2010 Problems 



Problem A
Problem: Bicycle Club
Several cities in the US are starting bike share programs. Riders can pick up and drop off a bicycle at any rental station. These bicycles are typically used for short trips within the city center, either one-way or roundtrip. The idea is to help people get around town on a bike instead of a car. Those making longer trips (such as commuting to work) are likely to use their own bikes. Some of the challenges are how to determine where to locate the rental stations, how many bikes to have at each station, how/where to add new locations as the program grows, how many bikes to move to another location and when (time of day, day of week). The downtown city maps, the bike rental locations and the number of bikes at each location for Chicago, Denver and Des Moines are available from the following websites:

http://chicago.bcycle.com/ 
http://denver.bcycle.com/ 
http://desmoines.bcycle.com/
You have been asked to develop an efficient bike rental program for these cities. 

• List the traffic/bike usage and other information that you would need to collect in order to plan the bike rental program for these cities.
• Develop a mathematical model that the city could use to plan the program, including the location of new rental stations for the next 5 years. 
• Assume that the bike usage in the program will grow by 30% per year.

In your analysis consider the existing bike paths in the city center, attractions such as museums, theaters, etc in the city center, and the other transportation hubs in the city center. When your analysis is complete, prepare a short letter to the mayor explaining the benefits and recommendations of your analysis. 

 



Problem B
Problem: Curbing City Violence
A regional city has had lots of problems with gangs and violence over the years. The mayor, chief of police, and city council need your help. Data are available for the following: Incidents of violence, Homicides, Assaults, Regional Population (Census data), Unemployment, Unemployment rate, High School enrollment, High school drop outs, Graduation rate, Drop out rate, Prison population, Released on parole, Parole violations, Percent of parole violations, and Juvenile Inmates. Analyze and model these data to give the city a plan to reduce violence. After you complete your analysis and model, prepare a news release for the mayor briefly outlining your proposals that recommend a campaign strategy to curb the violence.

*******

2009 Problems 



Problem A
Problem: Water, Water Everywhere
Fresh water is the limiting constraint for development in much of the United States. Devise an effective, feasible, and cost-efficient national water strategy for 2010 to meet the projected needs of the United States in 2025. In particular, address storage and movement, de-salinization, and conservation as some of the possible components of your strategy. Consider economic, physical, cultural, and environmental effects. Provide a position paper for the United States Congress outlining your approach, its costs, and why it is the best choice for the nation. 

 



Problem B
Problem: Tsunami ("Wipe Out!")
Recent events have reminded us about the devastating effects of distant or underwater earthquakes. Build a model that compares the devastation of various-sized earthquakes and their resulting Tsunamis on the following cities: San Francisco, CA; Hilo, HI; New Orleans, LA; Charleston, SC; New York, NY; Boston, MA; and any city of your choice. Prepare an article for the local newspaper that explains what you discovered in your model about one of these cities.

2008 Problems 



Problem A
Problem: National Debt and National Crisis
Mathematical modeling involves two equally important steps – building models based on real world situations and interpreting predictions made by those models back in the real world. This problem places equal emphasis on both steps. 

We are at the start of the 2008 U.S. presidential elections, and one important area of debate is sure to be the national debt. As high school students, you have a particular interest in this subject since you are the people who will pay off or at least manage the national debt in the future. The rate at which the national debt changes depends on the difference between federal income (primarily taxes) and federal expenditures. Your first task is to build a model that can be used to help understand the national debt and make forecasts based on different assumptions. As usual, modeling involves a balance between so much complexity that the model may be intractable and so little complexity that it is unrealistic and useless. Your model needs, at the very least, to allow you to consider different tax policies and different expenditure policies. 

As usual, raw numbers don't carry much information. Those numbers must be placed in context. For example, total national debt is less meaningful than national debt per capita. In addition, you must be careful about inflation. Many analysts look at the ratio between national debt and gross domestic product as a good indicator of the impact of the national debt. Others worry about the cost of servicing the national debt. This cost is affected by both the size of the national debt and the interest rate the government must pay to borrow money. You may want to look at the Wikipedia article 

http://en.wikipedia.org/wiki/National_debt_by_U.S._presidential_terms
for some figures involving the ratio between national debt and gross domestic product.

