Mathematics Governor’s Institute 2003

Problem-in-a-Bag Template
Title of Project:
THE KICKING DECISION

Team Members:
Matthew Gross -- Mt. Pleasant Secondary School 

Adrian Major -- Loyalsock Township High School

Barbara West -- Wellsboro High School

Marvin Yoder -- Mountain View Christian School
Course:

High School Algebra 
Concept(s) used:
Quadratic functions, translation of parabolas
PA Standard(s) Addressed:

2.1.11.A; 2.2.11.A,C,F; 2.3.5.B; 2.4.11.E;






2.5.11.A,B,C,D; 2.8.11.E,H,J,N,Q,R,S; 2.9.11.H
NCTM Standard(s) Addressed:
Number and Operations, Algebra, Geometry,






Measurement, Problem Solving, Communication,





Connections, Representation
Introduction / Applications:   

Welcome back to tonight’s football game.  We have an interesting situation on the field.  The G. I. Students have a fairly simple field goal attempt in front of them with 5 seconds on the clock.  They need to kick this ball from the center of the field over the 10-foot high goalpost crossbar that is planted a total of 25 yards away from the line of scrimmage.  Meanwhile, the ball will be hiked to a holder 7 yards back from the line of scrimmage (see the diagram). 
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The kicker, Luke The Duke, should be able to handle this type of situation -- he has been here many times before. The Duke is a very consistent kicker.  I believe the scouts have determined that the ball follows the path mapped by the formula 
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.  This could be a problem considering that the opponent has three blockers to choose from: Vicious Vanella can reach to a height of 7 feet; Neanderthal Nick can reach to a height of 8.5 feet; and don’t forget about Bouncing Bernie who can jump to an astonishing reach of 11 feet.  What will The Duke do to guarantee this field goal?

Questions:

Directions:  Answer the following questions, showing all of the work to support your responses.  Be sure to include an explanation of your work.
1. If the opponent selects Vicious Vanella as the blocker, will The Duke clear her reach?  If not, what is the lowest whole number of additional yards that the holder must move back?  In either case, once the ball passes Vanella, will it clear the crossbar as well?

2. If the opponent selects Neanderthal Nick, will The Duke clear his reach?  If not, what is the lowest whole number of additional yards that the holder must move back from the original seven yard mark?  In either case, once the ball passes Nick, will it clear the crossbar as well?

3. If the opponent selects Bouncing Bernie, will The Duke clear his reach?  If not, what is the lowest whole number of additional yards that the holder must move back from the original seven yard mark?  In either case, once the ball passes Bernie, will it clear the crossbar as well?

4. In situation #1 above, how far from the kicker would the ball boy have to stand in order to catch the ball?  

Model:  Parabolic curve or quadratic equation
Resources and Materials (estimated cost):  Graphing calculator, paper and pencil
Procedures & Activities:  It may be helpful to draw a sketch of the problem or to graph it on the graphing calculator, however pencil and paper is sufficient.
Answers:  (see next page)
Note:  Before solving any questions, the student must convert all lengths to feet:


7 yards = 21 feet, 25 yards = 75 feet

1. Substitute x = 21 into the formula 
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 to find the height of the ball as it passes the blocker: 
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 feet.  This clears the blocker.  

Substitute x = 75 + 21 = 96 into the formula 
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 to find the height of the ball as it passes the goalpost:  
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 feet.  This clears the goalpost.

2. Substitute x = 21 into the formula 
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 to find the height of the ball as it passes the blocker: 
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 feet.  This does not clear the blocker.  

Substitute x = 24 (one yard farther) into the formula 
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 to find the height of the ball as it passes the blocker: 
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 feet.  This does not clear the blocker.  

Substitute x = 27 (two yards farther) into the formula 
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 to find the height of the ball as it passes the blocker: 
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 feet.  This does clear the blocker.  

Substitute x = 75 + 27 = 102 (the new distance to the goalpost) into the formula 
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 to find the height of the ball as it passes the goalpost:  
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 feet.  This clears the goalpost.

3. Substitute x = 21 into the formula 
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 to find the height of the ball as it passes the blocker: 
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 feet.  This does not clear the blocker.  

Substitute x = 30 (three yards farther) into the formula 
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 to find the height of the ball as it passes the blocker: 
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 feet.  This does not clear the blocker.  

Substitute x = 33 (four yards farther) into the formula 
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 to find the height of the ball as it passes the blocker: 
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 feet.  This does not clear the blocker.

Substitute x = 36 (five yards farther) into the formula 
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 to find the height of the ball as it passes the blocker: 
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 feet.  This does clear the blocker.  

Substitute x = 75 + 36 = 111 (the new distance to the goalpost) into the formula 
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 to find the height of the ball as it passes the goalpost:  
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 feet.  This does not clear the goalpost.

4. Substitute y = 0 into the formula:  
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 and solve by factoring or by using the zero function on the graphing calculator:

Factoring:  

[image: image26.wmf]2

003

.

0

421

.

0

0

x

x

-

=



[image: image27.wmf])

003

.

0

412

.

0

(

0

x

x

-

=


x = 0   OR  
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x = 0   OR   x = 137.3 

The ball boy should stand 137.3 feet away from the kicker.

Accommodations/Adaptations:

ESL:
Provide the problem written in the student’s first language.  Give all measurements in feet.
Special Ed:   Provide possible additional drawings.  Give all measurements in feet.  Have students work in small groups.
Enrichment:   Instead of providing the formula, give the angle of elevation and the initial velocity of the kick; (require the use of trigonometry).  Or, extend the problem by having the holder place the ball on a hash mark instead of in the center of the field.
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