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Fragile Lands Protection Using Cemeter
Associated .kmz file
Sandra L. Arlinghaus and William E. Arlinghaus

Zipf's Hyperboloid--Revisited:
Compression and Navigation--Canonical Form
Sandra L. Arlinghaus

with input from an earlier article as part of an ongoing collaboration with
Michael Batty

Fractals Take A Non-Euclidean Central Place
Sandra L. Arlinghaus
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Ingtitute of Mathematical Geography

Solstice was a Pirelli INTERNETional Award Semi-Finalist, 2001 (top 80 out of over
1000 entries worldwide)

One article in Solstice was a Pirelli INTERNETional Award Semi-Finalist, 2003 (Spatial
Synthesis Sampler).

Solstice is listed in the Directory of Open Access Journals maintained by the
University of Lund where it is maintained as a "searchable" journal.

Solstice is listed on the journals section of the website of the American Mathematical
Society, http://www.ams.org/

Solstice is listed in Geoscience e-Journals

IMaGe is listed on the website of the Numerical Cartography Lab of The Ohio State
University: http://ncl.sbs.ohio-state.edu/4 _homes.html

Congratulations to all Solstice contributors.

Remembering those who are gone now but who contributed in various ways to
Solstice or to IMaGe projects, directly or indirectly, during the first 25 years of
IMaGe:

Allen K. Philbrick | Donald F. Lach | Frank Harary | H. S. M. Coxeter | Saunders

Mac Lane | Chauncy D. Harris | Norton S. Ginsburg | Sylvia L. Thrupp | Arthur L.
Loeb | George Kish |
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MISSION STATEMENT

The purpose of Solstice is to promote interaction between geography and mathematics. Articles in which
elements of one discipline are used to shed light on the other are particularly sought. Also welcome are original
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contributions that are purely geographical or purely mathematical. These may be prefaced (by editor or author)
with commentary suggesting directions that might lead toward the desired interactions. Individuals wishing to
submit articles or other material should contact an editor, or send e-mail directly to sarhaus@umich.edu.

SOLSTICE ARCHIVES

Back issues of Solstice are available on the WebSite of the Institute of Mathematical Geography, http://www.
imagenet.org and at various sites that can be found by searching under "Solstice” on the World Wide Web.
Thanks to Bruce Long (Arizona State University, Department of Mathematics) for taking an early initiative in
archiving Solstice using GOPHER.

PUBLICATION INFORMATION

To cite the electronic copy, note the exact time of transmission from Ann Arbor, and cite all the transmission
matter as facts of publication. Any copy that does not superimpose precisely upon the original as transmitted
from Ann Arbor should be presumed to be an altered, bogus copy of Solstice . The oriental
rug, with errors, serves as the model for creating this weaving of words and graphics.

http://www.mylovedone.com/image/solstice/sum10/sols0110.html (2 of 2) [6/17/2010 10:25:04 PM]





		mylovedone.com

		SOLSTICE: FRONT MATTER






Awards: IMaGe

Awards and Recognition

. 2010: S. Arlinghaus invited to

o serve as Editorial Board member for
Geographical Analysis

o serve as Series Editor for CRC Press

. 2009: Best of 3D Warehouse awards (blue ribbons) in addition to those listed below--
for work of Archimedes (aka S. Arlinghaus) updating UM models reflecting change in
base plate of aerials made by Google in June of 2007. Current status of awards:

o Archimedes continues as a "Featured Modeler" in the Google 3D Warehouse. She
was selected among the first five when this segment was created and has been
featured in it ever since.

o Downtown adjusted models awarded Blue Ribbon status: 1 (Ann Arbor News,
partial), 2 (Main and Liberty).

o University of Michigan campus models awarded Blue Ribbon status: 1 (Angell
Hall), 2 (Burton Tower), 3 (Chemistry Building), 4 (Clements Library), 5 (Crisler
Arena), 6 (Dennison), 7 (East Hall), 8 (Graduate Library, Hatcher), 9 (Hill
Auditorium), 10 (Michigan League), 11 (Modern Languages Building), 12 (Natural
Sciences), 13 (President's House), 14 (Rackham), 15 (Randall Labs), 16 (Shapiro
Undergraduate Library), 17 (Tappan), 18 (West Hall).

. 2009: Kerry Ard wins_Google Earth KML Research Competition. One of two top awards
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in the student category. The only US student to win.

. 2009: Solstice covers displayed in 'Journal Covers" exhibition
at the Science Library of The University of Michigan.

. 2008: S. Arlinghaus invited to speak at Google 3D Warehouse Base Camp in Mountain
View, CA at the GooglePlex. Had to decline the invitation; nonetheless, was nice to be
thought of as representing higher education in regard to work already done.

. 2008: Best of 3D Warehouse awards number over 50.

. 2007: Best of 3D Warehouse awards (blue ribbons); these buildings come up default in
all free downloads of Google Earth when the "3d buildings" checkbox is checked. They
are designed for planning, rather than for architectural, purposes; file size is kept small.
What is important is giving the "impression™ of the building rather than giving large
amounts of detail. View the associated .kmz files in Google Earth to understand the
context; they are attached to the linked pages below. Be sure to turn on the "terrain”
switch, otherwise buildings made in older software (older versions of Google SketchUp)
will float above the surface.

o Archimedes's models (S. Arlinghaus is "Archimedes").

. Campus models of Arlinghaus: 1 (Alumni Center), 2 (Angell Hall), 3 (Angell
Hall Complex), 4 (Art Museum, first model), 5 (Art Museum, second
model), 6 (Bagnoud Building), 7 (Biomedical Sciences Building), 8 (Bursley
Hall), 9 (C. C. Little Building), 10 (Chemistry Building), 11 (Clements
Library, first model), 12 (Clements Library, second model), 13 (Crisler
Arena), 14 (Dennison Building, first model), 15 (Dennison Building, second
model), 16 (East Hall, first model), 17 (East Hall, second model), 18 (Frieze
Building), 19 (Hatcher Library North), 20 (Hatcher Library South), 21
(Haven Hall), 22 (Hill Auditorium, first model), 23 (Hill Auditorium, second
model), 24 (Kraus Natural Science Building), 25 (Michigan League, first
model), 26 (Michigan League, second model), 27 (Literature, Science, and
the Arts Building), 28 (Mason Hall), 29 (Michigan Stadium), 30 (Modern
Language Building), 31 (Northwood 1V), 32 (Pharmacy College), 33 (Power
Center), 34 (Rackham Building, first model), 35 (Rackham Building, second
model), 36 (Randall Laboratory), 37 (Schembechler Hall), 38 (Shapiro
Library), 39 (Tappan Hall, second model), 40 (Tisch Hall), 41 (University
Hospitals), 42 (West Hall, first model), 43 (West Hall, second model).

o Build Your Campus competition models--student participants each won at least
one blue ribbon, as a Best of 3D Warehouse award
. Lauren Leigh Hoffman: Dana Building

= Juan Sergio Ponce de Leon: Yost Arena, South Quad
= Andrew Walton: Golf Course Clubhouse
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. 2007: University of Michigan models of about 300 buildings included in the online folder
resulting from the "Build Your Campus" competition.

. 2007: Archimedes selected by Google as a "Featured Modeler."

. 2006: Google 3D Warehouse, "Google Picks" then go to "Cities in Development" http://
sketchup.google.com/3dwarehouse/ to see textured models of downtown Ann Arbor
buildings.

. 2006: 3D Atlas of Ann
Arbor, Version 2. Google Earth
Community, ranked a "Top 20 Rated Post" on Entrance page, December 8, 2006.

. 2006: 3D Atlas of Ann
Arbor, Version 2 . Rated a 5 globe

production (top score) in Google Earth Community, November 2006.

. 2004: Sandra L. Arlinghaus and William C. Arlinghaus, Spatial Synthesis Sampler,
Solstice , Summer 2004. Semi-Finalist, Pirelli 2003 INTERNETional
Award Competition.

. 2004: Sandra Lach Arlinghaus, recipient, The Presidenta€™s Volunteer Service Award,
March 11, 2004.

. 2003: Jeffrey A. Nystuen, won the 2003 Medwin Prize in Acoustical Oceanography
given by the Acoustical Society of America. The citation was "for the innovative use of

sound to measure rainfall rate and type at sea". It is awarded to a young/mid-career
scientist whose work demonstrates the effective use of sound in the discovery and
understanding of physical and biological parameters and processes in the sea.
. 2002: Sandra L. Arlinghaus, William C. Arlinghaus, and Frank Harary.
Graph Theory and
Geography: an
Interactive View
(eBook) , published by John Wiley and Sons, New York, April 2002.

Finished as a Finalist in the 2002 Pirelli INTERNETiIonal Award Competition (in the top
20 of over 1200 entries worldwide).

. 2001: Solstice , Semi-Finalist, Pirelli 2001 INTERNETiIonal
Award Competition in the Environmental Publishing category.
1992: Solstice , article about it by lvars Peterson in
Science News , 25 January, 1992..
1991: Solstice , article about it by Joe Palca,
Science (AAAS), 29 November, 1991.

Solstice: An Electronic Journal of Geography and Mathematics, Institute of Mathematical
Geography, Ann Arbor, Michigan.
Volume XX, Number 1.
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Best viewed in Firefox browser (but should work in any current browser). Works best with a high speed internet connection.
Final version of IMaGe logo created by Allen K. Philbrick from original artwork from the Founder.

Mathe ics

Educational Research Collaboration
Sandra L. Arlinghaus, Ph.D. and Joseph J. Kerski, Ph.D.

Introduction

As exciting new vistas open doors in both geographical and mathematical
visualization, it may be easy to get caught up in the focus within one discipline or
the other. The richness that comes from interplay between disciplines can get
cast aside, only to be rediscovered much later when single disciplines have
matured and are looking for the fresh and new, beyond original disciplinary
boundaries.

