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1. What is the value of — /772
5555x2222
(4) (8) () (D) (E)
! 7 9 i 49
10 10 110
(C) >
7777 Tx111Ix7x1111 7x7 49

5555%2222 S5x1111x2x1111 5x2 10
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2. Judy rolls five dice. She rolls 19 points in total. What is the maximum
number of sixes she could have rolled?

(4) (8) (©) (D) )
0 1 2 3 4
(€) o

a1 301yl (g3 (A Lass

OY B Je25 05w Lgblis £ 302 OB Sipe anyl 6 sl e oo T S
6+6+6+6+1=25

OY Y1 20 05w Lgblis £ gad OB e S 6 sl Jo cloa T
6+6+6+1+1=20

(g iyl a2 19 05K OF (S bl fgasd OB OBy 6 Suall o Cuar 6T
o 6+6+3+3+1=19 §6+6+4+2+1=19 si 6+6+5+1+1=19

6+6+3+2+2=19

OBy a6 3uad) Jo (s397 b Gl O e sus (ST 045 el

If Judy rolls four sixes, she has at least 24 points. She cannot roll 3 sixes, as
3 - 6 =18, and she must roll at least one with each of the other two dice,
and 18 + 1 + 1 =20 in total. She can, however, roll two sixes. For instance,
shecanroll6 + 6+ 5+ 1+ 1=19. The correct answer is therefore 2.
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3. A cylindrical can has height 15 cm and the perimeter of its circular base is
30 cm . An ant walks from point 4 on the base to point B on the roof. Its

path is either vertically upwards or horizontally along circular arcs around
the can. Its path is shown with a thicker line (black for the path on the front
of the can and grey at the back). What is the length of the ant’s path?

(4) (B) (€) (D) (E)
45 cm 55 cm 60 cm 65 cm 75 cm
(E) »J

58 ol et Wl s dae g Yot @Y i |y BTl il e LISAG) JLL i

Al slaw¥) L) gy

154+60=15+30x2="75 el jld! Job

We do not calculate the individual parts of the path, but we look at them as
a whole. The vertical parts add up to the height of the can, so itis 15 cm.
The horizontal paths, if projected to the ground, can be seen to be two full
base circles, so their length is 2 < 30 = 60 cm. The grand total is 15 + 60 =

75 cm.
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4. Hebatallah has four different coloured pens. She wants to colour the
three-striped rectangular flag shown in the diagram so that each stripe is a
single colour and no two adjacent stripes are the same colour. In how many
ways can she do this?

(4) (8) (€) (D) (E)

24 27 32 1 64

(D) s>

b 3 & gl Joanlt 00 a1 e g T sl (S8 Em gl B0 4 &) JgY1 e

G 3 4 W Judanad) L Lt Ogll jlast dag Bt O1glT AN o Ogf (T Jlst S8 Eum pghil]
# otsd b sue et Ll Ogl) jlast day £ B 01981 e O Tyl (S8 S gkl
Ag b 3x3x4=36

The top stripe can be in any of the four colors. Each of these can be
combined with three of the colors, as no two adjoining stripes can be of the
same color. The bottom stripe can again be any of the three colors not in the
middle. This means that there are a total of

36 =3x3x4possible flags.
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5. We call a positive integer n two-prime, if it has exactly three different
divisors, namely 1, 2 and » itself. How many different two-prime integers

are there?
(4) (B) (€) (D) (E)
0 1 2 3 4
(B) s >

Com =20k Sypal Jo anlS (S& o sue 10V .27 =4 g Y S sty sue Y g Y

n Sy k wdiu\q‘ﬂ@fﬂ\éw:-& n O}&ﬂ&iwwaw\yj T NS k
Lo 4 Ojg,,w Sdall ‘}\:J\gj 2 ol k dad ji (Jooes W2y 1 (S9ld k dad ji I TWVRREY)
Ao W b w1y sus

The only two-prime number is 2° =4. Any number n =2 - k is divisible by
2 and k (as well as 1 and n), and therefore k = 2 must hold for a two-prime

number.
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6. How many pairs of positive integers (x,y ) satisfy the equation

¢ x +2y =2" dstall 33 F (x,)) dersh Dol A5 M £13Y1 s o576
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x+2y =272
(4) (8) (€) (D) (E)
2’ -1 2° 2’ +1 2’ +2 0
(4) &

x +2y =2"=>x =2"-2y

x>0=2"-2y >0

2952y
2y <2

x>0,y >0 dorgs dorpew slisl OY

od OF o WSy (27 —1 2 aSGhl Y @B sus 03]y <27 o fad 2 e dendll

Aergs b x =2 -2y

271 2 S AL 21391 sus Jilg

If the value of y is any of the numbers from 1 to 2° -1, there is a solution in
positive integers for x =2'" -2y , as we then have2y <2'. For all other
values of y, there is no appropriate value of x. We therefore have a total of

2’ —1pairs of integers satisfying the equation.
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7. Two equilateral triangles are put together to form a hexagon with their
opposite sides parallel. We know the length of four sides of this hexagon, as
shown in the diagram. What is the perimeter of the hexagon?

