2022 MAA AMC 12A

1. What is the value of the below expression?

T RGERL S )

3+$
(A) %
(B) ;L—z
© >
(D) %
() %

(F) Leave as blank | R4f %

2. The sum of three numbers is 96. The first number is 6 times the third number,
and the third number is 40 less than the second number. What is the absolute

value of the difference between the first and second numbers?
EANKZ A 6. FABAF AR 64F, FEANARLE AL 40.
B ARG F AR ENLITER S D

(A) 1

(B) 2

O 3

(D) 4

(B) 5

(F) Leave as blank | R4F%
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3. Five rectangles, A, B, C, D, and E, are arranged in a square as shown below.
These rectangles have dimensions 1 X 6, 2 x 4,5 x 6, 2 x 7, and 2 X 3, re-
spectively. (The figure is not drawn to scale.) Which of the five rectangles
is the shaded one in the middle?

o FTEMT, EANER, Ay B. C Dy E, #IE—ANEFTHF. ZLIEH
RGN ALX6. 2x4, 5x6.2%x7.2x3. (AW KRELHZH.) 19
FANGETG AR — AN 8] 8 [ % P

(A) A
(B) B
O C
(D) D
(E) E
(F) Leave asblank | 4%

4. The least common multiple of a positive integer n and 18 is 180, and the
greatest common divisor of n and 45 is 15. What is the sum of the digits of

n?

EEK 518 8% ) AMEHKZ 180, sFHn 545 69 F kA2 15. R4
n# LB FL IS e

(A) 3

(B) 6

© 8

D) 9

(E) 12

(F) Leave as blank | R4E %
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5. The taxicab distance between points (x1,y1) and (x2,y2) in the coordinate
plane is given by |x; — x2| + |y1 — y2|- For how many points P with integer
coordinates is the taxicab distance between P and the origin less than or
equal to 20?

B AR B (X1, y1) Ao (X, y0) XA BAAEIERA [x1 — x| + [y1 —
V| HREZRGGHMEERNTRFT 2048, LAFAEKNGEP A SV

~

(A) 441

(B) 761

(C) 841

(D) 921

(E) 924

(F) Leave as blank | R4E %

6. A data set consists of 6 (not distinct) positive integers: 1, 7, 5, 2, 5, and X.
The average (arithmetic mean) of the 6 numbers equals a value in the data

set. What is the sum of all possible values of X?

— AR S 6 A (TR ) B4 1. 7. 5. 20 5. X. 6 ANk#d
(ER) FHEFTRBEFHENK. A X WA TRALGEFRZS 2
(A) 10

(B) 26

(C) 32

(D) 36

(E) 40

(F) Leave as blank | R4 %
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7. A rectangle is partitioned into 5 regions as shown. Each region is to be
painted a solid color—red, orange, yellow, blue, or green—so that regions
that touch are painted different colors, and colors can be used more than

once. How many different colorings are possible?
B PTR, —AMNMEBERISA S AR HARBHRFRALE. BE. &

b BEREE TN —HMERE, BAAERSEBHALRRGRE,
BABMET R S F—K. FIAH S VTSGR E7 X

(A) 120
(B) 270
(C) 360
(D) 540
(E) 720
(F) Leave as blank | R4 %

8. The infinite product

5. 7. 3. .

evaluates to a real number. What is that number?

vi0- Y- v, -
Bt R A —ANER. FEIANAKES S
(A) V10
(B) /100
(C) v/1000
(D) 10
(E) 10v/10
(F) Leave as blank | =A%

7 AR



2022 MAA AMC 12A
9. On Halloween 31 children walked into the principal’s office asking for candy.

They can be classified into three types: Some always lie; some always tell
the truth; and some alternately lie and tell the truth. The alternaters arbitrar-
ily choose their first response, either a lie or the truth, but each subsequent
statement has the opposite truth value from its predecessor. The principal

asked everyone the same three questions in this order.

“Are you a truth-teller?”The principal gave a piece of candy to each of the

22 children who answered yes.

“Are you an alternater?”The principal gave a piece of candy to each of the

15 children who answered yes.

“Are you a liar?”The principal gave a piece of candy to each of the 9 children

who answered yes.

How many pieces of candy in all did the principal give to the children who
always tell the truth?

FHRER, SINEFAARKIANATEZBRE. ZFNAZFERE: ARA
BLiEiE;, ARALVAE, ARARXRIIEEALE. TR HE
EF G Z T, BAABENS AT E — A EME 2 RS E L ILAE
ik, MAEHERGERRZZRAENSAT—AFEAME. KK TH
W5 B T BRI AR 69 Z AN 9 2.

“REBHAFED ) REKLDE R 22 ANBTFHA—S4E R,
“RAERBVIEIE R AED ) RRKLWE RIS N TFHEA—BEER.
“REBHIRED ) REKLDE R INETHA—S4E R,
FMIRKALTERAEGOHZTFN—2E 5 ViR

A

(A) 7
(B) 12
O 21
(D) 27
(E) 31
(F) Leave as blank | R4E %
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10. How many ways are there to split the integers 1 through 14 into 7 pairs so

11.