When such loss occurs at the research level, it is disappointing because much
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creative activity can slow down while more conventional activity plays out its
course within established, comfortable, and conventional limits. When such loss
occurs in the education of children it can be far more dramatic, indeed tragic.
Generations of future citizens, voters, municpal authorities, students, researchers,
and teachers may become trapped in curricular conventions of a particular
decade.

A number of scholars, in wide-ranging fields, have long seen this difficulty. It
becomes perhaps more pronounced now with the technological revolution within
which so many projects, scholarly and educational alike, are set.

We have been interested, for at least a part of our careers, in helping to bridge
this interdisciplinary gap between geography and mathematics (particularly
geometry). To set this collaboration in motion, we offer a taste of our interests
with materials and links to selections from our previous works. These items
illustrate some of our educational and scholarly interests and suggest directions
for future work. Some are simple but not necessarily "easy”; indeed, "simple" is
often the hallmark of elegance that piques curiosity and stimulates both the
motivation to learn eagerly and the imagination to pursue new directions.
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Conceptual Framework

A number of years ago, the American Mathematical Monthly introduced a novel feature: "Proofs
without Words" (David and Tomei, 1989). Others picked up on that theme and this interesting feature has
appeared in a variety of contexts over the decades (Nelsen, 1997, 2001; Polster, 2004). The goal is to
visualize mathematics without using notation. Naturally, some worried that such an approach is not
"good" mathematics. Most, however, appreciate being able to grasp concepts without notation; some of us
are more visually, and less notationally, oriented than are others. The world of paper and print publication
is limited in what can be offered. Indeed, the world of black and white print is even more limited. There are
some Internet applications of this approach dating from the 1990s (try a search engine using "maps math" as a
pair of keywords). Our goal in this project is to explore a broad range of visual connection between maps
and math, especially as this connection might be inserted into the mathematics curriculum, and to present
visual results employing current technology. The level of advancement of the mathematics is not what
matters; what matters is clarity of concept.

The abstract view in Figure 1 captures this conceptual framework (Arlinghaus and Arlinghaus, 2005).
Each large hexagon represents a single scholarly discipline: mathematics on the left and geography on the
right (as an example). A single field (geometry) is identified (deep red trapezoid) from the broad discipline
of mathematics, and is aligned with a counterpart (deep red trapezoid) field (cartography) from the other
broad discipline of geography. Despite the alignment of classically appropriate entities, a gap remains. The
goal, from both a research and an educational standpoint, is to seal the gap and to unify aligned, related structures.

Figure 1. Conceptual framework of aligning and unifying interdisciplinary studies (Arlinghaus
and Arlinghaus, 2005).
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Finding the Size...

One well known classical approach to this style of integrative scholarship appears in the work
of Eratosthenes of Alexandria (c. 276-194 B.C.). Eratosthenes made critical discoveries in both mathematics
and geography that might seem unrelated, at first. His prime number sieve permitted the complete
characterization of all whole numbers and offered, therefore, an understanding of the whole number system.
The idea of understanding a whole, that one could never see, also applies to his measurement of the
circumference of the Earth. In his role as Librarian of the great library of Alexandria, he had access to works of
his many outstanding predecessors. He worked with spherical geometry, latitude and longitude, earth-
sun relations, and a variety of geometric and trigonometric ideas. Eratosthenes sealed the gap between
number theory and the real world with the idea of using abstract tools to understand more than what one could
see (material from Spatial Synthesis (cited below) used with permission of the authors).

Two millennia later, we know how to "see" not only with theoretical tools based in mathematics, but also

with field tools that drawn on connections with the sky and man-made satellites! As the lesson summary to
the linked, downloadable lesson, notes (Kerski, 2007):

With a GPS receiver, find out how you and your students can accurately measure the circumference of the Earth to within
1% of the accepted value. In this lesson, students start by learning about Eratosthenes, who calculated the
circumference 2,500 years ago. They then go into the field to calculate the circumference in a variety of different ways,
and also consider mass and volume. This lesson incorporates scale, measurement, field work, coordinate systems,

and brings together mathematics, geography, and physics.

Return to this classical experiment in mathematical geography not only to avoid re-inventing the wheel but
also to gain, and foster in students, a deeper appreciation of both the endurance and power of this approach.

Finding the Center...

Once we know the size of something, often we begin to ask questions about its internal
structure. Where are the edges of the object; where is its center? Frank Barmore offers some
interesting work using physics reference integrated with geographic questions (1992; 1994).
More elemetary approaches, integrating contemporary software with concepts of "center" and
"scale" appear in lessons available online. As the lesson summary to the linked, downloadable
lesson notes (Kerski, 2010):

Use spatial analysis and GIS to determine and analyze the population centers of the USA and individual states over
space and time. Objectives: 1) Understand the definition of a mean center and weighted mean center; 2) Understand

the definition of a population weighted mean center; 3) Learn how to calculate mean population centers for the USA and
for individual states using GIS tools; 4) Understand how and key reasons why the US population center moved from 1800
to the present; 5) Analyze how and key reasons why states’ population centers moved from 1900 to the present.

The case study below illustrates another, more advanced (mathematically), approach to using maps
to display theorem proof--directly in the spirit of "proofs without words" (based on material from
(Arlinghaus, Arlinghaus, and Harary, 2002). The illustrated result is a theorem in graph theory. The
mapping employed ArcView 3.1 (ESRI) (and its predecessor software, Atlas GIS), done in and prior to 2002. In this
study, an animated map of the Berlin Rohrpost (pneumatic postal network from the early twentieth
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century) illustrates the method of proof of the Jordan-Sylvester Center Theorem. Conventional proof
of that Theorem deconstructs an arbitrary graph by removing edges until no others can be removed,
thus finding a graphical "center." The conventional notation is often cumbersome and difficult

to understand. An animated map (Figure 2) makes the proof technique easy to grasp: it illustrates
the proof of the Theorem through seven stages of edge removal until the Theorem's predicted center
is reached. Theideais simple: peel off the perimeter nodes and edges, in stages, until no more can
be done thus leaving one (or possibly two) nodes as the "center."

Berlin, Rohrpost, 1901

Figure 2. Animated Berlin Rohrpost illustrates proof technique of the Jordan-
Sylvester Center Theorem of graph theory.
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Finding a Path...

Once one understands the nature of one object, it becomes natural how to ask how to get to different
or similar objects elsewhere in space. In terms of capturing this concept for education purposes,
the lesson summary to the linked, downloadable lesson notes (Kerski, 2010):

The travel problem is an important one in mathematics, because several concepts can be taught and understood through
it, such as algebra, measurement, calculations, units of measure, conversions, percentages, time, and distance. Within a
GIS environment, the travel problem can be analyzed in the context of real places and distances on maps.

Current modes of travel, that are "fun" as well, can serve to stimulate the curiosity and

imagination although the lessons that they teach transcend transport mode as the "current" becomes
the "past." The sport of paragliding offers one such example. See all three of the links below for
lesson utilizing this remarkable form of transport (Kerski, 2008 and later). A summary from these
links appears below:

Many activities are inherently spatial in nature. Paragliding is an activity in which a person flies in a harness suspended
by lines below a large fabric wing. The lack of a motor and complete dependence on the environment makes
paragliders extremely sensitive to all spatial aspects of their equipment, terrain, and atmospheric conditions. The
wing’s shape is formed by the pressure of air entering its front vents, and the pilot has some control over height and
speed by pulling in certain ways on the lines. Air rises as the sun differentially heats ground features, while landforms
force wind in different directions. The shape and elevation of the terrain over which the pilot flies, and the way in which
the pilot leans affect flight speed, height, and distance. The Earth is a dynamic planet, so the unexpected can happen,
but fortunately, paragliders carry an emergency parachute!

Another case study (Figure 3) illustrates the foundation of graph theory--by showing the
Konigsberg Bridge Problem set on an historical map of Kénigsberg of the time (based on material
from (Arlinghaus, Arlinghaus, and Harary, 2002). Follow the challenge originally posed of traversing the
seven bridges on one afternoon stroll without ever crossing the same bridge twice--it cannot be done
and the animation on the map in Figure 3 illustrates why that is the case as one attempt at solution
is traced out in dark red "footprints”. In this case, five bridges have been crossed and the pedestrian
is back at home. If a sixth is to be crossed (grayed tracks) then the stroller does not return home. All
seven bridges cannot be traversed once each (the reader might wish to make a few other attempts).
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Flgure 3 The Konlgsberg Brldge problem Source of base map: Baedeker, Atlas of Northern

Germany, 1890. Electronic image supplied by Generations Press, www.GenerationsPress.com

Both authors of this work (in progress) have years of experience employing spatial tools to

visualize mathematics (links to selected works appear below). Thus, they are embarking on a series

of books, designed to implement mapping in the mathematics curriculum at all levels, from

the kindergarten through college levels. (The broad title of this project is: MatheMaPics, with the "P" as
an uppercase letter to emphasize its role in both the word "MaP" as well as in the

word "Pics" ("Pictures").) Because the possibilities are without end, the authors invite others from
around the world to participate with them: as secondary authors who present an actual case study

for inclusion, or as extra input folks who offer a link or two of interest. The Internet makes sharing

of information easy to achieve; however, finding all that is out there is not easy. If you would like to
work with us (we reserve editorial rights of inclusion/exclusion) please e-mail one of the two

principal authors and indicate your possible interest. We look forward to producing a wealth of
materials using maps to create enthusiasm for mathematics; we also look forward to using the Internet
as an inclusive research collaboration tool.*
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Related Materials

. "Proofs without Words"
o American Mathematical Monthly. The Mathematical Association of America. "Proofs without
Words" features appears as early as 1989 in for example, “The Problem of Calissons” by G. David and
C. Tomei, American Mathematical Monthly, Vol 96(5), May 1989, p. 429 — 431.
o Q.E.D.: Beauty in Mathematical Proof (64 pages, 2004) by Burkard Polster.
o Proofs without Words: Exercises in Visual Thinking (160 pages, 1997) by Roger Nelsen.
o Proofs without Words II: More Exercises in Visual Thinking (142 pages, 2001) by Roger Nelsen.

