2023 MAA AMC 12A

1. Cities A and B are 45 miles apart. Alicialives in A and Beth lives in B. Alicia
bikes towards B at 18 miles per hour. Leaving at the same time, Beth bikes
toward A at 12 miles per hour. How many miles from City A will they be

when they meet?

A ¥ B yARgE 45 % 2. Alicia £/ A 3%, Beth 4/ B . Alicia A4/~
Bf 18 & W h9ik B 4T £ 7142 B ¥%. Beth Rt &, W&/ aH12 ¥ 2 85k
B ATERNE AW, B SeNmE3n, ESARA S VED?

(A) 20

(B) 24

(O) 25

(D) 26

(E) 27

1 1
2. The weight of 3 of a large pizza together with 3§ cups of orange slices is
1
the same as the weight of 2 of a large pizza together with 5 cup of orange

1
slices. A cup of orange slices weighs i of a pound. What is the weight, in

pounds, of a large pizza?
1 1 3 .1
KRB 3 5 35 R S AR ETE—AKILEB | 5 oA

4
1,

BHEE—ROTEME. —HFEH é@ﬁifr‘izﬁ%. B — AN KL EG e £
&3V E;?

4
(A) 1z
(B) 2

2
© 2%
(D) 3

3

(E) 35
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3. How many positive perfect squares less than 2023 are divisible by 5 ?
T 2023 BB RAF AR, B S I AKT AWM S Kk

(A) 8
(B) 9
(O 10
(D) 11
(E) 12

4. How many digits are in the base-ten representation of 8° - 510 . 15° ?
8°-510.15° etk AR H % VA Fe

(A) 14
(B) 15
© 16
(D) 17
(E) 18

5. Janet rolls a standard 6-sided die 4 times and keeps a running total of the
numbers she rolls. What is the probability that at some point, her running

total will equal 3 ?

Janet G HHE T AR A 69 6 ML F 4 0k, HBRRICFRHBERKGE . AL
RIH G, BB BGEFRFTINMELS V2

2
(A) 5

49

216
25

108
17
72
13
54

(B)
(&)
(D)

(E)

6. Points A and B lie on the graph of y = log, x. The midpoint of ABis (6,2).

What is the positive difference between the x-coordinates of A and B?

B AF BT y=Ilog,x ¥9A%E. AB &+ &R (6,2). ] AABayx
WZE (KRB R3S D2

(A) 2v/11



2023 MAA AMC 12A
(B) 4V/3
(©) 8
(D) 4v/5
(E) 9

. A digital display shows the current date as an 8-digit integer consisting of a
4-digit year, followed by a 2-digit month, followed by a 2-digit date within
the month. For example, Arbor Day this year is displayed as 20230428. For
how many dates in 2023 does each digit appear an even number of times in
the 8-digit display for that date?

wFREER LA AMETA S M, P aATRINGLLERT, B
oA RT AN 242 8F, BTRARTE T 2LEH8F. #ldo, 55 %
E a9 A 2R % 20230428, ) 2023 A 5 S ABH, REAAKFEZ
B 49 8 4 o o AR b JUAB ALK P

(A) 5

(B) 6

o 7

(D) 8

(B) 9
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8. Maureen is keeping track of the mean of her quiz scores this semester. If
Maureen scores an 11 on the next quiz, her mean will increase by 1. If she
scores an 11 on each of the next three quizzes, her mean will increase by 2.

What is the mean of her quiz scores currently?

Maureen — H % 7% &4 A 7 &k M B R 4569 3 4. 4 & Maureen /£ F
— kM I IEIT 1] o, FRAE T K31 5. do BRAE T R =K
NI R AR FEAF 11 5, AR LA MG T3 5538w 2 5. 914k B AT 69 B0k 0 B
R FHE 525 Y 4?

