2019 AMC 12A

2019 AMC 12A

Problem 1

The area of a pizza with radius 4 inches is [V percent larger than the area of a pizza with
radius 3 inches. What is the integer closest to /N'?

AR 4 JT I EEEE DRI AR 3 FET I DR AR B B 70 802 Ve T B eils VIR
At A

(A)25 (B)33 (C)44 (D)66 (E)78

Problem 2
Suppose @ is 150% of b. What percent of a is 3b?
ik ase b 160%. AL allIEsr 2205 362

(A) 50  (B) 66+§ (C) 150 (D) 200  (E) 450

Problem 3

A box contains 28 red balls, 20 green balls, 19 yellow balls, 13 blue balls, 11 white balls,
and 9 black balls. What is the minimum number of balls that must be drawn from the box without
replacement to guarantee that at least 15 balls of a single color will be drawn?

—NET A 28 ANLTER, 20 NEEER, 19 ANEEER, 13 MNIEER, 11 ANEBRFD 9 ANEEBR, N TR
WEE/DHUH 15 A —EF Bk, £ U e] BRSO R, D A\ B 7 B ECH R BR K B B
DREZ DN

(A)75 (B)76 (C)79 (D)8 (E)91

Problem 4

What is the greatest number of consecutive integers whose sum is 45?
% Al LA 2 /DA ES A, EATINE AT 452

(A)9 (B) 25 (C) 45 (D) 90 (E) 120
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Problem 5

1

Two lines with slopes 2 and 2 intersect at (2 2). What is the area of the triangle enclosed by these
two lines and the line * +y = 107

%%ﬂ%%%ﬁ%ﬁzmﬁﬁﬁi?@,moﬂﬁﬁ%%ﬁﬁﬁaﬁx+y:m%ﬁﬁ%£
T AR 2 /b ?
(A)4 (B)4vV2 (C)6 (D)8 (E)6v2

Problem 6

The figure below shows line ¢ with a regular, infinite, recurring pattern of squares and line segments.

TEERTEZEL, ZELHRNA. TR, BRI IETT AL BT AL B .

AN
~

How many of the following four kinds of rigid motion transformations of the plane in which this
figure is drawn, other than the identity transformation, will transform this figure into itself?

A T HIPUAD o Tz DR B e~ IR AR ey, A7 LA BR T1ESEAR#A, REIE LR BIE
ZFHEH)?

some rotation around a point of line £

FISeE L A ERIREA s ek

some translation in the direction parallel to line /
WEPAT T HLZ A W7 AP

the reflection across line £

KT HE A BN

some reflection across a line perpendicular to line £
KTHFEETHLE AMELER S

Ao ®B1 ()2 M3 (E)4
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Problem 7

Melanie computes the mean X, the median M, and the modes of the 365 values that are the dates in
the months of 2019 . Thus her data consist of 12 1s, 12 2s, ..., 12 28s, 11 29s, 11 30s, and 7 31s.
Let d be the median of the modes. Which of the following statements is true?

Melanie $H5 2019 4F 1% H B9 HIHIX 365 NEUE 3950, A8 M LA . R, i
FIBARERE 12 1, 12702, « o« , 12428, 11429, 11430 LA 74N 31. #% d A4
R AL AN W2 R ) ?

Ayp<d<M BYM<d<p (C)d=M=p M)yd<M<p E)d<pu< M

Problem 8

For a set of four distinct lines in a plane, there are exactly NV distinct points that lie on two or more
of the lines. What is the sum of all possible values of N?

R8T VU A R LR RN S, AP PIRECE L X HLE AR SIRHE V.
5] VT R REME I S AN & 2 /D 2
(A) 14 (B) 16 (C) 18 (D) 19 (E) 21

Problem 9

3 Ap_9*QAp_q
_ a, =

a =
A sequence of numbers is defined recursively by @1 = 1, 2 7, and 2ap_2 — Gn_1for

all 7 = 3. Then @2019 can be written as ¢, where P and ¢ are relatively prime positive integers.
What is ? + 47

ﬁﬂ%ﬁﬂ%izqﬂ,%=%,%ﬂﬁ?%ﬁmﬁ,

a = an—Z .an—l
n 2 .
an—2 an—l

%mmusz,;mnﬁw%gﬁmigﬁowpw%z¢?

