
 
Directions:  Mark on the answer form the letter that is closest to the correct answer.  Make sure that your 
name(s) are on the answer form.  If you are on a team put your team number and school name on the answer 
form.  Remember that there is 5 points awarded for a correct response, 1 point for no response, and 0 points for 
an incorrect response. 
 
The NCAA Division I college schools have football teams play football in bowl games through an invitation 
process.  The top two teams play for the national championship in the last of the bowl games.  How the two top 
teams are decided is controversial and many would like a single elimination playoff system.  Let’s suppose the 
top 25 ranked teams qualified for the playoffs and no team plays more than one game a week. 
1. How many games does it take to determine a champion?  

A. 12  B.  18  C.  26  D.  23 
2. If the play-offs were completed in the minimum number of weeks with the minimum number of byes (teams 

not having a game when other teams do), how many teams would have the advantage of fewer games to 
play to make it to the championship game?   

A. 8  B.  12  C.  16  D.  4 
3. If the total number of teams that qualified were reduced, what would be the minimum number of teams that 

would have to be cut so that the play-offs would be one week shorter?   
A. 4  B.  7  C.  1  D.  10 
 
 
 

Four circles of equal radii pass through a common point to form eight regions as 
shown.  Each region is assigned a different value from the set {1, 2, 3, 4, 5, 6, 7, 8}.   
4. If the sum of the values of the regions in each circle is calculated and the four 

sums are equal, what is the sum of the values in one circle?   
A. 11  B.  12  C.  13  D.  14 

5. If the sum of the values of the regions in each circle is calculated and the four 
sums are equal, what is the value of the similar region directly across from the 
region with a value of five?   

A. 1  B.  4  C.  6  D.  7 
6. If the values of the regions were assigned so that the sum of the values in each circle added to be a 

maximum, what would be that maximum?   
A. 35  B.  60  C.  70  D.  45 

7. Assume the maximum in the preceding was again the goal.  How many different ways are there to assign the 
values to achieve the maximum?  Different means that the arrangement of the values is not a rotation, 
reflection, or any combination of these to another arrangement.   

A. 24  B.  100  C.  600  D.  70 
8. If 8 centimeters is the radius of one circle, what is the area in square centimeters of the figure enclosed by 

the circles?  Assume the centers lie on perpendicular lines as they appear.   
A. 670  B.  330  C.  600  D.  650 
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The graphic is from National Geographic, March 2013.  The caption stated that there are seven billion people in 
the world.  It also states that the world is 3.9 million tons over weight and that if all countries mimicked the US 
in weight, it would account for weight of another one billion people.  From the website targetmap.com, the 
average height of a male adult from Asia is between 158 cm and 170 cm.  The average height of a person from 
the US is between 175 cm and 179 cm. 
9. If an average US person (use 177 cm) were scaled down proportionally (that is to say scale down the height, 

width and depth: all three dimensions) to the height of an average Asian (use 164 cm) what would the 
weight difference in pounds be between the two peoples on average?   

A. 12  B.  25  C.  40  D.  50 
10. The US population is about 320 million.  How much would the world’s average weight in pounds drop if the 

US population were removed from the calculation of the average weight of people in the world?   
A. 2.5  B.  1.0  C.  6.1  D.  4.8 

 
 
 
 
 
 
 
A small plane (at point Plane) 
is flying at 3000. meters above 
the flat local area.  The pilot 
spots the top of a 20.0-meter 
tall control tower at an angle of 
depression of 30.0°.  The 
runway starts 200. meters behind the tower but off to the side to avoid collisions.  The plane is flying at 60 
kilometers per hour with respect to the ground and maintains that horizontal ground speed while descending to 
the runway. 
11. What is the distance in kilometers from the plane to the top of the control tower?   

A. 6.00  B.  5.20 C.  5.96 D.  5.16 
12. What is the angle of depression in degrees to the starting edge of the runway?   

A. 31.7  B.  30.0 C.  29.2 D.  28.1 
13. How many minutes is the plane away from the runway?    

A. 5.0  B.  5.4  C.  4.5  D.  6.1 
14. What rate of decent (in meters lost in height per minute) should the plane take to reach the runway at the 

beginning edge?   
A. 560  B.  550  C.  500  D.  570 

15. How much higher than the tower, in meters, will the plane be as it passes by the tower?  
A. 135  B.  95  C.  -7  D.  46 
 
 

Plane 
                                                          Tower 
 
       Runway 
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Sales tax on an item is $4.31.  That same item’s sales tax increased to $4.73 when the sales tax rate was increase 
by 0.8%.   
1. What is the new sales tax rate?   

A. 9.0% B.  8.5% C.  7.5% D. 8.0% 
2.  What is the price in dollars of the item before the sales tax is added?   

A. 23  B.  45  C.  58  D.  51 
3. The sellers decide to advertise a sale where they are marking down prices on all items to absorb the 0.8% 

increase in sales tax.  The manager thinks that there is a number that each marked price could be multiplied 
by to get the new price that absorbs the increase in sales tax.  What is that number?   

