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Problem 1

(2112 — 2021)2
What is the value of 169 ?

(2112 — 2021)?
Fit 169 B2 /7

(A)7 (B)21 (C)49 (D)64 (E)91

Problem 2

Menkara has a 4 x 6 index card. If she shortens the length of one side of this card by 1 inch, the
card would have area 18 square inches. What would the area of the card be in square inches if
instead she shortens the length of the other side by 1 inch?

Menkara A —ik 4 9&~F X6 Je~f IR G| KA. WM XK R —OMKESE 1 2,
AR PR 18 Py de~) . WMk n— K Eg R 1 95, WA R e2
I H?

(A)16 (B)17 (C)18 (D)19 (E) 20

Problem 3

What is the maximum number of balls of clay of radius 2 that can completely fit inside a cube of side
length 6 assuming the balls can be reshaped but not compressed before they are packed in the cube?

RN 6 ISR, B Al LA DS 24208 2 BORG R BR, IX BBOE BRAER AL 4
Z AT L E B AN BE SR i ?
A3 B4 ()5 D6 (E)7T
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Problem 4

Mr. Lopez has a choice of two routes to get to work. Route A is 6 miles long, and his average speed

along this route is 30 miles per hour. Route B is 5 miles long, and his average speed along this route
1

is 40 miles per hour, except for a 2-mile stretch in a school zone where his average speed is 20 miles
per hour. By how many minutes is Route B quicker than Route A?

Mr. Lopez A Pis% EIEREZL AT (e £, BREL A K 6 S8, A VI AR BEAAT BE A~ S8 B
/NS 30 L. LR B A 5 L, AR X SRR ARAT R BT R AN 40 S EL, BR TAE
@z —BUK N 12 9 B2 R ML e BnS M- F- 285 B R /N 20 S B, 1B 2R B ELIHE2L
A RZ DBk

3 3 1 1 3
A)27 B3 (O4; D55 (B 6]

Problem 5

The six-digit number 202104 s prime for only one digit A. What is A7

a3 20210 A gosmyrpdy A R —A. A 212

AL @®3 (©)>5 @MO7 (B)I

Problem 6

Elmer the emu takes 44 equal strides to walk between consecutive telephone poles on a rural road.
Oscar the ostrich can cover the same distance in 12 equal leaps. The telephone poles are evenly
spaced, and the 41st pole along this road is exactly one mile (5280 feet) from the first pole. How
much longer, in feet, is Oscar's leap than Elmer's stride?

it Elmer 7& 2 M IE B T HOAH AR L Z6AT 2 (847 & 5 EDIRA FI ) 44 20 . FIFERIIE S, %5
Oscar N FFEE 12 RAEFEIBkER . HZRMFIYEI 040, MG LR HZRAT RIS 41 AR 2RI BE B8 IE
IFR—3HE (5280 JER) . [a] Oscar [ —BkLl Elmer [f—3 K2 /DHR 2

(A)6 (B)8 (C)10 (D)1l (E) 15
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Problem 7

As shown in the figure below, point E' lies on the opposite half-plane determined by line C' D from
point A so that ZCDFE = 110°, Point F' lieson AD sothat DE = DF,and ABCD isa
square. What is the degree measure of ZAF E?

W REFTR, 5 E T HELZ CD 8@ M5 S A Xl b, #8LCDE = 110°, /4
Ffi+ AD t, {73 DE=DF, 3 H ABCD & /. [i LAFE [{EHE % /b2

E

110°

B C
(A) 160 (B) 164 (C)166 (D) 170 (E) 174

Problem 8

A two-digit positive integer is said to be cuddly if it js equal to the sum of its nonzero tens digit and
the square of its units digit. How many two-digit positive integers are cuddly?

IR AR B S T E AR AT 5 E MR T T O 2, RRE D«
K17 o 14T 22 DAL I B R 2 1 2
A)0 (B) 1 (C) 2 (D) 3 (E) 4

Problem 9

When a certain unfair die is rolled, an even number is 3 times as likely to appear as an odd number.
The die is rolled twice. What is the probability that the sum of the numbers rolled is even?
LIPS A I SIHECTIN, ARG IR AT R AU 3 £ HPBE TP, BEH A
NIEB IR 2 D2

3 4 5 9 D
(A) 3 (B) 9 (©) 9 (D) I (E) 3
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Problem 10

A school has 100 students and 5 teachers. In the first period, each student is taking one class, and
each teacher is teaching one class. The enrollments in the classes are 50, 20,20, 5, and 5. Let ¢ be
the average value obtained if a teacher is picked at random and the number of students in their class
is noted. Let s be the average value obtained if a student was picked at random and the number of
students in their class, including the student, is noted. What is ¢ — $?

