College of Charleston
Math Meet 2023
Written Test — Level 3

Find the height / that maximizes the area of this trapezoid. -
h 1
1
(A) 273/4 B) 3/4/2 ©) (3/H)Y* (D) 31/2/2 E) 1
Evaluate the definite integral: /O ' Var — 22 dx
(A) 8 g (B) £38 (©) g (D) 21 (E) 4

How many solutions to 2 — 5 sin  cos & = V/5(2sin  — cos ) are in the interval [0, 1%]2
(A) 7 (B) 6 (C) 5 (D) 4 (E) 3

it f(x) = x2e®, which of these is a zero of 19 ()2
(A) —16 ®) —17 ) —18 (D) —19 (E) —20

How many critical points does the function |22°/% — 52%/% — 1| have?
(A) 1 (B) 2 (C) 3 (D) 4 (E) 5

I'm riding a bus but must transfer to a different line. The first bus moves along the line y = §($—5)

and the second moves along the curve y = (z + 1)2 — 1. If 'm allowed to get on or off either
bus anywhere along its route and walk in any direction in the plane, at what x should | get off the

first bus to minimize the distance | must walk to catch the second bus?

A —32 (B) —3 () 0 (D) 3 E) 2

The figure shows the result of shuffling a deck of 26 cards perfectly one time. How many additional
perfect shuffles must we perform to return the cards to their original position?

e [ AR EEEEEEER
s ([ LT Bl o e o]

(A) 19 (B) 21 (C) 23 (D) 25 (E) 27

In the accompanying figure (not to scale), AOBDA is a semicircle
centered at ). The lines BC, C'E, and F'A are tangent to the E

semicircle at I3, D, and A, respectively. If the lengths AO = 1 b .
— 5
and AE = " what is the area of the trapezoid ABC'E?

In the correct answer, the second digit after the decimal is

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



10.

11.

12.

13.

14.

15.

A pair of ants are inside a cubical cardboard box with sides 1 meter long. One ant is at the center

of the top of the box, and the other is on the bottom 1 meter from one side and % meter from

' 4
another side.
Assuming both ants stay on the cardboard, how many meters must one crawl to reach the other?

M $V169 (B V173 (©) §VI8T (D) V205 () V295

The nation of Torf consists entirely of truth-tellers and liars. Truth-tellers tell the truth 90% of the
time, and liars tell lies 60% of the time. But if you ask everyone in Torf whether they’re truth-tellers
or liars, the number of reported liars will equal the number of actual liars. What part of the
population of Torf are truth-tellers?

When the answer is expressed as a fraction between 0 and 1 in lowest terms, the denominator
minus the numerator equals

(A) 7 (B) 5 (C) 4 (D) 3 (E) 1

Let f(2) be the inverse function of 2z€” . Thatis, y = f(z) means z = 2ye?’.

Find - f(x) dx.

(A) ol B) 2¢ — 1 (C) 2¢ D) e+ 1 (E) 2¢ + 1

In the interval [0, 27], how many solutions are there to the equation cos 2x + cos 3z = 07?
(A) none (B) 1 (C) 2 (D) 3 (E) 5

Two orthogonal line segments each of length 2 lie in the first quadrant as

shown. Find the coordinate v. ()

2 (w,1)

(A) %(ﬁ+ 1) ®) %(ﬁ— 2) (© %(\/3+3) (D) %(\/§+2) (E) %(\/5— 1)

A logical statement can be thought of as a variable that can take only the values true (T) or false
(F). The operators A (“and”), V (“or”), = (“implies”), and — (“not”) act on logical statements to
produce other statements. For instance, p \V ¢ is T when either p or g (or both) is . p = qis T
except when pis Tand qis F.

