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A Study of Contents of Mathematical Modeling Competitions

for High School Students

Student: Shun-Han Huang Advisor: Dr. Tayuan Huang

Degree Program of E-Learning College of Science
National Chiao Tung University

Abstract

Recently, mathematical modeling has gained attentions worldwide and has evoked a
series of educational reforms. For example, the principle of mathematical modeling has been
included in the curriculum of some nations including America, Germany, China and

Singapore. Besides, there are also some.contests.conducted by associated groups in Taiwan.

The purpose of this research aims to respond to this international trend of mathematic
educational reforms. The importance of integrating mathematic modeling activities in senior
high math courses curriculum will be surveyed in Chapter 5. Another survey of recent
mathematical modeling contests conducted in-America and Taiwan as well is given in Chapter
2. The features of the awarded works and its connection with the current curriculum senior
high mathematical is analyzed in Chapter-3. In addition, how to apply computer-based
activities to mathematical modeling will be further studied in Chapter 4 in the hope of

motivating students to practice the essence of modeling-learning by doing.
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2005 Problem A
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 ZABC, and the
emanating sound pulses are displayed by the dashed lines and the solid lines BA and BC.

When a sonar sound pulse hitsithe 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 @ equals the angle of reflection /7, as illustrated in Figure B. Since the ship is
moving when the sound pulse is emitted, it will pick up areflected sound pulse at location F

in this picture. The actual depth of the water is the length of BD in Figure A

B - B F :
Surface . ’ Surface
G B Bottom
E
Bottom
Figure A 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
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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.

2005 Problem B
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).
® [n 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

91



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.

2006 ProblemA
Inflation of the Parachute
A parachute is made from thin, lightweight fabric, support tapes and suspension lines.
The lines are usually gathered through.cloth loops or metal connector links at the ends of
several strong straps called riserS. The risers in turn are attached to the harness containing the

load.

Deployment systems

Freefall deployed parachutes are pulled out of their containers by a smaller parachute
called a pilot chute.

A way of deploying a parachute directly after leaving the aircraft is the static line. One
end of the static line is attached to the aircraft, and the other to the deployment system of the

parachute container.
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Types of parachutes

Round parachutes

An American paratrooper using an MC1-1C series round' parachute

Round parachutes, which are pure drag devices (i.e., they provide no lift like the ram-air
types), are used in military, emergency and cargo applications. These have large dome-shaped
canopies made from a single layer of cloth. Some skydivers call them "jellyfish 'chutes"
because they look like dome-shaped jellyfish: Rounds are
rarely used by skydivers these days. The first round parachutes were simple, flat circulars, but
suffered from instability, so most modern round parachutes are some sort of conical or
parabolic.

Some round parachutes are steerable, but not to the extent of the ram-air parachutes. An
example of a steerable round is provided in the picture of the paratrooper's canopys; it is not
ripped or torn but has a "T-U cut". This kind of cut allows air to escape from the back of the
canopy, providing the parachute with limited forward speed. This gives the jumpers the ability
to steer the parachute and to face into the wind to slow down the horizontal speed for the

landing.

Annular & pull down apex parachutes
A variation on the round parachute is the pull down apex parachute invented by a
Frenchman named LeMoigne-- referred to as a Para-Commander-type canopy in some circles,

after the first model of the type. It is a round parachute, but with suspension lines to the
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canopy apex that apply load there and pull the apex closer to the load, distorting the round
shape into a somewhat flattened or lenticular shape.

Often these designs have the fabric removed from the apex to open a hole through which
air can exit, giving the canopy an annular geometry. They also have decreased horizontal drag
due to their flatter shape, and when combined with rear-facing vents, can have considerable

forward speed around 10 mph (15 km/h).

Ribbon and ring parachutes

Ribbon and ring parachutes have similarities to annular designs and they can be designed
to open at speeds as high as Mach 2 (two times the speed of sound). These have a ring-shaped
canopy, often with a large hole in the center to release the pressure. Sometimes the ring is
broken into ribbons connected by ropes to leak air even more. The large leaks lower the stress
on the parachute so it does not burst when it opens.

