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m goes on and on,
and e is just as cursed.
I wonder, how does 7 begin

When its digits are reversed?

- Martin Gardner



Pi Day Mathematics Competition

Rules of the Competition

This test consists of 40 multiple choice questions. Each question is followed by answers
marked A, B, C, D, and E. Only one of these is correct.

Mark your answer to each problem on the provided answer sheet. For each question,
blacken the circle corresponding to at most one answer choice. Completely erase errors

and any stray marks. Only answers properly marked on the answer sheet will be graded.

SCORING: There are three sections in this test.

Section 1 consists of 25 questions, each one worth one point. Section 2 consists of 10
questions, each one worth two points. Section 3 consists of 5 questions, each one worth

three points.

A correct answer to a question earns the full point value of the question. An incorrect
answer carries a penalty of 25% of the point value of the question (that is, there is a
penalty of 0.25 for incorrect answers in Section 1, a penalty of 0.5 for incorrect answers in
Section 2, and a penalty of 0.75 for incorrect answers in Section 3). You neither win nor

lose points for questions that are left unanswered.

Contestants may not consult textbooks, notes, other people (apart from teammates),
electronic devices (including calculators, mobile phones, etc.), or any other resources during
the test.

Figures are not necessarily drawn to scale.

Before beginning the test, please make sure to write the name of your school and the

names of all members of the team on the answer sheet.
You have 90 minutes to complete the test.

At the end of the 90 minutes, each team should submit one answer sheet.
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Section 1

There are 25 questions in this section. Each question is worth 1 point. An incorrect answer

carries a penalty of 0.25 points.

1.

The product of the recurring decimals 0.3 and 0.6 is the recurring decimal 0.z. What is

the value of 7

(a) 1 (b) 2 () 5 ) 7 () 9

. If 23 < 22 < z, which of the following could be the value of 2?7

(a) =2 (b) =% () % (d) 1 (e) 3

. Which of the following is not a subset of {1, {2},{1,2}}?

(a) {1} (b) {2} (c) {{1,2}} (d) {1,{2}} (e) {1,{2},{1,2}}
. If%-&-%-&-é-ﬁ-%o:z, then%-i—%-&-%—%isequalto
(a) z+1 (b)x+2 (¢c) z+3 (d)z+4 (e) x+5
Lo V2V2 4298
. The quantity W equals
(a) 1 (b) 2 (c) 3 (d) 4 (e) 5

. Instead of multiplying a number by 4 and then subtracting 330, I accidentally divided that

number by 4 and then added 330. Luckily, my final answer was correct. What was the

original number?

(a) 220 (b) 990 (c) 144 (d) 176 (e) 374

. The distance from Doha to Al Ruwais is 100km. A car drives from Doha to Al Ruwais at

90km/hr and makes the return trip at 75km/hr. What is the average speed for the round
trip (in km/hr)?
(a) 80 (b) 900/11 (c) 740/9 (d) 165/2 (e) 85

. Maha has a number of identical equilateral triangle shaped tiles. How many of these must

she put together in a row (edge to edge) to create a shape which has a perimeter ten times

that of a single tile?

(a) 14 (b) 20 (c) 25 (d) 28 (e) 30
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9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Which of the following numbers is positive?

(a) sin2023° (b) cos 2023° (c) tan2023° (d) sec 2023° (e) none

The sum of the numbers from 1 to 100 is 5,050. What is the sum of the numbers from 101
to 2007

(a) 15,050 (b) 15,500 (¢) 50,050 (d) 50,500 (e) 150,500

Three fair 6-sided dice are thrown. What is the probability that the three numbers rolled

are three consecutive numbers, in some order?

(a) § () 5 (c) % (d) 55 () 51
If (5—-5"1)"1 +371 =2, then 27! is equal to
(a) I3 (b) 3 () 12 () 3 () 5

On Qatar National Day there is a game where contestants throw a circular disk with
diameter 3.8cm onto a rectangular floor completely tiled with 4cm by 4cm squares. A
prize is awarded if the disc lands completely inside a tile. Assuming that the division lines

between the tiles are infinitely thin, what is the probability of success?
(a) 10 (b) 560 () 300 () 70 (e) 1

The solution set of the equation 3|z + 1| + |z — 2| = 7 is

(a) {=2,2} (b) {-1,2} (¢) {=2,1} (d) {11} () {=2,-1,1,2

In how many ways can four boys and four girls sit around a round table such that no two

boys are next to each other?