12.

that in each pair the greater number is at least 2 times the lesser number?
P12 14 89 BB 5 R 7 3, 1EFE— PR RXGRE DV RE N HE 2
&, XFGHE—EA S VH?

(A) 108

(B) 120

(C) 126

(D) 132

(E) 144

(F) Leave as blank | R4 %

What is the product of all real numbers x such that the distance on the num-
ber line between log, x and log, 9 is twice the distance on the number line

between log, 10 and 1?

F4h k log, x 5 log, 9 2 18] 49 36 85 & 45 4h k log, 10 55 1 X 8] 3E 5 49 A 4&, AT
H iR FA G ER x 9 RBRES I

(A) 10

(B) 18

(C) 25

(D) 36

(E) 81

(F) Leave as blank | R4 %4

Let M be the midpoint of AB in regular tetrahedron ABCD. What is
cos(£CMD)?

# M R Ew@ik ABCD #9ih AB # % &. 9] cos(/CMD) #9452 % ¥
(A)
(B)
(©)

(D)

SI\)IHU‘III\JWIH%IH
@

() —

N

(F) Leave as blank | R4 %



13.

14.

2022 MAA AMC 12A

Let R be the region in the complex plane consisting of all complex numbers
z that can be written as the sum of complex numbers z; and z,, where z; lies
on the segment with endpoints 3 and 4i, and z, has magnitude at most 1.

What integer is closest to the area of R?

HETAB RIS B 2 Ll KN Lz, b 2 A B A 4i 0%
Bk, zp KRR 1. R LT @ P AT M6 LM R K. FR
Bt R @R LIRS 2

(A) 13

(B) 14

© 15

(D) 16

(E) 17

(F) Leave as blank | R4E %

What is the value of the below expression, where all logarithms have base
107
FIFXeEE S D, L A a9 xf 8039 A 10 A ke

(log5) + (log20)3 + (log 8)(log 0.25)

(A)

(B) 3
(F) Leave as blank | R4E %



15.

16.

2022 MAA AMC 12A
The roots of the polynomial 10x% — 39x2 4 29x — 6 are the height, length, and

width of a rectangular box (right rectangular prism). A new rectangular box
is formed by lengthening each edge of the original box by 2 units. What is

the volume of the new box?

% X, 1023 — 39x% + 29x — 6 4942 — AN Kk FH R ETF (R EZIEM 69 Ek )
MBHE. KERTE. wRE—AHHKIAREFABIFREETHHELD
K2 AN TmBR. FIHETFEOERBRES V2

24

5

42

5

81
© 5

(D) 30

(A)

(B)

(E) 48
(F) Leave as blank | R4 %

A triangular number is a positive integer that can be expressed in the form
th = 14243+ .-+ n, for some positive integer n. The three smallest
triangular numbers that are also perfect squares are t; =1 = 12, tg = 36 =
62, and ti9 = 1225 = 352. What is the sum of the digits of the fourth smallest

triangular number that is also a perfect square?

o R—ANEEBTARERt = 1+2+3+ - +n #BX, L Fn 2k
MNEEK, WHREAZABE. FRTEFFTHGZARDGZ AT KL
b =1=12 tg =236 = 6% ty = 1225 =352, FlF & LA F % %09 %)
=AW BNEAARFTI RS V2

(A) 6

(B) 9

O 12

(D) 18

(E) 27

(F) Leave as blank | RAF£



17.

18.
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Suppose 4 is a real number such that the equation
a - (sinx 4+ sin(2x)) = sin(3x)

has more than one solution in the interval (0, 7r). The set of all such a can
be written in the form (p, q) U (g, 7), where p, g, and r are real numbers with
p<gq<r.Whatisp+qg+1?
RaAFKHK, AT

a - (sinx 4+ sin(2x)) = sin(3x)
R (0,71) LA S F—AM. PrAEAEG 0 LRGESTRAE X (p,q) U
(q,7) %X, EFp. g rRHBERp<gq<rFH. FMp+q+r2% V>
(A) —4
(B) -1
(G N0
(D) 1
(E) 4
(F) Leave asblank | R4 %

Let Ty be the transformation of the coordinate plane that first rotates the
plane k degrees counterclockwise around the origin and then reflects the
plane across the y-axis. What is the least positive integer n such that per-
forming the sequence of transformations Ty, T, T3, - - -, T returns the point
(1,0) back to itself?

KT ALFF@e T, Cait-FosR aEi4test k&, KBt
Y R, BEERASD T Tos Tas - Ty 42435 (1,0) T#H =5 A
FFEREHE N RS Y

(A) 359

(B) 360

Q) 719

(D) 720

(E) 721

(F) Leave as blank | 7~4F %
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19. Suppose that 13 cards numbered 1, 2, 3, ..., 13 are arranged in a row. The
task is to pick them up in numerically increasing order, working repeatedly
from left to right. In the example below, cards 1, 2, 3 are picked up on the
first pass, 4 and 5 on the second pass, 6 on the third pass, 7, 8, 9, 10 on the
fourth pass, and 11, 12, 13 on the fifth pass.

