2022 MAA AMC12B

1. Define x ¢y to be |x — y| for all real numbers x and y. What is the value of
(10(203)) —((102)©3)?

TR ERx Ay, xoy RXA [x—y|. M (10(203)) —((102)03)
BT % )2

A) -2

(B) -1

© 0

(D) 1

(B) 2

(F) Leave as blank | 74 %

2. In rhombus ABCD, point P lies on segment AD sothat BP | AD, AP = 3,
and PD = 2. What is the area of ABCD? (Note: The figure is not drawn to

scale.)

HA£%% ABCD ¥, % P4sF%#% AD +4$432BP L AD, AP =3, PD =2.
] ABCD #ym#2 % b2 (iZ: B REpl%4.)

B C
A P D
(A) 35
(B) 10
Q) 65
(D) 20
(E) 25

(F) Leave as blank | 7~4F %
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3. How many of the first ten numbers of the sequence 121, 11211, 1112111, ...

are prime numbers?

F43) 121, 11211, 1112111, ... e +R ¥ A % P AREF K2
(A) O

(B) 1

Q) 2

(D) 3

(E) 4

(F) Leave as blank | R4 %4

4. For how many values of the constant k will the polynomial x? + kx + 36 have

two distinct integer roots?

43 %R K a2 + kx + 36 A T AT R 69 B BARGF Kk 9 BALH 5 AP
(A) 6

(B) 8

Q9

(D) 14

(E) 16

(F) Leave as blank | 7=~4F %

5. The point (—1, —2) is rotated 270° counterclockwise about the point (3,1).

What are the coordinates of its new position?

& (—1,-2) Ze.5 (3,1) B4 2L 2700, I BT M AL B AR S o

(E) (6,—3)
(F) Leave as blank | R4 %
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6. Consider the following 100 sets of 10 elements each:

{1,2,3,...,10},
{11,12,13,...,20},
{21,22,23,...,30},

{991,992,993, ...,1000}.
How many of these sets contain exactly two multiples of 7 ?
FRAT 8100 Med, HAKSFA L0 ALFE:
{1,2,3,...,10},

{11,12,13,...,20},
{21,22,23,...,30},

{991,992,993, ...,1000}

X EELY, BIFabRmANT HERGELSR S VAP
(A) 40

(B) 42

(C) 43

(D) 49

(E) 50

(F) Leave as blank | "4 %

7. Camila writes down five positive integers. The unique mode of these inte-
gers is 2 greater than their median, and the median is 2 greater than their

arithmetic mean. What is the least possible value for the mode?

Camila 5 TF 7 A E#4. ZEEHGE—-RIGLEMGFPEHEK2, mF
R L RFHHEKR2. BRI RN TRAELZ S J?

(A) 5

(B) 7

© 9

(D) 11

(E) 13

(F) Leave as blank | R4 %
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8. What is the graph of y* 4+ 1 = x* + 2y in the coordinate plane?

10.

EAFFa L, Y+ 1=x 422 PTATHEAHREHG?
(A) two intersecting parabolas | # 448 2 69 #1444

(B) two nonintersecting parabolas | # 448 2 69 #u4 £,
(C) two intersecting circles | #4488 % 49

(D) acircle and a hyperbola | —/NE fo— & 3 ih £,

(E) acircle and two parabolas | — /N 4= # £ 34 4

(F) Leave as blank | R4 %

. The sequence ay, a1, a, . . . is a strictly increasing arithmetic sequence of pos-

itive integers such that
27 = 2% . ay.

What is the minimum possible value of a,?

HF) ag, ay, ay, ... R E MR FEREI S L BT, AR
217 — 2% . g |

] ap & T ARALA S P

(A) 8

(B) 12

(O 16

(D) 17

(E) 22

(F) Leave as blank | R4E %

Regular hexagon ABCDEF has side length 2. Let G be the midpoint of AB,
and let H be the midpoint of DE. What is the perimeter of quadrilateral
GCHEF?

i ABCDEF #9ia %% 2. #% G 4 AB#9d 5, H 3y DE th¥ 5. ]
wiA#H GCHF 89 K2 % V>?

(A) 43

(B) 8

(© 45

(D) 47

(E) 12

(F) Leave as blank | 74 %



11.

12.

2022 MAA AMC12B

Let f(n) = <#§> + <#§> , where i = y/—1. What is

£(2022) 2

" fm) = (ﬂ)Z <4+m)” Edbi=/—1. F f(2022) #
iR % )?

(A) -2

(B) —1

(GN0)

(D) V3

(E) 2

(F) Leave as blank | R4 %

Kayla rolls four fair 6-sided dice. What is the probability that at least one
of the numbers Kayla rolls is greater than 4 and at least two of the numbers

she rolls are greater than 2?

