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Problem 1. If a, b, c are positive numbers, prove

9a2b2c2 ď pa2b` b2c` c2aqpab2 ` bc2 ` ca2q.

Problem 2. Let P pxq be a polynomial with real coefficients. Prove that
a

P paqP pbq ě

P p
?
abq for all positive a, b.

Problem 3. Let P pzq be a polynomial with real coefficients whose roots can be covered
by a disk of radius R. Prove that for any real number k, the roots of nP pzq´ kP 1pzq can
by covered by a disk of radius R`|k|, where n is the degree of P and P 1 is the derivative.

Problem 4. Prove that the positive real numbers a, b, c are the side lengths of a triangle
if and only if

a2 ` b2 ` c2 ă 2
?
a2b2 ` b2c2 ` c2a2.

Problem 5. Let a1, a2, ..., an and b1, b2, ..., bn be non-negative numbers. Show that

pa1a2 ¨ ¨ ¨ anq
1
n ` pb1b2 ¨ ¨ ¨ bnq

1
n ď ppa1 ` b1qpa2 ` b2q ¨ ¨ ¨ pan ` bnqq

1
n .

Problem 6. Show that all real roots of x5 ´ 10x` 35 are negative.

Problem 7. Let a1, a2, ..., an be positive real numbers such that a1 ` ¨ ¨ ¨ ` an ă 1. Prove
that

a1a2 ¨ ¨ ¨ anp1´ pa1 ` ¨ ¨ ¨ ` anqq

pa1 ` ¨ ¨ ¨ ` anqp1´ a1q ¨ ¨ ¨ p1´ anq
ď

1

nn`1
.

Problem 8. Given a positive integer n, find the minimum value of

x3
1 ` ¨ ¨ ¨ ` x3

n

x1 ` ¨ ¨ ¨ ` xn

subject to the constraint the xi are distinct positive integers.

Problem 9. Assume that all of the zeros of the polynomial P pxq “ xn` a1x
n´1` ¨ ¨ ¨ ` an

are real and positive. Show that if there exist 1 ď m ă p ď n such that am “ p´1qm
`

n
m

˘

and ap “ p´1qp
`

n
p

˘

, then P pxq “ px´ 1qn.

Problem 10. Let a1, ..., an, b1, ..., bn be real numbers such that

pa21 ` ¨ ¨ ¨ ` a2n ´ 1qpb21 ` ¨ ¨ ¨ ` b2n ´ 1q ą pa1b1 ` ¨ ¨ ¨ ` anbn ´ 1q2.

Prove that a21 ` ¨ ¨ ¨ ` a2n ą 1 and b21 ` ¨ ¨ ¨ ` b2n ą 1.
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