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DIRECTIONS:

1. Please listen to the directions on how to complete the information needed on the answer
sheet.

2. Indicate the most correct answer to each question on the answer sheet provided by blackening
the ‘bubble’ which corresponds to the answer that you wish to select. Make your mark in
such a way as to completely |l the space with a heavy black line. If you wish to change the
answer, erase your rst mark completely since more than one response to a problem will be
counted wrong. Make no stray marks on the answer sheet as they may count against you.

3. If you are unable to solve a problem, leave the corresponding answer space blank on the
answer sheet. You may return to it if you have time.

4. Avoid wild guessing since you are penalized for incorrect answers. If, however, you are able
to eliminate one or more answers as being incorrect, the probability of guessing the correct
answer is correspondingly increased. One-fourth of the number of wrong answers will be
subtracted from the number of right answers. Therefore, guessing is discouraged. Due to
the length of the test, you are not necessarily expected to nish it.

5. Use of pencil, eraser, and scratch paper only are permitted. Calculators, phones, etc. are
prohibited.

6. You will have 110 minutes of working time to do the 50 problems in the test. When time is

called, put down your pencil and wait for additional instructions.

Do not turn this page until directed by a proctor to do so.
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1. When simpli ed, the expression ———
P P 2a°hc3

is equal to:
49h12
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14h12
14p12

asc4
4a10b12c6
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2. Consider the system of equations

X2 y* 4x+6y 4=0;
x*+y?> 4x 6y+12=0:

The solution set of the system is:

A. f(4:2)g
B. f(2;2)g

C. 1(4,2);(2,2)9
D. 1(2;2);(2;4)9
E. None of these

3. Two six-sided dice are labeled with the following numbers:

Die #1: 1{2{2{3{3{4
Die #2:  1{3{4{5{6{8

When both dice are rolled, the probability that their sum is 2 is:

A. 0
B. —
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4. The area of a circle is 36 square units and the center of the circle is ( 2;3). The point that
does not lie on this circle is:
A. (2 3
B. (4;3)
C. ( 2,9
D. ( 83)
E. None of these

5. A math test has 25 problems. Some problems are worth 2 points and some are worth 3 points.
The test is worth 60 total points. The number of 3-point questions on the test is:
A. 10

B. 12

C. 13

D. 15

E. None of these

6. Compared to the graph of y = f(x), the graph ofy =f(x 2)+ 7 s:

A. Shifted 2 units to the right and shifted 7 units up
B. Shifted 2 units to the left and shifted 7 units up
C. Horizontally stretched by a factor of 2 and shifted 7 units downTJ/F15 11.9552 Tf 11.956 0 Td [(2))-
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8. The value of cos * cos sin ! sin vy is:
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9. Complete the following division: (3x* +2x3 +4x%2+x 5) (x?+ 2). The remainder is:

A. 3X>+2x 2
B. 3x2 4x 12
C. x2+2
D. x 29
E. 3x 1

10. Consider the circle in the xy-plane that has a center of (1; 2) and passes through the point
(1; 5). The area of this circle is:

A. 3
B. 3p§
C. 6
D. 9

E. 18

11. The set which contains all of the solutions to jx 1j+jx 2j=3Is:
A. Tt 5 3; 1,1;3;5; 79
B. f 6, 4, 2,0;2;4;69
C.f 3 2, 1;0;1;2;3¢g
D. f 5 21,4,6;7g
E. ¥ 1;2;5;9
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16. A diagonal of an octagon is a segment that connects two non-adjacent vertices. The maximum
number of possible diagonals in an octagon is:
A. 36

B. 20

C. 56

D. 28

E. None of these

17. The value of x in the equation logs(X +2) logs(Xx) = 2 is:

A.
B.

Bl
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20.

The amount of water that must be evaporated from 30 liters of a 40% salt solution to obtain
a 60% salt solution is:

A. 12 liters

B. 18 liters
C. 20 liters
D. 60 liters
E. 10 liters

21.

A square is inscribed in a circle. If the ratio of circumference to area for the circle is 16, the

ratio of perimeter to area for the square is:
A. 3272

B. 2p1_6

D.Tl:)
E. 16 2

22.

Let a, b, and ¢ be the x-intercepts of y = 2x3 + 7x2 14x 40, with a < b < c. Then the
value of a 3b+ 2c is:

A. 7

B. 20
C. 7=2
D. 20
E. 3=2

23.

A wooden sign is made of three slats of the same size, shown by the shaded regions in the

gure below. The entire sign occupies a total area of 4.5 square feet. The length of the sign
measures twice the height. There is a 1.5 inch space between each slat. The area of each slat
Is:

A. 15 ft?

B. 9 ft?

C. 1:25 ft?

D. 1:5 ft?

E. 2 ft?
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24. The interval that contains the real solution to pi + Qi =36 is:

A. [1;6]

B. [8:13]

C. [45;54]

D. [92;100]

E. None of these

25. Given that the measure of \BAF is 71 , then the measure of \FCB is:

A. 161
B. 109 A
C. 99:5 1 <
D. 142 ‘
B C D | E

E. None of these

26. The shortest distance between the point ( 2;2) and the circle x> +y? 12x+8y +43 =0 is:

A. 3
B. 10
C. 7
p. P13

E. None of these

27. Consider the quadratic function f(x) = ax? + bx + ¢, where a; b; and ¢ are real numbers with
ac & 0. Suppose that r is a real number such that f(r) = 0. A linear function g(x) satisfying
the equation r g(r) =1 is:

a b

A. g(x) = EX+E
a b
B. g(x) = EX c
a b
C. g(x) = EX+E

a b
D. g(x) = EX c

E. None of these
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28.

The sum of the solutions to cos?(x) = cos(x) on the interval [0;2 ) is:
A. 2

B.
C.

D.
E

. None of these

29.

