy 1hag 637 =54 (g9l (aSL) law s
G hall oSl aog sy Olgry e o 1S CaSU Bl § pog phoo e JSh chmyl 3 ate pglan 1S CaSL

Sl g ol i gl S pSTY CaSLl S G ed) S LT g g i gl 1ST) CaaSLY gl e

3as ool | p SO CaSll S0 G 2 ] CaSheg gt Loy § SLaSL 6 (DI 3 aSe]2 ) 8 W 13X 3x 3

G 6210 YW B =13 5l sl3gadt SLaSll 0 (S22 (ST .01 4 =6 g3bes sl3gedl SlLaSUl 0 (S2
B—A=T Wiy xS Sl S 2 1y ogmg) ST

The surface area of the cube is 6-3” =54. This means that the black, the grey and the
white area should equal to 18 each. Each unit cube can contribute 3 if it is a corner cube,
2if it is an edge cube, 1 if it is a center of a face, and 0if it is a center of cube.

There are 8 corner cubes, 12 edge cubes and 6 centers of faces. 1unit cube is completely
hidden from the surface. The smallest number of unit cubes to make area of 18is A= 6
corner cubes. The largest number of unit cubes to make area of 18is13: 6 centers of faces,

6 edge cubes and 1 “hidden” unit cube. So, we would have used B = 13 black unit cubes.
B-A=T7.
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25. Anwar rolled a normal die 24 times. All numbers from 1 to 6 came up at least once.
The number 1 came up more times than any other number. Anwar added up all the
numbers. The total she obtained was the largest one possible. What total did she obtain?

(4) (8) (€) (D) (£)

83 84 &9 90 100
D : 3
Ol g ey 18 s 21 =14243+4+540 58 Sloy 6 g 05Semd (BY Jo Bulg 50 g o8y S0T
Vol byt oSe b 5L 6,5,4 o8y el O concd oS5 b ST g0t S5 @B b e ST 1 31 1ad il
S5 sie S 6,5 Gld I (6 sds S | (B gl Lakis (SE ge fSTIU ] B j5el Dlpe Sue gl
214+6(1)+5(6)+5(5)+2(4) =90 gsest 053 . 2 tasueg e 4 (B J1g clogis

Since Ann has rolled each number at least once, we can guarantee that 6 of the rolls have a
sum of | +2+3+4+5+6=21. Let’s consider the remaining 18 rolls. There should be
more 1s than any other numbers. It is clear that the number of 6s rolled should be one less
than the number of 1s. If we have 7 1s: then 6 6s adding 5 5s we get7 +36+25=068. If we
have 6 1s: then 5 6s, 5 5s and adding 2 4s we get6+30+25+8 =69 . This leads to a max
total of 90. Further reduction of 1s does not increase the maximum possible sum.
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26. Fatmah walked in the park. She walked half of the total time at a speed of 24m/h. She
walked half of the total distance at a speed of34m/h. She walked the rest of the time at a
speed of 4 km/h. For what fraction of the total time did she walk at a speed of 4 km/h?

(4) (8) (€) (D) (£)
1 L 1 1 13
14 12 7 5 4
A:JJ-\

a3 Oyl Gl CB g . (T =21 OF m 1dn) £ 98 SO Cinaig T ga M1 G b ariad ol C3 g1 S} OF o,
QW Ll O QWY L F— X 52 3hm/ B G e ad Oyl CB 05K WUy X g dhm/ B ds

L2t BLL 03 Lt el 2km/ B i

Bt —x)BLL 03t — 3 o 3km/h sy

Ax BLLY O Lz e < dkmfh s

101 Ll g

3(t—x) = 2t+ dx o t= Tx < T =14x,thereforex =1/14(T)

Let’s denote the time of Fatmah’s walk with T and half of the time for Fatmah’s walk with
t, (T=2t) and the time she walks with a speed of 4 km/h with x. Then, the time she walks
with a speed of 3 km/h is t — x. We have thefollowing:

Speed : 2 km/ h, Time:t, Distance: 2t

Speed : 3 km/ h, Time:t—x, Distance: 3(t — x)
Speed : 4 km/ h, Time: x, Distance: 4x
Then we have
(t—x) = 2t+ dxt= Tx<=T=14x
Therefore,x = 1/14(T)

That is, 1/14 of the time was spent walking with a speed of 4 km/h.
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27. Ali wants to remove some of the integers from 1 to 25 and then separate the remaining
numbers into two groups so that the products of the integers in each group are equal. What
is the smallest number of integers Ali could remove?

