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B. In a long line of people arranged left to right, the 1013th person from the left is also the 1010th person
from the right. How many people are in the line?

(A) 2021 (B)2022 (C)2023 (D) 2024  (E) 2025

1012 people. 1009 Ppesple
= (011 +1009 | ={2022

%2. What is 10! = 7!-6!?

(A) —120 \(B(O (C) 120 (D) 600 (E) 720
101 - 71-61 = 10-9-8-T!-7!-6!
:7!(!0’7‘%‘6!)
= 11 (120 - T2)
=0

E3. For how many integer values of x is |2x| < 77 ?
(A) 16 (B) 17 (C) 19 (D) 20 U}ng
2% ¢TR = -Tx428¢1x

=2(.7 g 217

Z L S
—N <X €10
=D 104104] 52

D. Balls numbered 1,2,3,... are deposited in 5 bins, labeled A, B, C, D, and E, using the following
procedure. Ball 1 is deposited in bin A, and balls 2 and 3 are deposited in bin B. The next 3 balls are
deposited in bin C, the next 4 in bin D, and so on, cycling back to bin A after balls are deposited in

bin E. (For example, balls numbered 22,23, ..., 28 are deposited in bin B at step 7 of this process.)
In which bin is ball 2024 deposited?

(A) A (B)B ©)C \(yé (E)E
Each step pts 1.2.3...., 10, h, .. ball.

wzlﬂll{- = The ball 2024 is in Step 64

n (n_ﬂ): %4‘8 = 64‘54 (m"(" S)

nx b2 (Mote tht 63-64=4032)




BS. In the following expression, Melanie changed some of the plus signs to minus signs:
I 357 ek 197 =99,

When the new expression was evaluated, it was negative. What is the least number of plus signs that
Melanie could have changed to minus signs?

(A) 14 BY15 <16 M17  (E)18

Miws the lovger nmber .

1424 -+ (k=) = [Rke))+ (ke 2) 4.4 99 ]
= k. |+95\i-1 B (So_k),zkw%

2
= kK — (0-k) (s0tk)
= 2K~ 2560
=>2|<a—.2soo <0 = 850-35=1< rm'nus Signs
K < 1250
k¢35

’B 6. A rectangle has integer length sides and an area of 2024. What is the least possible perimeter of the
rectangle?

(A) 160 ‘y{lSO (C) 222 (D) 228 (E) 390
ab;;_ollf:_zsxn 223

= o ond b are cloce ; {a:% Perimeter =2 (ath)

b= 4

A 7. What is the remainder when 72024 4 72025 . 72026 jg divided by 19?2
\/\)6 @)1 (©7 (DI ()18

7321 (mok 19D

2024= 2 (Mmod 3)
. 72014+ 72on+ 7202-6 = 7”1"(|+ 7¢7%)

=5]
= O(mod 1)




D. Let N be the product of all the positive integer divisors of 42. What is the units digit of N ?
(A)0  (B)2 (04 ,(\ly«s (E) 8

Lf‘2=2"5"_l ; liivisors ore 1,2,3,7,6,14,21,42.
= Multiply , wnit digit =b
(or we produt of Jators 421)

A 9. Real numbers a, b, and ¢ have arithmetic mean 0. The arithmetic mean of a2, b2, and ¢2 is 10. What
is the arithmetic mean of ab, ac, and be ?

10 10 10
Ay=5 (B) -3 (&) =9 Do (E) 9

We hove . ashtc =0 oa#b+C’= 30
D (atbte) = ab%C+2 (b +actbe)
0 = 30 +2(ebtogthe)
ob+0Lthe =-1S => meani-5

A 10. Quadrilateral ABCD is a parallelogram, and E is the midpoint of the side AD. Let F be the in-

tersection of lines EB and AC. What is the ratio of the area of quadrilateral CDEF to the area of
ACFB?

%4 (B)4:3 (C)3:2 (D)5:3 (E)2:1
OAEF VACBF, AE: BL=1:2
A B A FC=L
E E = Potre = %AA"ABC:%AMD(
Bewuse. Appkr = ZEPockp
D C Raspee =-z'(: -i;j Ashc

rl
ur
A




I'l. In the figure below WXYZ is a rectangle with WX = 4 and WZ = 8. Point M lies on XY, point
Alieson YZ, and ZWMA is aright angle. The areas of triangles AW XM and AWAZ are equal.