In a game show, exactly one of three closed boxes contains the keys to a brand new car. As
the rst place contestant, you are given the opportunity to select one of the three boxes in an
attempt to win the new car should the keys be in the box you chose. However, before viewing
the contents of the box you selected, the game show host opens one of the other two boxes and
demonstrates to you that the keys to the new car are not in that box. You have the option
to either stay with your initial selection or to switch to the remaining unopened box. The
probability of selecting the box containing the keys to the new car if you choose to switch is:

A.

Wl N

D. 1

E. None of these

30.

A regular dodecahedron is a polyhedron comprised of 12 regular pentagonal faces. The
apothem is a perpendicular line segment drawn from the center of a pentagon to the mid-
point of an edge. Suppose each pentagonal face has an apothem of length a and sides of
length 2b. The surface area of the dodecahedron is:

A. 10p§ab

60ab

1037
T3 ab

m o O

None of these
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31.

One thousand di erent students are divided into three math courses { Algebra, Statistics, and
Trigonometry. Thirty- ve percent of the 1000 students are juniors. In particular, fty percent
of all students who take Algebra are juniors, twenty percent of all students who take Statistics
are juniors, and thirty percent of all students who take Trigonometry are juniors. The total
number of Algebra students is 10 more than half of the Trigonometry and Statistics students
combined. How many juniors are in each math class?

340 in Algebra, 180 in Statistics, 480 in Trigonometry
175 in Algebra, 70 in Statistics, 105 in Trigonometry

500 in Algebra, 200 in Statistics, 300 in Trigonometry
170 in Algebra, 70 in Statistics, 110 in Trigonometry

None of these

moow»

32.
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34.
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37. Suppose three runners - Larry, Moe, and Curly - each run at their own constant rate during
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41. Consider the following expression:
3
3
4+
4 + 3
4 +

When this pattern is continued in nitely, the expression simpli es to:

A 2+ 07

B.2 P7

C. 7

D. 34

E. None of these
42. The number of solutions to 8sin?(x) cos?(x) + 3 = 4sin?(x) + 6 cos?(x) on the interval (  ; )

Is:

A.

B.

C.

D. 10

E. 16

2 + +

43. The solution set to XX + X 3 X+

+1 X+2
A (L 0C2 HEC 1)
B.( 1; 2)[[41)
C.[5 2LG1)
D. (2 1LI[31)
E. None of these

is:
X2+ 3x+2
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44. A stack of six cards is labeled 1 through 6 and placed in increasing order on a table. The
cards are shu ed as follows:

The top three cards are moved as a group to a separate pile on the right.

The cards are restacked by rst taking a card from the left pile and then placing a card
from the right pile on top. This is done repeatedly until a single stack of cards is formed.

The number of these shu es that will produce the cards in their original increasing order is:

A.

B
C.
D
E

1
3
4
6

. 10

45. A regular hexagon with sides of length a is tiled in the plane, see below. Let H be the area
enclosed by the hexagons tiled in the plane. Let C be the area of the circumscribing circle.

The ratio H=C is:

10 2
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46. The diagram shows the top of a table that is made up of a rectangular center with an isosceles
triangle on either side. The triangles are the same size. The measurement down the center of
the table, from point A to point B, is 8 feet. The measurement across the table, from point C
to point D, is 4 feet. The measurement from point A to point D is 26 inches. The total area
of the top of the table is:

344 ft? C

384 ft?
4128 in?
4608 in?

mo o w >

5088 in?

47. Ten light bulbs (each a di erent color) are arranged in a circular fashion. Suppose that exactly
three out of the ten light bulbs are turned on. The number of ways that three light bulbs are
turned on such that no two adjacent light bulbs are turned on is equal to:

A. 50

B. 100

C. 70

D. 120

E. None of these

48. The mineral calcite forms crystals with a variety of shapes. One particular growth pattern is
rhombohedral, see below. A rhombohedron is a solid with edges of equal length a and three






Answer Key
2016 IUP High School Mathematics
Competition

1. B 18. A 35. E
2. D 19. C 36. C
3. C 20. E 37. B
4. E 21. E 38. D
5. A 22. A 39. B
6. A 23. C 40. E
7. C 24. E 41. E
8. D 25. D 42. C
9. E 26. C 43. D
10. D 27. B 44. D
11. C 28. A 45. D
12. B 29. E 46. C
13. D 30. C 47. A
14. D 31. E 48. D
15. A 32. C 49. B
16. B 33. D 50. A
17. C 34. D