(A) 4

(B) 5

©) 6

D) 7

(E) 8

9. A square of area 2 is inscribed in a square of area 3, creating four congruent
triangles, as shown below. What is the ratio of the shorter leg to the longer

leg in the shaded right triangle?
o FTEMF, @RA2QETHNETERAIHETH, SthB AT
MNEFHZAT. PIAYAAZARFRANAALERROGAL AL R

507

(A)

(B)
© 2-3
(D) V3 -2
() v2—1

= = Q1] =
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10. Positive real numbers x and vy satisfy > = x? and (y — x)? = 4y>. What is
x+y?
EEHxAy Bty =x>F(y—x)?=4>. Bx+y %>
(A) 12
(B) 18
(C) 24
(D) 36
(E) 42

11. What is the degree measure of the acute angle formed by lines with slopes
1
2and = ?
and -

BED 2B L R A LAT RSBALS YA
(A) 30

(B) 375

(©) 45

(D) 52.5

(E) 60

12. What is the value of the below expression?

TEARBXMGEAS VP
214436 -5 118 178

(A) 2023
(B) 2679
(O) 2941
(D) 3159
(E) 3235
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13. In a table tennis tournament every participant played every other partici-
pant exactly once. Although there were twice as many right-handed play-
ers as left-handed players, the number of games won by left-handed play-
ers was 40% more than the number of games won by right-handed players.
(There were no ties and no ambidextrous players.) What is the total number

of games played?

BEERAARR T, BEARE L IRARHBIFE 9. KEE RS
8 R ASOR A I 0 BT AN TS, 12 £ F R0 RE A RS
Yokvbd FHA G SARA RO K S 40%. (LEAATH, LEA AR
FHALFRIXRLETHIA.) A—RBTT § P HE?

(A) 15

(B) 36

(C) 45

(D) 48

(E) 66

5

14. How many complex numbers satisfy the equation z° = Zz, where Z is the

conjugate of the complex number z ?

AZRTAHz 9, PIBRTAZL =Z LK S I
(A) 2

(B) 3

Q5

(D) 6

(E) 7



2023 MAA AMC 12A

15. Usain is walking for exercise by zigzagging across a 100-meter by 30-meter
rectangular field, beginning at point A and ending on the segment BC. He
wants to increase the distance walked by zigzagging as shown in the figure
below (APQRS). What angle 8 = ZPAB = ZQPC = ZRQB = --- will
produce a length that is 120 meters? (The figure is not drawn to scale. Do
not assume that the zigzag path has exactly four segments as shown; it could

be more or fewer.)

Usain &3 & F47 £ 3K 100 k. 7% 30 Ke94H B3, KA EF4, ¥ BC
AR, TH Y APQRS RIFTLHBZYTER, WBRZHE W FITHIES.
b BN 20K A 120 kat, AE O = /PAB = /QPC = ZRQB = - --
AEFHN? (BT R P LF . FBRRIT ERBAR BT A 4o B B 09w &,
CHEKTRESRE V)

D 4 g B g C

0 [ .

A Q B
(A) arccosg
(B) arccos%L
(@] arccos%

4
(D) arcsin =

(E) arcsin g



16.

17.
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Consider the set of complex numbers z satisfying |1 + z 4 z?| = 4. The max-

Vm
imum value of the imaginary part of z can be written in the form ~——, where
n

m and n are relatively prime positive integers. Whatis m +n ?

ZRHA |1tz +22| =4 8 4z WA ES. z QR F KT B K
@ MBX, EPmfon LERHEELK. FMm+n %>

(A) 20

(B) 21

© 22

(D) 23

(E) 24

Flora the frog starts at 0 on the number line and makes a sequence of jumps

to the right. In any one jump, independent of previous jumps, Flora leaps

1
a positive integer distance m with probability o What is the probability
that Flora will eventually land at 10 ?

% %% Flora M 448 L 69 0 Frds, G4 347 — 2 7 3kt . xﬁﬂjﬂﬁr—l— KBRIL, ©
¥ 52 A6 kiR ok 5, Flora $kgk E K FE 5 m 69ME % 2 - /] Flora
SEF 10 9MERS V2

5

512
45

1024
127

1024
511

1024
1

E) =

(E) >

(A)

(B)

(&)

(D)



18.

19.
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Circles C; and C, each have radius 1, and the distance between their centers
is % Circle Cj is the largest circle internally tangent to both C; and C,. Circle
Cyisinternally tangent to both C; and C; and externally tangent to C3. What
is the radius of Cy ?

. 1
B CAn C 9 FEHA1, B aegIES A 5 B C A5 C A C A
MBEXKE. BC5C #2C Ny, 805 C3éhn. 15 Cy #9EEZZ S I

(A) —

B) —

o —

(D) 8
1

(E) 5

What is the product of all solutions to the below equation?