Kayla #t#pvg AN -F 89 6 ANdag ¥, /£ Kayla #d 6984, 20 FH — A4
KTF4, HAESPHBAKKT 2 0MELS )

2
(A) 3

19
27
59
81
61
81

7
(E) )

(B)
(&)

(D)

(F) Leave as blank | R4 %
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13. The diagram below shows a rectangle with side lengths 4 and 8 and a square

14.

with side length 5. Three vertices of the square lie on three different sides
of the rectangle, as shown. What is the area of the region inside both the

square and the rectangle?
THEFT—AKAS, TAL4HELAR—AZKASHEFTH. deBHf

T, EFHHEAMETEN O ZFRRAGA L. FLEFH AR A5
PHERRES D

D

1
(A) 15§

3
(B) 15§

1
(©) 155

5
(D) 15§

7
(E) 15§

(F) Leave as blank | R4 %

The graph of y = x? + 2x — 15 intersects the x-axis at points A and C and
the y-axis at point B. What is tan(£ABC) ?

y=x>+2x— 15 89A%E x MR F L AREC, HFys#mT LB, K
tan(Z/ABC) £ % V?

(A)
(B)
Q)
(D)

(E)
(F) Leave as blank | 7~4F %

N N~ N W RIE Q-



15.

16.

2022 MAA AMC12B

One of the following numbers is not divisible by any prime number less
than 10. Which is it?

T 9 &P A — AN BCRAAAEAT T 10 69 AR B SRR
(A) 2606 -1

(B) 2606 41

(C) 2607 —1

(D) 2097 41

(E) 2607 + 3607

(F) Leave as blank | R4E %

Suppose x and y are positive real numbers such that

X =2% and (log,x)®Y =27,

What is the greatest possible value of log, y ?
B x Foy RIESLEK, iR
=2 (log, x)lo82 = 97

¥ log, y 49 & KT HEAEZ % 2
(A) 3

(B) 4

Q) 3++2

(D) 4+ /3

(E) 7

(F) Leave as blank | 7~4F %
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17. How many 4 x 4 arrays whose entries are Os and 1s are there such that the
row sums (the sum of the entries in each row) are 1, 2, 3, and 4, in some order,
and the column sums (the sum of the entries in each column) are also 1, 2, 3,

and 4, in some order? For example, the below array satisfies the condition.

FTRAXAGEE, LPOEAHYA 0], f (BFEFPHERZ )
BEMIRFHETNER L 2. 3. 4, mIlFe (A7 6 &2 An) kAR
FHEFIGE LR 1. 2, 3. 4. FEHGHE—RLH L VA2 flde, TEOHKSE
ith X E K.

1110
0110
1111
0100

(A) 144

(B) 240

(O 336

(D) 576

(E) 624

(F) Leave as blank | R4E %
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18. Each square in a 5 x 5 grid is either filled or empty, and has up to eight

adjacent neighboring squares, where neighboring squares share either a side

or a corner. The grid is transformed by the following rules:
e Any filled square with two or three filled neighbors remains filled.

e Any empty square with exactly three filled neighbors becomes a filled

square.
e All other squares remain empty or become empty.

A sample transformation is shown in the figure below.

Initial Transformed

Suppose the 5 x 5 grid has a border of empty squares surrounding a 3 x 3
subgrid. How many initial configurations will lead to a transformed grid
consisting of a single filled square in the center after a single transforma-
tion? (Rotations and reflections of the same configuration are considered
different.)

. =

Initial Transformed
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5X5 FHEFTHENFTHELRREY, BARTGN, LK AN
ARG A, XA AN R E AN IETA L A IA A RARARE . AR T
HLI AT 55 32 -

o ILATH AN REAARARE) T A AR E B R E TR LRI ZREN.
o ILATIAFH ZAMBAR ) TR KR E T G FTHIERAKRE T
o TR MM FTHZLABRLERFAZTAN, TATREG T .

THEZTT /N TH.

45K E TR
BIXR 5 XD ZHERF LG ZHEETON, CENBALEFTAG3X3 FF
k. MABE—REBRE, THBETARAFTSHTBREREHGMBHAR
% A (— AR Zid it fe RATE Wb s RAGA A R FE 89 .)

- E

PR & R#E R
(A) 14
(B) 18
(C) 22
(D) 26
(E) 30

(F) Leave as blank | 7~4F %

10



19.

