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LOWER DIVISION RELAY 1: 

LR1Q1: Two squares with equal sides have the same center, but no side in common.  The union of their two areas forms an eight-pointed “star” figure.  How many sides does this figure have? 











LR1Q2: TNWYR is the number of sides in a certain regular polygon.  If we connect every fourth vertex of this polygon (starting at one vertex, skipping a second and third, and going to the fourth around the figure), we get another regular polygon.  How many degrees are in each angle of this new regular polygon? (Pass back your answer as a number WITHOUT degrees as units.)













LR1Q3: TNYWR is the length of one side of a triangle, and another side has length 10.  What is the smallest possible length of the third side, if its length is a whole number? 






LOWER DIVISION RELAY 2

LR2Q1.  One solution of the equation x2 + ax – 19 = a (where x is the unknown) is given by x = 3.  Find the value of a. 













LR2Q2. Let TNYWR = N.  A certain candy recipe requires 1 ounce of oil, 3 ounces of sugar, and 7 ounces of flour (and nothing else).  If you have N ounces of oil to use in the recipe, and lots of sugar and flour, how many ounces of the candy can you make? 













LR2Q3. TNYWR can be factored as (A +3)(A-3), where A is a positive integer.  Find the value of A. 
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LOWER DIVISION RELAYS: Solutions


LR1Q1: Two squares with equal sides have the same center, but no side in common.  The union of their two areas forms an eight-pointed “star” figure.  How many sides does this figure have? 

Answer: 16 sides:







Note that the 'star' need not be regular: the figure shows only the simplest example.  The star will always have 16 sides.  

Pass back 16. 

LR1Q2: TNWYR is the number of sides in a certain regular polygon.  If we connect every fourth vertex of this polygon (starting at one vertex, skipping a second and third, and going to the fourth around the figure), we get another regular polygon.  How many degrees are in each angle of this new regular polygon?  

Solution: TNYWR = 16.  The new polygon is a square, so the answer is 90 degrees. 

Pass back 90.  

LR1Q3: TNYWR is the length of one side of a triangle, and another side has length 10.  What is the smallest possible length of the third side, if its length is a whole number? 

Answer: TNYWR = 90.  A side of a triangle cannot be greater than the sum of the other two sides.  So 90 must be less than the sum of 10 and the length of the third side, and this third side must be greater than 80.  Since it must be an integer, it is 81. 

Answer to relay: 81. 




LR2Q1.  One solution of the equation x2 + ax – 19 = a (where x is the unknown) is given by x = 3.  Find the value of a. 

Solution: The equation must be true if we substitute 3 for x, so we have 9+ 3a – 19 = a, or 3a – 10  = a, or 2a = 10 and a = 5. 

Pass back 5. 

LR2Q2. Let TNYWR = N.  A certain candy recipe requires 1 ounce of oil, 3 ounces of sugar, and 7 ounces of flour (and nothing else).  If you have N ounces of oil to use in the recipe, and lots of sugar and flour, how many ounces of the candy can you make? 

Solution: TNYWR = 5. One ounce of oil, together with the other ingredients, makes 11 ounces of candy. So 5 ounces of oil, together with the other ingredients, makes 55 ounces of candy. 

While waiting, students can reason that the answer is 11 times TNYWR. 

Pass back 55. 

LR2Q3. TNYWR can be factored as (A +3)(A-3), where A is a positive integer.  Find the value of A. 

Solution: TNYWR = 55.  We have (A+3)(A-3) = A2 – 9 = 55, so A2 = 64 and A = 8.  

Answer to relay is 8. 

Working this problem, the student can make 'tables' of (A+3)(A-3) and just find the appropriate value in the table when TNYWR is passed back.  
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UPPER DIVISION RELAY 1

UR1Q1. One-fifth of the students in a class are wearing red hats, and one-seventh of the students are wearing green shirts.  If the number of students in the class is between 50 and 100, how many students are in the class? 











