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1) Let ABCDEFGH be a regular octagon of side length 4. Squares ABIJ and BCKL are 
constructed so that I, J, K, and L all lie inside the octagon. Find the area of the region of overlap 
between squares ABIJ and BCKL. 
 
 
         Answer: ____________ 
 
2) If 𝐴𝐵𝐶 is a nondegenerate, non-right triangle and (1 − 2tan (𝐴))(1− 2tan (𝐵)) = 5, find all 
possible values of sin (𝐶). 
 
         Answer: _____________ 
 
 
3) For any 𝑛 ≥ 3, an 𝑛 −digit integer is called a "canyon integer" if there is an integer 
 𝑘, 2 ≤ 𝑘 ≤ 𝑛 − 1, such that its first 𝑘 digits form a strictly decreasing sequence, and its last 
𝑛 − 𝑘 + 1 digits form a strictly increasing sequence. For example, 543212345, 976124, and 302 
are canyon integers, whereas 987, 55234, 82196, and 1358 are not canyon integers. Find the 
total number of canyon integers. [Note: integers do not start with the number 0.] 
          
         Answer: ____________ 

4) Find all integers n for which 𝑛3 − 10𝑛2 + 20𝑛 + 17 is the cube of an integer.  

 
         Answer: ____________ 
 
 
5) Find the minimum value of 𝑓(𝑎, 𝑏) = [3 cos(𝑎) − 4 cos(𝑏) + 12]2 + [3 sin(𝑎) − 4 sin(𝑏) + 5]2 as 
𝑎 and 𝑏 range over all real numbers. 
 
 
         Answer: ____________ 
 
  

6) Let 𝑝(𝑡) = 2𝑡4 − 𝑡3 − 4𝑡2 + 𝑡 + 1, and let the four real roots of 𝑝(𝑡) be 𝑎1 < 𝑎2 < 𝑎3 < 𝑎4. 
Also let 𝑞(𝑡) = 4𝑡4 − 41𝑡3 + 𝑡2 + 364𝑡 + 181, and let the four real roots of 
 𝑞(𝑡) be 𝑏1 < 𝑏2 < 𝑏3 < 𝑏4. Prove that the four points (𝑥, 𝑦) = (𝑎1,𝑏1), (𝑎2, 𝑏2), (𝑎3, 𝑏3), and 
(𝑎4,𝑏4) all lie on the parabola 𝑦 = 𝑥2 + 4𝑥 + 1. 
 
Note: For this problem, please include your proof on a separate sheet of paper. 

          