TASKS:

1. Build a model that can be used to help understand the national debt and make forecasts based on different assumptions. You must provide justification for the various elements of your model and you must also test the sensitivity of your model to various parameters.

2. Use your model to compare at least two alternative plans for the years 2009-2017. Your plans should be based on different tax and spending policies that are reasonable and politically feasible. Use your model to compare the impact on the national debt and then impact on the nation in general of your policies.

3. Prepare a letter to the new president advising him of your model.

 

 



Problem B
Problem: Going Green
The United States can address its national carbon footprint in two ways: by reducing carbon dioxide emissions or by increasing carbon dioxide consumption (sequestration). Assume that the total U.S. carbon dioxide emissions are capped at 2007-2008 levels indefinitely. What should the U.S. do to increase carbon dioxide consumption to achieve national carbon neutrality with minimal economic and cultural impact? Is it even possible to achieve neutrality? Model your solution to show feasibility, effectiveness, and costs. Prepare a short summary paper for the U.S. Congress to persuade them to adopt your plan.

2007 Problems 



Problem A
Problem: Smoke Alarms
Fire is one of the leading causes of accidental deaths. It is important for everyone to take every preventative measure and precaution possible to be ready to deal with a fire emergency.
More than half of all fatal fires occur between 10 p.m. and 6 a.m. when everyone in the home is usually asleep. Smoke alarms are necessary to alert you to fires when you sleep. Will smoke alarms allow enough time to evacuate safely?
Build a mathematical model to determine the number and locations of smoke alarms to provide the maximum time for evacuation. Also include a model to determine the number and location of at-home fire extinguishers to have available. Build a mathematical model for evacuation of a family from both one and two story homes.

Prepare an advertisement for your local fire department to pass out to the community that includes the main results of your mathematical models.

 

One Story Home
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Two Story Home
Downstairs
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Problem B
Problem: Car Rentals
Some people rent a car when they are going on a long trip. They are convinced they save money. Even if they do not save money, they feel that the knowledge that "if the car breaks down on the trip, the problem is the rental company's" makes the rental worth it. Analyze this situation and determine under what conditions renting a car is a more appropriate option. Determine mileage limits on one's own car and a break-even value of "ease of mind" for the driver and her family.

2006 Problems


Problem A
Problem: Inflation of the Parachute
To view and print Problem A, you will need to have the Adobe Acrobat Reader installed in your Web browser. Downloading and installing acrobat is simple, safe, and only takes a few minutes. Download Acrobat Here.

Click the Title Below To View a PDF of Problem A:
Inflation of the Parachute
 



Problem B
Problem: A South Sea Island Resort
A South Sea island chain has decided to transform one of their islands into a resort. This roughly circular island, about 5 kilometers across, contains a mountain that covers the entire island. The mountain is approximately conical, is about 1000 meters high at the center, appears to be sandy, and has little vegetation on it. It has been proposed to lease some fire-fighting ships and wash the mountain into the harbor. It is desired to accomplish this as quickly as possible.

Build a mathematical model for washing away the mountain. Use your model to respond to the questions below.

· How should the stream of water be directed at the mountain, as a function of time?

· How long will it take using a single fire-fighting ship?

· Could the use of 2 (or 3, 4, etc.) fire-fighting ships decrease the time by more than a factor of 2 (or 3, 4, etc.)?

· Make a recommendation to the resort committee about what do.

2005 Problems 



Problem A
Problem: Modeling Ocean Bottom Topography
Background:

A marine survey ship maps ocean depth by using sonar to reflect a sound pulse off the ocean floor. Figure A shows the ship’s location at B on the surface of the ocean. The sonar apparatus aboard the ship is capable of emitting sound pulses in an arc measuring from 2 to 30 degrees. In two dimensions this arc is shown within Figure A by [image: image4.png]ZABC



, and the emanating sound pulses are displayed by the dashed lines and the solid lines BA and BC.

