MA104 2008 Spring Project


MA104 Spring Semester Project:  Designing a Baseball Stadium.

Motivation behind the problem:  

Yankee Stadium
 is the home of the New York Yankees, a major league baseball team. Located at East 161st Street and River Avenue in the Bronx, it has hosted Yankees home games since 1923. It was formerly the home of the New York Giants football team, and once hosted dozens of boxing's most famous fights.
In 2006, the Yankees began construction on a new $1.3 billion stadium in public parkland adjacent to Yankee Stadium. The Yankees are expecting to open the 2009 season in their new home. When they do, Yankee Stadium will be completely demolished. 
Upon its opening, Yankee Stadium soon came to be known as "The House that Ruth Built," a play on the nursery rhyme "The House that Jack Built," and in reference to their star player, Babe Ruth. Ruth's power as a drawing card enabled the Yankees to build their own stadium in the Bronx after their rivals across the Harlem River, the New York Giants, evicted them. In the first game at Yankee Stadium, April 18, 1923, Ruth hit a three-run home run to help defeat his former team, the Boston Red Sox, 4-1 (Ruth's was the first home run in Yankee Stadium). Boston Red Sox 1st baseman George Burns, got the first hit ever in Yankee Stadium that opening day. The Yankees also won their first World Series during the Stadium's inaugural season.

As Yankee Stadium owed its creation largely to Ruth, its design accommodated the game's left-handed-hitting slugger. The fence was 296 feet from home plate down the right-field line and 350 feet to left field, compared with 490 feet to center field, nicknamed Death Valley. Because bleacher fans in left-center field were considerably farther away from home plate (460 feet) compared with the right-field bleachers, those who sat in the former were considered "out in left field," another phrase that originated at Yankee Stadium. The right-field bleachers were appropriately nicknamed Ruthville. Over the years, Yankee Stadium went on to host 33 World Series, far more than any other baseball stadium. But the Stadium has also hosted the major-league All-Star Game three times: 1939, 1960, and 1977. As part of its curtain call, Yankee Stadium will host the 2008 All-Star Game.

The first rock concert held at the stadium was on June 22, 1990 by Billy Joel. It was also the site of two dates of U2's ZOO TV tour in 1992. During one song, Bono paid tribute to the show's setting with the line "I dreamed I saw Joe DiMaggio/Dancing with Marilyn Monroe...". Pink Floyd also performed two sold out shows at this venue on their 1994 tour in support of The Division Bell album.  Visit the URL in the footnotes to find out more information about Yankee Stadium.
Continued Research:  

If you, the student, enjoy the topic of this project, you may want to consider continued research in Sabermetrics.  Sabermetrics is the search for objective knowledge about baseball.  It was so defined by baseball guru Bill James, using the acronym SABR (from the Society for American Baseball Research, est. 1971). 

With the academic approval of Seton Hall University, Father Gabe Costa (currently a Professor in the Department of Mathematical Sciences, USMA) introduced a 1-credit course in 1988.  Father Costa introduced the current course (MA 488) at USMA in 1996 and team-taught this course with COL(R) Bill Fox and LTC(R) Mike Huber. 

The MA 488 course has undergone many iterations, and was taught this past Spring semester by Father Costa, LTC Heidenberg, and LTC Sturdivant. 
Some MA 488 goals/objectives/lessons:

· To introduce the student to “new” statistics and approaches; 
· To advance their statistical skills and reasoning; 
· To encourage dialogue regarding the analysis of the National Pastime; 
· To leverage such tools as the Web, Minitab, Mathematica, etc. 
· To offer various trip sections to such places as mlb.com, Yankee Stadium, The National Baseball Hall of Fame and Museum, etc. 
· To provide the cadet the opportunity to experience the expertise of noted authorities:  This past semester we were honored to invite Dr Bobby Brown, former President of the American League, and Mr Bill Jenkinson, author and lecturer.
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Figure 1:  New Yankee Stadium


