Xavier University of Louisiana
Math Fair Spring 2024

Math Competition (Grade 11-12)
Directions: The use of calculator is not permitted. Choose the answer for each of the following problem,

circling the correct answer on this page and filling in the appropriate space on the answer sheet. Be
careful and clear. If none of the given choices is correct choose (E) on the answer sheet.

1. Find all solution of 2 cos?(x) — cos(z) — 1 = 0 on the interval [0, 27].

(A) O,7r,4—7r 51 T 27 2 4w 2?7( 5%

B 21, —, — 27, —, — D 2
3)3 ()0?71—73)3 (0)0771-,3,3 ()’/T,’/T,
2. Suppose that b and ¢ are constant and

(x +2)(z +b) = 2° 4+ cx + 6.

What is ¢?

(4) -5 (B) -3 @ -1 (D) 3 (E) 5
3. When you roll a single ordinary dice, which of the following is the most likely to be true about your
score

) itis odd

) itis a factor of 18
) itis prime

) itis a factor of 12

(A
(B
(C
(D
(E) itis even

4. If the equations ax + 3y = 5 and 2x + by = 3 represent the same line in the zy-plane, then ab is
equal to:

(A) —6 (B) -1 () 2 (D) 3 (E) 6
5. What is the number of pairs (z,y) of real numbers satisfying
| tan(ry)| + sin?(7x) = 0 and z? + y* < 27
(A4) 1 (B) 4 (C) 5 (D) 8 (E) 9

. 1 . . .
6. Let P be a point on the cuve y = — + 2 whose z-coordinate is a number r > 0. Let A be the point

X
(2r,0). Let B be the intersection of the line going through A and P with the y-axis. Find the area
of the triangle AOB, where O is the origin.

(A) 2r(1+2r) (B) 4r(142r) (C) 5 +2 (D) 2(1+2r)
7. Suppose that P(z) = az* + bxz? + z + 5 and that P(—3) = 2. What is P(3)?

(4) =5 (B) —2 (@) 1 (D) 3 (E) 8
8. Suppose that 3 = k- 2" and that 15 = &k - 4". What is »?

(4) —log, 5 (B) logs2 (C) logye5 (D) logy5 (5 3



10.

11.

12.

13.

14.

15.

16.

17.

For all real number x, except x = 0 and « = 1, the function f is defined by

T 1
f(x—l) T

Suppose 0 < 8 < 7/2. What is f(sec?(6))?

(A) sin?(6) (B) cos*() (C) tan?(0) (D) cot?(0)
(1-a)(1-=0)(1-0¢)(1-ad).

(A) 0 (B) 2 (©) 4 (D) 8 (E) 16
If f(z) = 2%, then 168 is equal to

(4) f(7) (B) f(12) (@) F(f(5)) (D) f(f(3)) (E) FUF(F3))

Suppose that
log, (logs (logs (log; N))) = 11.
How many different prime numbers are factors of N?

(A) 1 (B) 2 ) 3 (D) 4 (E) 5

Find the derivative of f(x) = x cos?(2x)

(A) — 3zsin(2z) (B) cos®(2x) + 62 cos?(2z) sin(2x)
(C) cos®(2x) + 6x cos?(2x) (D) cos?(2z) — 6 cos?(2x) sin(2z)

How many integers, z, are there so that

DY 32) <

(4) 0 (B) 1 (C) 2023 (D) 2024

Given a cube with edges of length 2. Let A and B be the midpoint of the two opposite sides of the
base of the cube. What is the area of the triangle formed by three points A, B, and anyone of the

corners of the top of the cube?

3v2 3v10 3v5
(4) == (B) = — (©) V5 (D) 3 (B) =5~
Find a positive integer M so that the equation
(x —12)(xz + M) =M — 51
has exactly one solution.
(4) 1 (B) 2 @) 5 (D) 4 (E) 7
Calculate .
1+ 1
1+ o 1
1
I+
1 8 3 4 9
(A4) 5 (B) 5 (©) 5 (D) 5 (E) 5

(E) csc?(0)

The equation z* — 322 — 22 + 52 + 2 = 0 has four solutions, a, b, ¢, and d. Calculate the value of



1 n n+1
18. Ifx = (1 + n) andy = (1 + n) , express y* as a power of x.

(4) @ (B) z'tv (€) a” (D) 2v~! (E) «*

19. A rectangle has height two units less than its base. A square has side one unit less than the base
of the rectangle. The rectangle has area A. What is the area of the square, in terms of A?