UR1Q2. Let TNYWR = N.  There are N students in a class.  One-fifth of them are boys.  Of the boys, 
all but four are wearing red hats.  How many boys are wearing red hats? 











UR1Q3. Let TNYWR = N.  The number 30 can be represented as the sum of two primes in k ways.  Compute the number k+N.  (Remember that 1 is not a prime number!) 










UPPER DIVISION RELAY 2

UR2Q1.  The base of an isosceles triangle has length  2 units, and each leg has length 5 units.  Find the tangent of a base angle of the triangle. 
















UR2Q2. Let TNYWR = N, and let k = N2.  The altitude to the base of an isosceles triangle is k, and the base itself is .  Find the sine of the VERTEX angle of the triangle. 














UR23Q3.  Let TNYWR = N. If N is the sine of an acute angle, find the sine of half that acute angle. 
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UPPER DIVISION RELAYS – SOLUTIONS 

UR1Q1. One-fifth of the students in a class are wearing red hats, and one-seventh of the students are wearing green shirts.  If the number of students in the class is between 50 and 100, how many students are in the class? 

Solution: We cannot have a fractional part of a student.  So the number of students in the class must be a multiple of 35 = 5x7.  The only multiple of 35 in the given range is the number 70.

Pass back 70. 

UR1Q2. Let TNYWR = N.  There are N students in a class.  One-fifth of them are boys.  Of the boys, all but four are wearing red hats.  How many boys are wearing red hats? 


Solution: TNYWR = 70.  The number of boys wearing red hats is .  Since N = 70, this number is 10.  

Pass back 10. 

While waiting for an answer, students can reason that N must be a multiple of 5.  Then N = 5k for some integer k, and a table of k, N, and the final answer can be used to give the result. 

UR1Q3. Let TNYWR = N.  The number 30 can be represented as the sum of two primes in k ways.  Compute the number k+N.  (Remember that 1 is not a prime number!) 

Solution :We have 30 = 7 + 23 = 11 + 19 = 13 + 17, and these are all the possible representations.  So k = 3, and k+N = 13. 

Answer to relay:  13.  



UR2Q1.  The base of an isosceles triangle has length  2 units, and each leg has length 5 units.  Find the tangent of a base angle of the triangle. 



Solution: Half the base of the triangle is 1 unit, and the altitude divides the triangle into two congruent right triangles, each with a leg 1 and a hypotenuse 5.  The other leg, which is the altitude of the original triangle, is .  Since the other leg has length 1, the tangent of a base angle is also . 


Pass back .


UR2Q2. Let TNYWR = N, and let k = N2.  The altitude to the base of an isosceles triangle is k, and the base itself is .  Find the sine of the VERTEX angle of the triangle. 


Solution 1.  TNYWR = , so k = 24.  This is the altitude to the base of the isosceles triangle, and the base itself is 36.  The altitude divides the isosceles triangle into two right triangles which have legs 18 = 3x6 and 24 = 4x6.  It is a 3-4-5 triangle, and the hypotenuse is 5x6 = 30.  




To find the sine of the vertex angle, we let  denote the smaller acute angle of the right triangle, which is half the angle whose sine we need. Then sin  =  and cos  = , so sin 2 = 2 sin  cos  = .


Solution 2.  The student need not actually wait for TNYWR.  Looking at the right triangle which is half the isosceles triangle, we find the ratio of the legs is , so it is a 3-4-5 right triangle.  The rest of the solution proceeds as before.  


Pass back .  

UR2Q3.  Let TNYWR = N. If N is the sine of an acute angle, find the sine of half that acute angle. 



Solution: TNYWR = .  If  is the acute angle referred to, then sin  = 24/25, and cos  = 7/25 (using a 7-24-25 right triangle, or the Pythagorean theorem).  Then sin /2 = .

Note that one of the acute angles of a 3-4-5 triangle is half one of the acute angles in a 7-24-25 triangle. 


Answer to relay: .  
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