(4) (8) ©) (P) (£)
4 5 6 7 8

B . s
25 Q11 o laid umly Cislias B g1 A9V Jolgall OB 15 s5lus (ol G oY1 Jolgall aygr 0585 0T 8,540
T suall gag sl Sl Cod 7,14,21 p clislas 805 d T W30 5 13,17,19,23  daceiw 15 cLaslagal
LU o ko9 (ol ool i Lod i g0t G Waanddl S8 Bl S Y

3-5-8-14-15-18-20-22-24 = 2-4-6-9-10-11-12-16-21-25

Thinking of the prime factorizations of the products of the numbers of both groups, they
have to be the same, since the products are equal. Therefore, prime numbers that have only
one multiple among the numbers from 1 to 25have to be removed. These prime numbers
arel3, 17, 19 and 23. 7 has three multiples among the numbers from1 to25:7,14 and 21.
At least one of them must be removed, which works only with the deletion of 7. The

remaining 20 numbers can be split in two groups that have equal product. For example:
3-5-8-14-15-18-20-22-24 = 2-4-6-9-10-11-12-16-21-25
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28. A regular polygon with twenty vertices drawn on the circumference of a circle. David
draws all the possible chords that connect pairs of these vertices. How many of these
chords are longer than the radius of the circle but shorter than its diameter?

(4) (B) () (D) (£)
90 100 120 140 160
C >
607 2 B h agly 0SS OF o ol Cinad Lglws gt Jsb 0554 (S 15519 g0 ila JS 0 aguo b J05Y1 3ue

b o Y S bladly dlais S cu Alolglt JbgY1 OF am s %:18"‘53\”4* BgS A anghy ki 092l 93 adial
(Sl Wb ALY dlaidlg Bl S o ol gty 3X 187 =54 < 60" OY il Civai o bl 05 i) IS 0

Bygal) oY) sue 03) s ST 13912 o JWUy LT ) lgs Aol 50gY) i dais ST 03] . il b

| 20;12 =120 @l

v

Each of the 20 points is connected with the 19 other points on the circumference, forming
19 chords. One of these 19 chords is exactly equal to the diameter, leaving 18 chords to
consider. For a chord to be larger than the radius, its central angle has to be larger than 60-.
Since the 20 points form a regular 20-gon, the central angle of the chord connecting two

: ... 3
adjacent points is

68 =18". Therefore, we need at least 4 central angles (3x18" =54 <60°).

That is, 3 pairs of chords from a point to its three nearest points along the circumference
(on either side) are going to be shorter than the radius. This leaves us with 6 pairs of
chords, or 12 chords per point. Since each chord is counted twice (once per endpoint) the

total number of chords satisfying the condition is 2012 =120.
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29. There are n distinct lines on the plane, labeled 7,,7,,....... ,0,. The line / intersects
exactly 5 other lines, the line /,intersects exactly 9 other lines, and the line 7, intersects
exactly 11 other lines. Which of the following is a smallest possible value of n?

(4) (8) (€) (D) (£)
11 12 13 14 15

B : 5

s 12 52 oS8 sus 3106 Uas 11 alady bsad w01 g

G e gad alalt Algus bglos 3 oo dsgest — Alge bylas T (0 Bosed — 1) byladl ol i8S

(U G WST) oY bgladl IS Ognbadyg Lagin Lo Olabline Sllas —

/

/

Since one of the lines intersects 11 other lines, the minimum number of lines is 12. On the
other hand, taking a family of 7 parallel lines, another family of 3 parallel lines
perpendicular to the first family and two other lines, intersecting each other and
intersecting both families of parallel lines, we have an arrangement of lines that conforms
to the requirement. Any of the lines in the first family of 7 parallel lines can be €1, as it
intersects 5 other lines. Any of the lines in the second family of 3 parallel lines can be €2
as it intersects 9 other lines. Finally, any of the last two lines can be €3 as it intersects 11
other lines. Therefore, the answer is 12.
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30. Suppose m and n are integers with 0 <m <n. Let P = (m, n), Q = (n,m) and O = (0, 0).
For how many pairs of m and n will the area of triangle OPQ be equal to 2024?

(4) (B) (C) (D) ()
4 6 8 10 12

B . 5
Sy OPQ i) irtus

| 0 0 1 |
—-ln m l==(n"-m’)=2024
2 2
m n 1
Slmgy LI (n— m), (1 +m) ot 0¥y 4048 =2%-11-23 Sy «(n—m)(n+m) =4048 of s
(@ ol dagd) UL OB (LU O3 of LAY
2x2024,2° x1012,2° x506,(2x11)x (2° x23),(2> x11)x (2> x23),(2° x 1 1) x (2 x 23)
(n,m)e {(1013,101 1),(508,504),(257,249),(103,81),(68, 24),(67,21)} oo o 05

C\j)i 6 Ut:.wj

Area of AOPQ = = %(n2 —m*)=2024, that means (n—m)(n+m)=4048

L
2

S =Y

0
m
n

IS I ©

But, 4048 =2%-11-23 and (n—m),(n + m) are both eve or odd. There are 6 possibilities
for(n—m),(n+m):

2x2024,2° x1012,2° x506,(2x11)x (2° x23),(2> x11)x (2> x23),(2° x 1 1) x (2 x 23),
so there are 6 possible pairs of (n,m):

{(1013,101 1),(508,504),(257,249),(1 03,81),(68,24),(67,21)} :
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