2022 MAA AMC 10B

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 S )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.)

A£%% ABCD ¥, % P4sF%#% AD +4$432BP L AD, AP =3, PD =2.
¥ ABCD #9m#2 % V2 (iZ: BE REpl44.)

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 three-digit positive integers have an odd number of even digits?

O F BAMB R B 69 AL E KA 5 Ve
(A) 150

(B) 250

(C) 350

(D) 450

(E) 550

(F) Leave as blank | R4 %

4. A donkey suffers an attack of hiccups and the first hiccup happens at 4:00
one afternoon. Suppose that the donkey hiccups regularly every 5 seconds.

At what time does the donkey’s 700th hiccup occur?

— KPR RELITER, FRITBRELTF 400, BEY AR5 ITH—
K. AL E 700 Kired K AL LAt 2

(A) 15 seconds after 4:58 | 4:58 Z )z #9 15 #)

(B) 20 seconds after 4:58 | 4:58 = )z &9 20 #)

(C) 25 seconds after 4:58 | 4:58 = jz &9 25 #)

(D) 30 seconds after 4:58 | 4:58 = )5 &5 30 #/

(E) 35 seconds after 4:58 | 4:58 =z )z #9 35 #)r

(F) Leave as blank | R4 %

5. What is the value of the below expression?

TakEXOERS )?

(A) V3

(B) 2

(Q) V15
(D) 4

(E) V105

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

are prime numbers?

F43) 121, 11211, 1112111, ... #af+3R ¥ A % P AREF K2
(A) 0

(B) 1

Q) 2

(D) 3

(E) 4

(F) Leave as blank | R4 %

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

two distinct integer roots?

43 %R K X%+ kx + 36 A AATR 49 F AR F Rk GBAAA 5 VA
(A) 6

(B) 8

Q9

(D) 14

(E) 16

(F) Leave as blank | 7~4F %
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8. 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 ?
F/ATH 100 AMRb, HARSTH 10 ATFE:

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

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

X EELY, BIFaERmANT HERGELSR S VAP
(A) 40

(B) 42

(C) 43

(D) 49

(E) 50

(F) Leave as blank | "4 %
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9. The sum
1 L2 2 n 3 T 2021
2031 4! 2022!
1
can be expressed as a — L where a and b are positive integers. What is
a+b? '
ZEN
1.2 .3 oo
20 30 4! 2022!

10.

TAKE R 4 — % HBX, LAPafeb REEK. Ma+beyaR % )2
(A) 2020

(B) 2021

(O 2022

(D) 2023

(E) 2024

(F) Leave as blank | R4 %

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 BT 7 A E &S, X®BEPHE RN P K2, mF
AL F LM ERFPH K2, FIREKG R D TRAZS V2

(A) 5
(B) 7
O 9
(D) 11
(E) 13
(F) Leave as blank | R4k %
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11. All the high schools in a large school district are involved in a fundraiser
selling T-shirts. Which of the choices below is logically equivalent to the
statement “No school bigger than Euclid HS sold more T-shirts than Euclid
HS™?

(A) All schools smaller than Euclid HS sold fewer T-shirts than Euclid HS.

(B) No school that sold more T-shirts than Euclid HS is bigger than Euclid
HS.

(C) All schools bigger than Euclid HS sold fewer T-shirts than Euclid HS.

(D) All schools that sold fewer T-shirts than Euclid HS are smaller than
Euclid HS.

(E) All schools smaller than Euclid HS sold more T-shirts than Euclid HS.
—NREKEFROFASFPHRALE T —RBETwFERES. AT NG

A F 4 L5 R T IRE %A b Euclid & £ X495 43k B 7wk Euclid & ¢
£ 56 T k™

(A) FiA vk Buclid & o 0 49 3 4246 32 th vk Buclid &b 2089 Tl
(B) A Buclid 5%k & %69 T M)kt Buclid &+ & k.
(C) A v Buclid % & Kk #9440 3% th wk Euclid &% 2069 T b
(D) FiA % st vk Buclid & %049 T fe b 5 440 vt Eudlid & % 20
(E) #i7 vt Buclid & ¥ /N6 5 K40 3% i vt Budlid &+ 2569 T .
(A) A

(B) B

© C

(D) D

(B) E

(F) Leave asblank | 7tk %
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12. A pair of fair 6-sided dice is rolled n times. What is the least value of n such

13.

that the probability that the sum of the numbers face up on a roll equals 7 at

least once is greater than E?

—H AR 6 ADORT I K Ao RE SR — R AL
T7OMmEXT 50 Ran B RAMER S D2

A) 2

(B) 3

©) 4

(D) 5

(E) 6

(F) Leave as blank | R4 %

The positive difference between a pair of primes is equal to 2, and the posi-
tive difference between the cubes of the two primes is equal to 31106. What
is the sum of the digits of the least prime that is greater than those two

primes?

—XERZNNY RARIERN ZFT 2, XAAMNFER L5 Z0H &2 IE
HEEF T 31106. FIXFEAMNERNG RN FHGELHF RS V?
(A) 8

(B) 10

O 1

(D) 13

(E) 16

(F) Leave as blank | R4 %
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14. Suppose that S is a subset of {1,2,3,...,25} such that the sum of any two

(not necessarily distinct) elements of S is never an element of S. What is the

maximum number of elements S may contain?

#S&{1,23,...,25} #9F &, MFS PHEMAAN (R—RELF) LHH
BRARSFHALE. MISTYRETACE S S ALE?