(4) (B) (€) (D) (E)
64 66 68 70 72
(D) s

g« AB =6+15+11=32 ¢ o3 g Mol Liglaze 3yl Sl apdr JS2) din 0
JWuy cAC =32 Jdu . 0P =9 JWuy (CP =32—(12+11)=9 JWus «BC =32
CO+ISHITHI249+17 =70 (Sglum owlbdt adiall o2 03) . OR =32-(9+6) =17

A
r/\
6
15
y 11
12
C P\/ B

Because the sides are parallel, all the tips of the star are equilateral triangles
and hence the side AB of triangle ABC in the pictureis 6 + 15+ 11 =32
long, but then the length of BC is also 32, so that PC =32 —-(12+11)=9
and QR =32—-(9+6)=17. The perimeteris6 + 15+ 11+ 12+9+ 17 =

70.
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8. A square with area 84 is divided into four squares. The upper left square
is coloured  black. The lower right square is again divided into four
squares, and so on. The process is repeated an infinite number of times.
What is the total area that is coloured black?

(4) (B) (©) (D) (£)
24 28 31 35 42
(B) s» 4

Ll 51 ol 0553 ol @1 § Slagye BN Jool o oty qipe sl i S 0 dmpe JS7 8
128 (ggbm 5l Sl K2 i ls % Jx
T 0S8 - Vbl - U8 i e 3 Tt T o5 JIBL 31 5T

(gl ML

1
R4x—4_ —84x

At each stage, % of the smaller squares are coloured black so in total Lot
the original square is black giving a black area of 28.

Alternative solution: The shaded part represents an infinite geometric
sequence with its first term %and common ratio%. The area of the shaded

part is equal to

090 \ A
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9. Each of the integers from 1 to 9 is to be placed in one of the 9 boxes in
the picture so that any three numbers in consecutive boxes add to a multiple
of 3. The numbers 7 and 9 have already been placed. In how many
different ways can the remaining boxes be filled?

(4) (B) (©) (D) (E)
9 12 15 18 24
(E) 5

WM oW | | [

30 42 8ypall e 9 5 T o sall 05 0T Lk 031 9=3x3 5 T=2x3+1 :0f Lo
Y a M Lt Y M i 25,8 Sl Lam ey (3 e dandl B Slue Y £ 002 fy
gbf Y b oo G036 cupld) dam ey comed! i 3x Sygaall o Sus a4 aias O led
e 055 o b e SIS 1,4 k-l Lam ey (3x +1 Sypaall o (i 13U ad aas O
M b Ol gl 031 AN b adsual LRUST 2,58 Sl Llaay Wag (3x +2 8yseall

2 Gl sus JWby Lgell Bulg dd b W1 g e 2kl Sl M & L
3x2x2x2x1x1x1=24

Noting that 7=2 - 3+ 1 and 9 =3 - 3, the number between 7 and 9 must be
of the form 3x + 2 in order for the sum of the three to be divisible by 3. This

gives us the options 2, 5 and 8 for this square. The left square must be filled
with a number of the form 3x for the analogous reason, and this gives the

options 3 and 6. We therefore have a total of 3 - 2 = 6 possible ways to fill
the two squares next to the digit 7. Next to the 9, we again need a digit of
the form 3x + 1, and therefore 4 or 1, and next to that, a digit of the form
3x + 2, of which we still have two digits not yet used. This gives us a total

|Mawhiba



insg@oDfXd
@Mawhiba | Mawhiba.sa

dimgoglails
Kangaroollawhiba
Math Competiion

() b
| awniba

of 6 -2 -2 =24 ways to fill the 6 leftmost squares. This forces a single

option for each of the remaining squares, as these must be of the form 3x,

3x + 1 and 3x + 2, respectively, and there is only one digit of each type left

to place. This means that there is a total of 24 options to distribute the digits

in a way that fulfills the conditions.
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10. What is the units digit of the product (5° +1)(5" +1)(5" +1)?

