AMERICAN
AMC MATHEMATICS

COMPETITION
MAA American Mathematics Competitions
26th Annual

AMC10A

Wednesday, November 6, 2024

®

INSTRUCTIONS

1. DO NOT TURN TO THE NEXT PAGE UNTIL YOUR COMPETITION MANAGER TELLS YOU TO BEGIN.

2. This is a 25-question multiple-choice competition. For each question, only one answer choice is correct.

3. Mark your answer to each problem on the answer sheet with a #2 pencil. Check blackened answers for accuracy
and erase errors completely. Only answers that are properly marked on the answer sheet will be scored.

4. SCORING: You will receive 6 points for each correct answer, 1.5 points for each problem left unanswered, and 0
points for each incorrect answer.

5. Only blank scratch paper, rulers, compasses, and erasers are allowed as aids. No calculators, smartwatches, phones,
or computing devices are allowed. No problems on the competition will require the use of a calculator.

6. Figures are not necessarily drawn to scale.

7. You will have 75 minutes to complete the competition once your competition manager tells you to begin.

8. When you finish with the competition, please follow the directions of your competition manager.

The problems and solutions for this AMC 10 A were prepared
by the MAA AMC 10/12 Editorial Board under the direction of

Gary Gordon and Carl Yerger, co-Editors-in-Chief.

The MAA AMC office reserves the right to disqualify scores from a school if it determines that the rules or the required security
procedures were not followed.

The publication, reproduction, or communication of the problems or solutions of this competition during the period when students
are eligible to participate seriously jeopardizes the integrity of the results. Dissemination via phone, email, or digital media of any
type during this period is a violation of the competition rules.

Students who score well on this AMC 10 will be invited to take the 43rd annual American Invitational Mathematics Examination

(AIME) on Thursday, February 6, 2025, or Wednesday, February 12, 2025. More details about the AIME can be found at
maa.org/AMC.

© 2024 Mathematical Association of America



A 1. What is the value of 101 - 9,901 — 99.10,101 ?

\9/2 (B)20 (C)21  (D)200  (E)2020

101-990] = 99- 1ok ) = (10+1)(%e0 +1) = (100-1) (iolov+1)
= 100- 7900 + 0000 +] — 100 -10]00 +10000 + 1
= - 20000 +20000 + 2.
=2

EZ. A model used to estimate the time it will take to hike to the top of a 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 estimate it will take to hike to the top if the trail is 4.2

miles long and ascends 4000 feet?

(A) 240 \(%46 (C) 252 (D) 258 (E) 264

{EZ:II-.JS.:;::E Drs=4.2x30 + how x5,
= |26 +120

= 0.3a=Yob
a =l00gb = 240

> 69 = Isoob + Qo b
L8 .3
i = 230 10

&= 30

%. Let n be the least prime number that can be written as the sum of 5 distinct prime numbers. What is
the sum of the digits of n ?
(A)35 \1."/7‘ (s @M1 (E)ll

Cant hwe 2 becoue Sum 14 elen.

OTy +5+T+11+13 =37

@ Ty D+5+T+HIHIT=4S
rn =)4.+b=



&. 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?

(A) 20 \(/B'(Zl ()22 @M23 (E)24

Wont 2024 =97+99 +‘;‘-‘+ M +x

204
“n=L7]*20
Need. 20+1=21 nunbers

[ >5. What is the least value of n such that n! is a multiple of 20247

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

2024 =22x11%23 = 23| nl = Ang is 23

( 6. What is the minimum number of successive swaps of adjacent letters in the string ABCDEF that are
needed to change the string to FEDCBA? (For example, 3 swaps are required to change ABC to CBA;

one such sequence of swaps is ABC » BAC — BCA — CBA.)
(A)6  (B)I0  (C)12 \91(5’ (E) 24

§ steps : BCDEFA
4 cteps: (DEFRA  Ars=IS

3 Steps: DEFLBA

2 steps: EFDLBA
| Step: FEDLBA

BT. The product ofAhree integers is 60. What is the least possible positive sum of the three integers?
(A)2 13 (G5 (e (E) 13

Leost positive sum : 2 Neﬁam + 1 Positive
60=2"%3x5 => 10, -b, -]
2 Sum= 32

A 8. Amy, Bomani, Charlie, and Daria work in a chocolate factory. On Monday Amy, Bomani, and Charlie
started working at 1:00 PM and were able to pack 4, 3, and 3 packages, respectively, every 3 minutes.
At some later time, Daria joined the group, and Daria was able to pack 5 packages every 4 minutes.
Together, they finished packing 450 packages at exactly 2:45 PM. At what time did Daria join the

group?
\(}ﬁ:ZS PM (B) 1:35pPM (C) 1:45pP™m (D) 1:55 pPMm (E) 2:05 pm
B@-Fom, . 10 pads every 3 ming  Ex+ 32 (108 - %) = 40
. 5§ packe 12 ming &K + 11-1os - 11 X = 1080
Ater : packs every nore
Total time, ; 10S mine x=2§
Let % be the time bokre Doria = 125



. In how many ways can 6 juniors and 6 seniors form 3 disjoint teams of 4 people so that each team has

2 juniors and 2 sepiors?
(A) 720 %SO (C)2700 (D) 3280  (E)S8100

(6¢2) (4C2) )
EY -

C/]U. Consider the following operation. Given a positive integer #, if n is a multiple of 3, then you replace n
by % If n is not a multiple of 3, then you replace n by n+10. Then continue this process. For example,
beginning with n = 4, this procedure gives 4 — 14 - 24 - 8 - 18§ - 6 — 2 — 12 — ---,
Suppose you start with n = 100. What value results if you perform this operation exactly 100 times?

