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PROBLEM A: The Sweet Spot

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?

(The author of Problem A, Michael Tortorella of Rutgers University, was also one of the final judges.)
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PROBLEM B: Criminology

In 1981 Peter Sutcliffe was convicted of thirteen murders and subjecting a number of other people to
vicious attacks. One of the methods used to narrow the search for Mr. Sutcliffe was to find a “center of
mass” of the locations of the attacks. In the end, the suspect happened to live in the same town predicted by
this technique. Since that time, a number of more sophisticated techniques have been developed to
determine the “geographical profile” of a suspected serial criminal based on the locations of the crimes.

Your team has been asked by a local police agency to develop a method to aid in their investigations
of serial criminals. The approach that you develop should make use of at least two different schemes to
generate a geographical profile. You should develop a technique to combine the results of the different
schemes and generate a useful prediction for law enforcement officers. The prediction should provide
some Kkind of estimate or guidance about possible locations of the next crime based on the time and
locations of the past crime scenes. If you make use of any other evidence in your estimate, you must
provide specific details about how you incorporate the extra information. Your method should also provide
some kind of estimate about how reliable the estimate will be in a given situation, including appropriate

warnings.
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In addition to the required one-page summary, your report should include an additional two-page
executive summary. The executive summary should provide a broad overview of the potential issues. It
should provide an overview of your approach and describe situations when it is an appropriate tool and
situations in which it is not an appropriate tool. The executive summary will be read by a chief of police
and should include technical details appropriate to the intended audience.

(The Problem B, “Criminology” was written by Michael O’Leary of Towson University and Kelly
Black of Clarkson University who were also final judges.)
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Problem C: The Great Pacific Ocean Garbage Patch

Recently, there has been considerable news coverage of the “Great Pacific Ocean Garbage Patch.”

See the following:
http://www.nytimes.com/2009/11/10/science/10patch.html?em
http://www.sciencefriday.com/program/archives/200907314
http://www.reuters.com/article/idUSTRE57R05E20090828

Based on recent scientific expeditions into the Pacific Ocean Gyre (a convergence zone where debris
is accumulating), a wide variety of technical and scientific problems associated with this debris mass are
coming to light. While dumping waste into the ocean is not a new activity, the scientific community’s
realization that much of the debris (plastics, in particular) are accumulating in high densities over a large
area of the Pacific Ocean is new. The scientific community also is learning that this debris creates many
potential threats to marine ecology, and, therefore, to human well-being. Those who study this
accumulation often describe it as plastic soup or confetti.

See: http://news.nationalgeographic.com/news/2009/09/photogalleries/pacific-garbage-patch-pictures/

This year’s ICM problem uses interdisciplinary modeling to addresses the complex issues stemming
from the presence and accumulation of ocean debris, in order to help researchers and ultimately
government policy makers to understand the severity, range, and potential global impact of the situation.

As modeling advisors to the expedition, your job is to focus on one element of this debris problem,
model and analyze its behavior, and determine its potential effect on marine ecology and the government

policies and practices that should be implemented to ameliorate its negative effects. Be sure to consider
2



needs for future scientific research and the economic aspects of the problem, and then write a report to
your expedition leader summarizing your findings and proposals for solutions and needed policies and
practices. Some of the possible issues/questions you could investigate with your model include:

1.

What are the potential short- and long-term effects of the plastic on the ocean environment? What kind
of monitoring is required to track the impact on the marine ecosystem? Be sure to account for temporal
and spatial variability. What are the associated resourcing requirements?

. How can the extent, density and distribution of the plastic in the gyre be best understood and described?

What kind of monitoring plan is required to track the growth/decay/movement of the plastics, and what
kind of resourcing is required to implement that plan?

. What is the nature or mechanism of the photodegradation of the plastic and its composition as it enters

the ocean and accumulates in the gyre? (For example, we are amazed to find that the particles of
degraded plastic tend to reach a similar size.)