(4) (B) (€) (D) (E)

(E) 4
L6 055 s (5" +1) Sdall 3N o8y .5 OsSG Wits 5" sdall sV o3

6 5296 T @dyands g (57 +1)(50+ D57 +1) el Jool 1T oy

The units digit of 5" is 5 for all positive integers n. Therefore the units digit

of (5 +1) 1s 6. Hence the units digit of the product is the same as the units
digit of 6° which is 6.
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11. A triangular pyramid has edges of integer length. Four of these lengths
are as shown in the diagram. What is the sum of the lengths of the other two

edges?
(4) (B) (€) (D) (E)
9 10 11 12 13

(C) »»J

Jigbl 0¥y . 4<a <10 wy (T-3<a<T+3 0l ud AUBD (o .Olpp bids S dylas aliseaaly
Wy (4—2<a<4+2 0l u& ADBC o J&b .a €{5,6,7,8,9} doepew slusi B>
a=503.ae{3,4,5} wy. 2<a<6

ot Jb (b €{6,7,8) Wy . 5<b <9 Wy (T-2<h <T+2 Ol if AUBC o Vil
b =603 .be{2,3,4,56} Wy . 1<b <7 g 4-3<b<4+3 0l ud AADC

a+b=5+6=11 & i
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We use the triangle inequality several times. From the triangle ABD we
have7- 3 <a <7 + 3, so that (the integer ) a € {5, 6, 7, 8, 9}. Also from the
triangle BCD we have 4-2 <a <4+2,soa € {3, 4, 5}. It follows that a is in
the intersection of the two set, so a = 5. Similarly from the triangles ABC
and ACDwehave 7—2<b<7+2and4 -3 <b<4+3. These giveb €
{6,7,8}andb € {2,3,4,5,6},s0b=6. Finally,a+b=5+6=11.

insg@ofXd N .
@Mawhiba | Mawhiba.sa K:,,cu.l.l yun .audga



|Mawhiba

9

frmgagylails
aroo Mawhil

Gl.&.n dj 1 OAZ\:M\:M&Q\@EHJ)&J..M’MT&& n! Jﬁcn wyw:-\&éiﬂlz
CN1=6!-71 O3 N saall aByi past o . 41=4.3.2.1=24 JUbI forw
12. For a positive integer », n! is defined as the product of all integers

from 1 to »n. For example, 4!=4-3-2-1=24. What is the sum of the digits of
Nif N1=6!-717

(4) (B) (€) (D) (E)
1 2 4 8 9
(4) I
N!=76!
=716-5-4-3.2
=713-2:5-4.3.2
=712.4.3.3.2.5
~718-9-10
~10!

0+1=1 g9l (a@fﬂ\ g3t <N =10 03)

N=71-6-5-4-3-2=71-3-2-5-4-3-2=71-8-9-10=10!.
Hence N = 10, and the sum of its digits 0+1=1,
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13.The graphs of the functions y =x’+3x*+ax +2a+4 all pass

through the same point, no matter what value of « is chosen.
What is the sum of the coordinates of that point?

(4) (8) () (D) (E)

2 4 7 8 &,ﬂ\!;‘;‘b‘f

none of the previous

(£) »

Ly =x43x 4x +6 QB a=108By =x+3x7+4 0B g=0 0513
o2l x =2 g x +6=4gwg ¢ x +3x +x +6=x"+3x"+400 &l
v =(-2) +3(=2)" +(-2)+6=(-8)+3(4)+(-2)+6=8

E 2 el JL3-103) . 24+8=6 UiV ggast & ng . (<2,8) (o Laddl Sl

Fora=0weget y =x’+3x*+4.Fora=1weget y =x’+3x°+x +6.
Therefore,

subtracting the first of these equations to the second one, we get 0 =x + 6 —
4, so x = —2. We substitute this value into the first equation to get

y = (—2)3 +3(—2)2 +(-2)+6=8. The solution is —-2+8=6, then E is the correct
option.

(Note: We can check that, in fact, (-2, 8) is a solution for any a.)
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tSdlb.g =k+S

14.We are given five numbers a,,a,,a,,a,,a;, whose sumis S . For each

we know that q, =k +S . What is the value of § ?