(A)10  (B)20 \C)é (D)40  (E) 50
|00—=110—>120—> 40 —>so—>606>zo —> 30 —>10 —> 20
—_———

@

1350

S Timeg,

After S times . cyde thmjh 20, 3010
S |0-5=45=2(md 3) =[ 30

§ )\ 1. How many ordered pairs of integers (m, n) satisfy vn? —49 =m?
A1 (B)2 (03 \@)4 (E) infinitely many
2 2 2
n~49=wm* (n'249,mz0)

nLm’: 49
(n+m_)(n_m)=49z 72'
@ ntm=n-m=7 @ n+m=4§, n-m=)] @nem=, n-m=-1 @ ntm=-| n-m=-44
) n=7 = yh=2S =>_§n:-7 =>_in:_zs
m=2 m=0 m=24

m=0
i 512. Zelda played the Adventures of Math game on August 1 and scored 1700 points. She continued to
play daily over the next 5 days. The bar chart below shows the daily change in her score compared to
the day before. (For example, Zelda’s score on August 2 was 1700 4 80 = 1780 points.) What was

Zelda’s average score in points over the 6 days? Dadj :l o VE& fo 1700 -

Daily Change in Score from August 2 to 6 +&0

+380 +60 =10 vaoﬂe dla.@c, :
[ ] -20 9+6=1

= Iy t40
e —40 +0 D178

Aug2 Aug3 Aug4 Aug5 Augb

(A)1700  (B)1702 (C) 1703 (D) 1713 \Eyf?IS



( 13. Two transformations are said to commute if applying the first followed by the second gives the same
result as applying the second followed by the first. Consider these four transformations of the coordi-
nate plane:

e atranslation 2 units to the right,
e a 90°-rotation counterclockwise about the origin,
o areflection across the x-axis, and

o adilation centered at the origin with scale factor 2.

Of the 6 pairs of distinct transformations from this list, how many commute?

(A) 1 (B)2 ‘\% (D)4 (E)5
For (3.4), T.:(x,4)—> (%2,4)  (ommite; T.Ts
Tar (R4)—> (-4, 5) EI"
Ts: (4) —>(x,-4) *

Ta: (1) — (2,29)

D 14. One side of an equilateral triangle of height 24 lies on line £. A circle of radius 12 is tangent to ¢
and is externally tangent to the triangle. The area of the region exterior to the triangle and the circle
and bounded by the triangle, the circle, and line £ can be written as a /b — ¢, where a, b, and ¢ are
positive integers and b is not divisible by the square of any prime. Whatisa + b + ¢?

(A)72  (B)73  (C)74 \(9{75 (E) 76 MLEQF =m LACS = b3°
A DMLWF=30°, (F=4J5

AY&OLZ ZAAcor- - Asewor

2 2% ‘( :]l-l{-ﬁ,—'(';lt-l)f
u! % 1 =433 - 241

D Arg = #8+3+24 578

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

A1 B2 ©3 M6 \(yﬁ;
M+i213=a" M i opestest, , mosimize oth
§[M +3773=b" ST b-0=1, 035 must be odd | controdice
2 2 >8b-a=2 = (0=639
Db-06=3773-12|3 L)HFIJ-SQ b=CA
(btod(b-2)= 256D =16xID
>M =4l - 313
=koTilog (ons=[€])



l )l 6. All of the rectangles in the figure below, which is drawn to scale, are similar to the enclosing rectangle.
Each number represents the area of its rectangle. What is length AB ?

2 2R Y=
36 o [ al ; 27("-!'1;5.
% r=2
49
" 256y
A B
(A)4+4v5 (B)1I0vV2 (C)5+55 10V8  (E)20
Areo 22; Arg. 25 : Areo 49
A é:.gz W-JS-WHE W-J2w=49
Y ;q_ W"%QR
1= E
;_S_‘IJ?
2

AR = {10 Je

E’i. Two teams are in a best-two-out-of-three playoft: the teams will play at most 3 games, and the winner
of the playoff is the first team to win 2 games. The first game is played on Team A’s home field,
and the remaining games are played on Team B’s home field. Team A has a % chance of winning at
home, and its probability of winning when playing away from home is p. Outcomes of the games are
independent. The probability that Team A wins the playoff is % Then p can be written in the form
%(m — /n’), where m and n are positive integers. What is m +n ?

