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1. Define x¢ y to be |X - y| for all real numbers x and y. What is the value of (10 (203))—((102)
03)?

TR LK X Fry, x0y LA |X— Y| E1(10 (203)) —((102) 03) #9182 % )2

(A) -2 (B) -1 ()0 (D1 (E) 2

2. In rhombus ABCD, point Plies on segment AD sothat BP L AD ,AP=3,and PD =2. What

is the area of ABCD? (Note: The figure is not drawn to scale.)
% %% ABCD %, % P 43F % AD E4%/3 BP L AD, AP=3,PD=2 i ABCD #@#2 %

DR B K ) 22 h].)

A P D

(A) 35 (B)10  (0) 65 (D)20  (E)25

3. How many three-digit positive integers have an odd number of even digits?
8,83 FAMB BB 09 A5 IE BB % AN

(A)150 (B)250 (C)350 (D)450 (E)550

4. A donkey suffers an attack of hiccups and the first hiccup happens at 4:00 one afternoon. Suppose
that the donkey hiccups regularly every 5 seconds. At what time does the donkey's 700th hiccup
occur?

— kW ERELATR, b — RITR AT 400 R S D ATR— KA LI 5 700



RAT @R A LA A B2

(A) 15 seconds after 4:58|4:58 % j5 49 15 #)
(B) 20 seconds after 4:58/4:58 % 5 &9 20 #)
(C) 25 seconds after 4:58|4:58 % j& #9 25 #
(D) 30 seconds after 4:58|4:58 % 549 30 £

(E) 35 seconds after 4:584:58 % )5 #9 35 #

5. What is the value of the below expression?

)
Iy

W N3 ®2 ©+15 D4 (® 105

TaREXGERS I?

6. How many of the first ten numbers of the sequence 121, 11211, 1112111, are prime numbers?
A4 121, 11211, 1112111, 89aT+RFAH 5 S AREFZRK?

(A)0 B)1 (©2 (D)3 (E)4

7. For how many values of the constant k will the polynomial X* +kx+36 have two distinct
integer roots?
143 % 0 KX+ KX+ 36 A % AT 7] 89 5 Sk 99 RULA 5 A2

(A) 6 (B) 8 ©)9 (D) 14 ()16



8. Consider the following 100 sets of 10 elements each:
{1,2,3,...,10},
{11,12,13,....20},

{21,22,23,...30},

{991,992,993....,1000}.

How many of these sets contain exactly two multiples of 7?
F AT 8 100 N b, HMAEESTA 10 ATk
{1,2.,3,....10},

{11,12,13,...,20},

{21,22,23....30},

{991,992,993, .,1000}
HXEELT, BITFQEAANT WBHNREH S I

(A)40  (B)42 (C)43  (D)49  (E)50

1 2 3 2021
9. The sum —+—+—+...+—
21 31 41 2022!

1
can be expressed as a— E, where a and b are positive integers. What is a+b?

.1 2 3 2021
FR et —t— ot ———
21 31 41 2022!

1
?U;(fii}iﬁia—aéé%ii, HEPafeb R EEH, Matbigat % )?

(A)2020 (B)2021 (C)2022 (D)2023 (E)2024

10. Camila writes down five positive integers. The unique mode of these integers is 2 greater than
their median, and the median is 2 greater than their arithmetic mean. What is the least possible value
for the mode?

Camila 5T 7 AN EH4L, X B E— RPN PAZR K 2, d Pl eine F



AP RK 2. A S T T RALAR S 2

(A)5 (B)7 ©)9 D)11  (E)13

11. All the high schools in a large school district are involved in a fundraiser selling T-shirts. Which
of the choices below is logically equivalent to the statement "No school bigger than Euclid HS sold
more T-shirts than Euclid HS"?

(A) All schools smaller than Euclid HS sold fewer T-shirts than Euclid HS.

(B) No school that sold more T-shirts than Euclid HS is bigger than Euclid HS.

(C) All schools bigger than Euclid HS sold fewer T-shirts than Euclid HS

(D) All schools that sold fewer T-shirts than Euclid HS are smaller than Euclid HS.

(E) All schools smaller than Euclid HS sold more T-shirts than Euclid HS.
—MERFRGTASTASLE T —RAEE T W FRESN. ATHRANALRAALZH L5
Fl FHig “%Ark Buclid & % £ K a9 F AL H Tk Euclid &+ £ 549 T f"?