(8)

()

(D)

(E)

15

-15

15

&-«cugg‘b‘ﬂ

none of the previous

(B) s J>

SNy .a =1+S, a,=2+S, a,=3+S, a,=4+S, a,=5+S

S =a,+a,+a,+a, +a,

S=1+S+2+S5 +3+85 +4+S5 +5+8§

S =15+5S

48 =15

g1
4

We have q =1+S, a,=2+S, a,=3+S, a,=4+S, a,=5+S.But

insg@oDfXd
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S =a,+a,+a,+a, +a
S=1+S+2+S +3+S +4+S5S +5+S

S =15+5S

—48 =15

g1
4
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15. How many pairs of integers m and » satisfy the inequality
2m —2023|+[2n —m|<1 ?

(4) (8) (€) (D) (£)
0 1 2 3 4
(B) 52 4+

paadll 0 JSTOB Bl O34 1« m OF L 5 WL 0585 OF (S5 Y dallal) dagdll g OF oo
2023 of ©.1 éjw gsfig\j 0 ‘.-.43\“"5 LA ji 0 éj\mﬁ \.«9’))\5\.6! J\j..J\ ‘:3 (_;9’:5?,5&\ M\

Ml . [2m —2023[=0 OB g3 sus

2m —2023|=1

2m—-2023=1 or 2m-2023=-1
2m =1+2023 or 2m=-1+2023
2m =2024 or 2m =2022

m =1012 or m=1011

1 =506 g« m=1012 Of &l . gy sae m O caxiy Vo |2 —m|=0 N3 Joy
A(n,m)=(506,1012) 529 =1y <y zgy Y1 srgy ¥ 03)

Since the absolute value of any number is not negative and both m and n are
integers, both of the summands must be 0 or one of them must be 0 and the
other must be 1. Now, 2023 is odd, therefore [2m —2023|= 0, then [2m—

2023| =1 and so, 2m = 2024 or 2m = 2022 which gives m= 1011 or m =
1012 but, since |2n — m| = 0, m must be even and hence the only solution is
(n,m) = (506, 1012).
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is the largest possible number of camels in the row?

b B e doly aS 0y5lg Olgem IS, S of e L) Olge S A9 cawe & G123 iy 16
Sehnall & drlgy OF (S8 Jedt o0 s ST

16. There are 23 animals standing in a row. Each animal is either a camel
or a kangaroo. Everyone has at least one neighbor who is a kangaroo. What

(4) (B) (€)

(D)

(E)

7 8 10

11

12

CKKC CKKC CKKC CKKC CKKC CKK

Denote a kangaroo by K and a camel by C. CCC is not allowed, and CKC is
also not allowed (because the middle animal has not at least one neighbor
who is a kangaroo) . It means CCCC, CKCC, CCKC are also not allowed,
so between 4 neighbouring animals a maximum of 2 can be a C . From the
first 20 animals, a maximum 10 are C. For the remaining 3 animals at the
end of the row. They can only be ...KKC or ...CKK, so 2 of them are K’s,

so altogether there can be at most 11 C’s. It is possible:

CKKC CKKC ... CKKC CKK

insg@oDfXd
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Y WSy (S &l oyl o LewgY1 ot OY) COC ot G 050 o) .C Jodly koSl 30,8
oyl Caall G 055 o ¢ g (28 8T opglst o Lot 0 0Y) CKC sy

on OF 6T OO 81 e g Byglomie DUl ge gyl JS 0w &if olias 1A .CCCC,CKCC ,CCKC
WYy CKK ol KKC 055w adall B) Sblgadly (JU 8,80 S o dorgy Olgom s Jof
G Slgl Dbl Sl B fall ) . S o e 11 L s S o 101y S oot
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17.The number 5% can be written in the form »” for some integer » .
What is the value of » ?

(4) (B) (€) (D) (E)
5% 5¢ 5° 30 11

(C) »»J

n=>5 o i

Son=>5
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18. Mohamed has drawn a closed path on a rectangular prism, and then unfolded
it to give a net. Which net could show his path?

(4) (8) (€) (D) (E)

| r | —
AN N I T
(D) 5 J
SU) w gt Ll Y

S

l,fT' ]( . i | /F/’ J:J -

\;J
N
g
\ \ y

The nets given can be folded into solid uniquely. Following the path one
can see that only (D) is closed. Connections in magenta show which pieces
are glued together (i.e. belong to the same path).

