Alpha Gemini 2023 MA® National Convention

All uppercase letter variables are positive integers unless otherwise stated. All fractions
containing uppercase letter variables are in lowest terms. NOTA means “None of the Above."

1.  Let R be the region in the first quadrant bounded by y <5 —x and y < 11 — 3x. If the area
of R is equal to g, find A + B.
A 27 B. 29 C. 70 D. 73 E. NOTA

2. The vectors 4 = (x,3,—1), B = (4,7,0), and C = (—2,4, z) are all pairwise perpendicular
to each other. Find xyz.
A. —60 B. —45 C. —30 D. -—27 E. NOTA

3. Positive integers a and b are independently uniformly randomly selected on the interval

20221 d 20221

[1,6]. Find the probability that the angles —an are coterminal.

1 1 5 1

A. 5 B. P C. s D. 3 E. NOTA
... 2-7i 5-6i
4 simplify: 3—4;_4+3:'
-52-36i —-60—20i 38+16i 32+26i
A. = B. ” C. ” D. > E. NOTA

5. Accircle of radius 2 is inscribed in a square, which is then inscribed in another circle. Find
the area of the larger circle.
A. 6m B. 8w C. 97 D. 12w E. NOTA

6. . . _ x*—6x3+9x2+4x—12
Find the number of asymptotes to the graph of the equation y = S reriiiicie

A 2 B. 3 C. 4 D. 5 E. NOTA
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7.

10.

11.

12.

Which of the following statements regarding the vector cross product is always true?
A, B, C are arbitrary 3D vectors and 6 is the angle between 4 and B.

A. AxB=B x4 B. |4x4|l=1

C. |4 x B =|4||B|sin6 D. ix (B+C¢)=4dx(+4dxBE E NOTA

Find the sum of the solutions to 4 sin* 8 + sin® 8 — 11 sin® 6 + 6sin 6 = 0 for 6 € [0,27).
51 7
A =

> B. 3m C. & D. 5m E. NOTA

The cosine of which of the following complex numbers equals 3?
A. iln(1+v2) B. ilm(2+v2) C. 2ilm(1+v2) D. 2iln(2+v2) E. NOTA

Find the area of the ellipse x2 — xy + y2 — (x + y)V2 = 10.
A 713 B. 873 C. 10mv3  D. 2B E. NOTA

Given the following system of equations, find the minimum value of a? + 2b% + 3c¢2.

a+b+c=-1
ab + bc+ ca=-32
abc = 60
A. 84 B. 98 C. 130 D. 175 E. NOTA
1 0 27
Find the sum of the entries of [2 -1 1]
3 -2 1

A 2 B. 3 C. 4 D. 5 E. NOTA
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13. Which of the following functions are periodic? (The correct answer choice must include all
periodic functions and no nonperiodic functions.)

I: f(x) =tan (2x+g) + 2tan(x —g)

II: g(x) =sinmx + wsinx

II: h(x) = cos+/|x|
N B. Il c. D. LILIl  E. NOTA
14. 1f £(A,B) = jiz then £(4046,2023) = P;Q". Find P + Q + R.
A 8 B. 12 c. 18 D. 22 E. NOTA

15. Identify the following: 3x? — 8y? + 10xy — 8x + 10y — 3 = 1.
A. Cardioid B. Ellipse C. Hyperbola D. Parabola E. NOTA

16.  Find the sum of all real values of x such that (x2 — 2x — 4)**~5%+6 = 1,
A 5 B. 6 C. 8 D. 9 E. NOTA

17. 211 17. : e .
LetA—[4 3].5—[_1 2] is a matrix such that D = S™*AS is a diagonal matrix

D= [_01 g] Using this information, find the sum of the elements of 42023,
A. 52023 -1 B. 52023 C 2. 52023 -1 D. 2. 52023 E. NOTA

18. Find the number of values of x such that sin(2023x) = 0 for x € [0,2023m).
A. 20237 B. 2-20232 C. 4-2023? D. 8-2023%2 E. NOTA
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19.

20.

21.

22.

23.

24.

If Y=o [(— %)n e2nin/3] = A‘lziﬁ, findA+ B+ C.

A. 25 B. 27 C. 29 D. 31 E. NOTA

Determine the value of t for which the parabola parametrically defined by

x(t)=1+vVt+2and y(t) = % — 3 intersects its latus rectum.
E
4

A -1 B. 4 C. 14 D. E. NOTA

If the sum of the reciprocals of the positive integer factors of 2023 is equal to g, findR + S.
A. 4047 B. 4183 C. 4343 D. 4479 E. NOTA
8 1 4 5 015 0 7 3 5
7 7 3 2 4|11 6 4 7 2
Find the sum of the entries in the matrixequalto{4 1 4 0 3|0 1 8 8 3|
1 3 7 7 6113 6 3 4 4
lO 8 2 6 7J l2 8 7 3 0J
A. 1951 B. 1990 C. 2000 D. 2022 E. NOTA
Which of these is equal to tan (arcsin x2_4), where defined?
x? Vx2_4 VxZ_a xVxZ—a
A. T B. > C. - D. > E. NOTA

Find the smallest value of |k| such that |z — 1 + 2i| = k + |z + 2 — 2i] is not a hyperbola.
A 4 B. V20 C. 5 D. V32 E. NOTA
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25.

26.

27.

28.

29.

30.

If the area of the ellipse given by the equation r =

5 . A .
oop 's equal to n\/;, find
(A+ B)mod?7.

A 1 B. 2 C. 5 D. 6 E. NOTA

There is a unique triplet of positive integers {4, H, S} where A, H,S < 100 such that
A®+H?=S3FindA+H+S.
A. 20 B. 23 C. 26 D. 29 E. NOTA

If AB=BAand B = [_23 _53] which of the following could be A?

A [2022 2022] B 2022 2023
- 12022 1 " 12023 2024
2023 2022 2023 2024

C. [2022 1 ] D. [2025 2026 E. NOTA

Determine the range (in interval notation) of the function y = sin x + sin(7mx).
C. (—Vr2+1,Vr2+1) D. [—Vr?+1,Vn? +1] E. NOTA

If z is a complex number satisfying z2 + z + 1 = 0, find Y2922 (z*" + z7™)2,

A. 674 B. 1011 C. 2022 D. 4044 E. NOTA

Which of the following describes the graph of x? + y? = 2023?
A. Cardioid B. Hyperbola C. Ellipse D. Parabola E. NOTA

2023 MA® National Convention



