2024 MAA AMC 12A

Problem 1
What is the value of 9901 -101 —99-10101?
9901 - 101 = 99 - 10101 ¥ =& % 'V?

(A) 2 (B) 20 (C) 200 (D) 202 (E) 2020

Problem 2

A model used to estimate the time it will take to hike to the top of the mountain
on a trail is of the form T = al + bG ,where a and b are constants, T is the
time in minutes, L is the length of the trail in miles, and G is the altitude gain
in feet. The model estimates that it will take 69 minutes to hike to the top if a
trail is 1.5 miles long and ascends 800 feet, as well as if a trail is 1.2 miles long
and ascends 1100 feet. How many minutes does the model estimates it will take
to hike to the top if the trail is 4.2 miles long and ascends 4000 feet?

A TAEHL AL N RETRPTE e R AR A7 AT =al +bG, EFa F=b 2
FA, T RASAP A B, LRUEL A Biaiteg NRRE, G AR
e RABAT TG HEREIGE, ZEAEHE, TEHE—FK 1.5 %2 LAEKIRI 800
R NRE R AR, BE—FK123EE HBEEIZHA 1100 3E R 2
LRV EZ 69 4P BT, A ZAER, LA —FK42 %2 HEHKII 4000 3£
RGNEEZES Vo4bF e BEM?

(A) 240 (B) 246 (C) 252 (D) 258 (E) 264

Problem 3

The number 2024 is written as the sum of not necessarily distinct two-digit
numbers. What is the least number of two-digit numbers needed to write this

sum?

¥ 2024 B FARALE G Fe, RERILHAR— L ELRHE. F5 XA Fe
ARV EZS VAR

(A) 20 (B) 21 (C) 22 (D) 23 (E) 24



Problem 4
What is the least value of n such that n!is a multiple of 2024?
FNER % ), 430! 5 2024 6945 82

(A) 11 (B) 21 (C) 22 (D) 23 (E) 253

Problem 5

A data set containing 20 numbers, some of which are 6, has mean 45. When all
the 6s are removed, the data set has mean 66. How many 6s were in the original
data set?

—ANEOE 20 N BIEEFPHE —RHER 6, HER L5, SHBRHANGCE, K
FEWIHGMEETEA 6. FIFIEEFREA SV A06?

(A) 4 (B) 5 (GXS (D)7 (E) 8

Problem 6

The product of three integers is 60. What is the least possible positive sum of
the three integers?

EANEHERBRE 0o o REMIFo R ELH, RAZXMNERRANTRAS I?

(A) 2 (B) 3 A5 (D)6 (E) 13

Problem 7

In AABC,2ABC =90° and BA = BC =+/2. Points Py, P;, -+, Pygz4 lie on
hypotenuse R SO that AP1 = P1P2 = P2P3 = e = P2023P2024 = P2024C. What
is the length of the vector sumBP; + BP, + BP3 + -* + BP;,4?

HEAABCY, SABC =90° HBA=BC =+2. E4NAC LA 5
Py, Py, -, Pygaa, A2AFAP, = P1Py = PyP3 = - = Ppg3P5024 = Ppop4C. FlmE
ﬁﬂBPl + BPZ + BP3 + cee + BP2024 éék)ﬁ}%g 9‘?

(A) 1011 (B) 1012 (©) 2023 (D) 2024 (E) 2025



Problem 8

How many angles 6 with 0 < 6 < 2m satisfy log(sin(36)) + log(cos(26)) =
07

#HR0<0<2m, vA%log(sin(360)) + log(cos(20)) =0 &5/ ZOH % 'y A?

(A0 (B)1 2 (D)3 (E) 4

Problem 9

Let M be the greatest integer such that both M + 1213 and M + 3773 are
perfect squares. What is the units digit of M?

WM RAZAZM + 1213FaM + 377348 2 2 A-F 7 #89 R K ER . FIM M5

A JU?

