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Lr we '.t : There are 25 questions in this section. Each question is worth 1 point. An incorrect answer
niversli .‘ carries a penalty of 0.25 points.

Qatar
1. Four teams, consisting of four members each, are invited to CMUQ. If CMUQ chooses at
most one speaker from each team to share their experience. In how many ways can CMUQ
ig?
Pi Day Mathematics Competition s i
(a) 81 (b) 256 (c) 257 (d) 258 (e) 625

Rules of the Competition a+b

2. Let a,b, ¢ be positive real numbers satisfying .

e This test consists of 40 multiple choice questions. Each question is followed by answers ment is always correct?

< % + 1. Which of the following state-

marked A, B, C, D, and E. Only one of these is correct,

e Mark your answer to each problem on the provided answer sheet. For each question, (@) c<d (b)b<ec (€)a<bd (db<a (e)a<e

blacken the circle corresponding to at most one answer choice. Completely.r erase errors 3 Byl nie = Hasln—e e o =St pisagul by
and any stray marks. Only answers properly marked on the answer sheet will be graded.

e SCORING: There are three sections in this test. (a) 4 (b) 12 (c) 20 (d) 32 (e) 40
Section 1 consists of 25 questions, each one worth one point. Section 2 consists of 10 1 1 1
questions, each one worth two points. Section 3 consists of 5 questions, each one worth 4 Ita= V21 and b= V2+1 then o N equal to

three points.

(a) 1 (b) V2 (c) 2v2+1 (d) L2 (e) 2+ 2

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 o . )
. . . . ’ . 5. When 220!® 4 1 is divided by z — 1, the remainder is:
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 (a) —1 (b) 0 (c) 1 (d) 2 () none of these

lose points for questions that are left unanswered.
3n+1 + 3n on _ 2@2—1

e Contestants may not consult textbooks, notes, other people (apart from teammates), 6. 5.gn-2 + on—2 is equal to
electronic devices (including calculators, mobile phones, ctc.), or any other resources during
the test. | (a) 12 (b) 14 (c) 16 (d) 18 (e) 20
¢ Figures are not necessarily drawn to scale. 7. A water pump running at full capacity can fill an empty swimming pool in 12 hours. If 20
o Before beginning the test, please make sure to write the name of your school, your team'’s 3 percent of the water being pumped gets diverted for other uses, how many hours would it
name (if you have one) and the names of all members of the team on the answer sheet. take for the same empty pool to be filled?
e You have 90 minutes to complete the test. (a) 15 (b) 16 () 17 (d) 18 (e) 20

o At the end of the 90 minutes, each team should submit one answer sheet.
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8. In a small library, books are either in Arabic or in English. If the ratio of English books
to Arabic books is % and the number of Engiisk books is more than 400, then what is the
minimum number of books in the library?

(2} 891 (b) 1195 (¢) 1296 (d) 1312 {e) 1397
9. Which of the following expression is the most simiplified expression equal to

4¢® +16a® o —16a
dg? +-12a ~ a? - a~12

(a) 1 (b) 2 ©f e (&

10. Let N be the set of positive integers. Let
A={zl11 <2z <1200, r=4n,n € N} and
B={y|8 <y <900,y=6k keN}.
What is the number of elements in A N B?

{a) 64 (b) 66 (c) 68 @m (e} 74

11. What is the remainder when 32138 is divided by 57

(a) 4 (b) 3 (c) 2 (d) 1 {e) O
1. Lot & + % =1 and a? + b = 24. Which of the following is a possible valne for the product
o
of a and 4?
(a) 4 (b) 6 () 8 (d) 10 (e} 12

13. Let ABC be a triongle and measure of the angle BAC is 120°. It is also given that
|AB| = |AC| and |DB| = |BE|, then measure of the angle AFD is

A

{a) 30 {b) 35 {c) 40 {d) 45 (¢) 50
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14. Let ABCD be a parallelogram having the area 80 cmi®. 1t is also given that |EF| = $|AB|
and |GH| = %EDC[, then area of the polygon EFHQ in em? is

D I &4

8
(a) 8 (b) 10 (¢) 12 (d) 15 {e) 18
15. Ifcosde = % and sin 3z = —3';—5, then find the value of & in degrees?