20.
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In A ABC medians AD and BE intersect at G and A AGE is equilateral. Then

my/p

integers and p is a positive integer not divisible by the square of any prime.
Whatis m +n + p?

cos(C) can be written as , where m and n are relatively prime positive

£ AABC ¥, ¥4 AD % % BEA R T G, 3+tH AAGE 5 = .
B4 cos(C) T A5 &, %ﬁ H X, b mfen RERGEREY, pRE
B, FERREMAETERNG T 7 ER. Mm+n+pLsre?

(A) 44

(B) 48

(C) 52

(D) 56

(E) 60

(F) Leave as blank | R4

Let P(x) be a polynomial with rational coefficients such that when P(x) is
divided by the polynomial x> + x + 1, the remainder is x + 2, and when
P(x) is divided by the polynomial x> + 1, the remainder is 2x + 1. There is
a unique polynomial of least degree with these two properties. What is the

sum of the squares of the coefficients of that polynomial?

EP(x) R—AAEAHKG SAX, #3% P(x) hh %A X x> +x+1 8,
AXAX+2, ML P(x) ASAX 2 +10, #XA2x+1. HBRELER
N R B FAREG SR XAE—. FlZERXGERZAUGF T RES
2

(A) 10

(B) 13

Q) 19

(D) 20

(E) 23

(F) Leave as blank | R4 %

11



21.

22.
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Let S be the set of circles that are tangent to each of the three circles in the
coordinate plane whose equations are x> + y?> = 4,x% + y*> = 64, and (x —
5)2 + y?> = 3. What is the sum of the areas of all the circles in S?

ESRAETFEY, HAEA N+ R =4, 2+ =64, (x—5)2+1y2 =3
WA E—ANEAA R E R EL. B S ARG BRI S
b2

(A) 487

(B) 687

(O) 9671

(D) 1027

(E) 1367

(F) Leave as blank | R4 %

Ant Amelia starts on the number line at 0 and crawls in the following man-
ner. For n = 1,2,3, Amelia chooses a time duration ¢, and an increment
x, independently and uniformly at random from the interval (0,1). During
the nth step of the process, Amelia moves x,, units in the positive direction,
using up t, minutes. If the total elapsed time has exceeded 1 minute dur-
ing the nth step, she stops at the end of that step; otherwise, she continues
with the next step, taking at most 3 steps in all. What is the probability that

Amelia’s position when she stops will be greater than 1?

e Amelia 724080 E O FF44, AT 7 X esr. sFFn=1,2,3, Amelia
AR E (0,1) s AR 2 B3 4 R g B Lot 17 £y Fo T K x . RATIEAZHY
#n ¥, Amelia BERHF) xy NEAL, At 247, WwRAEF n S BIHH
B, e atEARE 1 54r, MAAZT & RIFIE;, TR, WAL
T—¥, % —2A&3F. ¥ Amelia 12L& KT 1 89375 M 6942 B 4L 69
WMERS V2

(A)
(B)
(&)

(D)

N U | WIN NI W

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

12
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23. Let xg, x1, X2, . .. be a sequence of numbers, where each x; is either 0 or 1.

For each positive integer n, define
n—1
k=0
Suppose 75, =1 (mod 2") for all n > 1. What is the value of the sum

X2019 + 2x2020 + 4x2021 + 8x2022?
XS x0, x1, X2, ... F, BAxHAORL. FTFTEHEANAEEHn, 2L
n—1
k=0
BESHA N> 1, H7Sy =1 (mod 2"). H=X
X2019 + 2X2020 + 4x2021 + 8x2022

WER S D2

(A) 6

(B) 7

O 12

(D) 14

(E) 15

(F) Leave asblank | F4F %

13
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24. The figure below depicts a regular 7-gon inscribed in a unit circle. What is

the sum of the 4th powers of the lengths of all 21 of its edges and diagonals?

THHTRZ—ANELELLER PHELAY. €A ALEHR 21
%, MXEEEKENIRHFI RS V?

(A) 49

(B) 98

(O) 147

(D) 168

(E) 196

(F) Leave as blank | R4E %

14
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25. Four regular hexagons surround a square with side length 1, each one shar-
ing an edge with the square, as shown in the figure below. The area of the
resulting 12-sided outer nonconvex polygon can be written as m+/n + p,
where m,n, and p are integers and 7 is not divisible by the square of any

prime. Whatis m + n + p?

Yo FTET, ONENABREE—NLKA TG EFH, HAEXNLH L
EFHA—FART. BB ARG EL GRS 12 8K, CHER
TABRm/n+p, Fbm, nfep ZER, n TR LT 7 £k
FMlm+n+pR%he?

(A) —12

(B) —4

(C) 4

(D) 24

(E) 32

(F) Leave as blank | R4 %

15
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Answers.
ADABB BDDBD EDDEC CDCAE ECACB

2022 AMC12 Solution
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