If (p A —q) = (r V —s) is false, how many of the following statements must be true?
. (gAr)=(pAs)
. pA(—g) A(—r)As
. pVaqgV (—-r)V(-s)
IV. (rV =s) = (pA—q)is also false.
V. pV(rAs)=(pVr)A(pVs).
(A) 0 (B) 1 (C) 2 (D) 3 (E) 4

Find the number of real solutions to
x4—\/§x3+2x2—2\/§x+4:0

(A) O (B) 1 (C) 2 (D) 3 (E) 4
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lfa+ b+ c = O,where a, b, care all different and non-zero, what does the following expression

equal?
b—c+c—a+a—b a N b N &
a b c b—c c¢c—a a-—0»

(A) 1 (B) 2 ©) 3
(D) 9 (E) None of these

Let [[x]] denote the greatest integer less than or equal to x. How large must o be to ensure that

[[x_]] is less than .001 unit away from 1?
x
(A) x > 100 (B) x > 500 (C) x > 999 (D) z > 1000 (E) x > 1001.

A code consists of a sequence of 10 digits with repetitions allowed, for example, 0034768927.
Determine the probability that the sequence 01234 will occur consecutively in a randomly
generated code, for example, as it does in 8470123462 but does not in 8201236499.

(A) 5.00001 x 107° B) 5.0 x 107° (C) 6.0 x 1077
D) 6.0 x 10717 (E) 5.99999 x 107°

A regular drinking cup has a height of 10 centimeters, a circular base with diameter 8 centimeters,
and a circular lip with diameter 12 centimeters. What is the volume of the cup in cubic centimeters?

(A) 3207/3 (B) 7607 /3 (C) 10807/3
(D) 14007/3 (E) none of these

Find the polar coordinates (7“, 9) of the point which does not belong to the graph of the polar
equation r = sin 26.

1 x T T 1 7 1 197
(A) (§’E> (B) (171) (C) <0> Z) (D) <§,§> (E) (5’?)

: T
Which of the following is the reflection of y = sin(x) around the line z = g?

1
A) y = 1 sin(z) — @ cos(z) (B) y = —sin(x) + ﬁ cos(x)
2 2 2 2
1
(C) y = 2sin(x) cos(x) D) y = ? cos(z) — 5 sin(z)

(E) None of these

A closed rectangular box has a volume of 288 cubic inches. If the base of the box is a square
with one foot long sides, what is the external surface area of the box (in square inches)?

(A) 96 (B) 168 (C) 240 (D) 384 (E) 1,153

Let D be the circle 2 + 2z + y2 = 10. No point on D has integer coordinates (meaning
x and Yy can’t both be integers). What is the distance from D) to the nearest point with integer
coordinates?

A) V16 — /11 B) V11 — /8 ©) V13 — V11
D) V11 — V9 (E) none of the above.



24.

25.

Austin’s Famous boxed chocolates come in boxes of 6, 9, and 20 pieces. So, you can buy 15
pieces (by buying a box of 6 and a box of 9), but it is not possible to buy exactly 16 pieces. The
largest number of pieces that you cannot buy is a two digit number. Give the sum of its digits.

(A) 7 (B) 8 (C) 10
(D) 11 (E) none of these

For any two real numbers a and b, define their “diamond product” to be
aob=4a® + 4b* — a*b*.

Which of the following statements are true?

I.  The diamond product satisfies the law of commutativity.
Il. The diamond product satisfies the distributive law (with respect to ordinary addition of
numbers).
lll.  The diamond product satisfies the associative law.

IV. The equationc ¢ x = 4¢? has one solution for most values of ¢, but infinitely many

for others.
V. There are always exactly two solutions to the equation ¢ & £ = ¢ no matter what
number C is.
(A) Only I, Il and Ill are true. (B) Only Il and V are true.
(C) Only I and IV are true. (D) All of the statements are true.

(E) None of the statements are true.

2023 Answers / Level 3 Test

1. C 10. E 19. B
2. D 11. D 20. D
3. D 12. E 21. B
4. E 13. A 22. D
5. C 14. E 23. E
6. E 15. A 24. A
7. A 16. D 25. C
8. E 17. D

9. B 18. E