(A) 12

(B) 13

(C) 14

(D) 15

(E) 16

(F) Leave as blank | R4 %

15. Let S, be the sum of the first n terms of an arithmetic sequence that has a
common difference of 2. The quotient % does not depend on n. What is
n
S20?
S3n
Sn

WSy R—ANEH 2 F LRI 0 A2 e, T

S0 #% 2

BRI T n. ¥

(A) 340
(B) 360
(C) 380
(D) 400
(E) 420
(F) Leave as blank | R4k %
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16. The diagram below shows a rectangle with side lengths 4 and 8 and a square

17.

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, TAL4HEEAR—AZLKASHEFTH. deBHf

T, EFHHEAMETEN OZFRRAGA 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 | 4%

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

T A B3P A — AN B AAAEART NF 10 69 % HOErh . 19 3R IRAN S
( A) 2606 -1

(B) 26% 41

(C) 2697 —1

(D) 257 +1

(E) 2607 + 3607

(F) Leave as blank | R4E %
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18. Consider systems of three linear equations with unknowns x, y, and z,

ax+byy+cz=0

ayx +byy +cpz =0

azx + b3y +c3z =0
where each of the coefficients is either 0 or 1 and the system has a solution
other than x = y = z = 0. For example, one such system is (1x + 1y +
0z = 0,0x + 1y + 1z = 0,0x 4+ Oy 4+ 0z = 0) with a nonzero solution of
(x,y,z) = (1,—1,1). How many such systems of equations are there? (The

equations in a system need not be distinct, and two systems containing the

same equations in a different order are considered different.)
FREEANKEFTRERN, KRB A x, y Aoz 6954240

mx +byy+cz=0

ayx +byy +cpz =0

azx 4+ b3y +c3z =0
AP HEANREAORL, FEFREA I x=y=2=05 9. #ldo,
— XA AR (Ix+1y+0z2 =0,0x+ 1y +1z = 0,0x + 0y + 0z = 0),
CHIERM (x,y,z) =(1,-1,1). MEF Z I AZHGITARA? (—ATfa
P FTAEALFRAEG, FERNQLAEREN T, RAEZDR A F 6 F2
AN AR TE 6 .)
(A) 302
(B) 338
(C) 340
(D) 343
(E) 344
(F) Leave as blank | R4 %

10
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19. 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

11
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5X5 FHEFTHENFTHELRREY, BARTGN, LK AN
ARG A, XA AN RE AN IETA L A IA A RARARE . AR T
HLI AT 55 3 -

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

THEZTT /N TH.

45K & TR
BIX 5 XD FHERF LG FHEETONH, ENEALETAG3X3 FF
k. MABE—REBRS, 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 %

12
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20. Let ABCD be a rhombus with ZADC = 46°. Let E be the midpoint of CD,

21.

and let F be the point on BE such that AF is perpendicular to BE. What is
the degree measure of Z/BFC ?

#£% W ABCD %, LZADC =46°. % E ACD #% %, @ F # BE L&) %5,
1443 AF &4 F BE. 17| ZBFC #4982 % >

(A) 110

(B) 111

(O 112

(D) 113

(E) 114

(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?

HEP(x) R—AAEAHKG SAX, #1355 P(x) hd %A X x>+ x+1 8,
AXAx+2, MEP(X)BAEZAX P +10, 2XA2x+1. HELAER
AN 0GR B FARE) SR X RE—0. FiZ 5 X ER R T f 2
Je

%

(A) 10
(B) 13
© 19
(D) 20
(E) 23
(F) Leave as blank | 7~4F %

13
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22. Let S be the set of circles that are tangent to each of the three circles in the

23.

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?

ZSRAETFET, AEA R =4, 2+ =64, (x—5)2+1y2 =3
WA E—ANAA 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 t,, 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?

. Amelia 724080 E O FF45, AT 7 X esr. sFFn=1,2,3, Amelia
AR E (0,1) P AR 2 B3 4 Mg B Lt 18] £y Fo T Koxy . A RATIEAZHY
#Fn ¥, Amelia BERHF) xy NEAL, At 247, WwRAEF n B
B, prade g atEARE 1 54r, MAAZTERIFIE;, T, WAL
T—¥, m%—2A&3F. ¥ Amelia 122 & KF 1 8937 M 6942 B 4L 69
WMERS J?

(A)
(B)
(&)

(D)

N U | W WIN DN W

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

14
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24. Consider functions f that satisfy
£~ fy)l < 5lv—y
for all real numbers x and y. Of all such functions that also satisfy the equa-
tion £(300) = f(900), what is the greatest possible value of

f(£(800)) — f(f(400))?

FEBFATRRAGFK f: STFHAG LS Fy,
1

f(x) = f)l < 5lx—yl.

FEPTR XA F P, 4o RITBRHLF X f(300) = £(900), R4
f(f(800)) — f(f(400))

AR KTAAEZ % J?
(A) 25
(B) 50
(C) 100
(D) 150

(E) 200
(F) Leave as blank | 7~4F %

15
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25. 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?
BEHF x0, x1, X2, ... F, BAxHAORL. FTFTEHEANAEEHn, 2L
n—1
k=0
BESHA N> 1, 7Sy =1 (mod 2"). Hf= X
X2019 + 2X2020 + 4x2021 + 8x2022

WER S D2

(A) 6

(B) 7

O 12

(D) 14

(E) 15

(F) Leave asblank | F4F %

16
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Answers.
ADDAB ABBDD BCEBD DCBCD EECBA

17