Arlinghaus, Sandra L., Arlinghaus, William C., and Harary, Frank. Graph Theory and Geography:

An Interactive View E-Book. Wiley-Interscience Series in Discrete Mathematics and Optimization,
John Wiley and Sons (New York), April 2002. 400 pages depending on screen resolution. http://www.
wiley.com/ This book was a finalist, 2002, in the international Pirelli INTERNETional Award competition, http:/
www.pirelliaward.com/ (shows current information only). It was installed as part of a permanent display in the
"Library Covers" exhibit of the University of Michigan Shapiro Science Library display, February 24, 2010.

Arlinghaus, Sandra L., and Arlinghaus, William C. Spatial Synthesis: Volume I, Centrality and Hierarchy.
Book 1. Ann Arbor: Institute of Mathematical Geography, 2005.
Barmore, Frank.
o Where Are We? Comments on the Concept of Center of Population. Solstice: An Electronic Journal
of Geography and Mathematics, Vol. Ill, No. 2, 1992. Ann Arbor: Institute of Mathematical Geography.

o Center Here; Center There; Center, Center Everywhere. Solstice: An Electronic Journal of Geography

and Mathematics, Vol. V, No. 1, 1994. Ann Arbor: Institute of Mathematical Geography.
o Other

Links Arlinghaus:
o Link to books of the Institute of Mathematical Geography (Part of book on Spatial Synthesis, Vol. I, Book 1--a
Pirelli INTERNETional award Semi-Finalist)
o Link to current issue of Solstice: An Electronic Journal of Geography and Mathematics
o Link to Archive of Solstice: An Electronic Journal of Geography and Mathematics
o Link to home page of Institute of Mathematical Geography; persistent archive in Deep Blue.

Links Kerski:
o Main landing page

o Water Use Analysis lesson, which uses spatial statistics:

In this lesson, you will understand (1) how to access and format data from the USA County database from the US
Census Bureau within a GIS environment; (2) how to analyze these data, specifically about water and by extension,
other variables—using GIS and spatial statistics techniques, including regression analysis, hot spot, scatterplot, and
others. With updates and improvements December 2009!

o Paragliding:
« As 3D as It Gets
« Studying Paragliding Using ArcGIS Explorer: Determining Total Horizontal Distance and Velocity
« Studying Paragliding Using ArcGIS Explorer: Another Way to Calculate the Total Distance Traveled
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o Calculating Vertical Change
o Czech Example

o Spatial Math, ArcLessons: There are links to 41 lessons (as of May 2010) on http://edcommunity.esri.
com/arclessons ; run an advanced search on Mathematics as the search term to find them.
o Measuring the Circumference of the Earth with GPS: Link to ArcLesson.
o Population Drift: Mean Population Center Analysis: Link to ArcLesson.
o Bridging GIS and Mathematics Education: Link.
o Further Exploring The Connections Between GIS and Mathematics: Link
o Summary of the status of latest Math-GIS lessons.
. Maps and Math: Google search.

* Kerski notes that on May 24 ESRI rolled out ArcGIS Explorer in a web browser, with some measurement capability in it;
see screen below. So, an expanding number of tools are available!
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Author affiliations

. Arlinghaus: Adjunct Professor of Mathematical Geography and Population-Environment Dynamics, School
of Natural Resources and Environment, The University of Michigan, Ann Arbor MI 48109; President,
Arlinghaus Enterprises; Founding Director, Institute of Mathematical Geography; Member Board of Trustees

and Executive Committee, Community Systems Foundation. sarhaus@umich.edu. http://www-personal.umich.
edu/~sarhaus/

Kerski: Education Manager, Environmental Systems Research Institute, Inc.- ESRI, 1 International
Court, Broomfield CO 80021-3200 USA E: jkerski@esri.com; V: 303-449-7779 x 8237 ; F: 303-449-8830
http://edcommunity.esri.com
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Solstice: An Electronic Journal of Geography and Mathematics,
Volume XXI, Number 1
Institute of Mathematical Geography (IMaGe).
All rights reserved worldwide, by IMaGe and by the authors.
Please contact an appropriate party concerning citation of this article: sarhaus@umich.

edu

http://www.imagenet.org
:/[deepblue.lib.umich.edu/handle/2027.42/58219

Solstice was a Pirelli INTERNETional Award Semi-Finalist, 2001 (top 80 out of over
1000 entries worldwide)

One article in Solstice was a Pirelli INTERNETional Award Semi-Finalist, 2003 (Spatial
Synthesis Sampler).

Solstice is listed in the Directory of Open Access Journals maintained by the
University of Lund where it is maintained as a "searchable" journal.

Solstice is listed on the journals section of the website of the American Mathematical
Society, http://www.ams.org/

Solstice is listed in Geoscience e-Journals

IMaGe is listed on the website of the Numerical Cartography Lab of The Ohio State
University: http://ncl.sbs.ohio-state.edu/4_homes.html

Congratulations to all Solstice contributors.

Remembering those who are gone now but who contributed in various ways to
Solstice or to IMaGe projects, directly or indirectly, during the first 25 years of
IMaGe:

Allen K. Philbrick | Donald F. Lach | Frank Harary | H. S. M. Coxeter | Saunders

Mac Lane | Chauncy D. Harris | Norton S. Ginsburg | Sylvia L. Thrupp | Arthur L.
Loeb | George Kish |
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The Perimeter Project:
Cemetery Zoning Used In

Fragile Lands Protection--
Part Il






Conceptual Overview: US Burial Practice

e Conventional US burial practice involving chemical
embalming and cement vaults damages the environment.
Scattering of ashes following cremation removes this
difficulty but offers little constructive to the environment.
Indeed, cremation by fire adds to the carbon footprint.
Green or natural burial removes these difficulties and may
offer even more to the environment when done with care.

o Scattering and Green burial approaches offer few
means for memorialization. The Internet does so, when
website memorials are trust-funded in the same manner
as conventional cemeteries. Such memorialization has
the added advantage of integrating far-flung family
members in virtual space.





Memorialization: Zoning Implications

* One might employ online memorials as a means to
encourage more environmentally-sensitive burial practice.

« Furthermore, with such encouragement in place, one
might turn the idea around and attempt to protect fragile
lands by acquiring cemetery zoning for them (which is the
most difficult to change--zoning can be a moving target that
responds to the political whim of varying administrations).

« An initial approach to protecting broad swaths of land
might be to endow existing sets with cemetery zoning and
dedicate parts of the existing land use to cemetery use—as
a “mixed use development” in much the way that condos are
clustered on one area of a parcel, all zoned for condos,
while a large portion of the parcel is dedicated to passive
parkland.





Mixed Use Visualization:
Abstraction of Seamless Integration of Disparate Landuse Types






Environmental Rationale:

Cemeteries and Golf Courses:
Creative Mixed Use

Contemporary environmental science views golf courses as
difficult uses of large tracts of land.

Use golf course non-playing area, endowed with restrictive
cemetery zoning, as a site for green and natural scattering or burial
of remains. Integrate the uses now; as the baby-boomer
population ages, the need to expand the cemetery land holdings
may well increase dramatically. Instead begin now to use portions
of existing large tracts (golf courses) for burial; natural burial may
enhance the vegetative cover and make these grounds a
showplace for variety in environmentally sound gardening
principles






* Golf courses: EPAdata

(http://www.epa.gov/oppefedl/models/water/golf course adjustment factors.htm )—15,827
golf courses (March 2003) range in size from 110-200 acres. Consider 150 as a middle
ground (many, but not urban or resort, 18 hole courses range in size from 150-200 acres).
That would put total acreage at: 15,827 * 150 = 2,374,050 acres.

« Cemeteries: The attribute table in ArcGIS 9.1.3 shows 126,166 cemeteries. We do not
know the total acreage in cemeteries.

- If the total acreage in golf courses equaled the total acreage in cemeteries, then the average
cemetery size would be: 2,374,050/ 126,166 = 18.82 acres. Arlington National Cemetery is 254
acres and has 300,000 interred. (http://en.wikipedia.org/wiki/Arlington_National _Cemetery )

* How big is the average cemetery? A typical cemetery plot is 4 feet wide by 10 feet long (40
square feet). Suppose a typical cemetery buries 365 people per year. That's 14,600 square feet of
land per year, excluding land for landscaping, interior surface routes, maintenance areas, houses for

staff, chapels, and so forth. Over the entire country (126,166 cemeteries) that's 1,842,023,600
square feet (42,287 acres) per year devoted to burial.

* Over 50 years, that’'s 2,114,352 acres of land in burial (only). Reuse of existing burial sites may
take place, in many states, after 50 years. Cemetery requirements on land use are more restrictive
than are others.

* As the baby-boomer population ages, there may be more need, in the short run, for cemetery land.

* |t appears reasonable to assume that the acreage in cemetery use is similar in size
to the acreage for golf courses (there are many more cemeteries than golf courses):

Entire 18 hole course: 2,374,050 acres — Burial sites only: 2,114,352 acres




http://www.epa.gov/oppefed1/models/water/golf_course_adjustment_factors.htm

http://en.wikipedia.org/wiki/Arlington_National_Cemetery



There are more cemeteries than golf courses.

Cemeteries are gray crosses;
Golf courses are green dots.






A closer look: the case of Michigan
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* However, the spatial distribution of cemeteries is more widely scattered
than is the more clustered distribution of golf courses.

« Atempting thought is to consider these as two sets and attempt to
maximize their intersection in order to minimize impact on the land.
» Currently, these sets are disjoint (have empty intersection), both in terms of
* Actual use.
 Zoning.
*To create a nhon-empty intersection
» Change golf course zoning to cemetery zoning (the more restrictive zoning).
» Zone the entire golf course as “cemetery” use, but imagine the cemetery use
clustered away from the fairways and such—much as condo complexes might
cluster residential units in one area and parkland in another.
» Use existing golf courses for recreational use as well as for cemetery
use that offers constructive environmental input.
 Scattering of cremation ashes in selected, protected areas.
 Scattering of resomation (water extraction) waters in selected, protected areas.
» Natural whole-body burial (no dangerous embalming fluids, steel, or concrete) in
selected, protected areas.
At the outset, existing golf courses rezoned as “cemetery” might serve
the needs of some urban and resort populations. Future planning might
base locational decisions on some of the data shown in the maps above.






