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Day 1

1 Suppose 4ABC is scalene. O is the circumcenter and A′ is a point on the extension of seg-ment AO such that ∠BA′A = ∠CA′A. Let point A1 and A2 be foot of perpendicular from A′

ontoAB andAC.HA is the foot of perpendicular fromA ontoBC. DenoteRA to be the radiusof circumcircle of4HAA1A2. Similiarly we can define RB and RC . Show that:
1
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1
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1
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where R is the radius of circumcircle of4ABC.
2 Given an integer n ≥ 3, prove that the set X = {1, 2, 3, . . . , n2 − n} can be divided into twonon-intersecting subsets such that neither of them contains n elements a1, a2, . . . , an with

a1 < a2 < . . . < an and ak ≤ ak−1+ak+1

2 for all k = 2, . . . , n− 1.
3 Given a positive integer n and x1 ≤ x2 ≤ . . . ≤ xn, y1 ≥ y2 ≥ . . . ≥ yn, satisfying

n∑
i=1

ixi =
n∑

i=1

iyi

Show that for any real number α, we have
n∑

i=1

xi[iα] ≥
n∑

i=1

yi[iα]

Here [β] denotes the greastest integer not larger than β.
Day 2

1 Let A be an infinite subset of N, and n a fixed integer. For any prime p not dividing n, There areinfinitely many elements of A not divisible by p. Show that for any integer m > 1, (m,n) = 1,There exist finitely many elements of A, such that their sum is congruent to 1 modulo m andcongruent to 0 modulo n.
2 Find the smallest integer n satisfying the following condition: regardless of how one colourthe vertices of a regular n-gon with either red, yellow or blue, one can always find an isoscelestrapezoid whose vertices are of the same colour.
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3 Find all triples (p, q, n) that satisfy

qn+2 ≡ 3n+2( mod pn), pn+2 ≡ 3n+2( mod qn)

where p, q are odd primes and n is an positive integer.
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