(a) 80 (b) 100 (c) 120 (d) 240 {e} 300

16. U0 <2 <% and cobz + i_fjé‘cﬁx =2, then & s

{a) 3 (b) 5 (¢) (@) § () &
17, If logyg z = logg(z — 2} then sum of all z satisfying the given equation is
(a) 9 (b) 6 (c) 5 (d)4 {e) 1

18, Suppose there are 2 white, 4 black and 6 blue marbles in a box. If we draw two marbles
out of box at the same time, what is the probability that one of the marble is white and
other one is black?

(2) 3 (b} £ (@ £ (d) 35 OF:

19, The sum of the roots of the equation 42 — 8z + 5 = 0 is equal to:

{a) 8 {b) 2 {c) —5/4 (d)y -2 {e} rione of these

20. The area of the largest triangle that can be inscribed in a semi-circle whose radius is r is:
(a) r? {b) #2 (c) 2r2 (d) 23 {e) 377
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91. As the number of sides of a polygon increases from 3 to n, the sum of the exterior angles Section 2

formed by extending each side in succession:

There are 10 questions in this section. Each question is worth 2 points. An incorrect answer
(a) increases (d) increases then decreases carries a penalty of (L5 points.

(b} decreases

L Bet /& + T + v/ ~ /T = 2. What is the value of &7

(c) remains constant {e) decreases then increases
() 3 ®) § () 1 (@2 () V2
22. The roots of (2% — 3z + 2)(@)(z —4) = 0 are:
(a) 4 (b} 0 and 4 {c) 1and 2 {d)0,1,2and 4 (e} 1,2, and 4 2. The equation x”"’ = 2 js satisfied when x is equal to:
23. If the length of a diagonal of a square is a -+ b, then the area of the square is: {a} infinity (by2 () V2 () &3 (&) none of these

{ﬂ) (C_l —+ b)2 (b) é(a -+ b}2 (C) 0,2 + b2 (d) %(az + b2) {e) none ofthese 3. If az = cr = b and ay - cs . d, then:

24. The bottom; side, and front areas of a rectangular box are known. The product of these (a) 25 = ry (b) r_T @ztrs=rty{daz—r=s—y(e) al=s
areas is egual to: g ¥

(a) the vol e b 4. Let n be an integer. How many integer solution does the equation n® + 3n = 199 have?
a} the volume of the box

(b) the square root of the volume (a} 0 b1 {c) 2 {d) 3 {e) infinitely many

(c) twice the volume 5. Let |AB| = dem and |FC| = wem. If the squares ABCD and ADEF are perpendicular
(d} the square of the volume to each other and equal in sizes, then what is the value of .

(e) the cube of the volume .

25. If in applying the quadratic formula to the quadratic equation f(z) =az? +br+c= 01t
happens that ¢ = b%/4q, then the graph of ¥ = f{xz) will certainly

{a) have a maximum I b C
(b) have a minimum
{c} be tangent to the z-axis
(d) be tangent to the y-axis
(e) lie in one quadrant only 4 s
(a) 2v3 {b) 44/2 (c) 85 {d) 4/3 (e) 2vF
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6. Let f(z) be a quadratic function and g{z) be a linear function. As indicated in the figure
parabola and line intersect at the points (0,0) and {3, 5). If (4,0) is ancther point on the

parabola then value of ;—;’%’—% is

fz} (5,8

(L) 4

it}

(a) 2 by § {c) 4 @1 (e) 3

7. Let ABC be an equilateral triangle with |AB] = 2. Given arc is a semi-circle with center
0. What is the shaded area?

B

@2 = (g f (@) =8 () ¥

8. In AABC, |AB| = 12, |AC] = T and |BC| ="10. If the sides AB and AC are doubied
while BC remains the same, then:

{a) the area is doubled

{b) the altitude is doubled

{c) the area is four times the original
{(d) the median is unchanged

(e) the area of the triangle is zero
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9. An equilateral triangle is drawn with side length a. A new equilateral triangie is formed
by joining the midpoints of the sides of the first one. Then a third equilateral triangle is
formed by joining the midpoints of the sides of the second; and so on forever. The sum of
the perimeters of all the triangles thus drawn is:

(a) Infinite (b} 6a (c) 21afd (d) 9a/2 {e) 20
10. Of the following statements, the one that is incorrect is:

(a) doubling the base of a given rectangle doubles the area
(b) doubling the altitude of a triangle doublés the area
{c) doubling the radius of a given circle doables the area

(d) doubling both the numerator and denominator of a fractiorni does not change the
guotient

(e} doubling a given quantity may make it less than it originally was

Section 3

There are 5 questions in this section. Each question is worth 3 points. Anh incorrect answer
carries & penalty of 0.75 points.

1. The following problem is based on Proposition 3 of Book VI of Euclid’s Elements. The
result was used repeatedly by Archimedes to obtain approximations for the value of o, In
particular, he proved that 3+ 4 <7 <3+1.

In the figure below, ZBAD = £DAC, sides AD and CF are parallel and points B, A and
E are collinear. The ratio, ;—‘% is egual to

A
It P &)
(a) 154l (b) (c) }521 (@) 55 (o) 2
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2. IF f(0) =0, f{1) = 1 and f(3n ~ 1) = f(n) — 1; f(3n) = f(n); f(Bn+1) = f(n) +1 for
all n > 1, then £(2018) = is

(a) 7 {b) 5 (c) 3 (d)1 {e} 0
3. :ry. =q, - b, and ¥z ¢, where a, b, and ¢ are not zero, then & equals:
z+ iy z+z y+z
abe 2abe 2abe 2abe 2abe
() ab+ ac+ be (b) ab+ac+be (e} ab+ ac—be ) ab + be —ac (e) ac-+be—ab

4, If z is the area of & square inscribed in a semicircle, then what is the area of a square

inscribed in the entire circle?

(a) 2z (b} 3z/2 (c) 5z/2 (d) 4z/3 (e) 5x/3

5. Figures 0, 1, 2, and 3 consist of 1, 5, 13, and 25 non-overlapping unit squares, respectively.
If the pattern were continued, how many non-overlapping unit squares would there be in
Figure 1007

1 N I I I

u i
Figure 0 Figure 1 Figure 2 Figure 3
(a) 10401 {b) 19801 {c) 20201 (d) 39801 {e) 40801
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o atban gl Al b w130 25 513 55 51 2 0a T3 32 51 50 JREYW -5

JEH 8 aagi 8 ) Can g AN il yall 200 S uell 3yl 13l
(100)

(0) &N (1) Jsan (2) Jeih (%) Jsa

(2) 10401 (b) 19801 (€)20201  (d)39801 (e) 40801



Ayl 5l 3 she i IS Bl — 5l ) ARy il iy ) Hiase

Sty ?uﬁ.“
Akl Alad S Jal8 SN0 Do JS e g all la) gl Al (S)L,Jr. Fu'ﬂl 13 g ooy
AL (.75 pusdd

oeiredi Jf 233l 8y Buclid pebisd ol il e (3) a8 Wladl M A gl Alledt sig -
3 +-;-(13' <m<3 +;oi Luals ooy 8y el Ly 808 e Jpmall 1 4€ Ao il
o= B s A 5B Ll G35 CE 5 AD glalially < ZBAD = ZDAC wlal Joll 3

