Theta Circles & Polygons

MA( National Convention 2012

For each question, “E) NOTA” indicates that none of the above answers is correct.

1. What is the measure of one interior angle of a regular dodecagon?
A) 
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E) NOTA
2. Two radii are drawn in a circle with radius 7.  The smaller arc made by the intersection of the radii with the circle has length 17.5.  Find the measure of the central angle subtended by this arc.  There are 
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 or 
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 radians in one complete circle.
A) 1 radian
B) 1.5 radians
C) 2 radians
D) 2.5 radians
E) NOTA

3. One chord of a circle with diameter 12 divides a diameter of the circle into two segments whose lengths are in the ratio 1:1.  Find the length of the chord.

A) 3
B) 6
C) 9
D) 12
E) NOTA

4. A convex icosagon has how many total diagonals?
A) 170
B) 210
C) 211
D) 35
E) NOTA
5. What is the measure of an angle inscribed in a circular arc of measure 
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A) 
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E) NOTA

6. Two perpendicular chords of a circle divide each other into two segments.  One chord has segments of length 12 and 18, the other has segments of length 27 and 
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.  Find the length of the radius of the circle.

A) 
[image: image13.wmf]1261

2


B) 18
C) 
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D) 
[image: image15.wmf]17


E) NOTA
7. A triangle is inscribed in a circle with so that one of its sides is a diameter of the circle.  What is the largest value of the ratio of the area enclosed by the triangle to the area enclosed by the circle?
A) 
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B) 
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C) 
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D) 
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E) NOTA

8. Four of the interior angles of a convex octagon have measures of 
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124, 151, 114, and 155

.  Find the average of the other four angles.

A)  
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B) 
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C) 
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E) NOTA
9. Two circles with radii of lengths 25 and 29 are positioned such that their centers are 36 units apart.  Find the length of the chord connecting the two points of intersection of the circles.
A) 40
B) 20
C) 42
D) 21
E) NOTA

10. Two shorter sides of a triangle inscribed in a circle have lengths of 24 and 70.  The longest side is a diameter of the circle.  Find the area enclosed by the circle.

A) 
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B) 
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C) 
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D) 
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E) NOTA
11. From a point 
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 outside of a circle, a secant passing through the center of the circle and a tangent are drawn.  The secant intersects the circle in two points 
[image: image30.wmf] and 

QR

, where 
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 is the closer of the two points to 
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; additionally, 
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 is the intersection of the tangent with the circle.  If the distance from 
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 is 50 and the distance from 
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 is 80, find the distance from 
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A) 39
B) 89
C) 112
D) 128
E) NOTA

12. What is the smallest number of sides a regular polygon can have such that each of its interior angles has measure larger than 
[image: image37.wmf]179.999

o

?
A) 180000
B) 180001
C) 360000
D) 360001
E) NOTA

13. A convex equiangular hexagon has consecutive sides of length 
[image: image38.wmf], 4, 6, and 

xy

.  Find the distance between the sides of length 
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.
A) 
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B) 
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C) 
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D) 
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E) NOTA

14. Three circles are all externally tangent to each other, and a line is tangent to all three circles.  The larger two of the circles have radii of lengths 9 and 36.  Find the length of the radius of the smallest circle.
A) 4
B) 2
C) 8
D) 1
E) NOTA

15. Find the minimum distance from the point 
[image: image44.wmf](

)

-

2,5

 to the circle 
[image: image45.wmf](

)

(

)

-++=

22

101149

xy

.
A) 9
B) 11
C) 13
D) 15
E) NOTA
16. Circle 
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 is drawn with center on the positive 
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 and tangent to the 
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.  More circles are then drawn inside 
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; the largest of these circles, 
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, has its center on the positive 
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 and diameter equal to the radius of 
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, and it is tangent to 
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.  For each positive integer 
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 has its center on the positive 
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 and diameter with length equal to the radius of 
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, and it is tangent to 
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.  Also, none of the 
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 are nested (contained inside each other).  What fraction of the area contained within 
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 is not contained within any of the 
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A) 
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B) 
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C) 
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D) 
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E) NOTA

17. A regular hexagon with side length 12 can be made into a concave equilateral hexagon by moving only one vertex.  Find the area enclosed by this concave hexagon.
A) 108
B) 144
C) 
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D) 
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E) NOTA

18. What is the name of a degenerate polygon with a countable infinite number of sides (such as a zig zag shape or a line with countably infinitely many vertices contained on it)?

A) myriagon
B) chiliagon
C) apeirogon
D) infinigon
E) NOTA

19. When proving congruence of triangles in a plane, which of the following is not a valid postulate?
A) side-side-angle     B) side-angle-side     C) angle-angle-side     D) angle-side-angle     E) NOTA

20. An attempt is made to tile the 
[image: image68.wmf]-plane
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 using non-overlapping circular disks.  The goal of this attempt is to leave as little space untiled as possible.   The percentage of the plane left as untiled space is nearest to which of the following?
A) 5%
B) 10%
C) 15%
D) 20%
E) 25%

21. What is the largest number of sides of a regular shape such that identical copies of the shape can tile the 
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 (leaving no space untiled)?
A) 3
B) 4
C) 6
D) 8
E) NOTA

22. Determine the total number of non-similar planar triangles with integer degree measures for their angles.
A) 4035
B) 180
C) 2376
D) 2700
E) NOTA
23. Assume, for this problem, that the earth is a sphere.  A triangle is drawn on the surface of the earth such one of its vertices is on the North Pole and the other two vertices are on the equator, separated by 
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 of the great circle that is the equator.  Find the sum of the interior angles of this triangle.
A) 
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B) 
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C) 
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D) 
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E) NOTA

24. Six points are placed on a circle with radius 1 such that the distance between any two consecutive points on the circle is the same.  From one of these points, the five chords connecting that point to each of the other five points is drawn.  What is the product of the lengths of these five chords?
A) 3
B) 4
C) 5
D) 6
E) NOTA

25. Three circles, each with radius of length 4, are positioned such that each circle passes through the centers of the other two circles.  What is the total amount of area enclosed in the figure by only one circle or by all three of the circles?  In other words, do not count any area enclosed by exactly two circles.
A) 
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E) NOTA

For questions 26-28, let 
[image: image79.wmf]1

P

 be a regular 
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 with side length 
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 made by connecting the midpoints of consecutive sides of 
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26. The perimeters of the 
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 form an infinite geometric sequence.  If 
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, find the sum of this infinite geometric sequence.
A) 6
B) 8
C) 10
D) 12
E) NOTA

27. Let 
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 be the area enclosed by 
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.  Find the value of 
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A) 0.5
B) 1
C) 1.5
D) 2
E) NOTA

28. Find the ratio of a side length of 
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 to a side length of 
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E) NOTA
29. A heptagon is formed by connecting, in order, the vertices 
[image: image100.wmf](

)

(

)

(

)

(

)

----

2,1, 3,1, 1,4, 3,3,

 
[image: image101.wmf](

)

(

)

(

)

--+£

22

0,1, 2,0, and ,, where  and  are integer

s with 200

ababab

 such that no two edges of the heptagon intersect except at the vertices.  If there are no other lattice points that lie on the edges of the heptagon, and there are 18 lattice points that lie in the interior of the heptagon, how many such points 
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 exist?
A) 1
B) 2
C) 4
D) 6
E) NOTA

30. Let 
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E) NOTA
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