When a sonar sound pulse hits the bottom of the ocean, the pulse is reflected off the ocean bottom the same way a billiard ball is reflected off a pool table; that is, the angle of incidence [image: image5.png]


equals the angle of reflection [image: image6.png]


as illustrated in Figure B. Since the ship is moving when the sound pulse is emitted, it will pick up a reflected sound pulse at location F in this picture. The actual depth of the water is the length of BD in Figure A
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Figure A
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Figure B
Useful Information:
Oceanography vessels usually travel at a speed of 2m/s while Navy vessels travel at 20m/s. The sonar apparatus aboard these ships is capable of emitting sound pulses in an arc measuring from 2 to 30 degrees. The typical speed at which a sonar sound pulse is emitted is 1500m/s. 

Devise a model for mapping the topography of the ocean bottom. Write a letter to the science editor of your local paper summarizing your findings.



Problem B
Problem: Gas Prices, Inventory, National Disasters, and the Mighty Dollar
It appears from the economic reports that the world uses gasoline on a very short supply and demand scale. The impact of any storm, let alone Hurricane Katrina, affects the costs at the pumps too quickly. Let’s restrict our study to the continental United States.

Over the past six years, Canada has been the leading foreign supplier of oil to the United States, including both crude and refined oil products. (Petroleum Supply Monthly, Table S3 - Crude Oil and Petroleum Product Imports, 1988-Present. See page 5 for Canadian exports to the United States.)

· Canada was the largest foreign supplier of oil to the United States again in 2004, for the sixth year running (from 1999, when the country displaced Venezuela, to 2004 inclusive). 

· In 2002, Canada supplied the United States with 17 percent of its crude and refined oil imports — more than any other foreign supplier at over 1.9 million barrels per day. 

· Western Canadian crude oil is imported principally by the U.S. Midwest and the Rocky Mountain states. 

· Eastern Canada's offshore oil is imported principally by the U.S. East Coast states, and even by some Gulf Coast states.

Many refiners are buying enough to serve motorists' current needs, but not enough to rebuild stocks. "They are looking to buy the oil when they need it,” according to The Washington Post. "When they are uncertain about the future, they hold back." (The Washington Post: Crude Oil Imports to U.S. Slow With War 3/31/03.) 

Build a better model for the oil industry for its use and consumption in the United States that is fair to both the business and the consumer. You can build your model based on a peak day.

Write a letter to the President’s energy advisor summarizing your findings. 

2004 Problems 



Problem A 
Motel Cleaning Problem
Motels and hotels hire people to clean the rooms after each evening's use. Develop a mathematical model for the cleaning schedule and use of cleaning resources. Your model should include consideration of such things as stay-overs, costs, number of rooms, number of rooms per floor, etc. Draft a letter to the manger of a major motel or hotel complex that recommends your model to help them in the management of their operation.



Problem B 
The Art Gallery Security System
An art gallery is holding a special exhibition of small watercolors. The exhibition will be held in a rectangular room that is 22 meters long and 20 meters wide with entrance and exit doors each 2 meters wide as shown below. Two security cameras are fixed in corners of the room, with the resulting video being watched by an attendant from a remote control room. The security cameras give at any instant a "scan beam" of 30°. They rotate backwards and forwards over the field of vision, taking 20 seconds to complete one cycle.

For the exhibition, 50 watercolors are to be shown. Each painting occupies approximately 1 meter of wall space, and must be separated from adjacent paintings by 1 meter of empty wall space and hang 2 meters away from connecting walls.  For security reasons, paintings must be at least 2 meters from the entrances. The gallery also needs to add additional interior wall space in the form of portable walls. The portable walls are available in 5-meter sections.  Watercolors are to be placed on both sides of these walls.To ensure adequate room for both patrons who are walking through and those stopped to view, parallel walls must be at least 5 meters apart throughout the gallery. To facilitate viewing, adjoining walls should not intersect in an acute angle.

The diagrams below illustrate the configurations of the gallery room for the last two exhibits. The present exhibitor has expressed some concern over the security of his exhibit and has asked the management to analyze the security system and rearrange the portable walls to optimize the security of the exhibit.