(A) 2020 (B) 4039  (C) 6057 (D) 6061  (E) 8078
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Problem 10

The figure below shows 13 circles of radius 1 within a larger circle. All the intersections occur at
points of tangency. What is the area of the region, shaded in the figure, inside the larger circle but
outside all the circles of radius 1?

TEER T 134420 1 EE—NMECREIN . BrA B AR A B S A2 Ve FEBOR IR
W, EAEFTA AR08 1 IIESMO R (T A2 2 /2

A)4rv3 B 70 (©r(3vB+2) (D) 10r(VB-1)  (®) 7 (V3+6)

Problem 11

For some positive integer k, the repeating base-k representation of the (base-ten)

7
fraction 51 is 0.23), = 0.232323...;.. What is k?

XF TR RS +i&%ﬂ%%/%tlﬂﬁ%\iﬂz%7£ kR PR R NECR R N 023, = 0.232323...,

n] k22 /b7
(A) 13 (B) 14 (C) 15 (D) 16 (E) 17
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Problem 12

Positive real numbers 7 land ¥ # 1 satisfy log, z = log, 16 and Y = 64, What
is (log, %)2?

IESEH x # 1A y = 1 /2 log, x = log 16 Al xy = 64 o [ (log, f)z 22 /b?

(A)% (B) 20 (C)% (D) 25  (E) 32

Problem 13

How many ways are there to paint each of the integers 2,3,...,Yeither red, green, or blue so that
each number has a different color from each of its proper divisors?

£ 2,3, 9 RN AL (B, SREEE IS A, (155N EOR e AR A A AN
Mgith, HH 2RIk
(A) 144 (B) 216 (C)256 (D) 384 (E) 432

Problem 14

For a certain complex number ¢, the

polynomialp(x) = (2® — 22 + 2)(2® — cx + 4)(2” — 42 + 8y exactly 4 distinct roots.
What is |k

TR H c, 2T P(x) = (x> = 2x+2)(x* —cx +4)(x* —4x +8) I8 LFH 4 MR . ]| 2
E2N

(A)2 (B)V6 (C)2v2 D)3 (E)V10
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Problem 15

Positive real numbers a and b have the property

thatv/10g a + /1og b + log v/a + log vb = 100

and all four terms on the left are positive integers, where log denotes the base-10 logarithm. What
is ab?

ES2% a f1 b HA MR Jloga ++Jlogh +loga +log~/b =100,
IF B A VY SR 2 IE R R, Horh Tog RIRFEECN 10 BN EL. 7] ab 22 /02
(A) 10 (B) 10'°  (C) 10" (D) 10"™*  (E) 10*®

Problem 16

The numbers 152 - - -, 9 are randomly placed into the 9 squares of a 3 x 3 grid. Each square gets
one number, and each of the numbers is used once. What is the probability that the sum of the
numbers in each row and each column is odd?

Bor 1,2, 9 BEENLBN 3 X 3 &R 9 M RALIET B . RN BALIE T A — 0y,

I BRI — K IBAREARAT HREA B P AUy 2 A2 a2 2 /0 2

5) 2
Ao B (O D)y (B

Problem 17

Let Sk denote the sum of the kth powers of the roots of the polynomial z® — 52° + 8z — 13 In
particular, So = 3,81 =95, and 52 = 9. Let a, b, and ¢ be real numbers such

that Sk+1 = @Sk + bSp_1 + CSk—2fork = 2,3, .... Whatisa + b+ ¢?

Wos, RARLI - 52" +8x—13FIRM L IKBZ . R, s,=3, 5,=5, 5,=9. L
a, b cffifgs,  =as, +bs,_ +es, ,WNT k=2, 3.... L. Kat+b+ceEz/b?

(A) —6 (B)0 (C)6 (D)10 (E)26
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Problem 18

A sphere with center O has radius 6. A triangle with sides of length 15, 15, and 24 is situated in
space so that each of its sides is tangent to the sphere. What is the distance between O and the plane
determined by the triangle?

o O ERRNI AR 6. SRR AE MR 2HON 160 16, 24 M=AE, ENE¥XL
FEGEREAY) . 18] ORI = T T T 2 TR ) B i 2 /0 ?

(A)2v3 (B)4 (©)3v2 (D)2vVs (B)5

Problem 19
In A ABC with integer side
11 7 1
cos A = —, cos B = —, and cosC = ——. ‘ ‘
lengths, 16 8 4 What is the least possible
perimeter for AABC?