(A) Atk Euclid & F &/ 89 F 448 2 & bk Euclid & 2089 T e

(B)i& Atk Euclid &£t £ %69 T Metg A&tk Euclid & ¥+ £ X

(C)prA vk Euclid & F £ X 895244732 B vk Euclid 3 2049 T I

(D)Fi A 3= & vk Euclid & & 069 T e 69 52 B AR bL Euclid 3 #2008

(E) A tb Euclid & F £/ 69 5 & AR 3L & vk Buclid & F 2569 T e

12. A pair of fair 6-sided dice is rolled n times. What is the least value of n such that the probability
that the sum of the numbers face up on a roll equals 7 at least once is greater than E ?

—xF 8 6 ANE AR THIHE 0 R, WREVHA-REFHEGANEI FT 7 OBMEXR
T%,%Zn%%$ﬁ%§&?

(A)2 ®)3 ©4 (D)5 (E)6



13. The positive difference between a pair of primes is equal to 2, and the positive difference
between the cubes of the two primes is equal to 31106. What is the sum of the digits of the least
prime that is greater than those two primes?

— X E BN R REZG £ T 2,18 N F A 2oy Z A R e RE A6 £ % T 31106.
R FREANERGRADFRGEALKFZAREL P?

(A) 8 B)10 ()11 (D)13 (E)16

14. Suppose that S is a subset of {1,2,3,...,25} such that the sum of any two (not necessarily distinct)
elements of S is never an element of S. What is the maximum number of elements S may contain?
" S A{1,23,.251 8 F &, BFS PHEMTHMNT—ZEF)ALENERTAES 8 TE.
FSTRETALE S IALE?

(A)12  (B)I3 (C)14 (D)15 (B)16

15. Let Sy, be the sum of the first n terms of an arithmetic sequence that has a common difference

S3n

of 2. The quotient does not depend on n. What is S»(?

n

S .
P Sa R —ANE A 2 WS £ FF) T n R Fe, ﬁs—3 B4E AR H T n 19 S20 2 % 2

n

(A)340 (B)360 (C)380 (D)400 (E)420

16. The diagram below shows a rectangle with side lengths 4 and 8 and a square with side length 5.
Three vertices of the square lie on three different sides of the rectangle, as shown. What is the area
of the region inside both the square and the rectangle?

THEFT—ANKAS, BRAL4GEBAR—ANAARAS GEFH BT, EHFHHZA

MEAL TR ZLRRGA L, FIEFHREHANLIF SO EBRL S VT



1 3 1 5 7
A) 15—  (B) 15— C) 15— (D) 15- (E) 15—
(A) 3 (B) 3 © > D) 3 ) 3

17. One of the following numbers is not divisible by any prime number less than 10. Which is it?
T 5 & H0P A — AN BCRAEAAEART T 10 69 F Rtk P3R40

(A)2606—1 (B)2606+1 (C)267 —1 (D) 2%7+1 (E) 2607+3607

18. Consider systems of three linear equations with unknowns x, y, and z,
ax+by+cz=0
a,x+b,y+c,z=0
ax+b,y+c,z=0

where each of the coefficients is either O or 1 and the system has a solution other than x =y =z = 0.

For example, one such system is <1x +1y +0z=0, Ox +1y +1z=0, Ox +0y +Oz:0> with a

nonzero solution of (x, y, z)=(1,-1, 1). How many such systems of equations are there? (The
equations in a system need not be distinct, and two systems containing the same equations in a
different order are considered different.)

ZREH EANEEFTRERN, ki X, y Aoz iR

aXx+by+cz=0
a,x+b,y+c,z=0
ax+by+c,z=0

HEPOENRZHEAOR ], FELFRAAHTRE x=y=2=0 Z I G, Blde, —ANXEGFTF2H
;%<1x +1y +0z=0, Ox +1y +1z=0, Ox +0y +Oz:0>, CH EEMBE, y, 2=(1,-1,1).19]
EA S VAZHNG FRA? (—AFTRAF G FTRAFAMEG, +ELAAGE R A,
12 HE ZDIR 5 7~ ) 69 77 A2 LLABA A S R ) 69.)

(A)302 (B)338 (C)340 (D)343 (E)344



19. Each square in a 5% 5 grid is either filled or empty, and has up to eight adjacent neighboring
squares, where neighboring squares share either a side or a corner. The grid is transformed by the
following rules:

*  Any filled square with two or three filled neighbors remains filled.

*  Any empty square with exactly three filled neighbors becomes a filled square

*  All other squares remain empty or become empty.

A sample transformation is shown in the figure below.