. Where does the plastic come from and what steps can be taken to control or reduce the risks associated

with this situation? What are the economic costs and the economic benefits of controlling or ending the
situation, and how do they compare? How much plastic is manufactured, discarded, and recycled? How
much of that is likely to go into the ocean? How much of that is likely to float?

. Could similar situations develop in other places in the oceans? What should we monitor and how? What

is happening in the North Atlantic Gyre and the Alaskan Gyre? Use your model to estimate the plastic
density in the future in the southern gyres (South Atlantic, South Pacific)?

. What is the immediate impact of banning polystyrene takeout containers? (See:

http://bit.ly/5koJHB) What is the impact over 10-50 years?

. Any other scientific/technological issue associated with this situation is also acceptable, as long as

modeling is an important component of your investigation and analysis.
To clarify your task, focus on one critical aspect of this problem and model the behavior of the

important matters or phenomena. Specify the quantities that are of greatest present or future interest to the
one aspect you choose to model and analyze. Your ICM report should be in the form of a ten-page team
report to an expedition leader who has asked you to help her identify the relevant behaviors of the matters
and phenomena under consideration, provide the analysis for impact of the behavior of those matters or
phenomena, and advise her on the government’s potential to act on the problem to improve this situation
before it worsens.

The following files contain some helpful data:

CountDensity1999-2009.pdf; Moore 2001.pdf; Yamashita 2007.pdf

Here are some suggested papers you can use to inform your model formulation and obtain more data:

Note: As a reminder, it is best to stick to the scientific literature, not the media coverage, for your facts.

The mainstream media coverage of this issue has been misleading in many cases. For further

explanation, see:
http://seaplexscience.com/2009/11/13/millions-billions-trillions-of-scientific-errors-in-the-nyt/

Committee on the Effectiveness of International and National Measures to Prevent and Reduce Marine
Debris and Its Impacts (National Research Council). (2009). Tackling Marine Debris in the 21 Century,
National Academies Press, Washington D.C.

Dameron, O.J., Parke, M., Albins M.A., and Brainard R. (2007). Marine debris accumulation in the
Northwestern Hawaiian Islands: An examination of rates and processes. Marine Pollution Bulletin,
54:423-433.

Derraik, J.G.B. (2002). The pollution of the marine environment by plastic debris: a review. Marine



Pollution Bulletin, 44:842-852.
Matsumura, S., and Nasu, K. (1997). Distribution of floating debris in the north Pacific Ocean: sighting
surveys 1986-1991. In: Coe, J. and Rogers, D. (eds.). Marine Debris: Sources, Impacts and Solutions.
Springer, New York, pp. 15-24.
Moore, C.J., Moore, S.L., Leecaster, M.K., and Weisherg, S.B. (2001). A comparison of plastic and
plankton in the North Pacific central gyre. Marine Pollution Bulletin, 42:1297-1300.
Pichel, W.G., Churnside, J.H., Veenstra, T.S., Foley, D.G., Friedman, K.S., Brainard, R.E., Nicoll, J.B.,
Zheng, Q., and Clemente-Colon, P. (2007). Marine debris collects within the North Pacific Subtropical
Convergence Zone. Marine Pollution Bulletin, 54:1207-1211.
Robards, Robards, M.D., Gould, P., Platt, J. (1997). The highest global concentrations and increased
abundance of oceanic plastic debris in the North Pacific: evidence from seabirds. In: Coe J. and Rogers, D.
(eds.) Marine Debris: Sources, Impact and Solutions. Springer, New York, pp. 15-24.
Venrick, E.L., Backman, T.W., Bartram, W.C., Platt, C.J., Thornhill, M.S., and Yates, R.E. (1973).
Manmade objects on the surface of the central north pacific ocean. Nature, 241:271-271.
Yamashita, R., Tanimura, A. (2007). Floating plastic in the Kuroshio Current area, western North Pacific
Ocean. Marine Pollution Bulletin, 54:485-488.

(The author of the problem was Miriam Goldstein, Scripps Institute of Oceanography, CA, and the
problem originated from her own professional research.)
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