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1 In triangleABC with∠ABC = 60◦ and 5AB = 4BC , pointsD andE are the feet of the altitudesfrom B and C , respectively. M is the midpoint of BD and the circumcircle of triangle BMCmeets line AC again at N . Lines BN and CM meet at P . Prove that ∠EDP = 90◦.
2 Suppose a1, a2, . . . is a sequence of integers, and d is some integer. For all natural numbers n,

(i)|an| is prime; (ii)an+2 = an+1 + an + d.

Show that the sequence is constant.
3 Let n be a positive integer. An n× n matrix (a rectangular array of numbers with n rows and ncolumns) is said to be a platinum matrix if:

- the n2 entries are integers from 1 to n;- each row, each column, and the main diagonal (from the upper left corner to the lower rightcorner) contains each integer from 1 to n exactly once; and- there exists a collection of n entries containing each of the numbers from 1 to n, such thatno two entries lie on the same row or column, and none of which lie on the main diagonal ofthe matrix.
Determine all values of n for which there exists an n× n platinum matrix.

4 Determine all ordered pairs (x, y) of nonnegative integers that satisfy the equation
3x2 + 2 · 9y = x(4y+1 − 1).

© 2019 AoPS Incorporated 1
Art of Problem Solving is an ACS WASC Accredited School.


