USA Mathematical Talent Search
PROBLEMS
Round 3 - Year 14 - Academic Year 2002—-2003

1/3/14. The integem, between 10000 and 99999 alscdewhen written in decimal notation. The
digit a is the remainder whenis divided by 2, the digib is the remainder whenis divided
by 3, the digitc is the remainder whenis divided by 4, the digitl is the remainder whenis
divided by 5, and the digé is the remainder whenis divided by 6. Finah.

2/3/14.Given positive integerp, u, andv such thaiw? + 2v2 = p, determine, in terms af andy,
integersnandn such that3m? —2mn+ 3n2 = 24p. (Itis known that ifpis any prime num-
ber congruent to 1 or 3 modulo 8, then we can find intagarglv such thau? + 2v2 = p.)

3/3/14. Determine, with proof, the rational numb%]r that equals

1 1 1 1
+ + + ... + )
1.2+ 2/1 2J/3+3/2 3./4+ 43 4012008/ 4012009 40120Q9 4012008

4/3/14. The vertices of a cube have coordinaté 0,0 (0,0,4) (0,4,0 (0, 4 9 ,
(4,0,0, (4,0, 9, (4,4, 0, and(4, 4, 4 . A plane cuts the edges of this cube at the points
(0,20, (1,0, 0, (1, 4, 49, and two other points. Find the coordinates of the other two
points.

5/3/14. A fudgeflake is a planar fractal figure with 120° rota-
tional symmetry such that three identical fudgeflakes in the
same orientation fit together without gaps to form a large
fudgeflake with its orientation 30° clockwise of the small
fudgeflakes’ orientation, as shown on the right. If the dista
between the centers of the original three fudgeflakes is 1,
what is the area of one of those three fudgeflakes? Justify
your answer.

Compete, wdl-written séutions to ateast two dthe prdlems &ove,
accompanied by @over Sheetshould be mailed to

USA Mathematical Talent Search

National Conference Services, Inc.

6440-C Dobbin Road

Columbia, MD 21045-4770
andpostmarked no later than January 5, 2003. Each participant is expected to develop solu-
tions without help from others. For the cover sheet and other details, see the USAMTS web site
http://www.nsa.gov/programs/mepp/usamts.html.
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