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1.

An Adélie penguin

Chandler the Adélie penguin heads out in search of
krill, the staple of an Adélie penguin’s diet. The
current he swims follows the cubic curve x3 + 3x2 +
4x − 4, which has roots of r1, r2, and r3. As he
swims, Chandler wonders to himself, “what is the
value of r1r2 + r1r3 + r2r3?” Help Chandler by find-
ing this value.

Two Galapagos penguins

2. Amy the Galapagos penguin is studying in her nest, a
cave formed by old lava flows, as is customary for Gala-
pagos penguins. She needs help solving this problem:
“Suppose the polynomial 5x3 + 4x2 − 8x + 6 has three
real roots a, b, and c. Find the value of a(1 + b + c) +
b(1 + a + c) + c(1 + a + b).”



3.

The regal King penguin

(2000 AMC 12) Brooke the King penguin has
adapted to life in Antarctica - like all King penguins,
she can filter salt out of her blood through supraor-
bital glands near her eyes. This allows her to drink

saltwater! Suppose that if she drinks
x

3
liters of salt-

water, she secretes x2 + x + 1 grams of salt, and if
she drinks 3z liters of water, she secretes 7 grams of
salt. Find the sum of all possible values for z.

A sociable African penguin

4. (2010 AMC 10A) Aaron the African penguin is, sadly,
one of an endangered breed - only 52,000 African pen-
guins remain in the wild. However, they are highly so-
ciable, and Aaron uses his outgoing nature to share math
problems with the rest of his colony. One day, Aaron
poses the following question to his penguin pals: “The
polynomial x3 − ax2 + bx− 2010 has three positive inte-
ger roots. What is the smallest possible value of a?”
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1. µ-dolf the root-nosed reindeer had a very mathy nose. And if you ever saw it, you
would see this problem written on it:

(2005 AIME I) The equation 2333x−2 + 2111x+2 = 2222x+1 + 1 has three real roots.

Given that their sum is
m

n
where m and n are relatively prime positive integers, find

m+ n.

2. All of the other reindeer used to laugh and call him names (like Pythagoras!). They
never let poor µ-dolf find t, given that the roots of x3 + 3x2 + 4x− 11 = 0 are a, b, and
c, and that the roots of x3 + rx2 + sx+ t = 0 are a+ b, b+ c, and c+ a.



3. Then one foggy Christmas Eve, Mr. Olsen came to say: “µ-dolf with your mind so
bright, won’t you find this sum tonight?”

(2001 AIME I) Find the sum of the roots, real and non-real, of the equation

x2001 +

(
1

2
− x

)2001

= 0,

given that there are no multiple roots.

4. Then all the reindeer joined him, as they tried to find out C:

(2004 AIME I) Let C be the coefficient of x2 in the expansion of the product
(1− x)(1 + 2x)(1− 3x) · · · (1 + 14x)(1− 15x). Find |C|.

µ-dolf the root-nosed reindeer, you’ll be on the MC team!
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