Ayl (B)11 ()12 (D) 13 W4

Plww) = %P = %P + %Cl- PP + J§P2-= 5
Pwiw)=Z (-P)P  4p+4P-4P +2p"=3

PlLww) =3p* 2P-8P+3 =0
P= BiJL()FL

= 210 - % (41

‘Ans =\4\



I

S l;. 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 {‘Q)/{O (E) 21

lOﬂFb:.zbb-l-lb'l-lf' = We wwt - 6'('b+l =0 (mod &)
=2(h+b+2) 1ra

SUhen bz 3,borT(md 8), b th +220 (wod 8)

There ore LZ"”“'QJ =25) c\«7des o-[— Yemainder . and number § and 7.

g
Prs = 32282 42=758 = 20

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

A)9 @12 (©)16 (D18 @)a/l
Suppose Common atio is aP‘
> a:.7zo+(q£) > (P4
b=70 - (£) P9 | 24
n"mm’zea—
4

l
720= 2% 3 x5 = Tzl_es: 5=7"°"h;%=768 =32

c 20. Let S be asubset of {1,2,3,...,2024} such that the following two conditions hold:

e If x and y are distinct elements of S, then |[x — y| > 2.
e If x and y are distinct odd elements of §, then |x — ¥| > 6.

What is the maximum possible number of elements in § 7
(A)436  (B) 506 @4: (D) 634  (E) 675

1,4, 8 .11, 14, 18 ,2), 24, 28

2003 +2 FboR




( 21. The numbers, in order, of each row and the numbers, in order, of each column of a 5 x 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) ?

(A)19 (B)24 WS‘ (D)34 (E)39

Inmn 4, let dilderene be d(, then -
GD=1h+d, (£:O=1b+2d , (3.D>32+44,
= Commen ditfererce in Row 3 is 32H€A-11_ 4
(B.0)=22424+ (std)
=27+34,
In colwm 4,
27+30-48= Ih+d - (27+3d.)
sd =10
h=2

Complete tabte :

P9 #b 63 30

48 po

2 - : %) ko
b 18 20

. 0_

%2. Let K be the kite formed by joining two right triangles with legs 1 and +/3 along a common hy-
potenuse. Eight copies of K are used to form the polygon shown below. What is the area of triangle

AABC?

A)2+3v3 Q;/;«/E ((:)1028‘/§

D8 (B)5v3

Bue =51 25-J5 , Ruple=23L-% Loy =5

LLEDE JBE
iLCDE’Qﬁ F-’—)ACDENABF—E >SRed = iL\ 3 fét) %
=5
>DE_M_2 -
~ B BF | Yellow = 2 Aoked
Y DE+EF=DF=2

Spe-% DF=3 =38

~4(3- -58) [=6

Tofal
Bt 37"',—_-5 +J5 + ,’33J§,+§‘J§




DB. Integers a, b, and ¢ satisfy ab 4+ ¢ = 100, be +a = 87, and ca + b = 60. Whatis ab + bc + ca?
- ‘08

ob=
(A)212 (B)247 (C)258 \(yfz?ﬁ (E)28f:1_- = 1bc=9b
(obtc)- (beta) =l -7 OtC=-11 {mr—"(?-

b(o-¢)-(0-c) =13 QL= horca
(b-1)(a-c)=1%12 =409

L

214

=b-j=r20r £13 C"?/n\
I«¥‘ l)-‘-)_: I‘Y‘ b:ll{-:
(abec) + (bet ) =lo0+%] (b+D(ate)= (%7

1 =8
(bt (at0) =187 S(HO=IE] < totruee.
3(ate) =187 < (Controdict, I,]. b= -12;

I+ b=-). (b)) (0t = 18]
(b)) () =137 —I((ate)=18]

0 (040) = 18] 4 Contrmdict arc=-11

’ Works ; (b=-I2

otC=-17

L—c:-(

%ﬂ. A bee is moving in three-dimensional space. A fair six-sided die with faces labeled At A- Bt B,
C*, and C~ is rolled. Suppose the bee occupies the point (a. b, c). If the die shows A™, then the bee
moves to the point (@ + 1, b, ¢), and if the die shows A~ then the bee moves to the point (a — 1, b, ¢).
Analogous moves are made with the other four outcomes. Suppose the bee starts at the point (0,0, 0)
and the die is rolled four times. What is the probability that the bee traverses four distinct edges of

some unit iiy
1 7 1 95 2
(A) 53 52 (©) 5 (D) 1 (E) 5

N Fire mae ; oy
Second = = T (4 thee June the dge)
Third <
Coel| (e | ; Lanes the plane , cube
is determined . (=3
SFouth: St in whe (F=%
e 2 Sty in plme ()

=>Furth: 5=

Loy 7
P=3«(3e3+T8) 5




C_25. The figure below shows a dotted grid 8 cells wide and 3 cells tall consisting of 1” x 1" squares. Carl
places l-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

Carl place the toothpicks? .
many ways can Carl place the toothpicks @ F'\Y‘&'E, . WVE) ore, l Mﬂg"
oI T ¢ —

'IEIE —_—F
anannom

(A) 130 (B) 144 Wa D162 (E) 196

To croate o closed loop in oll 2 rows | | Smight lne must be, of @ or ®,
ond. | gt lie at @ or @:
Cose I 2b

S e o b
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