Often a high speed parachute slows aload down and then pulls out a lower speed
parachute. The mechanism to sequence the parachutes is called a "delayed release" or
"pressure detent release" depending on whether it releases based on time, or the reduction in

pressure as the load slows down.

Ram-air parachutes

Most modern parachutes are self-inflating "ram-air" airfoils known as a Para foil that
provide control of speed and direction similar to Para gliders. Para gliders have much greater
lift and range, but parachutes are designed to handle, spread and mitigate the stresses of
deployment at terminal velocity. All ram-air Para foils have two layers of fabric; top and
bottom, connected by airfoil-shaped fabric ribs. The space between the two fabric layers fills
with high pressure air from vents that face forward on the leading edge of the airfoil. The

fabric is shaped and the parachute lines trimmed under load such that the ballooning fabric
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inflates into an airfoil shape.

A U.S. NAVY display jumper landing a 'square' ram-air parachute

Reserves

Paratroopers and sports parachutists carry two parachutes. The primary parachute is
called a main parachute, the s€écond, a reserve parachute. The jumper uses the reserve if the
main parachute fails to operate correctly.

Reserve parachutes were introduced in'World War II by the US Army paratroopers, and
are now almost universal. For human jumpers, only emergency bail-out rigs have a single
parachute and these tend to be of round design on older designs, while modern PEPs (i.e

P124A/Aviator) contain large, docile ram-air parachutes.

Deployment

Reserve parachutes usually have a ripcord deployment system, but most modern main
parachutes used by sports parachutists use a form of hand deployed pilot chute. A ripcord
system pulls a closing pin (sometimes multiple pins) which releases a spring-loaded pilot
chute and opens the container, the pilot chute is propelled into the air stream by its spring then

uses the force generated by passing air to extract a deployment bag containing the parachute
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canopy, to which it is attached via a bridle.

A hand deployed pilot chute, once thrown into the air stream, pulls a closing pin on the
pilot chute bridle to open the container, then the same force extracts the
deployment bag. There are variations on hand deployed pilot chutes but the system described
is the more common throw-out system. Only the hand deployed pilot chute may be collapsed
automatically after deployment by a kill line reducing the in-flight drag of the pilot chute on
the main canopy. Reserves on the other hand do not retain their pilot chutes after deployment.
The reserve deployment bag and pilot chute are not connected to the canopy in a reserve
system, this is known as a free bag configuration and the components are often lost during a
reserve deployment. Occasionally a pilot chute does not generate enough force to either pull
the pin or extract the bag, causes may be that the pilot chute is caught in the turbulent wake of
the jumper (the "burble"), the closing loop holding the pin is too tight, or the pilot chute is
generating insufficient force, this effect is known as "pilot chute hesitation" and if it does not
clear it can lead to a total malfunction requiring reserve deployment.

Paratroopers' main parachutes are usually deployed by static lines which release the
parachute yet retain the deployment bag which contains the parachute without relying on a
pilot chute for deployment. In this configuration the deployment bag is known as a direct bag
system and the deployment is rapid, consistent and reliable. This kind of deployment is also
used by student skydivers going through a static line progression, a kind of student program.

Using the modeling process, build a mathematical model for the opening of the
parachutes discussed above. We are concerned with how the parachute inflates. Use
your model to explain how the geometry of the folding of the parachute affects the

inflation and then discuss how we might affect the rate of inflation of the parachute.
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2006 Problem B
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.

2007 Problem A
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
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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

580

FATIO
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2007 Problem B
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.

2008 Problem A
National Debt and National Crisis

Mathematical modeling invelves 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
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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.thé sensitivity of your model to variou s 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.

2008 Problem B
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.
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2009 Problem A
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.

2009 Problem B
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.
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1999 Problem
Traffic Lights
Major thoroughfares in big cities are usually highly congested. Traffic lights are used to
allow cars to cross the highway or to make turns onto side streets. During commuting hours,
when the traffic is much heavier than on any cross street, it is desirable to keep traffic flowing
as smoothly as possible. Consider a two-mile stretch of a major thoroughfare with cross
streets every city block. Build a mathematical model that satisfies both the commuters on the
thoroughfare as well as those on the cross streets trying to enter the thoroughfare as a function
of the traffic lights. Assume there.is alight at every intersection along your two-mile stretch.
First, you may assume the city blocks are of constant length. You may then wish to

generalize to blocks of variable length.

