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 ARgE 45 % 2. Alicia £/ A ¥k, Beth 42/ B . Alicia A4/~
B 18 & ¥ 49 ik E 5 A 4T £ AT42 B 3. Beth Rl ot &, A af 12 £ 249k
BHATENAE AR FSeitaEn, B85 ARE S VEL?

(A) 20

(B) 24

(O) 25

(D) 26

(E) 27

1 1
2. The weight of 3 of a large pizza together with 35 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 1 of a pound. What is the weight, in

pounds, of a large pizza?
1 1 3 .1
— A KL E 3 5 35 R -G ETE-ANARLFEHG - 5 5 7

4
Lo ot pp ot
fheE—ROTEFMF. —MERNTER 5. FA—ARRFHOTE
B P 5

4
(A) 15

(B) 2
2

(@) 25

(D) 3
3

(E) 35
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3. How many positive perfect squares less than 2023 are divisible by 5 ?
e T 2023 B9 BRI RAF AR, A S I ART AW 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° eyl AR PH % VM Fe

(A) 14
(B) 15
O 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 JHE T AR A 6 MALTF 4 0k, HBRACFHHEKGLE . FAEL
RIS, BB BB FTINMERLS 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?

g AFBEFy=Ilog,x ¥9A%E. AB &+ ER (6,2). 1 AABayx
W E (RBD) £ D2

(A) 2v/11
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(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?

VTR FERLAMANIETASMEES, AP ek TER 4T, &
WA AT AN 242 TF, ETRARTHFH2E48F. flde, 55 %
B 6944 BR %4 20230428. 7] 2023 A 5y ABH, EFEANKFEEL
B #0498 4% 7 AR o B4 Aok

(A) 5

(B) 6

© 7

(D) 8

(E) 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 — # ¥ & ¥ K 21 Bk M B px 45 09 -3 5. 4w & Maureen £ F
— kM B IEIR 1L 4, AR LA T 5K e 1 5. 4o RIHAE T R =K
M B P B RAKAT L o, AR ARG T3 53640 2 5. B B AT 69 Bk 3
RG-S a?

(A) 4

(B) 5

Q) 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?
W TFTAMT, @RA2HEFHNETERAIGEFTH, FHRERTE
MNEFHZAT. PP AAZARFRAENAALERRGA AR

507

(A)

(B)
© 2-3
(D) V3 -2
() v2—1

= = Q1] =
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10. Positive real numbers x and y satisfy y> = x? and (y — x)? = 4y>. What is
xX+y?
EEHxAy bty =x>F(y—x)?=4>. Bx+y 2% p?
(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 -

%ﬁ%Z%%%ﬁ%ﬁ%%ﬁ%%%%%&E?
(A) 30

(B) 37.5

(C) 45

(D) 52.5

(E) 60

12. What is the value of the below expression?

TEARBEXGEAS 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?

EERFARET, FEARE L LRAREBELE Y. R85 TR
R FRHARRLEF I EREFEAIKG TG, AT RIBGERFEFEREY
Yok vt TR ARE RO TR S 40%. (LEAAFE, Liih Ak
FBAAL FHIIRL FHI.) P —RBATT 5 VIR

(A) 15

(B) 36

(©) 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 ?

Az R TRz I, FBRTRZ =2 F8H S VAP
(A) 2

(B) 3

Q5

(D) 6

(E) 7
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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 § = 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 &4 & F 47 F 3% 100 k. 5% 30 K94 HHy, M A EF%, % BC
AR, THFE APQRS RTEBZHTER, WBRAZW W TITHIES.
L BN 20K A 120 ket, AE O = /PAB = /QPC = ZRQB = - --
AEM? (B REH 24H . R2RIXI KIEEIELTH 4o B T 69w 5L,
CHEKTREISRE V)

D 4 g B g C

0 [ .

A Q B
(A) arccosg
(B) arccos%L
©) arccos%

4
(D) arcsin =

(E) arcsin 2



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 ?

HRHT |1 +z+22| =4 LRz MR ES. 2 0 R FRMATAE R
@ BN, A mion REAFYEEL. Flmt+niS e

(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 65 0 Frds, @14 347 — & 5 Bkt . xiﬂﬂﬁr—l—awwf\, ©
¥ 52 A6 kiR 2k 5, Flora pkgk E K FE 5 m 69ME % 2 - /] Flora
SEF 10 9MERS VP

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
C, is internally tangent to both C; and C; and externally tangent to C3. What
is the radius of C4 ?

1
ﬁ(ﬁ%cz%$ﬁ%%1,ﬂmzm%ﬁﬁﬁi.ﬂCb%ECh%sz%
WEXE. BCi5C #C Nn, 5tHE5Cy s n. B Cy 9 ¥R - % V?

(A) —

B) —

© —

(D) 8
1

(E) 5

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

VAT W F AP e AR E S Ve

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

(A) (logygs 7 - 10803 289)2
(B) 10850237 - 10855 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?

BE=ZABEENE L, 2, 3, 4, S5IF7e TET=. % —4T2)5 098 —474
RiBid At 1 HAATE S, FFibP R ENKF TIT—475 € L4 & 4mAR
G HANE G FeE i 1 MRS . 5% 2023 4749 2023 A3 b9 B Fe b AME Bk 3

EETE
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) ?

% AF B RS @KL, “BEEA(A B) T AW S @Ik kT L
A5 BW#BBKHENR YA, Fldo, % AB R S @ikedi, Md(AB)=1,
tado % AC #2 CB £ % ®ikayih, #H AB R&, A4 d(AB) =2. 4Q,
R, S AMASLFEGE—T @ik (420 MFDZAHARNE S FIK) R
AL, ¥ d(Q,R)>d(R,S) #iEE2% Ve

(A)
(B)
(&)

(D)

N[ — §|o1°°'°’°°"—‘ 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 f Hy B AR B RER LA — B R, AR TR BN,
n
%d'f (7)=1
Sk RARE N 9P EX%. M F(2023) 2% 2
(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 (4, b) satisfy the below

equation?

WRT I AL A BB (a,b) H % A2
(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 ?

HRFF AL, Az, oo, Ap, R n DT RFTI08EEE, H4MA £
{1/2/3/ /10} éﬁ%%; ﬂ:ﬂxj_a—_z’%n'z]é] (@4;}%‘2 ﬁ‘j 7’1) élj"g:/l\l> Ai—l
RATFE. B, {}, (5,7}, {257}, {257}, {2,5,6,7,9} #tan =5
B —ANZAE RS K AR I FIGE, B KRAL0 6308
Izs
A) 1
(B) 3
(©) 5
(D) 7
(E) 9

12
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25. Thereis a unique sequence of integers a1, ap, a3, - - - , axps such that the below

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

HERE—GERFI a1, a, a3, -+, a3, BAFAT F X4E tan2023x 7
ESCRFARBSE . ] anops &5 2

aq tan x + az tan® x + a5 tan® x + - - - + a3 tan?9 x
tan 2023x = 05
1+ artan? x + ag tan® x + - - - + aypp tan2022 x
(A) —2023
(B) —2022
) —1
(D)1
(E) 2023

13
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Answers.
EAAEB DEDCD CDBEA BEDCC ABBCC

14