~
\
.
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19. A pentagon is dissected into smaller parts, as shown. The numbers
inside the triangles indicate their areas. What is the area P of the shaded

quadrilateral?
(4) (B) (€) (D) (E)
15 31 16 17 18

(C) »»J

o led e 3l Gy dend!” O Al Godoy X, Y Gnemd J) BN U1 gy B o
P Iyt LSS "logasB S b Ly Al g5lus plisy Y

=3=X =3C =2-3=6

=2=Y =2D=2-5=10

Draw the diagonal across the shaded area, as shown. Areas A and B have
the same altitude and A = 3B so their bases satisfy a = 3b. It follows that X
=3C =6. Similarly F =2E so d=2c and so Y = 2D = 10. We conclude that
P =X+Y = 16. (Note that, more generally, what this is really saying is that
AC=BX and DF = EY . So the required area is X + Y = AC/B + DF/E,

here 9 x 2/3+5 x 8/4=16.)
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20. How many integers are factors of 2*°-3* but are not factors of 2'°-.3*?

¢010.320 34,10 Mb;wj 220 .32 siall :\-:?}L‘ dovonall (,,..»\jﬂ\ e 9520

(4)

(3)

(€)

(D)

(E)

13

30

273

460

&mu;‘;fby

none of the previous

(C) >

o P 2037 suall il O a1y . 2737 sudll qulgh 0 21737 suall OF LY

Adgl sl pps, p, OS5 " I B adseii OF Wil 27037 Sl gl B

&P A :pla‘ -pzaz ---p:" Sl ZL:-}L\ ool ‘...a\jﬁl\ dde OB dorgs doeorw sasi a0y, O,

"(oy +D(a, +1)..(a, +1)

Sdall gl 3us ¢ (1041)-(20+1) =11-21=231 sl 2'7-3% suall gl d e WLy

Sdall for gl el sl gdl) e 031 . (20+1)-(23+1) =21-24 =504 gglwy 2737

1504 -231=273 (Sgtems 2037 uall ol b G 9 27037

Note that the first number, 220323, is a multiple of the second, 210320. It
follows that each divisor of the second number is also a divisor of the first.
Now we will use the fact: "If p,,p,,..., p, are prime numbers and ¢, a,,....a,
are positive integers, then the number of positive divisors of the number
A=pl-pypiis (o +1)(a, +1)...(a, +1). Hence the total number of
divisors of the first number is (20 + 1)(23 + 1) =21 - 24 =504 and of the

second is (10 + 1)(20 + 1) =11 - 21 = 231. So the difference of the two,
namely 504 -231 = 273 is the required answer.
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S point problems

Bl ad) il

gf(x)+2g(1—x)=x20‘ﬂ.>bi\ pl pliad R Jo g of oW 21

BN 2k f (1-x)-g(x)=x"

21. Two functions f and g on R satisfy the system of equations
f(x)+2g(l-x)=x’and f(1-x)-g(x)=x>. Whatis f(x)?

(8)

(D)

(E)

4
Xi4+—x +=
3 3

x?—4x +5

pladl 33 Jigs dorgy ¥

here are no such functions

(4) s J>

gl AW Al & 1—x el x o Jagndl

f (1—1+x)—g(1—x):(l—x)

2

f(x)—g(l—x)=1—2x +x°

f(x)—g(l—x)zl—Zx +x°

f(x)+2g(1-x)=x"

RGN eUaa Jﬁ 9

A gy 3 () =3x7 —dx +2 e Jaf caedly 2 3 Jo¥ Al oy s e iy

.f(x):xz—éx +§

Putting 1—x in the place of x, the second equation becomes
f(x)-g(1-x)=1-2x +x*. Solving the system of the first equation and this

last in terms of f(x) and g(1 — x), by multiplying first equation by 2 and

adding, we get 3/ (x )=3x’—4x +2, and then f (x):xz—gx +=.

2
3
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22. In a bouldering competition, 13 climbers compete in three categories.
The score of each competitor is the product of his rankings in the three
categories. For example, if one is 4tk , 3rd and 6¢h , his final score is
4.3-6=72. The higher your score, the worse your overall ranking will be.
Salman ranks 1s¢ in two of the categories. What is the worst possible
overall ranking Salman can get?