What is the area of AWMA?
/4 8 Z
A
U 3
U
|
X > Y

2K M R-2R

(A)13  (B) 14 \(}zﬁs D)16 (E)17
Betowse Apwin=Aswaz = lot 2A=A , XM=2x
& XM= §- 2A Alco . AY=4-K. MY=g-21
AM=2 2/
Sinte mL4mL2 =mLi2tms3=90°, mel=msd

= AWAN ~v AMYA (k- Vno&e’)
a4 _ \ 2
3'27‘— 4‘ﬁ => ,6"[7{:7(‘-“)7‘-4'7‘
K-SA+4 =g
=]

= WM= (42452 =2{s

AM=J3% 9> =3¢ Aspmw = =25 -35FEIS

A 12. A group of 100 students from different countries meet at a mathematics competition. Each student
speaks the same number of languages, and, for every pair of students A and B, student A speaks some
language that student B does not speak, and student B speaks some language that student A does not
speak. What is the least possible total number of languages spoken by all the students?

\(;{6 B)10 (©)12 (D)5l  (E)100

H tota) i5 9, mox combination is 9C4 =126 > 100
= No 2 (ombinations are same
Ang ig| 9.




B 13. Positive integers x and y satisfy the equation \/x + /¥ = +/1183. What is the minimum possible
value of x + y ?

(A) 585 \(%95 (C) 623 (D)700  (E) 791

®+M={ngz =13]7
Min (%193 iJ»’weﬁ 2 xy= 65 J+ (17
SRAY = (3b+49)- T

% 14. A dartboard is the region B in the coordinate plane consisting of points (x, y) such that |x|+ |y| < 8.
A target T is the region where (.\'2 +y? - 25)2 < 49. A dart is thrown and lands at a random point
in B. The probability that the dart lands in 7" can be expressed as 7 - , where m and n are relatively

prime positive integers. What is m + n ?

(A)39 ~(BYy71 (C)73 (D)75  (E) 135

K| +1y) £g s (BY-nl &)

{
£ adiase =
/ P oil'e
£2 - TT x [Teeae
C_ 15. A list of 9 real numbers consistsQf'l, 2.2, 3.2,55.2, 6.2, and 7, as well as x, y,and z withx <y < z.

The range of the list is 7, and the mean and the median are both positive integers. How many ordered
triples (x. y. z) are possible?

A1 (B)2 (&3 (D)4  (E)infinitely many

mean i postie mteger . 1+2.243.2+82+6,2+ 7+ X+ +2
=24 9+XFYTZ 05 a mdtiple o} 9
SHAYrZ=2.2 0.2 or 20.2

@ If x#Yy+2=2.2 min=0, moon = 2.2 = doesnt work,

@I} x#ytz=2: WYL D)H0.1.4, T.1), (0,5, 6.2)
@ I} wey#z =20.2: (5,4, 2)= (6,62, §)

3 triples



A 16. Jerry likes to play with numbers. One day, he wrote all the integers from 1 to 2024 on the whiteboard.
Then he repeatedly chose four numbers on the whiteboard, erased them, and replaced them by either
their sum or their product. (For example, Jerry’s first step might have been to erase 1, 2, 3, and 5, and
then write either 11, their sum, or 30, their product, on the whiteboard.) After repeatedly performing
this operation, Jerry noticed that all the remaining numbers on the whiteboard were odd. What is the
maximum possible number of integers on the whiteboard at that time?

\(91(1()10 (B) 1011 (©)1012 (D) 1013 (E) 1014

Mux\t;ﬂ\t] o AAd 4 evens . resit i evon

Add 3 eens ond | odd : reswlt is odd
= Remwg 3 evens at o time withut dwginﬂ nmber o odd numberc,
There ore, 204 2 =112 elen numbers

=1 eyen number ic left (loz=1 (mod 3))

= |Even + 3084 = 0dd (lae 2 odd rwnbers)
= 0L -1 010

D 17. In a race among 5 snails, there is at most one tie, but that tie can involve any number of snails. For
example, the result of the race might be that Dazzler is first; Abby, Cyrus, and Elroy are tied for
second; and Bruna is fifth. How many different results of the race are possible?

(A)180  (B)361  (C)420 \(yﬁsl (E) 720
Q)Tle ot S | way,
? . -21=
DTie of 4 : SCy-21210 wag. Tota| = 1+10 + 6o +240 +120
@T-ie o.}— 2. SCa-3l =60 Walds. = )
@ Tie o} 2: SC2-4! =240 ways
©Notie: &!=D0 wys

% 18. How many different remainders can result when the 100th power of an integer is divided by 125?
@1 P2 ©5 m25  (E)125

B(d Eder's Theorem,
(D(us)=lzs-'é—sanoo = Qmal (mod: 115_) rf- Q i Co-pime to 12S.
i} sla, d™=0 (mod Ls)

=Remainders on be 0 or |
=2 Remaindery,



( 19. In the following table, each question mark is to be replaced by *“Possible” or “Not Possible™ to indicate
whether a nonvertical line with the given slope can contain the given number of lattice points (points
both of whose coordinates are integers). How many of the 12 entries will be “Possible™?