(A) A (B) A+1 (C) A+2 (D) A-1 (E) A-2
20. Find the exact value of sin(z) if tan(z) = cos(z).
14+56 1-V5 —1-+5 —1++5 V5
(4) =5 (B) — (©) =5 (D) =5 (B) 5
21. How many elements are there in the set
e 1
{z : z apositive integer such that — 1 < log1 10 < —5}?
(A) 10 (B) 30 (C) 50 (D) 70 (E) 90
22. Find the value of
20242 — 20232 + 20222 — 20212 + - + 42 — 3% 4+ 22 — 12
(A) 3049200 (B) 2049300 (C) 4029500 (D) 3029400 (E) 2039400

23. Let ABC be a triangle with altitudes C'D and AFE, with BD =3, DA =5 and BE = 2. Find EC.

(4) 6 (B) 8 (C) 10 (D) 13 (E) 15

24. Tie Breaker: This is graded only to determine the first, second, or third place tie. Show your work.

A function f(z) satisfies f(1 —z) = f(1 + =) for every number z. If the equation f(z) = 0 has 8
real roots. What is the sum of all these 8 roots? Explain your answer.

I, 2Lcos (x)-coslde) -1 =0

© (2cosx +1)(cosx—1) =0

CC’jX:‘——L— (9SS X =)
2
AT 4 x=d, KT
STy

' 73

2. (%+2)(x+b) = x +vcx + 6

= o %
W + bx +2x +l,> = % ¥(x + 4

b9 = ¢ 2 b = 4 b= 3 c = 5
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2 (A = (B = (LD
®) ’ ’
S - L
(Py =~ (E)
4 . 01><4—3y - 5
@ A x 4’/.7‘7/ = 3
da k -(-Ql?/ S
[0k +gé,¥/ =&
10 = 3¢ q=s5h
90 =~ 15alb ab = b
o 2%
’S" = T Odé)\é
ﬁm’m(ny) =0 , s5(nTTx=z=o
My = T Tx = mT
y:y) X = AN

(0,0) , (@2,1), (1,0), (O)~-),F, 0)
(o (=1 F1y0) (=1, <1
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7:—( + 2
@ x
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0
(va)r ar (L +a)

| + 201 +\V 2V

\

= 2+ 4r :2.(l+zr')

Pl —ax* + byx™ + x +5%

P(-3) = gla +9bh -3 +5 = 2
glow +4b +2 = 2
Fla rql = O

P(3)= $la +9b +3+5 = 8

1 k2 IS=k 4
| §= E-Z_P' er
_

" ;= A <
|5~ 3.2 5= 2 09,5 =
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x \ -y = x

X(\/'l) = Y x < \,/\/..|

vV =\ l

Y| = _— = |- —

£ (] v >
9(548‘5‘}: 1~ (058 = 5iné

0. xT-3x <x"F5x +5

@ - (x-o‘)(y—éj(x-c)(x -d)

I =3 =1 5 +2 = (1-a)(i-b)(1-) (1-4)
W

4

1. L(x)= 2
:
© ' -6 s 2 g0
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(2.
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6. (x-—lz)[x-}m) =M -8
@ XZ\+M¥—l2>(—11MvM +5| =0
X FrM-12)x —13M 5] =0

(H~az)L-4(gl~l3M) =0

VlA"zWﬂAé—Lal, LS%/M:O
M>428M =40 =0

—28t|j7gz, + 240 -28+¥372 _ 9.
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19.

B, C

W = -2

x = L -1

% . 5
Lw=A X 2(Lk) = b - e

A=b(L-2) =L -2L

"< A+

el /701/1/')(: (o X

stuk = (= 3lu’ x
7 \
5 X Fsink <) = ¢
sinx = SEIETE
2,
Vs -~
- 2
l
® ,

'

NUAY
(’i) > 107 (3]
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Ux < 10 & X

S~

1o, 11, -, 99
49-9=90
22, 10242'10251; 2024 + 202 3
T 2 "L
@ 2022 —202/( = 2d27 ¢4 202
' 4
}
2 41

424 oy 2024 ¢ 2024(2025)
2

S 2049300

cb-8  BC.AE
2 - T
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805 > Ec+2)lg D =Eeve)

—. % 8
;B +9q =(cct2)

_ 240 z
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Ecta) = x
60
— X ¥ - X
b4 !
q = l-ﬂ)k‘
64
g A = L
bl lé)(

sz 144 = (¢ +2)

£/ +2 = |2
EC = 19

aat Lli-x) = £hax)
alxl= £ (x+
a(->) = $(1-x) = £ (1¥x) = 4(+)
FlsV =0 9(x-1) =0

Xb'~); z,':l)-.,g ol LFOD 'é’ﬁ

Shin: o0 Fx-8%0
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