Mixed Use Visualization:
Cemetery use on Golf Course






Burial Alternatives:
Cemeteries and Golf Courses

Comments from William E. Arlinghaus, B. A.
General Manager, Chapel Hill Memorial Gardens, Grand Rapids
President, The Compass Group

Cremation
Resomation
Natural Burial
Legal, Perception, and Related Issues






Memorialization:
Cemeteries and Golf Courses

When remains are integrated into the environment, rather than

compactly stored in a vault or similar object, memorial needs may
change...no longer are there marble monuments clearly and
directly associated with individual remains.

The Internet offers direct, individual memorialization opportunity
that becomes permanent when website maintenance is trust-
funded as is traditional monument maintenance.






Pilot Project:
Chapel Hill Memorial Gardens
Grand Rapids, Michigan

A sample of the more than 300 online memorials appears in the
trust-funded Virtual Cemetery of Archived Memorials Online
(AMOQO). A small set of AMOs has been online since 2003 (and
trust-funded since 2002)

— The Pilot Project at Chapel Hill began January 1, 2009 as the first time
integration of AMOs with an actual cemetery occurred

— That project has generated hundreds of new Basic AMOs as part of the
standard burial package.
Cemetery maps and actual lot locations, along with trees and
3D objects and memorial text and images are located in Google
Earth.

http://www.ArchivedMemorialsOnline.com




http://www.archivedmemorialsonline.com/



Virtual Cemetery
Visualized Using Google Earth and Google
SketchUp

Associated cemetery maps are embedded on the Google globe
Balloons mark burial location

AMOs popup when clicked on within the Google Earth browser
Interface

Associated features add extra reality
Mausoleum buildings created in SketchUp
3D trees found online

Street views interior to the cemetery from field photographs—useful for site-
benchmarking, as well.

Special events visuals of various kinds
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Pilot Project:
Planning of Memorialization

 The materials already present in the Virtual Cemetery range in
complexity from “basic” to “simple.” As there is a wide-range In
traditional physical cemetery memorialization so too might there
be in virtual memorialization.

* Advance planning enables one to create an AMO while alive
(where in this case “AMQO”"="Active Memory Online”).

— Simpler forms of this file might involve links to existing persistent files
elsewhere on the internet.

— Other more complex forms might involve the creation (by the individual) of
a complete biography, in GEOMAT or other format, to be entered into the
Virtual Cemetery at the appropriate time.

« Sample ‘GEOMAT’ personal biography (in progress),

derivative of work over a period of a few years with Ann E. Larimore and Rob
Haug: http://www.MyLovedOne.com/GEOMAT/Sandy/




http://www.mylovedone.com/GEOMAT/Sandy/



 Beyond the Basic AMO

Custom AMOs with added visuals or videos—possible associated contacts:
PWilliams productions

« Facebook—Personal Memorialization Wall,
in association with Jen Osburn, CHMG

 Teaching of new staff and consumers
— Handbook in progress
— Online materials in progress






Extensions to other existing cemeteries might offer opportunities
to learn more about database management and related issues

Municipal extension might involve
— Matt Naud, City of Ann Arbor Environmental Coordinator

— Roger Rayle, CSF Research Associate and Chair of Scio Residents for Safe
Water

— Allen Creek Greenway or other citizen groups
Regional extension might involve various groups, such as golf

courses, in association with land acquisition and zoning issues.
The Memorial? Pebble Beach, Neptune Society, as well?

Contact with a variety of local and regional golf course and cemetery
experts.

Work with software companies to integrate TV walls in golf course
clubhouses to display internet archived memorials.

Land acquisition tied to locally unwanted land uses, such as water tower
sites.

Publication of results in online and conventional media.

International extension to developing nations and database
management issues will involve Devinfo and Kris Oswalt (CSF).






In cremation it is necessary (lest the crematorium explode), and
In green burial it is desirable, to remove pacemakers and other
metal from the body. We have necessary contacts, from funeral
homes, to handle such removals.

Kim Eagle, M.D. and Timir Baman M.D. (Cardiovascular Center,
University of Michigan) have a pacemaker recycling project in
progress in which pacemakers will be recycled in hospitals in

developing nations.

— When hospitals and online legal forms are ready from UM, we are prepared
to supply pacemakers.

— As both projects evolve, there may be further opportunity for synergistic
effort in the international arena.

Possible outside contact: Implant Recycling LLC in Detroit.
Possible discussions with others in the fields of golf course

management and architecture, natural burial, and mortuary
science—note audience members with such background.






Many thanks to:
The School of Natural Resources and Environment for room use;
Kris Oswalt of Community Systems Foundation (CSF) for software support;
Google Earth for a software donation to CSF.

CSF archive
http://www.csfnet.org

Information related to this topic

http://www.MyLovedOne.com
http://www.ArchivedMemorialsOnline.com
http://www.ChapelHillGrandRapids.com




http://www.csfnet.org/

http://www.mylovedone.com/

http://www.archivedmemorialsonline.com/

http://www.chapelhillgrandrapids.com/
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		 Individual Markers
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Marker is placed at last location known for the individual or at a location reflecting a workplace or other point of significance (as suggested by the family or AMO donor).
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<br>
Archived Memorials Online (AMO)--an "AMO" is memorialization in a  virtual cemetery that is backed by trust-funding and perpetual maintenance (as is a conventioinal cemetery).  The basic AMOs linked to each entry in Chapel Hills Memorial Garden, from January 2009 to the present, is part of a custom arrangement between Chapel Hills Memorial Gardens (Grand Rapids, MI) and Archived Memorials Online.
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<a href="http://www.mylovedone.com/AMOs/ChapelHill/JohnsonDorothy/index.html">AMO</a>
</body>
</html>
						 
							 -85.54500215446537
							 42.90649003305793
							 0
							 114.0989218465796
							 38.50796757429497
							 63.73565731615695
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank311
						 
							 1
							 relativeToGround
							 -85.5455828350015,42.90657769730274,10
						
					
					 
						 Kline, Raymond V.
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/KlineRaymond/index.html">AMO</a>
</body>
</html>
						 
							 -85.54537012519279
							 42.90632247546811
							 0
							 66.70719951125319
							 43.25234007186747
							 64.88035500942807
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank44
						 
							 1
							 relativeToGround
							 -85.54561017840008,42.90636705928364,10
						
					
					 
						 Lovejoy, Chun
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Lovejoy/index.html">AMO</a>
</body>
</html>
						 
							 -85.5458804396298
							 42.90658831020505
							 0
							 83.53226356855615
							 49.17450911288839
							 -0.0004762358268819264
							 relativeToGround
						
						 #msn_wht-blank621
						 
							 1
							 relativeToGround
							 -85.54603946786419,42.90642732195846,10
						
					
					 
						 Lovejoy, Willie
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/LovejoyWillie/index.html">AMO</a>
</body>
</html>
						 
							 -85.54567217716027
							 42.90638135363884
							 0
							 99.55996797686541
							 39.61864460411782
							 58.4821266677331
							 relativeToGround
						
						 #msn_wht-blank301
						 
							 1
							 relativeToGround
							 -85.54604465303213,42.90643947616973,10
						
					
					 
						 Lowe, Mary
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Lowe/index.html">AMO</a>
</body>
</html>
						 
							 -85.54505525866203
							 42.90614736918668
							 0
							 113.713302038786
							 25.3695050457107
							 75.29191331933482
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank25
						 
							 1
							 relativeToGround
							 -85.54529349598042,42.90622864833834,10
						
					
					 
						 Marcellino, Jessica
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Marcellino/index.html">AMO</a>
</body>
</html>
						 
							 -85.54539399508434
							 42.90648628815109
							 0
							 122.9010060960895
							 31.80334908553213
							 39.92204260082023
							 relativeToGround
						
						 #msn_wht-blank4801
						 
							 1
							 relativeToGround
							 -85.54561898222524,42.90647638985868,10
						
					
					 
						 Marsh, Charlotte
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Marsh/index.html">AMO</a>
</body>
</html>
						 
							 -85.54490986219869
							 42.90655628708055
							 0
							 102.5313705702871
							 37.94160743058109
							 56.73165569056935
							 relativeToGround
						
						 #msn_wht-blank545
						 
							 1
							 relativeToGround
							 -85.54518270928682,42.90651948180219,10
						
					
					 
						 Milton, Pearlene
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Milton/index.html">AMO</a>
</body>
</html>
						 
							 -85.54518091372667
							 42.9062103745618
							 0
							 85.3562161085143
							 45.83181203638316
							 1.268524477768206e-011
						
						 #msn_wht-blank5300
						 
							 1
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							 -85.54518091372667,42.9062103745618,10
						
					
					 
						 Mire, Donald
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Mire/index.html">AMO</a>
</body>
</html>
						 
							 -85.54541791168506
							 42.90624003110992
							 0
							 113.9064110714671
							 25.36950578965546
							 75.29166642489385
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank2130
						 
							 1
							 relativeToGround
							 -85.54584801544193,42.9062163394281,10
						
					
					 
						 Mitchell, Dominique
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Mitchell/index.html">AMO</a>
</body>
</html>
						 
							 -85.54500395929993
							 42.90619282167943
							 0
							 92.6708551708916
							 42.73293555889234
							 65.57448039904293
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank160
						 
							 1
							 relativeToGround
							 -85.54536625310961,42.90596703153051,10
						
					
					 
						 Pierre, Hilton
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Pierre/index.html">AMO</a>
</body>
</html>
						 
							 -85.54514682543145
							 42.90635051936224
							 0
							 95.05256619554321
							 12.77436285608362
							 68.28796258963037
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank52
						 
							 1
							 relativeToGround
							 -85.54548529247377,42.90660257749155,10
						
					
					 
						 Price, Ollie
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/PriceOllie/index.html">AMO</a>
</body>
</html>
						 
