Mu Alpha Theta National Convention:  Hawaii, 2005

Solutions – Ciphering Test – Alpha Division
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, or .2.  The table has radial symmetry, so there are only 5! distinguishable arrangements of the students (instead of 6!).  There are 4! distinguishable arrangements with the desired property, since if we place Shahar and Anran across from each other there are 4 students to be placed in 4 distinguishable seats.  
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2. Profit of $5.  The cases where Jon wins are: 1, 1, 1, 1; 1, 1, 1, 2; 1, 1, 1, 3; and 1, 1, 2, 2.  These cases have respective probabilities: 
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.  So the probability Jon wins is 
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.  So Jon’s expected value is 
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3. 
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.  But we are interested in the smaller angle between the vectors, so the sin must be positive, and we have 
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4. 120.  In order to have exactly 16 positive integral factors, an integer must either: be a prime to the 15th power; be the product of a prime to the 7th power and another prime to the 1st power; be the product of a prime to the 3rd power and two other distinct primes each to the 1st power; or the product of 4 distinct primes.  The smallest of the 1st type is 
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, the smallest of the 3rd type is 
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, and the smallest of the last type is 
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.  The smallest of these is 120.
5. 
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, but in the given domain for 
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6. 
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7. 
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.  So 
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 is the square root of a real number, so it must be positive, therefore 
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8. 4.  Assume there exist non-negative 
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9. 0.  Rewrite the equation as 
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.  This is an odd equation, so if 
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 is a root, then so is 
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.  Taking the sum of roots, every root will be cancelled by its opposite (except 0), so the sum is 0.
10. 12.  The center lies at the midpoint of the segment connecting the foci, so 
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.  The length of the semi-major axis (which extends in the x-direction) is 5, so 
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11. 
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.  The solutions to this are 
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12. 
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