THE PROJECT:  Part I
Overall Requirements:  You must use a problem solving process to complete this project.  Refer to the MA104 web page to find literature on the Polya Problem Solving Process (which is recommended, but not mandated). Throughout the course of the semester, you will learn additional calculus tools needed to formulate your answers to the specific questions posed.  You will be able to build upon Part I to complete Part II as the semester continues.  
Specific turn in requirements for Part I:  
(125 points --
Due NLT 1600 Feb 20th 2008)

A.  Complete technical write-up for Part I.  Note:   In your technical write-up, you should communicate an understanding of what the project entails.  For example, in your write-up you should write as much as you can about all the steps in your problem solving process with respect to content (not necessarily just the steps in the process).  For the Polya Problem Solving Process, this includes detailing what you did to understand the problem, develop a plan, carry out the plan, and then perform a look back.  You should begin to organize your thoughts and separate the information given to you from the assumptions needed to complete your tasks.  You will need to make many real world assumptions (without assuming away the problem) in order to carry out your plan, look back, and answer the final questions.  Start thinking about the valid assumptions needed when understanding the problem and developing your plan.  For your submission, ensure you include: 

a.  Brown Bomber

b.  Cover page and documentation
c.  Appendices
d.  One page abstract
B.  Complete Part I:  Orientation of the ballpark/stadium and all specific questions associated with Part I.
Part I:  Orientation of the ballpark/stadium
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Figure 2:  Map of Current and Proposed location for the New Stadium

Constraints:

· Location: North of current Yankee Stadium, between 161st and 164th Streets 
· 164th St between Jerome Ave and River Ave is 600 feet long.

· 161st St between Jerome Ave and River Ave is 750 feet long.  
· River Ave between 161st St and 164th Street is 900 feet long.  

· Jerome Ave between 161st and 164th Street is greater than 900 feet long.

· There must be at least a 100 foot buffer between the edge of the field and each road to provide ample space for stadium seating.

· The 1st base line should run west to east.

· The baseball field is 325 feet down the first base line and 425 feet down the third base line. The outfield fences are perpendicular to the baselines for a distance of 250 feet (right field) and 150 feet (left field). The remaining portion of the outfield fence is a quarter circle.
· Some initial definitions, considerations, and assumptions include: 
· The corner of E 161st St and Jerome Ave extension is the origin (0,0) on the Cartesian plane (labeled on the map above).
· You may need to find the angle that Jerome Ave travels.
· Assume that 162nd St between Jerome Ave and River Ave will be demolished to make room for the new stadium.

· Assume that 161st St is straight and that it is parallel to 164th St.
· Assume River Ave runs true north, and that Jerome Ave does not run true north.
Specific questions associated with Part I: 

1.  What are the coordinates of home plate and the 3 bases?  What are the coordinates associated with the start positions of the nine players on the field?
2.  Create a 2 dimensional plot of the baseball field using Mathematica.  The plot should include home plate, the 3 bases, and the starting positions of the nine players in the field when the pitcher is ready to throw the first pitch.  
3.  What is the distance from home plate to the point on the fence that is furthest from home plate?  What are the coordinates of the point?
4.  What is the minimum distance from baseball field to Jerome Avenue?

5.  The Yankees new stadium will have a seating capacity of 54,000 spectators. With the average ticket price set at $32, average attendance at a game in previous years has been 46,000.  A market survey indicates that for each dollar the ticket price is lowered, average attendance will increase by 250.  How should the owners of the team set the price to maximize their revenue from ticket sales?  Discuss and provide an analysis of your economic findings.

THE PROJECT:  Part II
Overall Requirements:  You will use a Problem Solving Process to tackle this entire project.  Refer to the MA104 web page to find literature on the Polya Problem Solving Process (which is recommended, but not mandated). Throughout the course of the semester, you will learn additional calculus tools needed to formulate your answers to the specific questions posed.  You will be able to build upon the project for Part II as the semester continues.  
Specific turn in requirements for the project, Part II:  

(175 points -- Due NLT Beginning Class - May 2nd 2008)

A.  Complete technical write-up for Part II - Sections A and B (Designing a Fair Ballpark and Optimizing the Ballpark) and all specific question associated with Sections A and B in Part II.