(4) (3) (€) (D) (E)

insg@oDfXd
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2nd 3rd Ath Sth 6th

(B) >

A g Dbk By 065 0 (S JlaY Gl ¢ W1 S G Olda Jof Wb miogin
odls ik Lt (2:2-2 =8 AU ok & opdUll a4l Byl 055 0T (S8 111413 =13
G G ) as L Ol g OF (Sl o &ldig .3-3-1=9 Lyyldds 4318 s Cdgll i § T
Grys QY Gl G Ok o pediine crdline oo ST Sl 0555 01 (S Y &l OF s JLY)
Y Gl G Olehe o e prdlize 3 la OF opidd 13 xS Jo 2 dilgd) DLk
M) AL @ g5 AW BBLL § e g NSy (B Je 4 53 52 ga S5 ABLL § aesis
2% 3% 4% =3456 B il Y5 Al Sl Cp Jeol- 055 .3 92 5 1 BY1 s ga
$8lrys D Jol OB ( @Bl U AU drys 13 e 1sha U3 WO crdlill ST OST13) L BY1 e
I ga Olakd LU o Tgul 03) . @Bl e L S o 137 = 2197 058G Ailgd)
We show a way that Salman can be third. Salman’s points canbe 1 - 1 - 13
= 13. One competitor’s score in this case can be 2 - 2 - 2 = &, while another
competitor simultaneously has 3-3-1=9. We see that it is possible for
Salman to place third. We will now show that there cannot be more than
two competitors ahead of Salman. Salman’s score is at most 13. Let’s say
there are 3 competitors ahead of Salman. Their ranks in the first

competition are at least 2, 3 and 4, as are their ranks in the second
competition. Their ranks in the third competition are at least 1, 2 and 3. The

product of the total ranks of these three contestants is therefore at least

090 \ A
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2°.3%.4% =3456 . If all three competitors had a maximum score 13, the
product of their scores can be at most 13’ =2197. This is a contradiction, and
we see that there can be at most two competitors ahead of Salman.
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10 — 11
T

9 2
T T
8 1
T

7T + 6

21« 20 « 19

—

—

12 —

G4 i

18+

13

23. A spiral of consecutive numbers is created, as shown, starting with 1.
When the pattern of the spiral is continued. In which arrangement will the
numbers 625, 626 and 627 appear?

(4)

(8)

(€)

(D)

(E)
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627 626 — 627 o
T T 625
626 625 625 — 626 — 627 625 = 62 !
! 626
6;_ 627 !
2 627
(B) 52 4+

IS @ o (] 3l S 8 (@llg 1x1,3%3,5%5, .. sl Jigb¥) O1d Slayall bdas

roal) oot Bgeie JoY g O3S ok Balgull jlns . ay M1 Vi als S5 a0 (Sglm 1308 Sohall
Y oy ot 0w YV s e Baind 625 =257 0¥y (daadl iy dolgull sl Olosal)
B 52 peeal Jld eal] g g0

20— 19 « 18 +« 17

1 — 11

; 1
0 @ 2
T T
23 8 !
T

22 T +« 6

— b

21 « 20 « 19

—

21« 20 ¢

If we look at the squares of odd lengths 1x1,3x3,5x35,... that have a number
1 in their center, you will find in its upper left corner a number equal to the

|Mawh%a
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square of the side length of this square. The path of the spiral after it will be
an up arrow followed by a right arrow (to ensure the spiral continues in the

same pattern). Since 625 =257, the same thing applies to it, the arrow after it
will be up, followed by a right arrow. The correct option is B.
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24. A block in the shape of a regular tetrahedron has one face shaded. The

shaded face of the block is placed on the board on the triangle labelled
START | The block is then rolled from one triangle to the next by rotating it
about one edge. On which triangle will the block stand for the first time
again on its shaded face?

(4) (8) (€) (D) (E)

A B C D E

(E) 4

& S 2l Susli) gy 2 PLO,R 01 &% . P,O,R,S ol 1 a1 093 (coms
50 Ml ar gt gdasws My . W) 2L WS jludl o 093 )1 algs ot s & Bl aioga
CE S e 1oYW 8l o 5

y 7 A\

/ START \ /E

v 0 ; \/ \ 0

Name the vertices of the tetrahedron P, Q, R, S, with P, Q, R being the
vertices of the triangle in the starting position. Then we can follow the path
of the vertices through the movements as shown in the figure.
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25. Part of the fifth degree polynomial shown cannot be seen because of an
inkblot. It 1s known that all five roots of the polynomial are integers.