VAT W FARPTH e AR 2 % V?

log,, 2023 - 10g,gq, 2023 = 10g5,5, 2023

(A) (logygs 7 - 10803 289)2
(B) 10850237 - 1085055 289

O 1

(D) log,, 2023 - log,g, 2023
(B) (log,2023 - 10g,g, 2023)°
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20. Rows 1,2,3,4, and 5 of a triangular array of integers are shown below. Each
row after the first row is formed by placing a 1 at each end of the row, and
each interior entry is 1 greater than the sum of the two numbers diagonally
above it in the previous row. What is the units digit of the sum of the 2023

numbers in the 2023rd row?

B = ABEENEL, 2, 3, 4, 5T TR, H—ITXE0NE—ITH
St A 1 AT HE S, Fibb A HENKEF T —475 € LA LKA
ARG F B 1w Reg. % 2023 4769 2023 ANF 69 B Fe b Ma gk 3

LTS
1
1 1
1 3 1
1 5 5 1
1 7 11 7 1
(A) 1
(B) 3
(©) 5
(D) 7
(E) 9

10



21.

22.
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If A and B are vertices of a polyhedron, define the distance d(A, B) to be

the minimum number of edges of the polyhedron one must traverse in or-
der to connect A and B. For example, if AB is an edge of the polyhedron,
then d(A,B) = 1, but if AC and CB are edges and AB is not an edge, then
d(A,B) = 2. Let Q, R, and S be randomly chosen distinct vertices of a reg-
ular icosahedron (regular polyhedron made up of 20 equilateral triangles).
What is the probability that d(Q,R) > d(R,S) ?

K AFBRSZEKGTRE, “EFA(A B) X AW % @mike)ih kB Rt
A5 B#BBKHEGR YA, Flde, % AB R S @ikey, Md(AB)=1,
f2do % AC o CB R % @#k#9ia, # B AB *&, 4 d(A,B) =2. 4Q,
R, S AMASLFENE—F @K (420 MFLZABARGE S FIK) R
RT.E. Fd(Q,R) >d(R,S) #E2% V2

(A)
(B)
(&)

(D)

N[ — s|u_|OOIUJQJI>—\ Bl\1

=

Let f be the unique function defined on the positive integers such that
n
Ya-f(G) =1
|n

for all positive integers 1, where the sum is taken over all positive divisors
of n. What is f(2023) ?

A b5 U R A L 0 — F B, AR TR B
n
e (7)=1
Hob R BB n 69T EL S F) f(2023) & % b2
(A) —1536
(B) 96
(C) 108
(D) 116
(E) 144

11



23.

24.
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How many ordered pairs of positive real numbers (a,b) satisfy the below

equation?

WA T3 AL A B E LKA (a,b) B % VA2
(14 2a)(242b)(2a + b) = 32ab

(A) 0
(B) 1
Q) 2
(D) 3

(E) an infinite number | £.% % 4

Let K be the number of sequences Ay, Ay, ..., A, such that n is a positive
integer less than or equal to 10, each A; is a subset of {1,2,3,...,10}, and
A;j_1 is a subset of A; for each i between 2 and n, inclusive. For example,
{},{5,7},{2,5,7},{2,5,7},{2,5,6,7,9} is one such sequence, with n = 5.
What is the remainder when K is divided by 10 ?

ERFEF AL, Ay, -, Ay, AP n B TFREFTI089EEH, MNA £
{1,23,--,10} 9 F %, SFAAF25n 20 (8324 n) 854, Ay
A FE B4, {}, {57}, {257}, {2,5,7}, {2,5,6,7,9} %A n=>5
Hj-“/l\ﬁ*ﬂééﬁ/%'@J &% K %ﬁﬁﬁﬁ*ﬁéﬁ}%ﬁll éﬁé}i—g—, M K vt 10 él]é"x\&%if&
%
(A) 1
(B) 3
Q5
(D) 7
(E) 9

12
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25. Thereis a unique sequence of integers a1, ap, az, - - - , axpp3 such that the below

equation holds whenever tan 2023x is defined. What is a3 ?

BE— LTI a, az, az, -, dop3, ATAT F XAE tan2023x &
ESUBTAR R L. ) a3 2 % VR

aq tan x + az tan® x + a5 tan® x + - - - + a3 tan?9 x
tan 2023x = 5055
1+ artan? x + ag tan® x + - - - + ayppp tan2022 x
(A) —2023
(B) —2022
) —1
(D)1
(E) 2023

13
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Answers.
EAAEB DEDCD CDBEA BEDCC ABBCC

2023 AMC12 Solution

14