							 -85.54529438087316
							 42.90659307332276
							 0
							 102.6337624830042
							 37.94160799681967
							 56.73139390936314
							 relativeToGround
						
						 #msn_wht-blank499
						 
							 1
							 relativeToGround
							 -85.545757239186,42.90663199762963,10
						
					
					 
						 Rhodes, Jewell
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Rhodes/index.html">AMO</a>
</body>
</html>
						 
							 -85.54497853438519
							 42.90638039294827
							 0
							 94.8931870372667
							 12.77436253912183
							 68.2880771626364
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank35
						 
							 1
							 relativeToGround
							 -85.54526181768611,42.90629191671351,10
						
					
					 
						 Trojanowski, Richard
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Trojanowski/index.html">AMO</a>
</body>
</html>
						 
							 -85.54558459063517
							 42.90660309571338
							 0
							 84.29000737827828
							 49.14983773231773
							 -0.0002748232646349414
							 relativeToGround
						
						 #msn_wht-blank75410
						 
							 1
							 relativeToGround
							 -85.5456033529391,42.90640978297785,10
						
					
					 
						 Winfield, Juanita
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Winfield/index.html">AMO</a>
</body>
</html>
						 
							 -85.5450793994
							 42.90606037246422
							 0
							 92.6781505923972
							 43.313266100332
							 63.07200498961549
							 relativeToGround
						
						 #msn_wht-blank400
						 
							 1
							 relativeToGround
							 -85.54530351444549,42.90598684805453,10
						
					
				
				 
					 Map Current
					 Updated map August, 2009.
					 
						 http://www.cemeterygrandrapids.com/mapsCHMG/01FinalDocument/01DivinePromiseInside.jpg
						 0.75
					
					 
						 42.90681349890053
						 42.90558058970684
						 -85.54394032681621
						 -85.54642890971029
						 -62.71302794006205
					
				
				 
					 Map Old
					 0
					 Original map.
					 
						 http://www.mylovedone.com/AMOs/ChapelHill/Files/GardenOfDivinePromise.jpg
						 0.75
					
					 
						 42.90685465839593
						 42.90554426518678
						 -85.54385136098706
						 -85.54651046654475
						 -62.67113155969319
					
				
				 
					 Garden of Divine Promise
					 
						 -85.54720874619983
						 42.90928090223522
						 0
						 974.6981456096758
						 0
						 -8.755826663228373
						 relativeToGround
					
					 #msn_wht-blank031111100
					 
						 1
						 relativeToGround
						 -85.54532146422322,42.90635281754219,100
					
				
			
			 
				 Veterans' Garden
				 
					 Markers
					 0
					 
						 Alkire, Maurice
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Alkire/index.html">AMO</a>
</body>
</html>
						 
							 -85.54767823885251
							 42.90709924581008
							 0
							 106.3517158082977
							 42.95931834204144
							 -0.07184324304428096
							 relativeToGround
						
						 #msn_wht-blank920
						 
							 1
							 relativeToGround
							 -85.54746438881959,42.90673571488416,10
						
					
					 
						 Anderson, June
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Anderson/index.html">AMO</a>
</body>
</html>
						 
							 -85.54770545366952
							 42.90728595583877
							 0
							 133.4476599928206
							 0
							 79.35956696494411
							 relativeToGround
						
						 #msn_wht-blank5301
						 
							 1
							 relativeToGround
							 -85.54754117019725,42.90702949722364,10
						
					
					 
						 Nystrom-Baird, Mary Ann
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Baird/index.html">AMO</a>
</body>
</html>
						 
							 -85.5472129234176
							 42.90651549768848
							 57.9835944663952
							 -2.589735066986981
							 43.76174613137531
							 -0.5787926171215825
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank241
						 
							 1
							 relativeToGround
							 -85.54697082779042,42.90680002966429,10
						
					
					 
						 Barrett, Helen
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Barrett/index.html">AMO</a>
</body>
</html>
						 
							 -85.54765699011198
							 42.90705537507296
							 0
							 69.83326309624553
							 41.29033521634037
							 174.3960269627354
							 relativeToGround
						
						 #msn_wht-blank52020
						 
							 1
							 relativeToGround
							 -85.54747470200587,42.90724810095644,10
						
					
					 
						 Beekman, Alger
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Beekman/index.html">AMO</a>
</body>
</html>
						 
							 -85.54750481420771
							 42.90674155119132
							 0
							 81.38375409144425
							 4.391103127698885
							 7.354229524512916
							 relativeToGround
						
						 #msn_wht-blank572
						 
							 1
							 relativeToGround
							 -85.54723749180151,42.90653931616562,10
						
					
					 
						 Biggins, Martha
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Biggins/index.html">AMO</a>
</body>
</html>
						 
							 -85.54761396980882
							 42.90726238210137
							 0
							 68.18412920039766
							 26.69727185683978
							 -145.3385495205722
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank600
						 
							 1
							 relativeToGround
							 -85.54740749926219,42.90727944265193,10
						
					
					 
						 Bladey Sr., Richard
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Bladey/index.html">AMO</a>
</body>
</html>
						 
							 -85.54689014159951
							 42.90677459599323
							 0
							 98.48313874887919
							 12.63709628710295
							 -5.954342662920795
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank13200
						 
							 1
							 relativeToGround
							 -85.54675091780301,42.90667305471381,10
						
					
					 
						 Boone-Small, Nancy Anne
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Boone/index.html">AMO</a>
</body>
</html>
						 
							 -85.54739470493263
							 42.9068848744419
							 0
							 83.00181572500938
							 46.32934497592943
							 -175.7059165018406
							 relativeToGround
						
						 #msn_wht-blank642
						 
							 1
							 relativeToGround
							 -85.54712206070914,42.90710998355264,10
						
					
					 
						 Bronner, Betty
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/BronnerB/index.html">AMO</a>
</body>
</html>
						 
							 -85.54768205051103
							 42.90708436263129
							 0
							 102.100676208291
							 35.03101972739658
							 154.6968717470914
							 relativeToGround
						
						 #msn_wht-blank63140
						 
							 1
							 relativeToGround
							 -85.54737598159446,42.90719504133641,10
						
					
					 
						 Brown, Beth Ellen
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/BrownBeth/index.html">AMO</a>
</body>
</html>
						 
							 -85.54756659145325
							 42.90695200284703
							 0
							 79.65047884272298
							 40.82196907135134
							 -38.69840881360621
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank84
						 
							 1
							 relativeToGround
							 -85.54746879611045,42.90675773814802,10
						
					
					 
						 Butler, Michael
						 0
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<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Butler/index.html">AMO</a>
</body>
</html>
						 
							 -85.54770836615001
							 42.90692174234301
							 0
							 113.8680098875665
							 32.87338079965026
							 163.1935635092586
							 relativeToGround
						
						 #msn_wht-blank5722
						 
							 1
							 relativeToGround
							 -85.54801073677578,42.90702605007306,10
						
					
					 
						 Cole, Georgia
						 0
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<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Cole/index.html">AMO</a>
</body>
</html>
						 
							 -85.54727570797107
							 42.90723525232019
							 0
							 63.72945165968143
							 46.74295545633324
							 173.5168288080329
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank191
						 
							 1
							 relativeToGround
							 -85.54749295423454,42.90739694229728,10
						
					
					 
						 Jackson-Darden, Ludie
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Darden/index.html">AMO</a>
</body>
</html>
						 
							 -85.54751255961779
							 42.90741547240593
							 0
							 65.2509542931338
							 28.95898684676702
							 160.3900818243346
							 relativeToGround
						
						 #msn_wht-blank1270
						 
							 1
							 relativeToGround
							 -85.54744785309563,42.90750416545917,10
						
					
					 
						 DuShane, Clarence
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/DuShane/index.html">AMO</a>
</body>
</html>
						 
							 -85.54767735151262
							 42.90728351214954
							 0
							 143.6109820328011
							 21.23379372451689
							 80.7603607276002
							 relativeToGround
						
						 #msn_wht-blank79
						 
							 1
							 relativeToGround
							 -85.54756200449393,42.9068487270533,10
						
					
					 
						 Dykstra, Ruth
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Dykstra/index.html">AMO</a>
</body>
</html>
						 
							 -85.54781685537479
							 42.90726673444357
							 0
							 74.89836388649664
							 2.655903020064987
							 -177.2159699612168
							 relativeToGround
						
						 #msn_wht-blank8312211
						 
							 1
							 relativeToGround
							 -85.5481615850519,42.90719665515755,10
						
					
					 
						 Ensing, Kenneth
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Ensing/index.html">AMO</a>
</body>
</html>
						 
							 -85.54733165999008
							 42.90689953697119
							 0
							 65.92210307050183
							 32.51999908304396
							 177.8998528756747
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank01
						 
							 1
							 relativeToGround
							 -85.54716296093625,42.90702418888997,10
						
					
					 
						 Ernwall, Lester
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Ernwall/index.html">AMO</a>
</body>
</html>
						 
							 -85.54742751149493
							 42.90719656203729
							 0
							 67.66244043679349
							 36.36156454669489
							 168.4445345979088
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank340
						 
							 1
							 relativeToGround
							 -85.54733479458072,42.90742782850682,10
						
					
					 
						 Eubanks, Robert
						 0
						 <html>
<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Eubanks/index.html">AMO</a>
</body>
</html>
						 
							 -85.54749630273199
							 42.90688712288095
							 0
							 82.83703854388665
							 33.50659760805124
							 84.02563909051106
							 relativeToGround
						
						 #msn_wht-blank671
						 
							 1
							 relativeToGround
							 -85.5475589194981,42.90683375756674,10
						
					
					 
						 Fox, Lucretia
						 0
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<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Fox/index.html">AMO</a>
</body>
</html>
						 
							 -85.54771855274153
							 42.90727673785592
							 0
							 142.6781607901346
							 0
							 85.66290276650636
							 relativeToGround
						
						 #msn_wht-blank653
						 
							 1
							 relativeToGround
							 -85.54744484007568,42.9073022672198,10
						
					
					 