What is the highest power of & ~1 that divides the polynomial?
(4) (8) (€) (D) (E)
(x —1) (x —1)’ (x -1y’ (x -1)’ (x -1)
(D) 2

Aslbl e Jguad L&s Waygdor donglag 59031 8387 080 1, 1, 1y, 1y, Ty (B 391 S yader o4

X =1l =T = =) x =) =) (x —7)(x —75)

LY el OF am Mg Ly rrry =T (B8 Jgadt WSS el Bl w831 OB ot ¥lalas dylig
290 g gest 0¥y L Buslg 3hg =7 ¢ 7 cpdall ol g bty (1,-1,7,-7) dsgemel) gexs O
LLLL7 o it 0B ¢ 741+1+1+1=11 0¥y o(Carl o falt dlalas ylis o0 SM3g) 11 Syl
A 1) (3 =7) Bygeadt e 251 508 05555
Let #,r,n,r,,r, be the roots of polynomial. By forming the polynomial,
knowing its roots, we can obtain the equation

=1t =T = =) (x —n)(x =) —r)(x =)

Comparing the coefficients of the right-hand side with the left-hand side,
we get the product of the roots is 7 so the roots can only be of the form +1,
+7 (but with exactly one 7 or -7). Also, the sum of the roots is 11. The only
way to get 11 as a sum of a £7 and (four) £1’sis 7+1+1+1+1=11. So the

roots are 1 with multiplicity 4 and 7, and so the polynomial is (x —1)*(x —7)
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26.The large square in the diagram is dissected into four smaller squares.
The circle touches the right hand side of the square at its midpoint. What is
the side-length of the large square? Note that the diagram is not drawn to

scale.
(4) (8) (€) (D) (E)
18 20 24 28 30
(4)

M e e 81 W e gt JSCIL WS 1YY By 20 ga p SOV bt alio Job OF ok
A8 5 50 G sVl g OB (pheall b G gty BY) sled) dal ie e gty 34799 « S
Md Jese h=m A5G S g an osalar g (L B a2 3501 B Oy g
g ca-k =h-m Wl ool g das 0 OV . h=a—6=m,k =a—8
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a-(a—8)z(a—6)2
a’*—8a=a’>—12a+36
—-8a+12a =36

4a =36

a=9

2x9 =18 Gyl 1S b abo Jsb

|Mawhiba

ol Cun amga



insg@odf Xd

@Mawhiba | Mawhiba.sa

m |Mawhiba

Gem

]

Let the side length of the large square 1s 2a, the same as the rest of the
lengths as shown. Since the circle is tangent to the side of the large square,
and there is a right angle at the point of tangency (because it is an angle in
the small square), the green chord in the circle is its diameter. And because
the diameter of the circle is an axis of symmetry with it, and from its
perpendicular to the other chord in the circle, we find 4 =m . Furthermore it
h=a-6=m,k =a—8 . Now from intersecting chords theorem a-k =4 -m
and then

¥l

a-(a—8)=(a—6)2
a’*—8a=a’>—12a+36
—8a+12a =36

4a =36

a=9

Hence the length of the large square is 2x9=18.
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27. What is the greatest common divisor of all numbers of the form;

n’(n+1°(m+2)Y°(n+3)°(n +4)°

where 7 1s a natural number?

(4) (B) (€) (D) (E)

2933 2335 203°53 283253 293%5°

(E) s

Fopy 17220345 =27.37.20.5 227375 sag 50 sl o foamiw i 1 =1 Lk
idme sl it (Y Oyl Jols OF L arttgd uaf 5T 273757 09w S SRl uldl) 0B
Olislas o WA 2 suall Olislizs o cpsds BY s g2 n(n +1)(n +2)(n +3)(n +4)

3 sl Slislas o ds e B Jo (ggi8 SIS 5 (4 sual)
5l Olislias e U Js (sq8 SISy
12:3:4:5=27-35 ga e sl L 00 Job S Sl il o (o

n’(n+17°(n+2)° (n+3)° (n +4)° 8yt Jo F RPN tod S Dl el 0585 Mg

Sl
(2°3:5) =2°-3°-5°

For n =1 we get the number 1°-2°.3°.4°.5° =2°.3°.2°.5° =2°.3°.5° So the
greatest common divisor is 2°-3*-5’ or some divisor of it. We show that it is
actually this number itself. This is because n(n+1)(n+2)(n+3)(n+4) is a run
of five consecutive numbers so there are a) at least two multiples of 2 (and
one of the two will be a multiple of 4), b) At least one multiple of 3 and c)
at least one multiple of 5. So all the numbers are a multiple of at least

2.3-4.5=2"-3.5. The cube of this, which is (2°-3-5) =2°-3°.5* will be the

required answer.
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28. The numbers from 1 to 11 are to be placed in the hexagons so that the
sum of the three numbers around each of the six black dots is the same.
Three of the numbers have already been placed. What number will be
placed in the hexagon with a question mark?

