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Problem 1
What is the value of 1234 + 2341 + 3412 + 41237

FKiIAF 1234 + 2341 + 3412 + 4123 [PfERE L /D7
(A) 10,000 (B) 10,010 (C) 10,110 (D) 11,000 (E) 11,110

Problem 2

What is the area of the shaded figure shown below?
TEIP SR AR 2 /02

- A

'_h‘ - - - —

0 1 2 3 5 6
(A) 4 (B) 6 (C)8 (D) 10 (E) 12
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Problem 3

2021 2020 P
The expression 2020 2021 is equal to the fraction 4 in which P and ¢ are positive integers

whose greatest common divisor is 1. What is p?

2021 2020 p
KA 2020 2021 HT 44, e p A g REEH, BHINEKALHR 1. 1 p
REL?

(A)1 (B)9 (C)2020 (D)2021 (E)4041

Problem 4

At noon on a certain day, Minneapolis is /N degrees warmer than St. Louis. At 4:00 the temperature
in Minneapolis has fallen by 5 degrees while the temperature in St. Louis has risen by 3 degrees, at
which time the temperatures in the two cities differ by 2 degrees. What is the product of all possible
values of N7

H—REH4, Minneapolis ) <IR St. Louis = N . 4:00 B, Minneapolis iR T [
T 5%, 11 St Louis WIS ETFT 3, SEEFBANET ARIRARZE 2 . 19N BIRTE AT RE
EHFR R Z D2

(A)10  (B)30 (C)60 (D)100  (E)120

Problem 5
n‘?
82°%2 Which of the following is equal to 4
n?
o Q2022 o AT 4
Brn = 8222 i LTIl — 1% T 4

Letn =

(A) 41010 (B) 22022 (C) 82018 (D) 43031 (E) 43032
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Problem 6
The least positive integer with exactly 2021 distinct positive divisors can be written in the

form m - 6% where m and k are integers and 6 is not a divisor of m. What is ™ + k7

YFAE 2021 AN E 0800 5 /N IE BT LS fiom - 65 10, Hbm Rk 288, JEH 6
R m %, 1 m+k R
(A)47 (B)58 (C)59 (D)8  (E)90

Problem 7
a

Call a fraction b, not necessarily in the simplest form special if @ and b are positive integers whose
sum is 15. How many distinct integers can be written as the sum of two, not necessarily different,
special fractions?

a

B a Fl b RIERSL, BAN 15, BASED, TREENRMAER, TN BN~ . 1
A 2D AE B AT LU RPN RER 7 B A, 3K B AN RE IR 2 BN R LR 2
(A)9 (B)10 (C)11 (D)12 (E)13

Problem 8

The largest prime factor of 16384 is 2 because 16384 = 2'* 'What is the sum of the digits of the

greatest prime number that is a divisor of 16383?

16,384 [ZIBUT IR A ZHUR 2, F16384 = 2. ] 16,383 (LB IR KSR &
M7 fg%/b?

(A)3 (B) 7 (C) 10 (D) 16 (E) 22
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Problem 9
2
The knights in a certain kingdom come in two colors. 7 of them are red, and the rest are blue.
1

Furthermore, 6 of the knights are magical, and the fraction of red knights who are magical is 2 times
the fraction of blue knights who are magical. What fraction of red knights are magical?

2 1
S EF 3RS, TRAGN, RROREGR, kit 61%-LRaRAMN, I

IERARGER o s RES DL AN i) 1P RE i i R S =i 0 O I FA W o m R S R 0=
o 2

7
@W; ® ©z Mz ®;

Problem 10

Forty slips of paper numbered 1 to 40 are placed in a hat. Alice and Bob each draw one number from
the hat without replacement, keeping their numbers hidden from each other. Alice says, "I can't tell
who has the larger number." Then Bob says, "I know who has the larger number." Alice says, "You
do? Is your number prime?" Bob replies, "Yes." Alice says, "In that case, if | multiply your number
by 100 and add my number, the result is a perfect square. " What is the sum of the two numbers
drawn from the hat?

e 7B 40 iK% 5 N 1 £ 40 F1484%. Alice Al Bob & A IR -F A T — A4, AFE A,
I H 7. Alice . “IRAFIEWEMEE K. ” SR)5 Bob i:  “IRANEHEMEHE
Ko 7 Alice Ut:  “PRENE T2 RERZES? 7 Bob HIZU: “&1. 7 Alice #i:  “Hf
LANRIIG IR E R L 100 n EIRIEL, SRS — AT . 7 i AR A A Y
MR 202

(A)27 (B)37 (C)47 (D)57 (E) 67
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Problem 11

A regular hexagon of side length 1 is inscribed in a circle. Each minor arc of the circle determined
by a side of the hexagon is reflected over that side. What is the area of the region bounded by
these 6 reflected arcs?