exactly exactly more than
ZEr0 one two two
zero
slope ? ? ? ?
nonzero
rational 92 92 2 9
slope . e * =
irrational 9 9 9 9
slope . . ® ®

A4 (B)S \96/(0)7 (E)9

(D Zero dlope : o lattice pt (Y=L or more thn 2 (4=1)

@ Rationa) dope: z2en (Z]:xﬂi) or move thon 2 (9=xt1)
@) Irrotional slope: zero (4=rG+B) or ohe (Y=RG.-5)
= 6 pocsible,

A 20. Three different pairs of shoes are placed in a row so that no left shoe is next to a right shoe from a
different pair. In how many ways can these six shoes be lined up?

MO (B) 72 (C) 90 (D) 108 (E) 120
Arronge Lef(. 31-6 ways
Fillin right chees to blanks : _A_B_ cﬁ&ﬁ
@ 3 right togedner
On the side : 2224 ; mddle =2
STotal =4+2.:6
@2 fn‘\f. M&ﬂﬁ" s
2 on the side 1 2 wals ; 2 in the middle : 2 woifs
STotf2d +2=4 Wayj s
Totol = 6 x (6+4)=6o| woys




C 21. Two straight pipes (circular cylinders), with radii 1 and %, lie parallel and in contact on a flat floor.
The figure below shows a head-on view. What is the sum of the possible radii of a third parallel pipe
lying on the same floor and in contact with both?

A & C D
| 11 19
(A) 3 (B) 1 ( Y (D) ry (E) ry

Middle cirde I, , Right circle I,

Common ttmaent: AC= N>+ BC oy AD=AC+CD
S R T O Y

| =21n ’\Wi”ﬂ?}.
Y'T—# Y)_.—_\

{ 10
9t

A 22. A group of 16 people will be partitioned into 4 indistinguishable 4-person committees. Each com-
mittee will have one chairperson and one secretary. The number of different ways to make these

assignments can be written as 3" M, where r and M are positive integers and M is not divisible by 3.
What is r ?

Ws ®6 ©1 s ®9

23
. . ) 16Cy- 12C4. 8Cq =22 p,
@ Portition info 4 committee . bC4 2Ly 8Ly 333 M
4' 3';1Ma.
=3 My

(@ Chwse chairperson and Secrefany ,(4-x3.)4=3"- My
Total = 33" %'“&*35'/‘4 =1=s

B 23. The Fibonacci numbers are defined by F; = 1, F, = 1, and F,, = F,—; + F,—3 forn > 3. What is

E Fa Fe +@‘)
R R F; Fio

(A) 318 M9 (€)320 (D)321 (E)322 /Fz

Nom; FFH-m =Fn-|Fm1' Fnr_hﬂ Beoohes '(D‘F'|+|=3+,=Z+ﬁ'_f“""ﬁ,+

Ry
2 Fan=FFat Fnfom = (E+&+--‘+ﬁ,)+(ﬁ+g_+._+ Fa)
= ;—T:—‘-Fn-l t Fne =(ﬁ3,"F3>+(F-|'FJ_)

=233-2 % 87-|=3\‘7




E 24. Let
m2  m* m8

m
P(’")_E+T+?+?'
How many of the values P(2022), P(2023), P(2024), and P(2025) are integers?
4

(A0  (B)1 )2 M3

Notice : P(2022) and P(2029 are in‘[’egers

Pim) =4 (mE+ m* 2m™+ 4m)
Om=2023 = -{ (nod 8) GIm=>2s = | (md g)
%m8+m4‘+2m1+4_m£ ] +2.-4 2>m +m"'+2m‘+4¢mr=|+ [+2+4
=0 (wok3) 20 (wd &
=>P(Jol3) is ihfeger. =>F(zo)5_) is intggeh

y

EZS. Each of 27 bricks (right rectangular prisms) has dimensions @ x b x ¢, where a, b, and ¢ are pairwise
relatively prime positive integers. These bricks are arranged to form a 3 x 3 x 3 block, as shown on
the left below. A 28th brick with the same dimensions is introduced, and these bricks are reconfigured
into a 2 x 2 x 7 block, shown on the right. The new block is 1 unit taller, 1 unit wider, and 1 unit
deeper than the old one. Whatisa + b + ¢ ?

a

(A) 88 (B) 89 (C) 90 (D) 91 (9(2
Ta=3c+| = =12
2b=3a+| = b=3atl
20 =3bt] =

- \
= 2. 70\_3' .—._),.30\T+ +
230-4=2]a+9+6
a=19
= 10&\2 a+btC =19+29+ 44
b=2! -

=44 -2
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