						 Gildner, Ruth
						 0
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<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Gildner/index.html">AMO</a>
</body>
</html>
						 
							 -85.54791602933194
							 42.90697676684416
							 0
							 74.1129604206407
							 0
							 160.0395438580983
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank60
						 
							 1
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							 -85.54820875216392,42.90719285057787,10
						
					
					 
						 Gingrich, Donna Lea
						 0
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<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Gingrich/index.html">AMO</a>
</body>
</html>
						 
							 -85.5476718648674
							 42.90728813522973
							 0
							 64.54377498615378
							 33.61985440937792
							 168.7937445157972
							 relativeToGround
						
						 #msn_wht-blank553
						 
							 1
							 relativeToGround
							 -85.54773531298848,42.90744777669651,10
						
					
					 
						 Grimm, Thomas
						 0
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<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Grimm/index.html">AMO</a>
</body>
</html>
						 
							 -85.5471150637016
							 42.90703013170902
							 0
							 73.78193669517313
							 57.64963435838335
							 27.31634779908083
							 relativeToGround
							 relativeToSeaFloor
						
						 #msn_wht-blank511
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							 -85.54737947218419,42.90683405292722,10
						
					
					 
						 Gruessing, Richard
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<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Gruessing/index.html">AMO</a>
</body>
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							 -85.5481518674173
							 42.907091651289
							 0
							 91.08398021339943
							 4.109289765836036
							 169.5360887012173
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						 Holloway, Armstrong
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<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Holloway/index.html">AMO</a>
</body>
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							 -85.54739711404045
							 42.90705503048182
							 0
							 113.2992284041278
							 33.35018574959805
							 1.399723104260414
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						 Hulst, Alfred
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<a href="http://www.mylovedone.com/AMOs/ChapelHill/Hulst/index.html">AMO</a>
</body>
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							 -85.5473804967517
							 42.90675252692041
							 0
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							 19.49363137228658
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						 Imperi, Carol
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<a href="http://www.mylovedone.com/AMOs/ChapelHill/Imperi/index.html">AMO</a>
</body>
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							 -85.54755260407646
							 42.9069788209766
							 0
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						 Katerberg, Jr., John
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<body bgcolor="#000000" text="yellow" link="cyan" vlink="orange">
<a href="http://www.mylovedone.com/AMOs/ChapelHill/Katerberg/index.html">AMO</a>
</body>
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							 -85.54779285132499
							 42.90694331305327
							 0
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							 32.36719532151283
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						 Keeney, Lloyd
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							 -85.54812129361216
							 42.90696596887228
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						 Rev. Walter Kilgo, Sr.
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Introduction

A set of cities may be rank-ordered according to population (or any number of other variables). When it is,
and the largest city is assigned the rank of 1, the next largest the rank of 2, and so forth, it follows that there
is an inverse relationship between rank and population size. Zipf characterized this relationship as the "rank-
size rule." The pattern inferred from plotting actual data corresponds to the equation xy=K which represents
an hyperbola in the plane. West, Brown, Enquist, and Savage characterize this rule as:

The empirically observed regularity is that settlements of rank r in the descending (size) array
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of settlements have a size equal to 1/r of the size of the largest settlement in the system. In
other words, when the population size of towns is plotted against their frequency on a
logarithmic scale, we see an approximately straight line with an exponent of -1. This
relationship is known as the 'rank-size rule'.

By using log paper, they (as do most others) convert hyperbolae to straight lines. A different, and more

direct,

approach involves viewing Zipf curves as hyperbolae and seeing them as part of a basic

coordinate system on an hyperboloid of two sheets (see Solstice (June 2006) Zipf's Hyperboloid).
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THE HYPERBOLOID OF TWO SHEETS

Part of the rationale for plotting on log paper and converting to straight lines is that lines are easier than curves to
handle. Such conversion, however, implies a functional relationship that may or may not be there. Why convert curves
as models, whose equations are known, to what they in fact are not? Log paper masks the true shape of the

curves. Instead, Arlinghaus wished to look for a surface from which to derive these curves, as a set, in order to
understand, rather than to mask, fundamental geometric structure.

The branches of the hyperbola in the 1st and 3rd quadrants may be rotated about the line y=x to generate a surface

of revolution composed of two dish or bowl-shaped objects facing outward from the origin; follow this link and scroll down
to find an image containing an hyperboloid of two sheets that the user can manipulate ("sheets" is the 3-

dimensional equivalent of the 2-dimensional "branches").

To ease visualization of the pattern of intersecting planes with the hyperboloid sheets, consider the shapes in an
upright position. In analogy with the sphere, one sees, looking at the animations in Figure 1, that the parallels are
circular sections sliced by the cutting plane in Figure 1a and that the meridians are hyperbola of varying curvature
(Figure 1b) reminiscent of the pattern in the Zipf plot in its hyperbolic representation.

Figure la. Reproduced with permission of Putz, John F. Figure 1b. Reproduced with permission of Putz, John F.

Animated Demonstrations for Multivariable Calculus. Found at; Animated Demonstrations for Multivariable Calculus. Found at:
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The center of the solid, in each case, is the origin of the three dimensional coordinate system. Each solid has two poles:
on the sphere, these are opposite ends of a diameter of the surface. On the hyperboloid, these are opposite ends of
the axis of bilateral symmetry of the surface, piercing each bowl at its base. The "great hyperbolae" on the hyperboloid
pass through a pole; they serve as geodesics on the surface. The "small hyperbolae" do not pass through a pole.

In terms of Zipf plots, the farther a small hyperbola is from a great hyperbola, as suggested in the animation in Figure 1b,
the larger is the biggest city and all subsequent cities by rank in the smaller hyperbola. When the planes are

parallel, visualization is easy in either two or three dimensions. When they are not, and curves cross each other in

the plane, visualization on the three dimensional surface permits visual disentanglement of form.

MAPPING THE HYPERBOLOID OF TWO SHEETS

When the hyperboloid of two sheets is orthographically mapped to the plane (through the origin) the visualization is
as follows. First, imagine that the plane is extended to include points at infinity so that the concept of parallel lines

is removed. The Euclidean space is converted to a non-Euclidean one. Now, orthographic projection from the origin
sends the upper sheet to the interior of a disk whose boundary is composed of the points at infinity: what had

been unbounded become compressed inside a single disk. Points on the boundary of the disk are places where

the hyperbolae touch the asymptotes (at infinity). In this model, a great hyperbola, a geodesic passing through a
pole (bottom of the bowl), maps to a diameter of the disk; small hyperbolae map to circular arcs with arc endpoints on
the disk boundary (images in this link suggest how some of these mappings occur). This systematic mapping of

the hyperboloid of two sheets carries the viewer into the non-Euclidean world of hyperbolic geometry. The disk is

the "Poincaré" disk. This hyperbolic geometry model served as the base for Lobachevsky's geometry which has often
been realized in relation to space-time problems in a variety of disciplines.

ZIPF'S HYPERBOLOID?

If Lobachevsky's hyperboloidal geometry is a natural base from which to drop Zipf curves, as Zipf's Hyperboloid, then
how might that geometry be useful in understanding the emergence, timing, and decay of these systems? Figure 2
shows mappings of Zipf curves in a compact form in the Poincaré disk. Because the hyperbolae that pass a pole on
the hyperboloid of revolution of two sheets map to diameters of the Poincaré Disk model of the hyperbolic plane, one has
the freedom in the Zipf model to choose any Zipf hyperbola as the one about which to perform the revolution. Thus,
one might tie such choice to cultural or other considerations. Suppose one wished, for example, to consider pre- and
post-World War Il patterns. Then, 1950 might be selected as a date about which to create the surface of revolution.
Thus, in Figure 2a, imagine that the red diameter represents a U.S.A. rank-size database from 1950, extrapolated
according to some procedure to infinity in either direction. Then, the red circles, each with 10 percent fill, on either

side, represent the corresponding extrapolated U.S.A. rank-size curves on either side of 1950; those farther from

the diameter are farther from 1950. Further, in Figure 2b, imagine that the green diameter represents a European rank-
size (extrapolated) database from 1950. The green circles on either side of the diameter, each with 10 percent fill,
represent the corresponding European rank-size (extrapolated) databases on either side of 1950. These figures have
both been drawn with no crossings of rank-size curves. Were there crossings, the corresponding circles would

have perimeters that intersect, affecting fill concentration (which might be used to suggest urban or other
concentration). They have also been drawn assuming data on both sides of the date selected for revolution; naturally, if
no data were available on one side, then no fill would appear on that side.
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Figure 2b. Poincaré Disk with another set of rank-size
curves.

Figure 2a. Poincaré Disk with one set of rank-size curves.

When the two Disk layers are superimposed, as in Figure 3, one advantage to the compact Poincaré Disk model
becomes clear: Sets of rank-size curves from different parts of the world can be clearly visualized, simultaneously. It
is perhaps an interesting question to consider what overlapping regions might represent: perhaps an opportunity for
a Thiessen-style of transformation leading to rank-size art? Indeed, the simple pattern in Figure 3 suggests the style
of deeper pattern that can arise in association with complex issues: it is the method of pattern creation so

beautifully depicted in the art of Escher's Circle Limit series (inside Poincaré Disks).

Naturally, extrapolated rank-size curves need not be used; if instead, actual data only is used, the circles do not extend
to the edge of the limit circle (points at infinity) of the Poincaré Disk. We show the extrapolated curves here to indicate
the power of the method. Not only may it be used for the simultaneous display of complex datasets from disparate
locations but also it handles finite as well as infinite processes.
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Figure 3. Poincaré Disk model of the hyperbolic plane with two sets of rank-size curves, from
disparate locations, embedded.
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Compression and Navigation: the Appolonian Gasket and Fractal as
Canonical Form in the Hyperbolic Plane

The layered image in Figure 3 is formed very simply from only a few Zipf-like curves. While it is true that
all Zipf curves might be represented in the hyperbolic plane wholly contained within the bounded,
compact Poincaré disk, the pattern might become obscured by the complexity of introducing large sets
of these curves. If, however, one thinks of the sets of curves in Figure 4 as iterative pattern filling, or
not filling, space, then it becomes possible to navigate the compressed forms.