B.  You should include it with a Brown Bomber, cover page and documentation page, and included appendices, and one page abstract.  You may use portions of the project from Part I to assist you in completing Part II.  Make corrections to part I, if necessary, prior to including as part of Part II.
Part II, Section A:  Designing a Fair Ballpark
Some ball parks favor right hand hitters over left (and possibly vice versa.) This problem is concerned with how to build the outfield fence (height) so that the ball park isn't biased for any hitting direction. 

Given the requirements annotated in Part I, your task is to design part of the outfield fence so that the field does not favor hitters from one side of the plate.  The height of the wall that is at the furthest point from home plate along the back wall fence (found in Part 1) must be exactly 10 feet tall.

Specific questions associated with Part II, Section A:

6.  Given that the wall’s height furthest from home plate is exactly ten feet:

a. What is the ball’s required initial velocity (after leaving the bat) to hit the ball over the fence at the point furthest from home plate? 
b. Develop a mathematical model to determine how high the fence should be at any point along the left outfield fence so that hitting a homerun to any part of left field is equally as difficult as hitting one to the point on the wall furthest from home plate.  
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c. Create a single 2D plot of the left outfield wall showing how tall the    

fence is continuously along this portion of the outfield wall.  (Imagine the fence being laid out flat, such that the x-axis is feet along the base of the fence, and the y-axis is the height of the fence.  What is the height of the fence at the corner collocated with the left field foul line? What is the height of the fence 25 feet inward toward center field?
Hint:  You need to make several assumptions to solve this problem.  Assume a launch angle (the angle the ball makes with the horizontal as it comes off the bat) of “Orioles” degrees.  Assume that the wind resistance is negligible so that the only force acting on the ball after it has been hit is due to gravity.  You should also assume an average height that a bat strikes a ball above the plate.  What are your other assumptions?  Your instructor will give you the parameter value for “Orioles.”

7.  How sensitive is the height of the fence in left field to slight changes in the launch angle? What if the launch angle is “Orioles + 4” degrees?  What changes are needed (if any) so that hitting a homerun to any place in left field is equally difficult in this case?

Part II, Section B:  Optimizing the Ballpark  
The baseball stadium owner wants to maximize his daily profit per each game.  The expected expense per game is $1,750,000.  Examples that make up the expense include:  Mortgage for Stadium, salary for 4005 daily employees, supply of refreshments and merchandise, electric, sewer, organ maintenance, etc…   Over the years, the seating capacity has changed to meet spectator’s needs as well as to maximize profit.  
Capacity: 58,000 (1923); 62,000 (1926); 82,000 (1927); 67,113 (1928); 62,000 (1929); 71,699 (1937); 70,000 (1942);67,000 (1948); 67,205 (1958); 67,337 (1961); 67,000 (1965); 65,010 (1971); 54,028 (1976); 57,145 (1977); 57,545 (1980).

Figure 4:  Yankee Stadium Seating Capacity

A desire to increase leg room between seats, and an analysis of the profit margin over the past decade shows a desire to decrease the seating capacity of the new stadium to “Braves” seats.  The analysis also showed that profits are maximized if the following ratio is followed due to specific consumer sales in the tier and bleacher seats only.  Analysis from these previous studies (not part of this project) show that the ratio of seats can be expressed as:  
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Specific question associated with Part II, Section B:
(Hint:  Think about what assumptions you need to make in order to solve the following problems)
8.  The daily revenue for each type of seat has been determined to be $50 dollars per bleacher seat, $40 per tier1 seat, $32 dollars per tier2 seat, and $250 dollars per box seat. How many of each type of seat will maximize daily profit?  What is the daily profit?
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