(A1 (B) 2 3 (D)6 (E) 8

Problem 10

Let a be the radian measure of the smallest angle in a 3 — 4 — 5 right triangle.
Let B be the radian measure of the smallest angle in a 7 — 24 — 25right

triangle. In terms of « , whatis 7

Faz = KkA3, 4, 50AAZABP RN AGINELL, BREZDK AT, 24,
25 49 EL A Z A P R A A INEAL. FIBEAR Mk e

(A)g (B)a—g (C)g—za (D)% (B) ™ — 4a

Problem 11

There are exactly K positive integers b with 5 < b < 2024 such that the
base-b integer 2024, is divisible by 16(where 16 is in base ten). What is the
sum of the digits of K?

(A) 16 (B) 17 (C) 18 (D) 20 (E) 21



Problem 12

The first three terms of a geometric sequence are the integers a, 720 and b,
where a < 720 < b. What is the sum of the digits of the least possible value
of b?

— AN FIL BT AT = Eda, 720, b, FFHa <720 <b. bR ITH
W EALHFZARE I?

(A)9 (B) 12 @16 (D) 18 (E) 21

Problem 13

The graph of y =e**!'+e™ —2 has an axis of symmetry. What is the

reflection of the point (—1, %) over this axis?

1

iy = eX + e — 200 MR — Fab Ak, (= 13) % TR AoxkHidh g AT
EARA 42

@ (-1-3)  ® L) ©(-1) o (03) ® (33)

2

Problem 14

The numbers, in order, of each row and the numbers, in order, of each column
of a 5x 5 array of integers form an arithmetic progression of length 5. The
numbers in positions (5,5),(2,4),(4,3) and (3,1) are 0, 48, 16, and 12, respectively.

What number is in position (1,2)?

Je5 X S0 BB AT, TR LA IR — IR F EHKD, 57
89 e L IUH R PR — AN B F L2485, R EliE(G5), 24, (4.3),
BN 5 R 20, 48, 16, 12, FMIZEA2)4 M HZ % )2

.7 . A
. 48
12 .
16 .
0

(A) 19 (B) 24 (C) 29 (D) 34 (E) 39



Problem 15

The roots of x3+ 2x?2 —x + 3 are p,q, and r.What is the value of (p?+
4)(q* + ) (r* + 4)?

Fx3+2x2 —x + 389 Ap, q, r. AP2+4H(Q*+4H)T?+4)HER S 2

(A) 64 (B) 75 (©) 100 (D) 125 (E) 144

Problem 16

A set of 12 tokens -- 3 red, 2 white, 1 blue, and 6 black - is to be distributed at
random to 3 game players, 4 tokens per player. The probability that some
player gets all the red tokens, another gets all the white tokens, and the

remaining player gets the blue token can be written as %, where mand n are

relatively prime positive integers. What is m + n?

AH INZCHR, 2AG EEFD, | AEEFD, 6 ALEFMLN 12 M55
BN 3 BRR, HFASNED. IARZTRBLHLECHFD, 5 —IRE
RELHGEED, HTORARTRFEECEDGBETARFAS, EPm
FenZ LR EEH. Fim+nZ % b2

(A) 387 (B) 388 (C) 389 (D) 390 (E) 391

Problem 17

Integers a, b, and c satisfy ab+c¢ =100, bc+a =87, and ca+b = 60.
Whatis ab + bc + ca?

#Ha, b, ci#Hlab+c=100, bc+a=87,ca+b=60. Flab+ bc+ca® %

2

(A) 212 (B) 247 (C) 258 (D) 276 (E) 284

Problem 18

On top of a rectangular card with sides of length 1 and 2 + /3, an identical
card is placed so that two of their diagonals line up, as shown (AC, in this

case).Continue the process, adding a third card to the second, and so on, lining



up successive diagonals after rotating clockwise. In total, how many cards must
be used until a vertex of a new card lands exactly on the vertex labeled B in

the figure?

Je B RrR, E—ADKAH1F2+VIHEHFA L, RE—ANERGFHE, 1&
AT AR TS (AC). WL XM e, A% K FREXBESZKFA,
IRETA s P AR TS, RERIEIRE. MEXFT2ERN S VIKFR, 45
1 FF 7 6 AT ST E AR PARICAB TR & L?

