Theta State Bowl                                                           ___          _        2014 MA( National Convention

Answers:

1. 23
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3. 
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8. 38
9. 3
10. 1
11. 362
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 (must be a decimal)
Solutions:

1.
Since 
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The primes are 2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53,…, so 
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2.
If the barrel is $80, each gallon costs $2 and is thus sold for $2.50.  In cents, that makes 
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, so the remainder is 244.
3.
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The altitude of the equilateral triangle would be 
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, so half a side length would be 
[image: image17.wmf]62

26

3

=

, making the area of the triangle 
[image: image18.wmf](

)

(

)

2662243

B

==

.


Since the area is 
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, the radius length is 1.5, making the diameter 3; thus, 
[image: image20.wmf]3

C

p

=

.



[image: image21.wmf](

)

6332433303

ABC

pp

++=-++=


4. 
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, provided that 
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, but since 
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5.
The place values for the digits have values …, 720, 120, 24, 6, 2, 1, as these are the 

values of the factorials.  Therefore, for 4-digit factorial base numbers, the smallest such 

number possible is 
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 while the largest such number possible is 
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For 5-digit factorial base numbers, the smallest such number possible is 
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the largest such number possible is 
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6.
For each probability, the number in the denominator is going to be 
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, so we 

need only find the numerator number for each of the probabilities.  Also note that 
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and 
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 are mutually exclusive (two cards can’t be of the same rank and suit—they would 

be the same card!).  Let 
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, so 

the probability is 
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These letters, arranged in decreasing value, are C, B, A, D.
8.
To find the value of 
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, unfold the cube so that it looks like six squares in a cross 

formation.  The corner diametrically opposite one corner would be the one that is one 

edge over and two edges up.  Therefore, since the edge has length 8, the shortest 

distance would be 
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To find the value of B, the short length would be half the circumference of the great 

circle of the sphere.  Since the cube has edge of length 8, the diameter of the sphere is 
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, making half the circumference of the great circle 
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irrational numbers out to three places and overestimating, 
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9.

[image: image54.wmf]73

345623

=

, which has no 5s or 7s in its prime factorization.  Also, since each letter is a single digit, so the largest such factorial, 9!, only has one factor of 5 and of 7 in it.  Therefore, A and B can’t both be 5 or greater (and obviously C must be less than 5 also).  Additionally, if 
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 (in order to cancel the 5 and/or 7).  For future reference, we should also write out prime factorizations for the 9 possible factorials:
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We proceed with casework.  
· The easiest combination to see is 
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, but there is no other combination with 1! as its denominator.

· With 2!, 3!, or 4! as the denominator, the numerator must have 8 or 10 factors of 2, which is not possible without also picking up a 5 or 7 as a factor.  

From here on, observe that A cannot equal D since there aren’t two factorials whose 

product is 
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· Therefore, if the denominator is 5!, 
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· By the immediate previous observation, 6! cannot be the denominator.  

· If the denominator is 7!, then A must be 8 or 9, making 
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, respectively.  Nothing will work in the first case, but in the second case, we could use 4!2!.  Therefore, another possible combination is 
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· If the denominator is 8!, then A must be 9, making 
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 equal to 
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, but there is no combination that will work here.

· By the previous observation, 9! cannot be the denominator either.

Therefore, there are 3 such possible ways of writing the number 3456.
10.
Since these are both shot from the ground on the respective planets, and the decimal 

acceleration due to gravity on each planet is accurately represented in the formulas, the 

length of time on Earth will be 38% of the length of time on Mars, as will be the heights.  

Therefore, the fraction is equal to 1.
OR (if you don’t buy that answer)

The t-coordinate of the vertex of m is 
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The t-coordinate of the vertex of e is 
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11.
If you consider a regular hexagon as six equilateral

triangles, then J is essentially H with two of those


triangles removed (see picture to the right).
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To get B, we must eliminate three of those diagonals


(top left to bottom left and to bottom right and


top right to bottom left).  The diagonals running from top left to bottom right and from 

top right to bottom left coincide with one of the sides of the hexagon.  Therefore, 
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To get 
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, the angles to the left (top and bottom) each lost 
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the reflex angle gained 
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, and the number of consecutive zeros at the 

end of this number is 
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13.
The three inequalities define a triangular region whose vertices are at the points 
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 at each of those points, with the least value being the minimum and the greatest value being the maximum.
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, which is the minimum and therefore equal to B
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14.
The equation is 
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To find the point on the line whose distance is 3 away from 
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line perpendicular to N through M.  Since N has slope 
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