Define a way to measure (quantify) the security of the exhibit for different wall configurations. Use this measure to determine which of the two previous exhibitions was the more secure. Finally, determine an optimum portable wall configuration for the watercolor exhibit based on your measure of security. 

Figure 1:  Exhibit Configuration:  November 3-25, 2003
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Figure 2:  Exhibit Configuration:  March 4-29, 2001
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2003 Problems 



Problem A 
What is it worth?  
In 1945, Noah Sentz died in a car accident and his estate was handled by the local courts. The state law stated that 1/3 of all assets and property go to the wife and 2/3 of all assets go to the children. There were four children. Over the next four years, three of the four children sold their shares of the assets back to the mother for a sum of $1300 each. The original total assets were mainly 75.43 acres of land. This week, the fourth child has sued the estate for his rightful inheritance from the original probate ruling. The judge has ruled in favor of the fourth son and has determined that he is rightfully due monetary compensation. The judge has picked your group as the jury to determine the amount of compensation.

Use the principles of mathematical modeling to build a model that enables you to determine the compensation. Additionally, prepare a short one-page summary letter to the court that explains your results. Assume the date is November 10, 2003.  

To print a copy of problem A in pdf format click here.


Problem B 
How fair are major league baseball parks to the players? 
Consider the following major league baseball parks: Atlanta Braves, Colorado Rockies, New York Yankees, California Angles, Minnesota Twins, and Florida Marlins.

Each field is in a different location and has different dimensions. Are all these parks "fair"? Determine how fair or unfair is each park. Determine the optimal baseball "setting" for major league baseball. 
	  
	  
	  
	Outfield Dimensions 
	  
	  
	  
	Wall Height 
	  
	  

	Franchise 
	Left field 
	Left center 
	Center
 field 
	Right center 
	Right
 field 
	Left Field 
	Center
 Field 
	Right
Field 
	Area of Fair Ter 

	Angels 
	330 
	376 
	408 
	361 
	330 
	8 
	8 
	18 
	110,000 

	Braves 
	335 
	380 
	401 
	390 
	330 
	8 
	8 
	8 
	115,000 

	Rockies 
	347 
	390 
	415 
	375 
	350 
	8 
	8 
	14 
	117,000 

	Yankees 
	318 
	399 
	408 
	385 
	314 
	8 
	7 
	10 
	113,000 

	Twins 
	343 
	385 
	408 
	367 
	327 
	13 
	13 
	23 
	111,000 

	Marlins 
	330 
	385 
	404 
	385 
	345 
	8 
	8 
	8 
	115,000 
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To print a copy of problem B in pdf format click here.
2002 Problems 



Problem A: School Busing 

Consider a school where most of the students are from rural areas so they must be bused. The buses might pick up all the students and go to the elementary school and then continue from that school to pick up more students for the high school. 

A clear alternative would be to have separate buses for each school even though they would need to trace over the same routes. There are, of course, restrictions on time (no student should be in the bus more than an hour), drivers, equipment, money and so forth. 

How can you set up school bus routes to optimize budget dollars while balancing the time on the bus for various school groups? Build a mathematical model that could be used by various rural and perhaps urban school districts. How would you test the model prior to implementation? Prepare a short article to the school board explaining your model, its assumptions, and its results. 



Problem B: The Falling Ladder 

A ladder 5 meters long is leaning against a vertical wall with its foot on a rug on the floor. Initially, the foot of the ladder is 3 meters from the wall. The rug is pulled out, and the foot of the ladder moves away from the wall at a constant rate of 1 meter per second. Build a mathematical model or models for the motion of the ladder. Use your model (or models) to find the velocity at which the top of the ladder hits the floor and the distance the top of the ladder will be from the wall at the moment that it hits the ground. 