(4) (8) (€) (D) (E)
1 3 5 7 9
(E) 4
g« A+B +6=X +B +4 jledl a8 § (paidl o KB LS Slslhed! g
A+2=X

A£ 4 +2=X Bslall o 83y (4 +Y +C =X +D +C Jawgl & opaltdl o
9Y +E+2=D +E +11 el a8l & o) 09 .Y =D +2 g« A+Y =4 +2+D
?2=11-2=9 @y D +2+?7=D+11 &4 Y =D +2 dslabl ;o 83tV

Let’s name the hexagons A,B,C,D,E.X and Y as in the figure. Considering
the two leftmost dots we get 6+ A+ B=4+B+ X, s0 X =A + 2.
Considering the two middle dots we get4 +Y +C =X +D +C , by using
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A+2=X wecan find 4 +Y =4 +2+D ,then Y =D + 2, and finally, using
the two rightmost dots we getY +E +?=D +E +11, by using Y =D +2we
canget D +2+?=D +11, then 2+?2=11,s0 ? =09.
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29. Two identical cylindrical water tanks contain the same amount of water.

One cylinder is standing upright, and the other is leaning against it, and the
water level in each of them is the same as in the picture. The bottom of each
of the cylinders is a circle with area 3z m”. How much water does each tank
contain?

(4) (8) (€) (D) (E)

slaall Slaghall yo dydond) foowndl 0

337 m? 6x m’ 9 m Zom it’s impossible to determine
from the information given

(C) 5 I
eSOl L7 =3 g 3= 77 Goled BUS ) Bt 1 g Ol BUSB lad s OF o
ol 881 O G sll) S (] I gy O P O3 8 sl deS Cai Solus SO 3 s
Tty - 2h =1 \gsy chz%l g9 cﬂrzh:%m”zl Aalalt psST LSS ¢ ¥ 01331 3 sl B
[,2r 4038 Al @) W1 Il & ag (st 53N h 438 Al woy [ 055 S @SN U
JWby (g 555 Layl

[=2r\B3=2h=2rB=>h=r3

éj‘-«%‘-’b—’g}sg} ;&\Wdﬂjch =\/§-\/§=3 ‘-"‘L..'Si

rh =7z(\/§)2 3=97
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Let the radius the bottom of of the cylinder be r. hence the area of the base
is 37 =zr, then r =+/3. In the first (upright) cylinder we see the rectangle
2r xh and in the second (leaning) cylinder we see the right triangle with the
cathetuses 2r and £. From symmetry considerations, it is clear that if we
pour water into the upright cylinder up to the level £, it will contain twice as
much water as the second cylinder (and the first) is containing now. Thus, £
= 2h. Therefore the right triangle (pictured) with the cathetus h and
hypotenuse € has the angles 30° and 60° From the right triangle with
cathetuses ¢ = 2h and 2r we then obtain # =~/3-/3 =3. So, each cylinder
contains 3 - 3w = 91 m’ of water.
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30. The product of six consecutive numbers is a 12-digit number of the
form,;

abb cdd cdd abb

where the digits %°2>¢ and @ are themselves four consecutive numbers in
some order. What is the value of the digit 4 ?

(4) (3) (€) (D) (E)

5

(C) 0

ool OF (6 .5 sl Clislias o BY1 Jo dxlg susg dergy 31l B dor gy Aline Stusl daw (6T o
1,2,3 o\ a,d,c O i b =0 Of olims 1hag (10 3l Slislas o O dandl SN oy
OF T (Gl 1 39,0l o)

a+c+d =6
ot 058G Al S O Juol UF (61 .3 sl Olislias e Ol3ds dr gy Adlas Slsl e (6T o
GIRY &) :.\.c‘}.&.gn\.;ﬁj .9 Sl Slielas 0 2a+2c +4d Of olire \.:\.bj L0 sdsdl Llisliae

a+c+2d =9

.d =3 Oi@é:mi a+tc+2d =9 g a+c+d =6 ol e

Among the six consecutive factors in the product, three of them are even
and at least one must be a multiple of 5. Hence the product is a multiple of
10 and so digit b must be zero. Since the digits are consecutive, it follows
that a, c and d are equal to 1, 2 and 3, in some order. In particular,

|Mawhiba
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at+c+d=6.

Next notice that among the six consecutive factors, two of them must be
multiples of 3. Hence the product is a multiple of 9 and so therefore is its
digit sum. But the digit sum is also even, since each block of three digits
occurs twice, so half the digit sum must also be a multiple of 9. Given that b
= 0 and the remaining digits are at most 3, we deduce that

atc+2d=09.

Subtracting the two equations shows that d = 3.
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