For how many of the 13! possible orderings of the cards will the 13 cards be

picked up in exactly two passes?

BE%5H 1 20 3 . 1389 13 5K F B HER—AT. ILAEMAE SR 3 S %
WA EIEA, NAERAEETL I, ATEOTH T, F—RESRE
FAL 2. 38 Fh, FREERKEFTALFEH TR, FERERS
FHOMFR, FuiteRBETHT. 8. 9. 108 F A, A EAaS
A 11, 12, 13 89F 4 .

B PR 1B AT R GG F R HEZU P, A 2 S APHESI 44T 13 3K F 1 Tl 4T 7
BAIE T

711 |8(|(6]||4||5](9]|(12{|1|[13/|10{(2]||3

(A) 4082
(B) 4095
(O) 4096
(D) 8178
(E) 8191
(F) Leave as blank | R4E %

10
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20. Isosceles trapezoid ABCD has parallel sides AD and BC, with BC < AD and

21.

AB = CD. There is a point P in the plane such that PA = 1, PB = 2,PC = 3,
BC
d PD = 4. Whatis —?
an atis -

fF 4% ABCD %, AD # BC - F47#9# 4, BC < AD, % H AB = CD.

F@ LA —AEP, #fFPA=1. PB=2, PC=3, PD=4. | ig
I

&%

(A)
(B)
(&)
(D)

(E)
(F) Leave as blank | R4E %

AW WINDNIE QPR =

Let P(x) = x2022 4 x'1011 4+ 1. Which of the following polynomials is a factor
of P(x)?

B P(x) = x2022 4 10 410 @ FopAs 2 X2 P(x) 698 X?

(A) x> —x+1

(B) ¥ +x+1

(O x*+1

(D) x0 —x3+1

(E) x®+x3+1

(F) Leave as blank | R4 %

11



22.

23.
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Let c be a real number, and let z; and z; be the two complex numbers satisfy-

ing the equation z2 — ¢z +10 = 0. Points z1, z3, o and o are the vertices of
1 2
(convex) quadrilateral Q in the complex plane. When the area of Q obtains

its maximum possible value, ¢ is closest to which of the following?

& c /79'—%5\,1 21 ﬁ‘i ) RHBRFARZZ —cz+10=00FENEH. L-F@ L
Ba o A b () W QTE. 3 QB RIARAT AL
BF, ¢ RIEULATIRAR?

(A) 4.5

(B) 5

(©) 55

(D) 6

(E) 6.5

(F) Leave as blank | R4E %

Let h, and k, be the unique relatively prime positive integers such that

1 n 1 n 1 P 1 hy
1 2 3 n k,
Let L, denote the least common multiple of the numbers 1,2, 3, ..., n. For

how many integers n with 1 <n <22isk, < L,?

& hy Fo ky R R
L S S S
1 2 3 n k,

o — B H E KT K Ly A 123 on 9 R AMERL AH -1 <n <22
R T, B S VAT Ky < Li?

(A) O

(B) 3

(©) 7

(D) 8

(E) 10

(F) Leave as blank | R4 %

12
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24. How many strings of length 5 formed from the digits 0, 1, 2, 3, 4 are there

25.

such that for each j € {1,2,3,4}, at least j of the digits are less than j? (For
example, 02214 satisfies this condition because it contains at least 1 digit less
than 1, at least 2 digits less than 2, at least 3 digits less than 3, and at least 4
digits less than 4. The string 23404 does not satisfy the condition because it

does not contain at least 2 digits less than 2.)

FRBHEF 01, 2. 34 ARG KEAS 9FHE, BEAFTHEAN] €
{1,2,3,4}, & FESH AT KT, MEFGFHEEH S VA2 (4]
Yo, 02214 % R Ftr, BACELLES IANNTIHRT 2524 F 2
HEF ZV3MNTINMT. 2V AN TAHHKT. FHE 23404 R
HREM, HAEREEE Y 2ANT 2838F.)

(A) 500

(B) 625

(©) 1089

(D) 1199

(E) 1296

(F) Leave as blank | R4E %

A circle with integer radius r is centered at (r, r). Distinct line segments of
length ¢; connect points (0, a;) to (b;,0) for 1 <i < 14 and are tangent to the
circle, where a;, b;, and c; are all positive integers and ¢; < ¢ < -+ < ¢q4.

c .
What is the ratio —= for the least possible value of r ?
€1

—AE, BAEHFERr, A(rr) ARS. FF1<i0<14, #3#5 (0,4)
5 (b;,0) W EBEEZAHE, KEH i, FE5EAAW, XL g by ¢ AL
c
?ik&}i, (1< <~ <cyy. Hr Elﬁlj‘qﬁlé/fﬁﬂd', 2o % RZ e
1

21
5

85
(B) e

Q7
(D) ¥

5
(E) 17

(A)

(F) Leave as blank | =A%

13
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Answers.
DEBBC DDAAE EBACD DAADB EADEE

2022 AMC12 Solution
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A
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