B A

7
v

C
A) 6 B) 8 @10 D) 12

(E) No new vertex will land on B | RAH# ¢ &% £ B £

Problem 19

Cyclic quadrilateral ABCD has lengths BC =CD =3 and DA =5 with
£CDA = 120 °. What is the length of the shorter diagonal of ABCD?

R N AHABCDY , BC=CD =3, HDA =5, 2CDA = 120° FABCD#
g R KRB S P2

31 33 39 41
(A) - (B) - 5 (D) - (E) -

Problem 20

Points P and @ are chosen uniformly and independently at random on sides
AB and AC respectively, of equilateral triangle A ABC Which of the following
intervals contains the probability that the area of A APQ is less than half the
area of A ABC?

BFNZHHAABCH 1 ABA=AC L4553 4 MLk 5 30t B EPA=Q. 9] T 7



TA K I 04 = fiH A APQ# @A T = fi % A ABC ) @ 4R —F 9 %7

Wkl @] ©C] o] o

Problem 21

Suppose that a; = 2 and the sequence (a,) satisfies the recurrence relation
an—1 _ ap-1+1

n-1  (n-1)+1
100

2
E a;?
n=1

for all n > 2 .What is the greatest integer less than or equal to

Bikay = 2, BWAAR =2, F3l(a,) R idhs 2800 = St g gy

n-1  (n—-1)+1°
100

2,
>,

el W RKERES I

(A) 338,550 (B) 338,551 (C) 338,552 (D) 338,553 (E) 338,554

Problem 22

The figure below shows a dotted grid 8 cells wide and 3 cells tall consisting of
1" x 1" squares. Carl places 1-inch toothpicks along some of the sides of the
squares to create a closed loop that does not intersect itself. The numbers in the
cells indicate the number of sides of that square that are to be covered by
toothpicks, and any number of toothpicks are allowed if no number is written.

In how many ways can Carl place the toothpicks?

THRERTH13ETX ETHHARYG, TLIANATH, A3 ANATHKGE
LM, Carl BB A —LFTHGAKXERANL ETHTE, ABR—ITAMEL
09 S k. AT 0 BT % AT AR A0 ARG 2 TR 08 T A
HART 5B A0 GARERARA . B Carl H % VA R F 69K E T 2569 75 ik?

........................................................................................

(A) 130 (B) 144 (O) 146 (D) 162 (E) 196



Problem 23

What is the value of tan?—-tan®=— + tan? T - tan? = + tan? tan2 7—” +
tan? = =~ tan? Z—:.

M tan® —- tan® — + tan? Te - tan® = + tan? — - tan® —+ tan? tan2 n é’y 1
2% ?

(A) 28 (B) 68 (A 70 (D) 72 (E) 84

Problem 24

A disphenoid is a tetrahedron whose triangular faces are congruent to one
another. What is the least total surface area of a disphenoid whose faces are

scalene triangles with integer side lengths?

w”-Hgﬁﬁﬁiﬂﬁﬁﬁmwﬂ,%ﬂméﬁ%%@w@w%ﬁ¢ﬁﬁaa

DX

(A) V3 (B) 3V15 (O) 15 (D) 15V7 (E) 24V6

Problem 25

A graph is symmetric about a line if the graph remains unchanged after

reflection in that line. For how many quadruples of integers (a,b,c,d) ,
ax+b
cx+d

where |al, |bl,|c|,|d| < 5and c and d are not both 0, is the graph of y =

symmetric about the line y = x?

Jo B ABARZET — S A EBIEMESRE, AR EGETZAL
# 4@¢*@—”wﬁ@%£%ﬁ%rﬁﬁ% 3B % |al, bl |cl,|d] <
5, chrdRFIAFA 0 6w n s (a,b,c,d)h %)

(A) 1282 (B) 1292 (O) 1310 (D) 1320 (E) 1330
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