(a) O (b) 120 (c) 144 (d) 288 (e) 2520

Let y = Va®t! where a # 1 is a positive real number. What is the value of z?
(a) logoy +2  (b)log,yy — 1 (c) logy/2 =1 (d) glogey + 1 (e) 2log,y — 1

What is the remainder when f(z) = 2202 4 322 + 14 is divided by z + 17
(a) 12 (b) 13 (c) 14 (d) 15 (e) 16

A four digit pin is made of numbers from the set {0,1,2,3,4,5,6,7,8,9}. The left most
digit is not zero in any pin. How many different pins can be made if the digits in the pin

are in the increasing order when written from left to right?

(a) 0 (b) 126 (c) 36 (d) 72 (e) 288
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19.

20.

21.

22.

23.

24.

For every positive integer n, let ap+1 = /1 — a, where a; = 0 and b, = (—1)"71. What
is the value of a19p + b1oo + agy + bgg?

(a) -2 (b)-1 (¢) 0 (d) 1 (e) 2

Six kids U, V, W, X, Y and Z have different heights. If the following premises hold:

e X is taller than W e V is taller than W
e 7 is not the shortest e Y is the tallest kid
e 1 is shorter than U e 7 is taller than U but shorter than X,

which of the following is the correct order of the kids’ heights from tallest to shortest?

(a) YUZXVW  (b) YZUXVW  (c) YUXZVW  (d) YUZXVW () YXZUVW

4Tty \/9z+y
Let VAT VT = 36372, What is z?
61ty
(a) 1 (b)0 (c) —1 (d) -2 (e) =3

Let BAC be a right triangle with measure of the angle BAC is 90°. It is also given
that points D and E are on the sides BA, BC respectively and the line segment DE is
perpendicular to side BC. If |[BD| = 4¢m, |DA| = 16 ¢cm, |AC| = 15¢m, and |BE| = z cm,

what is the value of x?

Let f(x) = —x2 + (m — 2)x — 3. If graph of f(z) touches the 2-axis but does not cross it,

what is the sum of all possible values of such m?

(a) 5 (b) 4 (c) 2 (d) -3 (e) -4

The pages of a history book are numbered using positive integers, that is 1,2, 3, .... If the

total number of digits used in numbering is 2022, how many pages are there in the book?

(a) 576 (b) 611 (c) 678 (d) 710 (e) 735
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25. Ahmed can finish a task in z + 3 days if he works just by himself. Mahmood can finish
the same task in 4 days by himself. If they work together then they finish the task in 3
days. What is 27

(a) 7 (b) 8 (¢) 9 (d) 10 (e) 12

Section 2

There are 10 questions in this section. Each question is worth 2 points. An incorrect answer

carries a penalty of 0.5 points.

26. If we are given that fi(z) = o T and fot1(x) = fi(fu(z)) for all integers n > 1, then

+1
fa023(z) equals:
z 2023x x 2023x T
(a)

_r | T
0251 Vet 9Yaram Wi ©) S03@ 1

27. When each of the four numbers 1, 5, 8, and z are increased by 1, their average is x. What

is the value of x?

(a) 5 (b) 6 (€) 7 (d)8 (e) 9

28. In the given figure, O is the center of the circle, measure of the angle AOB is 90° and the
line segment AB is tangent to the circle at the point T'. If |AT| = 5¢em and |TB| = 20 ¢m,

what is the area of shaded region in em??

A 5T 20 B

(a) 25(5—7)  (b)25(Ad—7)  (c) 25(3—7) () 252-71) () 25(1— )

29. A vendor is carrying some eggs in a basket and expects to sell all of them at the market.
Unfortunately, some eggs are broken on the way to the market. In order to match his
original expected total sales income, the vendor raises the unit price of eggs by 25 percent.

What is the ratio of number of broken eggs to the initial number of eggs?

(a) 5 (b) 1 (©) 3 (d) 3 () %
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30. Let z and y be real numbers with = + y = 10 and zy = 15. What is the value of % + %?