A. 0.911 B.  0.888 C.  1.008 D.  0.993 
 
 
 
 
 
 
 

 
Imagine a cylinder that has a radius of 1 meter and is 2π meters tall.  Also note that there is 
point A on the top edge of the cylinder and directly below it on the bottom edge is point B. 
4. What is the volume in cubic meters of the cylinder?  

A. 2π2  B.  2π3  C.  π2  D.  π3 

5. What is the surface area in square meters of the cylinder?   
A. 60  B.  20  C.  90  D.  45 

6. What is the length in meters of the shortest string that can wrap around the cylinder’s 
curved surface once starting at A and ending at B?   

A. 6  B.  8  C.  10  D.  14 
7. Like the problem above, the shortest string is being used to wrap n times around the curved surface of the 

can.  Find f(n) that relates the number of wraps, n, to the length of the string, f(n).  
A. f(n)=2π(n+1) B.  f(n)=2π

€ 

n +1  C.  f(n)=2π

€ 

n2 +1   D.  f(n)=2πn+1 
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A small four-passenger plane by FAA regulations can have a maximum total weight of 3500 pounds.  Unloaded 
and without fuel, the plane weighs 2300 pounds. The plane burns about 14.2 gallons of fuel per hour and holds 
90 gallons. Fuel weighs 5.91 pounds per gallon. On average the plane uses 3 gallons for warm-up, taxiing, take 
off, and taxiing after landing.  The luggage compartment holds a maximum of 250 pounds and the planes air 
speed averages 165 miles per hour. The pilot, partner, and their son are going to visit grandmother where their 
daughter has been visiting.  The distance between the airports is 850 miles.  The pilot, partner, son, and 
daughter weigh 135, 215, 115, and 130 pounds. 
8. How much does the fuel for a full tank weigh in pounds?   

A. 90  B.  1150 C.  470  D.  530 
9. If the plane starts with a full tank when traveling to grandmothers and encounters calm winds, how much 

fuel in gallons is left when they arrive at grandmother’s airport?   
A. 12  B.  16  C.  60  D.  40 

10. The daughter decides to return with the others and her luggage fills the luggage compartment to the 
maximum weight.  How many gallons of fuel can the plane have in the tank to start the return trip?   

A. 90  B.  60  C.  45  D.  75 
11. If there is a 30 mph headwind on the way home, how far in ground miles will they be able to travel before 

refueling?   
A. 570  B.  700  C.  540  D.  660 
 
 
 
 
 
 

Ethylene glycol (antifreeze) is used to lower the freezing point of the coolant in 
vehicles.  The table shows the percentage of the coolant that is antifreeze and the 
corresponding freezing point of the coolant. 
12. An automobile has a coolant capacity of 1.6 gallons. What is the minimum number 

of quarts of antifreeze added to an empty system so that when the system is then 
filled with water, the mixture would be 30% antifreeze?   

A. 4  B.  2  C.  3  D.  1 
13. If a truck has a coolant capacity of 3.4 gallons and when checked, is found to be 

45% antifreeze, how many quarts would have to be drained and replace with 
antifreeze to reach at least a 60% antifreeze solution?   

A. 4  B.  2  C.  3  D.  5 
14. A linear model is use to model the relationship between the independent variable, p 

(the percentage concentration), and the freezing point, F, for concentrations in the 
highest range (80% to100%).  What would be the slope (degrees Fahrenheit per 1% 
change in concentration) of F(p)?   

A. -3  B.  3   C.  -25  D.  25 
15. The freezing point can be modeled by a piece-wise defined function, using a quadratic model for 

concentrations from 0% to over 50% and F(p) from above. What would be the lowest freezing point 
predicted by this model.    

A. -80  B.  -60  C.  -55  D.  -75 
 
 
 
 
 
 

 

Percentage 
Antifreeze 

Freezing 
Point °F 

0 32 
10 25 
15 20 
25 10 
30 5 
35 -5 
40 -12 
45 -23 
50 -34 
80 -55 
90 -30 
100 -5 



 
Part One Part Two 

1.  D  24 1.  A  9% 
2.  D  3 2.  D  $52.50 
3.  D  9 3.  D  0.993 
4.  C  13 4.  A  2π2=19.7 
5.  D  8 5.  D  4π2 + 2π = 45.76 
6.  B  62 6.  B  8.89 
7.  D  72 7.  C  f(n)=2π√(n2+1) 
8.  D  658 8.  D  532 
9.  A  16 9.  A  13.8 
10.  A  2.2 10.  B  60 
11.  C  5.96 11.  C  542 
12.  C  29.2 12.  B  1.92 
13.  B  5.36 13.  A  3.7 
14.  A  559 14.  B  2.5 
15.  B  91 15.  A  -82°F 
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