105 shu i{%‘ A pftuedl Taall s

BA| 4B 4D \BD| 2
(@) acl (b) B (© ) (d) a8 ©7

B+ =L+ 1=, FE@n—-1)= F{n)—1,560)=15£0)=0 Lay -2
=F(2018) 0¥ ot IS Az i S

(@7 ()3 (©)3 (@1 (e} 0
. L s3l e 18 Y] halY| L9 ﬁ: ..E: .‘E.y_.: ‘.LA_:_
g X G e iV e 5b ya j‘_-;,r+z Cj‘Jﬁ-z bj‘xﬂ" e -3
abe 2abc 2abc 2abc 2abc
(a) ab+ac+be ( ) ab+ac+kc ( )ab+ac— be ( )ab+bc—ac ( )ac+bc—ab

Bl 5l e cysbie ot IS Rl — gl ) SEHEN g gl bty ) A

arh gn dgmall 3 Al Gugly AB| = 2 ahalls gl (gl il ABC of Ui -7
Sl dlaiall o Lad 0 L S 5e 5 il

A

B

(@) 22 ()22 ©2 @@= @2

AC 5 AB gl L BC| = 10 AC| = 7 (AB} = 12 <ABC &fidi 4 -8
() 658 LS BC (g Cum B (slime

Aalodll Cacliod @

U el

e il dmy o Aslicall ) 653 ©

e J""*‘Jm iy )

S Sl Aabise 585

Aol gy im0 g staiie Cie (KT a1 la gbat o gn g § W (g gliia i 2O
in A Cpe G Mz (5 gniie i JSET o5 WY Cliall 2l (g0 Jnaa gl ol auza

154 A goayall
(a) @Al y& 3= (b) Ga (©)219/4 (d) 9a/2 (&) 2a
ot Tl il lalt g e Amgmall 2 5 -10
4 dalioall (ol | Jane Jalaies 32018 Ainliias (3)

dabioall o luay Sl £18 ) dielias(b)
faluall cieliny A s iy glafcbini el ()

J Gl 4l 1S Lo i gben 35 Aigns 3aS Aielina ()




C P I SR W L W FRE (c L S JETPRTTP L T

Tl 5l shhe (oo IS el — s p ) 00N g i)yl ) B

“
-

rgshu X OsSsLotie (a5 ¥ = 2 Alitaall 2
(@ HEa Ve (b)2 (©+2 @YZ (o) Sileegl pal
Ml =c=dsat=c=boilue -3

(a) Xs=ry (b)%ﬁ ©x+s=r+y @Wx-r=s-y (@x'=¢

r

¥
m’ +3n = 199 Ualeal o peaman fade oS8 imc 2oy o Ui 5 4

@0 (b} 1 (0)2 (dy3 (€) Al Y i

Oneate ADEF 5 ABCD obeisdl! JS 13 o [FC| = x 5 |AB} =4 em of Un 3 -5
K e L gpanll oy glufia s Leguiany o

@23 ®BWZI (€35 D3 (@5

ol iy JSA b pange ga LS Rkl Alls g (x) 5 RS Al £ (x) O L b -6
abdll o opal dbiy 8 (40) <uS 13 (5,5) 5 (0,0) BUEN e badl 5 A8

4 —ng(B)-' 3 3 ¢ 3 |
SRk
Jin) &
i} ”
5 4 3
@2 ®: @ @ @

a8 olgialy &35S A Yl U5 31 a8 (i en A1 3 e phime p Ol a2 dalaaie 2]

sl e
AT 3 33 (d) 3 ()
i (b)
23 8 palili (e) s g (c)

(ot (= 3%) (x) (x - 4) =0 el Hgda .22
(M4 M0&4 ©1&2 @0,1,2&4 (e)1,2&4
6 st pall Aalise (3 e + b g sl Jpeali dsh Gl 223
(@) at+by (b) % (a+by (e)a’+b* (d) % (@2 +bY) (&) JShleagl

23 el Joalad ddig re dlediay cctilpdl Gaolill dalie JSI Dhue Gyt 24
:(55_3\4».\” Slalall
Gtieall pon (a)
paadl g S 2l ()
pxall i (o)
gl za(d)
paall cafa(e)
gai fE) =ad+bx+e=0 gy i Bdad) o Loy dipall Gt e 225
sl g Sou y = £ (x) el aalla oY co=b*/4a
il 22 4l (2)
i 2a 4l(by
X ol ga il ()
y ssadl g0 ol (d)
L sty dm ) 2 ol (e)