— PR 100 &5 RN B L. RSB, BAEAE TR, BN TTR. &

TRER BN AZCH 500 20, 20, 51 5. WUERILBENIPkIE — L EIM, Tl rBEg = 4E A

By 7 AT G, AR AE N to i RARREN L — 4 A, RSz A TR IR BER
PN T TG, AR E N s, it - s 22 ?

(A) —185 (B)—135 (C)0 (D)13.5 (E) 185

Problem 11

Emily sees a ship traveling at a constant speed along a straight section of a river. She walks parallel
to the riverbank at a uniform rate faster than the ship. She counts 210 equal steps walking from the

back of the ship to the front. Walking in the opposite direction, she counts 42 steps of the same size
from the front of the ship to the back. In terms of Emily's equal steps, what is the length of the ship?

Emily & 2| — M5 — BB B TE S EAT BRI . d DL B AR PR R [ g o B2 AT T R AT
o WA, MITREZINL, FLHT 210 5. WA TIRE, WEERDEK, N
A ERIMR R 42 2. UL Emily &2 #E ARy RAL, IRKE R Z /7

(A)70 (B)8 (C)98 (D) 105 (E) 126

Problem 12

The base-nine representation of the number N is 27,006,000,052yine. What is the remainder
when NV is divided by 57

BN LA ] 3 7~ 2 27,006,000,0529. 4] N FRLA 5 IS HUE £ /02
Ao (B)1 ((©)2 (D)3 (E)4
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Problem 13

Each of 6 balls is randomly and independently painted either black or white with equal probability.
What is the probability that every ball is different in color from more than half of the other 5 balls?

6 NERHREE— AN BR AR [R] B RE R BEAL TS B BR R s B . BBk oAl 5 A ek
ff—2F Bl BB AR IR 2 20 ?

5
W B ©; @ ®;

Problem 14

How many ordered pairs (2, Y) of real numbers satisfy the following system of equations?
2> +3y=9
(] + |yl = 4)* =1
Wi 2 LA TR R SR Boy (x,y) HZ0A4?
2> +3y=9
(] + |yl = 4)* =1
a1 @®2 ()3 @M>s (E)T

Problem 15

Isosceles triangle ABC has AB = AC' = 3V/6, and a circle with radius 5v/2 is tangent to

line AB at B and to line AC' at C. What is the area of the circle that passes through vertices A, B,
and C7

e E= fa % ABC 1 AB = AC = 3V6 |, 31 H L4252 1R 15 B AB 78 B ALY,
SEL AC 7E C AbMIY). BT AL B AT C BB RUR £ /b2
(A) 247 (B) 257 (C) 267 (D) 27~ (E) 287
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Problem 16

The graph off/ (@) = [[z]| — [[1 — =]]is symmetric about which of the following? (Here A

the greatest integer not exceeding x.)

1
(A) the y-axis (B) the line z =1 (C) the origin (D) the point (5,0) (E) the point (1,0)

flo) = lz]l = 1[I — 2]lwmgoe T 2ntmme  Gxale i rmstemi s, H

(A) y 4l (B) H#kx=1 (C) s (D) 4 (5, 0 (E) & (1,00

Problem 17

An architect is building a structure that will place vertical pillars at the vertices of regular

hexagon ABC'DE'F', which is lying horizontally on the ground. The six pillars will hold up a flat
solar panel that will not be parallel to the ground. The heights of pillars at A, B, and C' are 12, 9,
and 10 meters, respectively. What is the height, in meters, of the pillar at £?

— A EFN A S — MR, S AR B A TRCE AR T B /KT IE /NI4T ABCDEF
FITR AL . ZSHRAE TR S 4% —He S AN P AT IO 2 PP B R BHBE Htil » A B AT C 40
HrEESNAN 12, 9 F110 K. b E KT EE R 2 /K2

(A)9 (B)6V3 (C)8/3 (D)17 (E) 123
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Problem 18

A farmer's rectangular field is partitioned into 2 by 2 grid of 4 rectangular sections as shown in the
figure. In each section the farmer will plant one crop: corn, wheat, soybeans, or potatoes. The farmer
does not want to grow corn and wheat in any two sections that share a border, and the farmer does
not want to grow soybeans and potatoes in any two sections that share a border. Given these
restrictions, in how many ways can the farmer choose crops to plant in each of the four sections of
the field?