(a) § (b) ¥ () ¥ () 3 () ¥

31. For any positive integer n, let n! =1-2-3-...-n. So, for example, 5! =1-2-3-4-5 = 120.
What is the remainder when 5! 4 6! + 7! + - - - 4 20! is divided by 25?
(a) 5 (b) 0 (c) 10 (d) 13 (e) 4

32. What is the value of the following expression?

V2
2+ ———H

2+
V2
24+ —

(a) 0 (b) 1 (©)1+/(1+v2) (@1-4/(1+V2) (e)2

33. P is a cubic polynomial with P(0) =1, P(1) = 2, and P(—1) = 3. What is the value of
P(2) + P(—2)?
(a) 6 (b) 8 (c) 10 (d) 12 (e) 14

34. Determine the sum of the distinct real solutions of the following equation:

Vir +5—V32x +16 =7z — 13 — V6 — 2

(a) 5 (b) 17 () 0 (d) -5 (e) —17

35. Let ABCDEF be a regular hexagon. If the shaded area is 720v/3 ¢m?, find the length of

a side of the hexagon in cm.
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Section 3

There are 5 questions in this section. Each question is worth 3 points. An incorrect answer

carries a penalty of 0.75 points.

36.

37.

38.

39.

40.

A bug sits at a corner of a rectangular box. The dimensions of the box are 1 x 1 x 2. The
bug can only travel on the faces and edges of the box. Find the length of the shortest path

for the bug to travel from its corner to the diagonally opposed corner.

(a) 4 (b)1+V5 (c) 2+v2 (d) 2v2 (e) 25

Positive integers = and y satisfy the equation 22 + 2zy + 2y? + 2y = 1988. What is the
largest possible value of z + y?

(a) 33 (b) 38 (c) 42 (d) 46 (e) 47

Whenever the below expression is defined,

cos(50x) N sin (%) + sin (37“) + sin (57“) + - +sin (%)

sin(z) cos (%) ’
it evaluates to

(a) tan(x) (b) cos(x) (c) sin(x) (d) cot(x) (e) csc(x)

The fraction § is positive and in lowest terms, so that a and b are positive with no

common factors greater than 1. When Basil adds the integer n to both the numerator
and denominator of the fraction ¢, the result is double the original fraction. When Basil
subtracts n from both the numerator and denominator of the fraction 7, the result is triple

the original value. The value of n is:

(a) 13 (b) 18 (c) 21 (d) 24 () 28

How many factors of 10800 = 24 x 3% x 52 are not multiples of 36 = 22 x 3%?

(a) 42 (b) 45 (c) 48 (d) 54 () 60
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A AP
0.75 aeadd 23hla Ala) <5 ¢ BlE D6 JIg IS o Angmall LY miad Yisw (5) Glo adll 138 5 53y

Ay

saasl e ohal s pall (e 1x1X2 (& (3 siall sl Jiliise (3 53ia ik e 3 p8a (dai 36
Lok L aalpall GO ) LS, g JE 8o0al (S Cumy Gaob el aa) Gsaiall il s

(a) 4 (b)1+vV5  (c)2++V2 (d) 2v2 (e) 245
LiCasdad ,SH o Lo, X2+ 2xy + 22 + 2 =1988 Asladll y 5 X Lo sall dagaall dac) gins 37
X +y
(a) 33 (b) 38 (c) 42 (d) 46 (e) 47
Dl 13 (g e oy Lerie 38

cos(50z)  sin (%) + sin (35) +sin (3£) + -+ + sin (%%)
sin(z) Cos (E)

e (5SS
(a) tan(x) (b) cos(x) (c) sin(x) (d) cot(x) (e) csc(x)
On ST dalse 03 Ol b s @ Ol ol Gam oy sem el (3 Ciasa oS s 2 S0 39
Leaie o) ol Conia Gl ()5S % ol i 5 oy S N sl el sy Gy Ladic 1
o N A la¥) ol Cilaal 2530 Aal) ()55 7 el lie 5 danss S a1 Sl oy
(a) 13 (b) 18 (c) 21 (d) 24 (e) 28
€22 x 32 = 36 liclias (4o G ) 24 x 33 x 52 = 10800 Jalse 232 oS 40

(a) 42 (b) 45 (c) 48 (d) 54 (e) 60
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AT AELIS = xy 510 = x + y S okl ey 5 x o om il 30
@ e e e @

cdidl dum e ap 302 -1 = nl s cos se puaia 2 Y 31

25 A 120 + - + 17 + 16 + 15 4aud 2ie 3l e 120 = 5 -4 -3 -2 -1 = 5!

(@)5 (b) 0 (c) 10 (d) 13 (e) 4

£ sba (Y1 e 61 .32

2+ V2
2+ V2

1%

2+

(@) 0 (b) 1 (c) 1+ /(1+\/§) (d) 1- /(1+\/7) (e)2

£P(2) + P(=2) 4 lo.3= P(-1) ¢2 = P(1) ¢ 1 = P(0) i otsnill 2550l S e 5l P .33
(a)6 (b) 8 (c) 10 (d) 12 (e) 14