SXS HHARFHHENTRBEARKREHN, BAXZEGN, FALRSANNMILRG T H, XL
AP RN TR B T AR ) RARARGY Ty A& AR e VAT LI BEAT A

©  EMTAHABRANREAMARN T HAREHRETHRERFRIREN

o EATISIFA ZAMRARGY TR KR E AR G TR RA KR E T A

s FIARARGTHREARGRFRAZTEY, ZATREG T
THEFRT — AN T4

Initial Transformed

Suppose the 5 5 grid has a border of empty squares surrounding a 3 X 3 subgrid. How many initial
configurations will lead to a transformed grid consisting of a single filled square in the center after
a single transformation? (Rotations and reflections of the same configuration are considered
different.)

B 5X5 FHRER R L H#ERAET G, CINELSE PR I3 Frskk, FLET—

REEBIG, THREKBZARK Y SHMRREGIERNBR 5 FAN— AR Z T3k 3 e B4

an

J& T A B A AN A TR R 8.

—
|7

?

)

\:
xpey

l

M .

?

~J
~

Initial Transformed

(A)14  (B)I8 (C)22 (D)26 (E)30



20. Let ABCD be a thombus with ZADC =46°. Let E be the midpoint of CD, and let F be the
point on BE suchthat AF is perpendicular to BE . What is the degree measure of Z/BFC ?

f% % ABCD ¥,/ ADC=46" i E #CD # % & @ F % BE L# %, /3 AF &% F BE.
[ / BFC &) F 4% % »?

(A)110  (B)111 (C)112 (D)113 (E)114

21. Let P(x) be a polynomial with rational coefficients such that when P(x) is divided by the

polynomial X2 + X+1, the remainder is X+ 2, and when P(x) is divided by the polynomial

X2 +1, the remainder is 2x +1. There is a unique polynomial of least degree with these two

properties. What is the sum of the squares of the coefficients of that polynomial?
# POOR— AR ZAK, TS PORASAXX +X+LoLAXAX+2, @Y
POB A SAXX +10f, AXA 2xrLih R Lk B A Fo bk 6 R HORAKAY § R X2 — 6919

SRR ERRBF T RS ?

(A)I0  (B)I13 ()19 (D)20 (E)23

22. Let S be the set of circles that are tangent to each of the three circles in the coordinate plane
whose equations are X° +Yy® =4,X* +y* =64, and (X—5)*+ y? =3. What is the sum of the
areas of all the circles in S?

BS REEFEY, 5FRAX+Y =4,X +Y =64,(X=5)’+y’ =3¢ =ZAH ¥4

— AN AR R A8 A, S PR R m R RS D

(A)48x  (B)68x (C)96n (D)102x (E) 136



23. Ant Amelia starts on the number line at O and crawls in the following manner. Forn = 1,2, 3,
Amelia chooses a time duration t, and an increment x, independently and uniformly at random from
the interval (0, 1). During the nth step of the process, Amelia moves x, units in the positive direction,
using up t, minutes. If the total elapsed time has exceeded I minute during the nth step, she stops at
the end of that step; otherwise, she continues with the next step, taking at most 3 steps in all. What
is the probability that Amelia's position when she stops will be greater than 1?

3 Amelia 72 #4h E AN 0 JF 44,32 24 T 7 X472 F n=1,2,3,Amelia I X 18] (0,1) & R A5k 52
A EFRFLENE t A F K xa £ RATEAZGE n &, Amelia BEGHB xa AN E1L,
Rt 4F, R EF n THIFHAE, prEde et 1 540, WHAZ D Z RiHF
L EN, WA T—F, RE—34A3 P, B Amelia 150 X F 1 093007t 2 6945 &

A ER % ?

(A) : B : © z (D) 3 (E) 2
3 2 3 4 6

24. Consider functions fthat satisfy | f (x)— f (y)| < %|x —y| forall real numbers x and y. Of all
such functions that also satisfy the equation f (300) = f (900) , what is the greatest possible value
of

f (f (800)) — f (f (400)) 2
A AT 8054 £ T AT 25 8y, [F00 (9] <5 x-y] e miaris
HA & AP, de R % Rk 2 X (300) = £(900) , #r 2 f(f(800))— f(f(400)) #95% X

THALRES P

(A)25 (B)S0  (C)100 (D)150 (E)200



25.Let Xy, X}, X,,...be a sequence of numbers, where each X, is either O or 1.

For each positive integer n, define

n-1

Sy = %2"
k=0

Suppose 7S, =1 (mod 2") for all n>1. What is the value of the sum

X2019 + 2X2020 + 4X2021 + 8X2022 ?

n-1
FeHF) Xg, Xy Xgron ¥, AKX TAH A 0 3 LM FHAAME RSN, LS, =D X 2B
k=0

An=1, A TS, =1 (mod 2" FlFn X Xypyg + 2Xa090 + AXopp1 +8Xopp #9475 2

(A) 6 (B)7 ©12 (D14 (E)15