LK L MIENDE AT AN NIRRT E B (8] (1 25 SR 26 060 BRI B -
AHIX 6 2% SO A B9 R X i B e 2 /D 2

(A)%§—W (B)3\/§—7r (C)/ll\/__?’?7r (D)w-? (E)w—kz\/g

Problem 12

Which of the following conditions is sufficient to guarantee that integers x, ¥, and z satisfy the
equation

PR WA S A AT DA R B xo y M1z B 75 1E

z(x—y)+yly—2)+2(z —x) =17

(A)x >y andy =2
B)z=y—1ggy=2—1
(C)z=z+1gpgy=2+1

M)yz=zggqv—1==

(E)z+y+z=1
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Problem 13

A square with side length 3 is inscribed in an isosceles triangle with one side of the square along the
base of the triangle. A square with side length 2 has two vertices on the other square and the other
two on sides of the triangle, as shown. What is the area of the triangle?

—ANAKA 3 ML A EE= A, IR ke = AR R B, W
B, — MKy 2 WIETBIPA TR S — N IET B b, RPN TR e = A 1
b F=AERERE

(A)lQ% (B)zoi (0)212 (D)QQ% (E)Q?,Z

Problem 14
Una rolls 6 standard 6-sided dice simultaneously and calculates the product of the 6 numbers
obtained. What is the probability that the product is divisible by 47
Una [FII 85 6 MPRAERIA 6 DM EIEYF, JFiHEAS 21 6 M. [rSRIRAER: 4 55
iR RS 222N

187

a7 5)
@W: ®o ©F O ®g
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Problem 15
In square ABC D, points P and & lie on AD and AB, respectively.
Segments BP and C'Q intersect at right angles at R, with BR = 6 and PR = 7. What i the

area of the square?

7EIE % ABCD 1, & P fl Q 4 RI{EADMAB L. % BP MCQ7E R AbLAE fAH
25, 3FH BR=6, PR=7. [IE M ZEZ /2

D C
P
7
R
6
A Q B

(A)85 (B)93 (C)100 (D)117  (E)125

Problem 16

Five balls are arranged around a circle. Chris chooses two adjacent balls at random and interchanges
them. Then Silva does the same, with her choice of adjacent balls to interchange being independent
of Chris's. What is the expected number of balls that occupy their original positions after these two
successive transpositions?

B RABRUSH B REA. Chris BEHLE BRI AR I0RR, I BN IMALE . S5 Silva i
177 FUREROSRAE, I ELION T B HOAIASFIA BRI £ FR 15 Chris FOTEFE RS, 8] 2838 I G
VAR, (5 SRTE H A B B R M MR TR A % /2
(A)1.6 (B)18 (C)2.0 (D)22 (E)24
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Problem 17

~1,4)

Distinct lines £ and m lie in the ZY-plane. They intersect at the origin. Point P( is reflected

about line £ to point ', and then P’ is reflected about line m to point P”. The equation of

line £is 2% — ¥ = 0, and the coordinates of P” are (4,1). What is the equation of line m?

LA m 2 xy brFiil BRI SR AR EL. BAER AL &L P(=1, 4R EZ 1 3
sOP, S PURHEZ m RETEIS P, B L RN 5x - y =0, P IR (4,
1. MHEZ m RTRELHA?

(A)bz+2y=0 (B)3z+2y=0 (C)a—3y=0

(D)2z —3y=0 (E)bz—3y=0

Problem 18

Three identical square sheets of paper each with side length 6 are stacked on top of each other. The
middle sheet is rotated clockwise 30° about its center and the top sheet is rotated
clockwise 60° about its center, resulting in the 24 -sided polygon shown in the figure below. The

area of this polygon can be expressed in the form @ — b\/(_i, where a, b, and c are positive integers,

and c is not divisible by the square of any prime. What is @ + b + ¢?
ZIRAHFERAY 6 IETTTRAUY BIAE —#E . IRJE A 40 G 3L h DV £ i@ 84 30°,
d5e TR B4R G D IR £ 5% 60°,  TE Rt ™ B FR iKY 24 T8 . XAN 2 A TE I TRIAR AT LA

Fla— Ve wipatser, K a b Al c RIERE, HE ¢ RREBTITZE T 4.

il a+b+c £E?