NABCRIF LK FEEEL, cos 4 =%,cosB =%,and cosC = —%. W AABCHIE K/ MEZ /b7

(A)9 (B)12 (C)23 (D)27 (E)44

Problem 20

Real numbers between 0 and 1, inclusive, are chosen in the following manner. A fair coin is flipped.
If it lands heads, then it is flipped again and the chosen number is 0 if the second flip is heads
and 1 if the second flip is tails. On the other hand, if the first coin flip is tails, then the number is

chosen uniformly at random from the closed interval [0, 1], Two random numbers z and ¥ are

1
chosen independently in this manner. What is the probability that |z =yl > 27

05 128 CHEM) stz Mo kst PP Mg flim . a2 b b,
AE R FHRMSE, QR A O R b, MR 0, WA ORI A b, MR 1,
7, WS REE R b, WX E] [0, 1] HZBENLEI S) Ak £ 1 4. A
AP T AL x F yo WA x—y > L IR ZZ /D2

7 9 2
Wz B ©; M ®;
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Problem 21
1414 1 1 1 1
z = +%. (z12+z22+z32+---+zl22)' =t mt =ttt = )7
Let \/§ What is 2t z? 23 z12

1+i

W WRRHZZ D

2 2 2 2 1 1 1 1
(z‘ +z8 +25 +.+ 27 )( Tttt ]
z z z z

(A)18 (B)72-36v2 (C)36 (D)72 (E) 72+36V2

Problem 22

Circles w and 7, both centered at O, have radii 20 and 17, respectively. Equilateral triangle ABC,
whose interior lies in the interior of w but in the exterior of 7Y, has vertex A on w, and the line

BP

containing side BC' is tangent to Y. Segments AQ and BC intersect at P, and C'P -
m p

Then AB can be written in the form \/7_7’ Va for positive

integers m, n, P, 4 with ged(m,n) =ged(p,q) = 1 whatism +n+p+ g9
B @ FY #ELLO Rty R0 B 20 117, =M ABC A AT @ [Py, (H7E
BP
VAN, Wi ATE@ b, I BOIEL S 7 M) BB AORT BORZE T 5 P, FH cp 3
L d(m, n) = ged(p, q) =
ABTTLE R~ B, S n py o IESER, R EAM Zedpa) =Ly

m+n+p+q AN

(A)42 (B)8& (C)92 (D) 114 (E) 130
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Problem 23

1
Define binary operations <> and Q bya & b = a's7(®) and a Qb = a™=7®for ] real
numbers a and b for which these expressions are defined. The sequence (@n) is defined recursively
by a3 = 30U 2 andan = (nQ(n—1)) G an_ifor all integers 1 = 4. To the nearest integer,

what is 108+ (az019)9

1

EX Itz eFIe N ST A HERRENAR LS a f b, aeb=ad"0", awb=a"*",
FE (a,) B E XMW TR: o, =392, FHSTHAEE24, o =@nvn-1)ea, ¥

10g, (ay,) T ANBIBRALITHIBEL, 2207

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

Problem 24

(n? —1)!
For how many integers 1 between 1 and 50, inclusive, is ()™ an integer? (Recall that 0! = 1.)
FEM T 2] 50 (B (BFEEREMNED n &, G200 HfE5

(n* =1)!
(n !)I‘I
EEH? (EE 0! =1. )

(A) 31 (B) 32 (C) 33 (D) 34 (E) 35
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Problem 25

Let A Ao BoCo be a triangle whose angle measures are exactly 59.999°, 60°, and 60.001°. For
each positive integer 1, define Ax to be the foot of the altitude from An—1to line Bn—1Ch—1.
Likewise, define Bn to be the foot of the altitude from Brn—1to line An—1Cr—_1, and Ch to be the
foot of the altitude from Cn—1to line An—1Bn—1. What is the least positive integer 7 for

which AAn BnCh is obtuse?

BAABoCot— A=, SAAIRAZES59.999", 60 F160.001 o X FHNEEE n, =
X A, AN A, BIEHE B, C, KL R, & LB, WM B, BIEZ 4, C, WEHEL,
C oNC, FIEZL A B ML, 5O A BoCol bl i = M T B/ NE RS n R 2 /02

(A)1I0 (B)1l (C)13 (D)14 (E) 15

10
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2019 AMC 12A Answer Key

1 2 3 4 5 6 7 8 9 10 11 12 13

E D B D C C E D E A D B E
14 15 16 17 18 19 20 21 22 23 24 25
E D B D D A B C E D D E

11
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