RAMC 2021
High School Tiebreaker Round

e SCORING: The questions in this round are used to break ties, and do not count towards overall
scores.

e This round contains 10 questions. Problems towards the end tend to be more difficult than
problems toward the beginning.

e No computational aids are permitted other than scratch paper, graph paper, and a pen/pencil.
No calculators of any kind are allowed.

e All answers are integers. When submitting answers, do not add additional characters (such as
spaces or units) beyond pure numerical digits, with the exception of a minus (-) symbol when
needed.

e If you believe there is an error on the test, submit a challenge to rochestermathclub@gmail.com.
Please include your name, level (Elem I/II; MS, HS), and explanation of the problem and your
solution.

Take a moment to check that your information is entered correctly!
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10.

. When the two roots of z? — 122 + 54 and a complex number k are graphed in the complex plane,

and each root is connected by a line segment to the origin and to k, the line segments form a right

trapezoid. The product of the possible values of k can be expressed in the form rcis#. Find r + —.
T

. Kiara has N > 100 marbles. She wants to portion out the marbles into some bags with the same

number of marbles in each bag. If she tries to put 3 marbles in each bag, there is 1 left over. If she
tries to put 5 marbles in each bag, there are 2 left over. If she tries to put 7 marbles in each bag, there
are 3 left over. The value of N is composite and minimal for the above properties. Kiara tries to put

11 marbles in each bag. How many marbles are left over?

. A circle of radius 4 is stacked on top of a circle of radius 8 such that they A
are externally tangent, then an isosceles triangle is circumscribed around both e
circles, as shown. The area of the region inside the triangle but outside the *

circles can be expressed as av/b + cr, where b is not a multiple of a square <
number, and a, b, and ¢ are integers. Find a + b + c.

. Let f(z) = 22* — 23 — 322 + 2 + 1 and g(z) be the polynomial with integer coefficients, leading term

162*, and roots that are half the reciprocals of the roots of f(z). What is the coefficient of the 3 term
of g(x)?

. There are 10 marbles in a paper bag, all of which are either red, green, blue, or yellow. You randomly

guess how many of each color of marble is in the bag, always guessing numbers that total to 10. The
probability that you guess correctly can be expressed as a ratio of two relatively prime positive integers,

%. What is a + b7

. For some integer N, it is known that N 483 and N — 61 are non-negative square numbers. How many

possible values of N exist?

Find the least positive integer n such that n® — n has at least 5 distinct prime factors.

. Two circles intersect at points A and B. The tangents to these circles at point A intersect the circles

again at points C' and D. Given that AC' =4, BD =9, and AD = 6, find the length of segment BC.

. An integer n leaves the same remainder when divided by exactly three of the integers in the set

{11,12,---,20}, but is divisible by none of them. Determine the smallest possible value of n.

Suppose 165”2 4 16°5° = 10. Evaluate 2 cos 4x.