VAx +5—3x + 16 = V7x — 13 — V6x — 2 Al Alaleall ddbisall 48l Jslall ¢ sana 2a5f .34
(@)5 (b) 17 (c)0 (d)-5 (e) =17

, IS 720v3 cm2s Alaall dalidll cilS 13) abiiie W o 3 oulaw JS5 8 ABCDEF off = 51 .35

.CmM 33s 53 W55 b il aaf Jsha aa )

(a) 12 (b) 14 (c) 20 (d) 22 (e) 24
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ABOM Jlaayl aaall IS 13 1,2,3 . A sall Aanall dlae ) aladiuly A ye g )l QS Glada 24
Sl Cladin sae oS8 2022 a5l b dediiudll
(a) 576 (b) 611 (c) 678 (d)710 (e) 735
A4 00 jie Aagall i la) 43Sy 3 gana 03 jiay Jae 13 pll X + 3 b dage Jla) 48 2aal 25
X e o La a3 0 Lowdi dagall o] LagiSay Lae LaaDIS Slae 13)

@7 (b)8 (c)9 (d) 10 (e) 12
(G acdll
A 0.5 peadt A4 Aula] IS5 el Jlpms S (e Ammall BaY) i AL (10) o ) 138 5 sty

fa023(x) & «1 € n dspmaall el maal f 4 (0) = fl(fn(x)) s fi(x) = 11 <ils 1)) .26

X

Sk

x 2023x x 2023x X
(a) 2023x+1 (b) 2023x+1 (C) x+2023 (d) x+1 (e) 2023(x+1)
$X Aad Al X Lehusio 058 ¢ 1 Ll X 58 55 51 A ,¥1 AE Y1 e JS50k ) a3 Levie 27

()5 (b)6 (€7 (d)8 (e)9

e AB piiusall Aakad 5 90° (5 5b AOB Zagl 3l (ulii g ¢ 3501 S ja (& O ¢ iagall JSSI 828
Sem? 53a 52 Alllaall Aibuiall dalus Le « | TB| = 20cm 5 |AT] = 5cm 13} . T akiil xie 5 yilall

A 5T 20 B
(a) 25(5 —m) (b)25(4 —m) (c)25(3—-m) (d)25(2—-m) (e)25(1—m)
Gkl (8 Ol (axy oSSl Laall o sl (8 gl B Gea Lern @B Al (8 Gl (any desy &3 129
25 iy 32l gl Aml) paas g @l s ¢ @B siall ha¥) el Jaa Jlea) dithal G5 sdl
Sl A5V aaed) 1) ) gl (mll aae A o L A0l

S w

(a)< (b); (©)3 (d)= (e)
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Bl b= (1) 5a1=0 em anyy = ST =@y o sms € N e se g 2 UK 19
£ ay90 + b1og + Qoo + bog

(@) -2 (b) -1 ()0 (d) 1 ()2

DAl Jo g 5 pedde ciiada) 131 Adliae Ll agedd ULV, W,X,Y,Z QUi a5 .20

Woe dshi X o
W e dshbiV e

J)JaS“ KXY e
=il Z e

Ucw el o
X ooyl (U e skl Z @
( Opadl () D) e i 51) 5BV ) JRY) (e il il manall (i 3l g8 M e s
(@) YUZXVW  (b) YZUXVW (c) YUXZVW (d) YUZXVW (e) YXZUVW

\/1.:- by \/“vr by apdzts
= 3677

X dad oo Lo, 6l+y Uil 21

(a) 1 (b)0 (c) -1 (d)-2 (e)-3

e e E 5 D osihidl) of LS, 90 wBAC sl by gl 3l o8 BAC il of (= yiél .22
|BD| = 4cm, JS 1) . BC alaall e 43 gae DE aiicsall dakid 5 NI sl e BCBA il 2lia
X 4a8 L& |DA| = 16 cm, |AC| = 15 cm, |BE| = x cm,

A
b 15
B xr E 0
(a) 2 (b) 2 (c)5 (d) 4 (e)3

AR Y 81 X saall Guadls f(X)J Sl au sl S 13 f(x) = —x2+ (M — 2)x — 3 o gl 23
m J Aaall adl) J< & sane Lad