(AN il
Ahia Ala) I8 ekl s U8 o dagenall LlaYl zid Al 10 e sl M g gias
AL (0,5 aadS

Sxiele  Jx4+yx+yr—vr=2 =gl

@3 QK ©1 (@2 ()2



Loeall s gl 8 (sl o S Amalas — (gl o gl I 4 gl ilaaialy N Lisluse

%M‘SJ}.‘M ﬁ@u}yﬁJﬁ&A@—gQ?ﬁiﬂm\h}M]nggjl&hu

IEF| = % |AB| o) Uyl sl (a5 Zais 80 dalssy g3l (5 353 ABCD (i i -14
g ol (') 20 ailds EFHG bl daluse 3 (GH| = £{DC

()8 (b) 10 {c)12 (d) 15 (c) 18

sl x A aa 5l 4sin 3x =—§J €os 3x-=%o‘ L -15

(a) 80 {b) 100 (c} 120 (d) 240 (e) 300
gl X O scot X+ - =2 50 <X S%Q‘L«g -16
T T T T H
(a)3 ()7 ) (d)~ O~
:&agJLuﬁ:\J.\\.:.nh AT Mgﬂixaﬁual 1Og4gx=log—;(x—2)cﬁw -17
(a}9 (bye {¢)5 (d)4 (e} 1

lJL!éjm‘ﬁ‘al.&jiLJAGEJJ&I:E6JGIJ}J#4Juﬁj‘.l.a:\.lu..‘ﬁz.hsgjlmultiaﬁ -18
As N ekl ganl ()85 O Jlatal e 2Bl Gl (A (3 paiall z e Hla ) aked Ugsa
?;Iajmd_)i‘}"lj;‘..&gg

(@) -;- {b) % © % @ 313 © 3_53:
;4_9L~u34x2 —8x +5=04ladl j5i2dud -0

()8 (b)2 () -5/4 (-2 (&) Shlas gl

15 gbti T U el il B 3015 Chad JAkS dan; Sy (21 YT ifiall dalie 220

(a) ) @©2° (2@ OHS

gae¥16al . @160 4 oo G Y1 el gb R il a6l -9

40? +12a ' a?-a-12
@] ()2 ©5 (d)a (e) a®

(0 iy A gedasaia dael Ao pane A N Gl Un 2 -10
A={x|112x<1200,x =4n, n €N}
B={y|8<y<900,y=06kkEN} IS,
4 N B alialax ol

(a) 64 (b) 66 (c) 68 (d) 70 (e) 74

05 e 3 Ml e I -1
()4 (b} 3 (©)2 @1 (€0
s 2 e sl Wsinall il o L Lo gl 27 4 D= 24 5 b= [ G 212
(@) 4 (b) 6 (c)8 (dy 10 (e) 12

O gl cildandl (305 By 120 g sbey BAC L5t 3 ks &ie 8 ABC o Mm i -13
29 AFD %l M il o3 DB = |BE| 5 |AB| = |AC]

(a) 30 (b) 35 (c) 40 (d) 45 () 50



Lueadll 3 )5 A8 5 gha i IS daala — (gl o gl AN & ) Sl N Aibse

Ja¥) andl
Ula) U85 daaly Ak Jye 0S o Aol AlaY) xid Yige (25) Glo audll s (g gin
AL 0,25 padidikls

