
Spring 2018, Math 4480/5480 - Mathematical Modeling

Project Set I (Jan 22 - Feb 9, 2018)

Project RED: The Baseball Bat Project
(based on 2010 MCM Problem A)

The ”Sweet Spot” on a Baseball Bat
Every hitter knows that there is a spot on the fat part of a baseball bat where maximum power is
transferred to the ball when hit. Why isn’t this spot at the end of the bat? A simple explanation
based on torque might seem to identify the end of the bat as the sweet spot, but this is known to
be empirically incorrect. Develop a model that helps explain this empirical finding.

Some players believe that ”corking” a bat (hollowing out a cylinder in the head of the bat and
filling it with cork or rubber, then replacing a wood cap) enhances the ”sweet spot” effect. Augment
your model to confirm or deny this effect. Does this explain why Major League Baseball prohibits
”corking”?

Does the material out of which the bat is constructed matter? That is, does this model predict
different behavior for wood (usually ash) or metal (usually aluminum) bats? Is this why Major
League Baseball prohibits metal bats?

Project GREEN: The Sprinkler System Project
(based on 2007 MCM Problem A)

Positioning and Moving Sprinkler Systems for Irrigation

There are a wide variety of techniques available for irrigating a field. The technologies range from
advanced drip systems to periodic flooding. One of the systems that is used on smaller ranches is
the use of ”hand move” irrigation systems. Lightweight aluminum pipes with sprinkler heads are
put in place across fields, and they are moved by hand at periodic intervals to insure that the whole
field receives an adequate amount of water. This type of irrigation system is cheaper and easier
to maintain than other systems. It is also flexible, allowing for use on a wide variety of fields and
crops. The disadvantage is that it requires a great deal of time and effort to move and set up the
equipment at regular intervals.

Given that this type of irrigation system is to be used, how can it be configured to minimize the
amount of time required to irrigate a field that is 80 meters by 30 meters? For this task you are
asked to find an algorithm to determine how to irrigate the rectangular field that minimizes the
amount of time required by a rancher to maintain the irrigation system. One pipe set is used in the
field. You should determine the number of sprinklers and the spacing between sprinklers, and you
should find a schedule to move the pipes, including where to move them.
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A pipe set consists of a number of pipes that can be connected together in a straight line. Each
pipe has a 10 cm inner diameter with rotating spray nozzles that have a 0.6 cm inner diameter.
When put together the resulting pipe is 20 meters long. At the water source, the pressure is 420
Kilo- Pascal’s and has a flow rate of 150 liters per minute. No part of the field should receive more
than 0.75 cm per hour of water, and each part of the field should receive at least 2 centimeters of
water every 4 days. The total amount of water should be applied as uniformly as possible.

Project YELLOW: The Snowboard Course Project
(based on 2011 MCM Problem A)

Determine the shape of a snowboard course (currently known as a ”halfpipe”) to maximize the
production of ”vertical air” by a skilled snowboarder.

”Vertical air” is the maximum vertical distance above the edge of the halfpipe.

Tailor the shape to optimize other possible requirements, such as maximum twist in the air.

What tradeoffs may be required to develop a ”practical” course?

Project BLUE: The Bathtub Project
(based on 2016 MCM Problem A)

A person fills a bathtub with hot water from a single faucet and settles into the bathtub to cleanse
and relax. Unfortunately, the bathtub is not a spa-style tub with a secondary heating system and
circulating jets, but rather a simple water containment vessel. After a while, the bath gets notice-
ably cooler, so the person adds a constant trickle of hot water from the faucet to reheat the bathing
water. The bathtub is designed in such a way that when the tub reaches its capacity, excess water
escapes through an overflow drain.

Develop a model of the temperature of the bathtub water in space and time to determine the
best strategy the person in the bathtub can adopt to keep the temperature even throughout the
bathtub and as close as possible to the initial temperature without wasting too much water.

Use your model to determine the extent to which your strategy depends upon the shape and
volume of the tub, the shape/volume/temperature of the person in the bathtub, and the motions
made by the person in the bathtub. If the person used a bubble bath additive while initially filling
the bathtub to assist in cleansing, how would this affect your model’s results?

In addition to the required one-page summary for your MCM submission, your report must
include a one-page non-technical explanation for users of the bathtub that describes your strategy
while explaining why it is so difficult to get an evenly maintained temperature throughout the bath
water.


