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1. A bee and a flower are a distance of % apart on the same side of a unit square, and the bee
is a distance of ﬁ from the nearest vertex of the square. The length of the shortest path
that the bee can take to reach the flower that touches all four sides of the square at least
once (touching a corner counts as touching both sides that meet there) can be expressed as
-, where m and n are relatively prime positive integers. Find m + n.

Proposed by: Aron Fekete
Answer:

Solution:

(0,0) B £(1,0)

If we unfold the square, and allow the bee to pass through the square, we can refold its path to
get a path on the original unit square. Therefore, we want the shortest straight-line distance
from the origin point to any projection of the destination point. We see there is a 2 — % = %

total horizontal movement and 2 total vertical movement, so the length of the shortest path

is
16\ 34
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giving an answer of .

. 2% —42* 4+ 22% — 322+ + 1 has 3 real roots and 2 pure imaginary roots. If the real roots are
a,b, and ¢, find abc — (3 —a)(3 — b)(3 — ¢).

Proposed by: Henry Burton

Answer:

Solution: Let f(z) = 2° — 42* + 223 — 322 + 2 + 1. To find the imaginary roots, note
fliz) = —42* 4+ 322 + 1+ (—2° + 223 — 2)i has roots 1 and —1, so f(z) has (z —i)(z +1i) =
2% + 1 as a factor. By polynomial long division, f(z) = (22 + 1)(2® — 42% + 2 + 1), so
23— 42> + v+ 1 = (v — a)(z — b)(x — ¢) in order to make a,b, and ¢ the other roots. This
means, plugging in z =3, (3—a)(3—-b)(3—¢c) =3>-4-32+3+1=27-36+4 = —5. Also,
by Vieta’s, abc = —1, so abc — (3 —a)(3—b)(3 —¢) = .