@S s ) jgmall - ebimel ey )l e 3 p IS S — B A A ) Mool ceng -1
G S e SSYI e ol s Uante () glte (g IS Aaala o 81 138, a3 ¢ shae

fellay ALl jlad (3 ) ghee (o IS Bnalad gy (S0 Ayl oSy oy AS Ll
(a) 81 (b) 256 (c) 257 (d) 258 (e) 625
dagaa 3000 ) e ol B < L) i3 dim e A el b ya of La 2

c [
¢ Lila

(a)c<b (b)yb<c (c)a<b (db<a (e)a<c

x-2y-2z+v=1 cliz-v=8y g+z=10y x-y=22 <iSiy -3

(a) 4 (b) 12 (c) 20 (d) 32 (e) 40
. L L 33 p = 1 @= : 5, -
"‘;}wa- 1+b +1u5'b \/E+1'sa ﬁ—ldw“
\zZ
(@1 (b2 ©2vz + 1 5 2 + v2
198 AL OB ex - ] o Aaguita x4 ] o ey -5
(a)-1 O ()1 (d)2 (e) Silaas by
. “ 3n+1 £ 3?1 2?1 = 2?!—1
FI 2.3n-2 on-2
(a) 12 (b) 14 ) 16 (d) 18 (e) 20

%20 Jigad 71308 Aol 12 (B 48 8 dala 48 5 oo LgiSa) g gl JalSy xS olie ddiiae -7
o oo Lgd i A clelall 2o oS oo il clalaiin) N ledam o ) sbdl (g
eda il daluall
(a) 15 (b) 16 (c) 17 (d) 18 (e)20
SN A oS G A Gyl Al o Ay el Aallly Wb SN 45 G peaa 1S B -8
L i€ 400 cso ST 2 bVl IS0 310 iS5 T (b g pally S0 A ) &g iYL
A 8 S aaed Y1 sl g

(a) 891 (b)1195 () 1296 () 1312 (e) 1397

Carnegie
Mellon
University
Qatar

Q@alfﬂlgsglepﬁmm

Wi | ol g

Sbla) J15w JST9 Ol HLas W daie J1w 40 (e SLESY) 1As (oS e
Asuual! ala ¥ o2 Jadd Buslg Wls) L g D C B A j3e, 00

JEo aic deudadl Wila ¥l 48 5 b Wilae JU Siils] e Aedle g @
slazt ] JolSIL el 5 jlismedl Aol DU Aslaadl 3 35001 O 91 e J) juw
e dald muows JSds dolasll Sbila ¥ wludes) el 31 Dladle gi
Al a8,

SLEEY a8 o3 alud] 255 st DLy yddl e

Bl g A s peie JEo Jalas (J1dw 25 (e 9800 g J 9 mudlt ©
O 33 Lghn J&o Jalay (Al 10 (e O 3550 9 (AL @t ©
Ol ja &M Lghs S Jalao Alind 5 (pe O 9850 9 SIUD gwall o
Atloland! waladl Lei Alols Ao ja ceuliond J15wll Lovouall Wil ¥
0.25 paas SUs OF §1) J5adt 33 0 %25 puas lgilde 3 Joeod
od Wbl Sbla W 0.5 mad (Ja¥Wl pwdll 3 Al Slls3U
Lol (SOl mudll o3 Zbolsdl Sl 0.75 muad g (HUd) euwdt!
Ol 55 Lgd cawlnd M e | O 3ok LeSs 55 @ A Aliu
O 1 5 gliee o Ol ;S0 gl LOSUY £ g ML (udiladed) e Y @
b Lea) Bud g RSINN B Gga ¥ aladiuly Wy (Ga el cliael slidiul)
ST aylge wab gl (R0 (AN gamall il gglly Apwlall DY) ST
LY IS
oY 3 uliial By g pually Adallas pud JISOYI @
el S jaa pul LlE e A=l o e LORYL sad 3 e
W) o o pall shiael pres slowl g (lusly St Dl 13]) Sads b
Al
LS Y aledY AG.Es 90 Suud e

sl g dala] 359 aniy OF G20 J5 ol (i 90) CuB gl dulgs B @



Carnegie Mellon University Qatar

"k paed R giad] Sl Al

Buugat!] 839001 el sz



	p6
	p7
	p8
	p9
	p10
	p11
	p12
	p13
	p14
	p15
	p16