P B B S ERSERE ek - 7 I I Y
PR A SR P S A S FJ 5t~ 2P£'wﬂﬁ LR,
et = ROEPASLRT oy A i 1 AT T IR o P U e A R

NS EEI T R L R EE s et T
i BT AR TSR SRR THERLEAEPVEREE s 0y i | (MR T DA
mg~w%ﬁm\W%ﬁN#J%UE*@%ﬁﬂa%WWﬁm

2000 ProblemsA
Bank Robbers
The First National Bank has just been robbed (the position of the bank on the map is
marked). The clerk pressed the silent alarm to the police station. The police immediately sent
out police cars to establish road blocks at the major street junctions leading out of town.

Additionally, 2 police cars were dispatched to the bank.
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Map information : (See the series of two maps below).

The Bank is located at the corner of 8th Ave. and Colorado Blvd. and is marked with the
letter B. The main exits where the two road blocks are set up are at the intersection of
Interstate 70 and Colorado Blvd, and Interstate 70 (past Riverside Drive). These are
marked with a RB1 and RB2 symbol.

Assume the robbers left the bank just before the police cars arrived. Develop an efficient
algorithm for the police cars to sweep the area in order to force the bank robbers (who
were fleeing by car) into one of the established road blocks.

Assume that no cars break down during the chase or run out of gas. Further assume that

the robbers do not decide to flee via other transportation means.
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2000 Problem B
Elections
It is almost election time and it is time to revisit the electoral vote process. The
constitution and its amendments have provided a subjective method for awarding electoral
votes to states. Additionally, a state popular vote, no matter how close, awards all electoral
votes to the winner of that plurality. Create a mathematical model that is different than the
current electoral system. Your model might award fractional amounts of electoral votes or

change the methods by which the number of electoral votes are awarded to the states.
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Carefully describe your model and test its application with the data from the 1992

election. Justify why your model is better than the current model.
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1992 Election Summary

State Electoral Vote Popular Vote

State Clinton Bush Pearot Clinton Bush Pearot
AL o 9 [0} 558146 797477 180209
A a 3 (] 57264 73683 50034
AL 0 5] 0] 521736 543876 339307
AR & 0] [0} 455150 331867 97548
CA Sl 0] 0 4812317 3338942 2144856
Co 8 0] 0] B25402 557408 362506
CT 8 0] 0] 681051 574738 348028
DE 3 o] 0] 125997 102436 59061
DC 3 0] 4] 186301 19813 2284

FL 0 25 4] 2051205 2131263 1040853
58 13 1] 0 1002433 S85682 3064589
Hi <4 4] 4] 175883 136430 52863
10 0 4 4] 1362459 201787 129897
1L P 1] !l 2378873 1717736 832307
1M 0 12 4] 838227 S786E27T 451858
1.4, T 4] 4] 583937 5033338 251040
KS a 5] 0] 386168 443314 312670
KY 8 0] 0] 651059 617419 203587
[y a 0] 0] 8515305 729880 210604
ME 4 0] 4] 261859 207122 205078
D 10 0] 4] 941979 671609 271198
Dl 12 o] 0 1315016 503974 630440
nal 18 o] [0} 1854603 1585251 819931
MM 10 0] 0] 994843 734845 549517
MS 0 7 0] 391911 47887E 83950
MO 11 0] 0] 1051328 510058 517918
MT 3 4] (] 153899 143702 106735
ME a 5 0] 214106 338646 171938
MW 4 0] 0] 185401 171378 129532
MH 4 0] [0} 207 264 199623 120029
N 15 0] 0] 1361088 1303686 504152
L] 5 0] 0] 255558 200467 20653
MY 33 0] [0} 3244562 2240050 1028607
MC o 14 [0} 1103716 1122608 353845
e 0 3 0] 97546 133911 89805
OH 21 0] 0] 19645842 1876245 1024319
18] 8 a 8 (] 473066 592929 3199738
OR T 4] (] 524161 393273 307244
(SN 23 0] 0] 22335810 1777372 8955863
Rl 4 0] 0] 198877 121864 24717
SC o =] 0] 475313 572031 137598
=1n] a 3 0] 124861 136671 73297
TH 11 0] 0] 933618 540887 199787
Tx a 32 [0} 2278912 2460201 1349644
T o 5 [0} 182590 320462 202578
WT 3 0] 0] 125803 55512 61510
WA 0 13 0] 1033825 1146909 344840
WY, 11 4] (] 855710 609912 470239
Y 5 4] (] 324009 236526 105652
Wi 11 0] 0 1035842 926245 542610
WY 0 3 0] 67863 79558 51208
TOTALS 370 168 0 43682624 38117331 19217213
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January 2001 ProblemA
Design of an Airline Terminal
The design of airline terminals varies widely. The sketches below show airline terminals
from several cities. The designs are quite dissimilar. Some involve circular arcs; others are
rectangular; some are quite irregular. Which is optimal for operations?
Develop a mathematical model for airport design and operation. Use your model to