s, — SRR L 2X2 Mg 4 NEIRER Y. FEREAEY, RIRH
PR — R R TR, N, RESERE . RERAEEEM PN 2L T FiE T
KINZ, REBABEEMH NG QLG FOE D ME RGN DERE . TR RE, &
FRAE F I (0 DU AN 8 0 mh 2 HE EERE AR 2 DR 7 07

(A)12 (B)64 (C)81 (D)90 (E) 144

Problem 19

A disk of radius 1 rolls all the way around the inside of a square of side length s > 4 and sweeps out

aregion of area A. A second disk of radius 1 rolls all the way around the outside of the same square
b

. . a—+ —
and sweeps out a region of area 2A. The value of s can be written as ¢ , where @, 0, and ¢ are
positive integers and b and c are relatively prime. What is @ + b + ¢?

RN L BIEATLK s> 4 IETT AR, erad XIS A. 488 11
% ARRGE R AN IR AMURS), BT X R TR Y 2A. s BE AT LLS K

c, Hfa, bficR2IE®E, bfcHZE. A atb+c 2%/ ?

(A)10 (B)1l (C)12 (D)13 (E)14
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Problem 20

How many ordered pairs of positive integers (b, ) exist where

both 22 + bz + ¢ = 0and * + cx + b = 0 do not have distinct, real solutions?

e’ + bx + ¢ = 052 + cx + b = OFREA FIAARF [ SLEUR IO 5 15506 (b, ) %
A2

(A)4 (B)6 (C)8 (D)10 (E) 12

Problem 21

Each of the 20 balls is tossed independently and at random into one of the 5 bins. Let P be the

probability that some bin ends up with 3 balls, another with 5 balls, and the other three with 4 balls
p

each. Let 4 be the probability that every bin ends up with 4 balls. What is 5?

20 NERP BB DML IFRENLEYIEE 5 M — A Bp RREA—METH 3B, 5

A 5 AER, JFHHERM =P &A 4 D IRIOME . g REAEMTA 4 BRI
P

M. WaEE?

(A)1 (B)4 (C)8 (D)12 (E)16

Problem 22

Inside a right circular cone with base radius 5 and height 12 are three congruent spheres with
radius r. Each sphere is tangent to the other two spheres and also tangent to the base and side of the
cone. What is r?

FERMEEA209 5. BN 12 MIEBHEN A =D R BUERE, BENERIRRIER ro BEAERAR
#S HAN PN EREAN DT, IF Hid 5 15 8 A e A A D). 1] r 22

90 — 40+/3 144 — 254/3 5

= ©2 (©®— (®) 5

@) ® ’
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Problem 23
For each positive integer n, let J1() be twice the number of positive integer divisors of n, and

forJ = 2 let fi(n) = fi(fi-1(")) . For how many values of 7 < 50 js fso(n) =127

TR EES , 2SR 0 WiIERBLEABIFE FENT =2, 4
f;(n) = fi(£5-1(n)) | 347 n<s0, RS50(n) = 1205 n it 2042
(A)7 (B)8 (C)9 (D)10 (E)11

Problem 24

Each of the 12 edges of a cube is labeled O or 1. Two labelings are considered different even if one
can be obtained from the other by a sequence of one or more rotations and/or reflections. For how
many such labelings is the sum of the labels on the edges of each of the 6 faces of the cube equal
to 2?

SETTIRIN 12 250 BE— 25 AR bn AT 0 B 1, —PbRic T ik RIAE n] DU — R 81 (R e 5% B S S
W1 5 — AL AR 2], PIRARIC I A YRR AT R 1 6 AT B
F AR EPTAR B BANSE T 2 MR 2 /0 ?

(A)8 (B)10 (C)12 (D)16 (E)20

Problem 25

A quadratic polynomial with real coefficients and leading coefficient 1 is called disrespectful jf the

equation p(p(x)) = Ojjs satisfied by exactly three real numbers. Among all the disrespectful
quadratic polynomials, there is a unique such polynomial p(x) for which the sum of the roots is

maximized. What is 15(1)?

A A = A s R P(P() = 0, A BHRMON 1 LR IKE R p(x) B
By CRUWEN” . AT EN K E TR, A2 AP () g4
mag A, P g

5 5
W ®5 ©F M1 ®

9