Figure 4 shows a screen capture of a final frame in a movie (created by David Wright, see Indra's
Pearls reference below). Play the movie to see how sets of nested circles generate a fractal, called
the Appolonian Gasket, shown as a yellow line in the movie. One might suppose that different
sequences of nested pattern (thought of as different rank-size curves in the hyperbolic plane, Poincaré
disk model) would give rise to different Gaskets. Indeed, from a Euclidean viewpoint, that is the case.
Here the advantage of using non-Euclidean geometry is of vital importance. In the hyperbolic plane,
all Appolonian Gaskets are in some sense "equivalent" (Wikipedia. Appolonian Gasket. http://en.
wikipedia.org/wiki/Apollonian_gasket). Hence, the Appolonian Gasket is a canonical form for

limiting position of sequences of Zipf curves in the hyperbolic plane (Poincaré Disk model)!
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Figure 4. Screen capture from an image created by David Wright (see Indra's Pearls reference below).

What remains is to develop a systematic procedure for converting large data sets into sets of nested
curves in the hyperbolic plane and then characterizing them as a Gasket. Both of those processes
are substantial endeavors. However, the reason for using the hyperbolic plane is clear and the
broad picture is set; what remains is to fill in systematic process.
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Related Materials
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Solstice was a Pirelli INTERNETional Award Semi-Finalist, 2001 (top 80 out of over
1000 entries worldwide)

One article in Solstice was a Pirelli INTERNETional Award Semi-Finalist, 2003 (Spatial
Synthesis Sampler).

Solstice is listed in the Directory of Open Access Journals maintained by the
University of Lund where it is maintained as a "searchable" journal.

Solstice is listed on the journals section of the website of the American Mathematical
Society, http://www.ams.org/

Solstice is listed in Geoscience e-Journals

IMaGe is listed on the website of the Numerical Cartography Lab of The Ohio State
University: http://ncl.sbs.ohio-state.edu/4_homes.html

Congratulations to all Solstice contributors.

Remembering those who are gone now but who contributed in various ways to
Solstice or to IMaGe projects, directly or indirectly, during the first 25 years of
IMaGe:

Allen K. Philbrick | Donald F. Lach | Frank Harary | H. S. M. Coxeter | Saunders
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Fractals Take A Non-Euclidean
Central Place

Sandra L. Arlinghaus, Ph.D., The University of Michigan

Introduction

Central place geometry looks at groupings of hexagons as they tile the Euclidean plane. Pattern
within these groupings may be interpreted as representing various elements of how cities share space.
The geometry plays out over the unbounded surface of the Euclidean plane; the interpretation
surface, however, involves the bounded surface of the Earth (roughly a sphere). One might ask if tilings
of regular polygons could suggest other surfaces as a basis for similar interpretation.

Euclid's Fifth ("Parallel") Postulate states that given a line, and a point not on that line, there is
exactly one line through that point that does not intersect the given line. That is, the newly drawn line
is "parallel” to the given line.

In "Non-Euclidean" geometries the Parallel postulate does not hold (Coxeter, 1961, 1965). One of
these non-Euclidean geometries, that admits multiple rather than unique parallels, is called
"hyperbolic" geometry. For inspiration for that name, consider the hyperbola: multiple branches through
a single point not on a given line might all be asymptotic to the given line--they do not intersect it.
Of course, as the process becomes infinite, one might imagine the asymptote getting to the line--of
the "parallels" meeting at a point at infinity.

Most of us live in an Euclidean universe. We may function in other ways, but when we attempt
to capture the geometry of our lives we do so, for the most part, in the Euclidean plane. To do otherwise,
is jarring to most.
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Conventional Central Place Geometry: Fractal Characterization

The patterns that emerge from grouping sets of hexagons according to K=3, K=4, and K=7
principles are familiar to even beginning geography students. What is perhaps not as familiar is the use
of fractal geometry to produce these patterns from number theoretic properties (Arlinghaus,

1985; Arlinghaus and Arlinghaus, 1989). See the linked materials for a full explanation; Figures 1.a, 1.
b, and 1.c show (respectively) how to create a generator to form appropriate pattern for the K=7, K=4,
and K=3 hierarchies. lIteration of the generator at different geographic scales produces the entire
landscape as suggested in Figure 1.d which shows the next level of generator scaling and

iteration (Arlinghaus and Arlinghaus, 2005).

Figure 1.a. K=7 central place hierarchy: fractal Figure 1.b. K=4 central place hierarchy: fractal Figure 1.c. K=3 central place hierarchy: fractal
creation crestion creation

Figure 1.d.
Demonstration of
iteration of fractal
generator for K=4
hierarchy.
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An advantage to the fractal approach is that it permits complete systematic extension of process
to higher K-values and, at the same time, allows complete solution to existing open questions.
One broad concern, however, that is not addressed in this approach or in any other within

the Euclidean plane is the issue of bounding the process (rather than allowing it to continue

to indefinite extent). In the world of fine art, Maurits Escher addressed this issue elegantly with
his Circle Limit Series in which pattern that replicates indefinitely is confined within the boundary
of a "limiting" circle.

The Hyperbolic Plane: Poincaré Disk Model

In fact, what Escher did was to embed his interesting carved polygons in the Poincaré Disk model
of the non-Euclidean geometry called hyperbolic geometry. The disk contains the entire
hyperbolic plane--the tiles appear, from our Euclidean vantage point in the plane of the paper,

to disappear as one moves farther toward the limit of the circle edge. Sides of the tiles

appear curved, again from our Euclidean standpoint. It is easy to understand this idea (on

the sphere) simply by placing a polygon on the Google Earth globe and sliding it around---

the animation in Figure 2 illustrates this idea. The reader may download the associated .kmz

file here to try it for himself.
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Data S10, NOAA, U.S. Navy, NGA, GEECO
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Figure 2.

The difference between the polygon on the sphere and a polygon in the hyperbolic plane is that the
sphere has constant positive curvature whereas the hyperbolic plane has constant negative curvature,
so one must imagine sides that are convex (bulge out) on the sphere would be sides that are concave
(sink inward) in the hyperbolic plane (and vice-versa). With the curvature issue, and the shrinking

of polygons with distance from the center, in mind, a natural question is to ask about the nature of tilings
of this new space.

The Hyperbolic Plane: Tilings

Data compression and the Fibonacci sequence

The Fibonacci sequence is a number pattern that has seen, and continues to see, application in
a number of different arenas. The sequence itself is generated as follows:

Start with 1; add the preceding number to it (there is none) generating the next term which is
also 1. Then add this new 1 to the previous term generating 2; then add 2 and 1, and so forth,
to create the following number pattern:

1,1,2, 3,5,8, 13, 21, 34, 55, 89, 144,...
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Some characterizations of this sequence simply have it begin as 1, 2, 3, 5, 8, 13, 21, 34, 55, 89,

144,... Whichever is used, its applications are deep and well known. Indeed, an entire journal,

The Fibonacci Quarterly, is devoted to its theory and applications. Using it to represent phyllotaxis and
the arrangement of spiral leaf patterns on branches or the spiral arrangement of cells on the skin of

a pineapple have been with us for a long time. So too has an interpretation of the sequence in terms of
the way that rabbits reproduce.

More recent applications employ the sequence in creating a universal computer code that will stem
error propogation in computing systems. This property, and others, classify Fibonacci coding as
a "Lossless" Entropy Encoding Data Compression Method.

Pattern compression in the hyperbolic plane and the Fibonacci sequence

Series and Wright note that tilings, as well, can create interesting methods of data
compression through pattern compression. They note the following example involving similar
tilings of both the Euclidean plane, Figure 3.a, and the Hyperbolic plane (realized in the
Poincaré Disk Model), Figure 3.b.

Simple enumeration of bands of polygons surrounding a chosen central polygon reveals a

numerical compression of pattern. Of particular interest, note that once again the Fibonacci sequence
gives a systematic basis for the greater numerical compression available in the hyperbolic plane
(Series and Wright). Figure 4.a shows the simple linear number pattern that emerges from the
hexagonal tiling of the Euclidean plane while Figure 4.b captures systematically the pattern in the
hyperbolic plane.
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Pattern compression in the hyperbolic plane is more than 4500 fold greater than in the Euclidean plane
at the level of n=12 and this compression rate appears to increase as n increases (Figure 5).
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It remains to offer formal proof of this observation; however, it seems clear that the observation is true
since the Fibonacci sequence itself, let alone the 2nth Fibonacci sequence, becomes large faster than
does the sequence of natural numbers.

Central Place Hierarchies in the Hyperbolic Plane

Possible tilings
While the observation by Series and Wright concerning the Fibonacci sequence in association with
an heptagonal tiling of the hyperbolic plane appears both interesting and important, one might ask
about other tilings of the plane and such association with the Fibonacci sequence, or other ideas, as
a compression tool. An article in Wikipedia is useful in classifying possible tilings of the hyperbolic plane
as realized in the Poincaré Disk Model. The reader is encourage to take a look at the link above and
study the beautiful and highly symmetric patterns that emerge.

Central Place Theory
One of the "other ideas" that seems natural to consider as a compression tool is that of the
fractal. Thus, a logical next step might be to try to merge the fractal compression from central
place theory (and hexagonal tilings of the Euclidean plane) with a corresponding construction in
the hyperbolic plane (Poincaré Disk Model) in order to assign fractal dimension to these patterns
as ways to analyze the extent to which space is "filled" by them in the limiting process.

Tiling by heptagons
In the spirit of the example from Series and Wright, begin by considering the heptagonal tiling of
the hyperbolic plane. Figure 6.a shows selection of a generator, similar to the generator for K=7
in the Euclidean case above (Figure 1.a) that will generate, when scaled appropriately and
applied throughout the Disk, the entire network mesh. Here, the generator has four sides; in
the corresponding Euclidean case the generator had 3 sides.
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Figure 6.b. Figure 3.b isrepeated here for ease
Figure 6.2 Fractal generation of pattern shown invisual reference with Figure 6.a
in Figure 6.b. The generator has four sides.