[image: image12.png]



November 2001 Problems
Problem A: Adolescent Pregnancy 

You are working temporarily for the Department of Health and Environmental Control. The director is concerned about the issue of teenage pregnancy in their region. You have decided that your team will analyze the situation and determine if it is really a problem in this region. You gather the following 2000 data.
	County
	Age 
10-14
Pregnant
	Age 15-17
Pregnant
	Age 18- 19
Pregnant
	10-14 births
	15-17
births
	18-19
births
	10-14
births-unmarried
	15-17 birth-
unmarried
	18-19
births-unmarried

	1
	29
	350
	571
	17
	281
	437
	16
	164
	193

	2
	24
	303
	567
	13
	206
	466
	13
	151
	233

	3
	40
	422
	691
	29
	307
	546
	28
	251
	366

	4
	21
	201
	356
	18
	184
	326
	15
	137
	180

	5
	16
	156
	357
	11
	109
	254
	10
	99
	161

	6
	44
	523
	970
	33
	442
	803
	32
	293
	396

	7
	17
	263
	434
	9
	201
	345
	7
	113
	168

	8
	23
	330
	427
	16
	256
	444
	14
	160
	210

	9
	13
	123
	221
	10
	113
	199
	9
	78
	106

	10
	41
	467
	950
	24
	446
	686
	22
	279
	331

	11
	28
	421
	713
	18
	343
	615
	15
	219
	328

	12
	9
	179
	311
	8
	145
	261
	7
	114
	162


1998
Age          Pregnancies      Births
10-14               320                  231

15-17               4041                3222

18-19               6387                5164

1999
Age             Pregnancies      Births
10-14               309                  208

15-17               3882                3048

18-19               6714                5391

Build a mathematical model and use it to determine if there is a problem or not. Prepare an article for the newspaper that highlights your result in a novel mathematical relationship or comparison that will capture the attention of the youth.
Problem B: Skyscrapers
Skyscrapers vary in height , size (square footage), occupancy rates, and usage. They adorn the skyline of our major cities. But as we have seen several times in history, the height of the building might preclude escape during a catastrophe either human or natural (earthquake, tornado, hurricane, etc). Let's consider the following scenario. A building (a skyscraper) needs to be evacuated. Power has been lost so the elevator banks are inoperative except for use by firefighters and rescue personnel with special keys. 
Build a mathematical model to clear the building within X minutes. Use this mathematical model to state the height of the building, maximum occupation, and type of evacuation methods used. Solve your model for X = 15 minutes, 30 minutes, and 60 minutes.
Or develop possible solutions to any of these real-world, modern problems the country and the world face:

All of these will require contributions from a variety of scientific and technical areas of study...multidisciplinary tasks galore, and countless subtopics that could require one to develop mathematical models and computational thinking:

* Quality of air and water
* Fresh water supplies for much of the west and southwest
* Disposal of solid wastes (everyday garbage)
* Modernization and maintenance of national power grid
* New energy sources, better energy efficiency and conservation
* Climate change (both at an understanding level as well as preparing for consequences)
* Environmental engineering
* Improved electronic encryption algorithms as we digitize everything (medical, financial records, etc)
* Transportation infrastructure
* Telecommunications networks, both development and maintenance
* Continued improvement and progress in computing technologies
* Mass electronic data storage
* Medical treatments for the disease of your choice. This includes stem cell issues, genetic engineering, drug R&D, and so on.
* Military related technologies
* Improved search technologies for earth-crossing asteroids (something I have yet to hear policymakers talk about publicly, but there are literally many thousands of sizeable objects that cross earth's orbit we should try to identify and monitor)
* Food supplies and quality control
* Disposal of nuclear wastes, nuclear proliferation issues
* Nanotechnology in general
* Security technology of all types
* Robotics
* Implementation of educational strategies and structures based on brain research and learning theory to best prepare the next generation of workers
* Continued development of network theory, game theory, etc., and progress in our understanding of complex systems for physical and social applications
* Materials science and development
From the Wikipedia article on Comp. Thinking: 
Characteristics of Computational Thinking
Computational Thinking is a problem-solving process that includes the following characteristics:[5]
· Analyzing and logically organizing data

· Data modeling, data abstractions, and simulations

· Formulating problems such that computers may assist

· Identifying, testing, and implementing possible solutions

· Automating solutions via algorithmic thinking

· Generalizing and applying this process to other problems