()5 (b) 4 (c)2 (d)-3 (e) -4
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S 5o A0 Slac Y (e 6l 9

(a) sin2023° (b) cos2023° (c)tan2023° (d)sec2023° (e)»xnV

200 1 101 (s 322 ¢ sana L 5050 52 100 ) 1 e JaeY1 g 530 .10
(a) 15,050 (b) 15,500 (c) 50,050 (d) 50,500 (e) 150,500

€ il e 0 An sl ) 53 2510 jaa ey e Aliie lae] AW sels Allaial L 11

OF (b)5 OF C)F ©;
ot X1 Ae@ (5 -571) T+ 371= x S 1) 12
(a)2 (b)2 © 2 (d)2 OF

dnn )l Glo an 3.8 55k ok (500 pa B e e D Lea a sy Al Alin | bl JlE a8 13
e JaIL G il Jaaa 1303 0a e e 4 A w4 JSEN Ax ye ildadly JalSIL adalic alidaie
€55l Alaial Le | iled Y JS8 by DU (s Aealil) o pladl) (ial i) e AL

1

(a) = (b) 5o ©) 55 (d) 5 (€)1

200
& 3|x+ 1]+ [x = 2| = 7 Walaall Jglall Ze s0ns 14
(a){-2.2} (b){-1.2} (c){-2,1} (d){-1.1} (e){-2,-1.1.2}
e cpals (s Ol Y o gy 2 il A gl Jam Guslall iy i 5 295l Aag,Y oS 485k o8 15
Slagainny
(@)0 (b) 120 (c) 144 (d) 288 (e) 2520

X Aad a e Glis Cingade g #1058 Cusnyy = Vart of (=il 16
(@) logay +2 (b)logayy =1 (c)logay/2 =1 (d);logay +1 (e)2logey —1

Ox+1 Gle f(x) = X202 + 3x2+ 14 dand L 8 L 17

(@) 12 (b) 13 (c) 14 (d)15 (e)16

OSar ¥ Jldl sl 82801 {0,1,2,3,4,5,6,7,8,9} 4 senal) e o)l wo il (10 (1580 s 85 .18

Laelial 45 pe Aaaiunall ald )Y il 13) 4y 5S35 Sy Callidia (g s o) oS (g e ) (sl (B | s 0555 0
Sopadll (A Jlll e

(a) 0 (b) 126 (c) 36 (d)72 (e) 288
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J¥) andl)

0.25 aeadd dikla Ala) S5 danl 5 4t Jlgu JS e daganal lay) zid Yisw (25) Gl andl) 138 5 siny

¢ X dad Al 0,5 I g pdall 2l 2 0,6 50,3 Al Ay ydall daeY) @ duala 1

(@) 1 (b) 2 ()5 ()7 )9
?xwu}sﬂoi‘aﬁqgmqﬁ X>x2>x3 culkly) 2
(a) -2 (b)= (c)2 (d) 1 OF
S{2 1} {2} 1} 0o iin Ao pana pad Ll sl .3
(@) {1} (b) {2} (c){{12}} (d) {{2}1} (e) {2 <1} < {2} 1}
Gt T — O x = o o a4
(@x+1 (b)x + 2 (c)x + 3 (d)x + 4 (e)x + 5

V2V2 + 28
5 sb V22 Dldl 5

(@1 (b) 2 (c)3 (d)4 (e)5
Lall puals 330 inal &3 4 (o 20al 138 Fandy Uadlly 2 ¢ 330 £k 54 (22 a0 Y2 6
fla¥l sl s Lo Asgaa Ailedl) Sils) cailS
(a) 220 (b) 990 (c) 144 (d) 176 (e) 374
psiigdclu /oS 90 de yu Gu o)l (G Aa gall (e 8 bl jaud LS 100 & Gl A sall (e dilddl 7
fAcla /[ &S) Uty Lad Al 1 Ao pull davs gin 58 e Aelu [ oS 75 e jun 5352l Als
(a) 80 (b) 900/11 (c) 740/9 (d) 165/2 (e) 85
letle cany ) D) aae S e DLl A sluie il IS5 e Aglaiall Gl (e 230 Laal e 8
$5aa 5l) A3} Jasne el e Jasaa 4l (S5 383 (Aladl ) A8A) (0) Caa b Lo

(a) 14 (b) 20 (c) 25 (d) 28 (e) 30
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