(A)75 (B)93 (C)9%6 (D)129  (E)147
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Problem 19
Let IV be the positive integer 7777 ... 777, a 313-digit number where each digitisa 7.

Let /(7") be the leading digit of the 7th root of . What is

F(2)+ f(3) + f(4) + F(5) + f(6)7
¥ N 313 i iEH 7777 .. 777, bl 7. AP (MR N worRi Y
figr. kS(2)+ F3) + f(4)+ f(5) + £(6)7

(A)8 (B)9 (C)11 (D)22 (E)29

Problem 20

In a particular game, each of 4 players rolls a standard 6-sided die. The winner is the player who
rolls the highest number. If there is a tie for the highest roll, those involved in the tie will roll again
and this process will continue until one player wins. Hugo is one of the players in this game. What is
the probability that Hugo's first roll was a 5, given that he won the game?

—ANREE TR, 4 DU R AFRIHE - NARAERT 6 T8 T . SR R
BB . R S B A IR — A, WIS AR R S 1, R X ik — |

RO BB AIELE . Hugo AL MR MBER . [ Hugo ARk iE, T4
09 5

367
(A ) 216 (B) 1206 1296 (C ) 144 (D )648 (E) 36

Problem 21

Regular polygons with 5, 6, 7, and 8 sides are inscribed in the same circle. No two of the polygons
share a vertex, and no three of their sides intersect at a common point. At how many points inside the
circle do two of their sides intersect?

A 5. 6. 7 Nl 8 FKIAKIEZIWIBHNARAER —ANE . AR ZIWIBERA AT, I
HAWEA =620 T — /. X2 R 5L B AT A R 2 /04N ?

(A)52 (B)56 (C)60 (D)64 (E)68
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Problem 22

For each integer 72 > 2, let S be the sum of all products Jk where J and k are integers
and 1 < 7 <k < m what is the sum of the 10 least values of n such that = is divisible by 3?

SHFEANEE N = 2, SSONFTE R jk AR, Hpj Rk EBEL < j<k < n W%
. TEAFAFSnfelt 3 BRI n b, B/ 10 MR R £ /b2
(A) 196 (B)197 (C)198 (D) 199  (E) 200

Problem 23

Each of the 5 sides and the 5 diagonals of a regular pentagon are randomly and independently
colored red or blue with equal probability. What is the probability that there will be a triangle whose
vertices are among the vertices of the pentagon such that all of its sides have the same color?

IETAER) 6 KR 5 SN ML B RE— 2R AR BEAL EHLM LK) DI [F] R R G0 20 (0 Bl
. fFE—D=MIE, BRTREEE LB R TIA,  JF B B = 2510 #8 B A AR (A e R AR
ERE

2 253
4> (8) -

O (D)

E)l
128 128 (E)

Problem 24

A cube is constructed from 4 white unit cubes and 4 blue unit cubes. How many different ways are
there to construct the 2 x 2 X 2 cube using these smaller cubes? (Two constructions are considered
the same if one can be rotated to match the other.)

—/NALTTR 4 A A BB SL TR 4 AN EE OB SRR R A8 P I SN ) ST T AARSR A
Wiz 2 X 2 X 2 Waritk, a2 MARPINE? (AR —fiy BYmr DUl Be s o o5
— R AL, WA ARG TR AR R . D

(A)7 (B)8 (C)9 (D)10 (E)11

10
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Problem 25

A rectangle with side lengths 1 and 3,a square with side length 1> and a rectangle R are inscribed
inside a larger square as shown. The sum of all possible values for the area of I can be written in the

1
form T, where m and n are relatively prime positive integers. What is m + 17

mE s, 10X 3 MR, Ky 1 MIEEAER R AT PNERKIETTEH. RE
TR BT A T A SR AT DS 1 BT, Sk m B R EMESEL. ] m+n 2%

/7

(A)14 (B)23 (C)46 (D)59 (E)67

11