argue for the optimality of your specified design. Explain how it would operate.
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January 2001 Problem B
Forest Service

Your team has been approached by the Forest Service to help allocate resources to fight
wildfires.

In particular, the Forest Service is concerned about wildfires in a wilderness area
consisting of small trees and brush in a park shaped like a square with dimensions 80 km on a
side. Several years ago, the Forest Service constructed a network of north-south and east-west
firebreaks that form a rectangular grid across the interior of the entire wilderness area. The
firebreaks were built at 5 km intervals.

Wildfires are most likely to occur during the dry season, which extends from July
through September in this particular region. During this season, there is a prevailing westerly
wind throughout the day. There are frequent lightning bursts that cause wildfires.

The Forest Service wants to deploy four fire-fighting units to control fires during the
next dry season. Each unit consists of 10 firefighters, one pickup truck, one dump truck, one
water truck (50,000 liters), and one bulldozer (w/ truck and trailer). The unit has chainsaws,
hand tools, and other fire-fighting equipment. The people can be quickly moved by helicopter
within the wilderness area, but all the equipment must be driven via the existing
firebreaks. One helicopter is on standby at all times throughout the dry season.

Your task is to determine the best distribution of fire-fighting units within the wilderness
area. The Forest Service is able to set up base camps for those units at sites anywhere within
the area. In addition, you are asked to prepare a damage assessment forecast. This forecast
will be used to estimate the amount of wilderness likely to be burned by fire as well as acting
as a mechanism for helping the Service determine when additional fire-fighting units need to

be brought in from elsewhere.
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November 2001-ProblemA
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. 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.
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B PGSO R R ST [ D P RO -
Age Age Age 10-14 15-17 18-19
10-14 15-17 18-19
County 10-14 15-17 18-19 births- birth- births-
births births births
Pregnant | Pregnant || Pregnant unmarried |unmarried |[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 1999
Age Pregnancies  Births Age Pregnancies  Births
10-14 320 231 10-14 309 208
15-17 4041 3222 15-17 3882 3048
18-19 6387 5164 18-19 6714 5391
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November 2001 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.
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2002 ProblemA
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.
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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.
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2002 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.
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2003 ProblemA
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.
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2003 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.
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Outfield  Dimensions Wall Height
Left | Left Center | Right | Right | Left | Center | Right | Area of Fair

Franchise | field | center field center | field | Field | Field | Field 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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2004 ProblemA
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.
VC R O e R R A R [ S
o (5 FE?J%EK’FH?QD?%E eI EIF'TEU & @ o fﬁﬁ?g‘pf@ﬁ?ﬁ? A N

FLEIJ?TF]f f[ FEI N 'E[‘[’EIJ - F'EJQJTEII N ;5 i FI J-TF'@J{‘PEII ﬂ:’v‘%«_‘j\?—‘ Z'SET
e o}{jrn\p\Jg\\rgﬁﬁﬁj_"[%ﬁr 73 lgﬁv[ﬁ_ﬂﬁqf, TEEASETECE o bR R IR E

SR F T

2004 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.
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
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S-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.
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