The simplest hierarchy to consider is the one in which the natural ring of surrounding

polygons needs to be produced: in the Euclidean case with hexagonal tiling of the plane, that
is K=7 in which a central hexagon is surrounded by 6 others (for 7=6+1). In the hyperbolic
case with heptagonal tiling of the plane, a natural extension is to refer to the pattern as K=8 (for
8=7+1). One of the reasons to capture central place pattern as a fractal involved a desire to be
able to assign a single number, a fractal (Hausdorff-Besicovitch) dimension D, to characterize
the entire hierarchy. For the Euclidean case, the formula based on work of Mandelbrot, used
log(number of generator sides) / log (square root of K). Thus, when K=7 in the Euclidean case,
the generator with 3 sides yielded a value for D of 1.1291501... For the generator of 4 sides
(Figure 6.a) in the K=8 hierarchy, the value of D = LOG10(4)/LOG10(SQRT(8)) = 1.333333..., if
one extends this formula to the hyperbolic plane. Under this latter assumption, clearly more
space is filled in the hyperbolic case than it is in the associated Euclidean space:

again, compression is greater in the hyperbolic than in the Euclidean world.

To continue the central place theory extension, one might ask about the cases for K=4 and K=3.
A natural appoach, for K=4 for example, is to consider using as a generator one that surrounds
half the area of a heptagon in the hyperbolic plane. Then, apply this generator in an "in and
out" fashion to eventually generate a set of polygons that will cover 7*0.5 + 1 amount of
heptagonal cells. The problem with this approach is that the "in and out" approach requires an
even number of sides in the basic cell; otherwise, two "outs" are adjacent and the inner central
cell becomes the wrong shape. Thus, the hierarchy cannot be produced. Figure 7 shows

the beginning of this application of a natural generator, with reference to the underlying base so
that the difficulty with iteration is clearer.
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Figure7. Lack of iterative capability of naturally selected
fractal generator.

Prime numbers and polygon shape
Clearly one cannot examine each individual case, as with Figures 6 and 7, to determine when
a particular tiling might or might not be generated through fractal generation. One easy approach
to this problem is to look at the number-theoretic properties of the base cell of the tiling. In the
case of hexagons, the unique factorization of 6 is 3*2. Thus, one can look to generating 1/3
(K=3) and 1/2 (K=4) polygonal pieces in association with fractal iteration. In the case of a
prime number, such as 7, one can find only the natural surrounding pattern of full tiles--no
fractional tiles.

With this idea in mind, move now to considering other tilings of the hyperbolic plane as
candidates for calculation of fractal dimension. A natural place to begin is with tiling by hexagons.

Tiling by hexagons
One of the characteristics that a central place style of tiling has is that cells on each side of a
central cell touch other cells with a side in common with that central cell. Thus, the tiling
by hexagons shown in Figure 8 is not this sort of tiling: tiles 1 and 2 are in correct position
in relation to the central cell and to each other. So also are the polygon pairs 3 and 4, as well as
5 and 6. However 2 and 3 are separated by an x cell, as are 4 and 5, as well as 6 and 1.
The required adjacency pattern is only partially present and so this case is discarded (for now)
as not a true related central place case. Thus, one sees why Series and Wright chose
the heptagonal tiling, rather than an hexagonal tiling, of the hyperbolic plane as the one
naturally associated with the hexagonal tiling of the Euclidean plane. One could, of course,
choose other tilings (Woldenberg, 1968). The point here is to indicate what tiling of the
hyperbolic plane is, or is not, similar to a tiling of the Euclidean plane by hexagons.
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Figure 8. Hexagona tiling not of central place
net type. http://en.wikipedia.org/wiki/
Uniform_tilings_in_hyperbolic_plane
http://creativecommons.org/licenses/by-sa/3.0/

Tiling by pentagons
As in the case above, there are gaps separating tiles. This time, not in pairs but between every
tile surrounding the central tile. Figure 9 illustrates this difficulty (which is more extreme than
in Figure 8) using notation parallel to that employed in Figure 8. Again, as with the hexagonal
tiling, this case which might have appeared attractive at the outset, is discarded as well: its level
of violation of a basic premise is even more extreme than is the case with the hexagonal tiling.
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Figure 9. Pentagonal tiling not of central place
net type. http://en.wikipedia.org/wiki/
Uniform_tilings_in_hyperbolic_plane http://
creativecommons.org/licenses/by-sa/3.0/

Tiling by octagons
The tiling of the hyperbolic plane shown in Figure 10 is not even as close to a central place

net as those in either Figure 8 or Figure 9. Here, the central octagonal cell is surrounding by 8
cells with correct adjacency but they are hexagonal rather than octagonal cells. The next layer
out has octagonal cells with no adjacency--each pair of octagonal cells is separated by

an hexagonal cell.

Figure 10. Octagonal tiling not of central place
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net type. http://en.wikipedia.org/wiki/
Uniform_tilings_in_hyperbolic_plane http://
creativecommons.org/licenses/by-sa/3.0/

It remains an open question to determine if there are any other true central place net styles of tiling of
the hyperbolic plane (there were with the Euclidean plane however there only the case of square

tiles (Arlinghaus, 1992) is of interest since a hexagon may be decomposed into triangles). Examination
of cases did suffice in the Euclidean case and it may well be sufficient in the hyperbolic case, as well--
a quick examination of the visual pattern displayed in the Wikipedia article suggests no others; however,
a more systematic search, based on careful notational analysis rather than solely on visual pattern,

is necessary to prove there are no others. Indeed, that is one direction for the future--to prove
uniqueness of a single central place net for hyperbolic space.

For the Future...

Uniqueness paves the way for canonical form

Generating function

Extensions to different mixed and other tilings (as, conceptually, in earlier work of Woldenberg,
1968; Arlinghaus, 1991)

Extensions to higher order places

Graph theory and duality

Interpretations, focusing perhaps on pattern compression for urban areas, networks, and elsewhere.
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Spatial Synthesis Sampler.

Geometric Visualization of Hexagonal Hier archies: Animation and Virtual
Reality

Klaus-Peter Beler
One Optimization of an Earlier Model of Virtual Downtown Ann Arbor
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Surajit Chattopadhyay

. Dependence of Production of Paddy on the
Total Annual Rainfall: A Different Approach

. Combating the complexity in spatial data: A
neur onal approach

Sandra L ach Arlinghaus
Ann Arbor, Michigan: Virtual Downtown Experiments, Part |1

Tagjung Kwon, Adrien A. Lazzaro, Paul J. Oppenheim, Aaron Rosenblum
Ann Arbor, Michigan: Virtual Downtown Experiments, Part |11

Mail
About;: Tornado Siren Location: Ann Arbor, Michigan

. Letter from United States Member of Congr ess, John Dingell

. Quotationsfrom articlesfrom The Ann Arbor News.
. Address Change from Diana Sammatar o
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Special section, I, on Ann Arbor, Michigan.

In commemoration of years of town/gown cooperation, associated with studentsin
courses taught by S. Arlinghaus, 1992-present at The University of Michigan. Thanks
to the following individuals in the City of Ann Arbor who made these projects
possible. They have graciously supplied maps, aerials, and wise counsel on aregular
basis:

. MerleJohnson, GIS Expert, Information Technology Services, City of Ann
Arbor

. Karen Hart, Planning Director, Planning Department, City of Ann Arbor

. Wendy L. Rampson, City Planner I11, Planning Department, City of Ann
Arbor

. Coy Vaughn, City Planner 111, Planning Department, City of Ann Arbor

. Jeff Kahan, City Planner 11, Planning Department, City of Ann Arbor

. ChandraHurd, City Planner 11, Planning Department, City of Ann Arbor

. Matthew Kowalski, Assistant Planner, Planning Department, City of Ann
Arbor

. Heather R. Edwards, Historic Preservation Coordinator, City of Ann
Arbor

. Matthew Naud, Environmental Coordinator, City of Ann Arbor

. Ethd Potts, Zoning Board of Appeals

. Jean Carlberg, City Council

Please e-mail if interested in files that are no longer posted; they may be available.

Linksto existing projects |Links (and citations) to

New Projectsin Solstice, already published in older projects, not in
reflecting interaction between |Solstice. Solstice, reflecting
University of Michigan interaction between
students (or others) and University of Michigan
municipal authorities. students and municipal
authorities
. Parksand Schools . TheRelationship . Field Test Site:
Directory: Ann between Bicycle Pall Gelman
Arbor /Pittsfield, Accidentsand Sciences
Lanesof Travel
. Matthew
;(e)gesr Z. Acuff, Winter at Downtown Gamache, 2002.
el M .+ Parking counts for
e gy i I nter sections, Planning
Arbor, Hyeyun Lee Department by
. Mapsand David Brandt and
Simon Decisions: Jacob Frysinger.
VanL eeuwen, Winter Allen's Creek - Ann Arbor.
2003 Floodplain, Creeksheds:
(use Internet Explorer). Oppor tunity or Resour ce
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2003.
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Keolian, Rachel
Hornstein, and
Vanessa Reisin, Fall
2002

Clean Watersand

Green Lawns, Ann
Arbor Michigan,

Adam Pettinger, Alan
Striegle, Brad Fuzak,
and Kathryn King, Fall
2002,

Disaster ?

SandraLach
Arlinghaus
A Neighbor hood

Information
System within
Ann Arbor
Michigan.

SandralL.
Arlinghaus and
Lloyd R. Phillips.
Elements of

Spatial Planning:

Theory. Part |,
Part 1.
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Ann Arbor,

Katya
Podsiadlo, Fall
1998.

. Amie Ottinger,
Fall 1997. Base
for a Parks website
dealing with
prescribed burns.
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Spatial Synthesis. A Research Program

© 2002

Solstice Archive

Volume X111, Number 1, 2002

http://www.mylovedone.com/image/sol stice/sum10/sol sticearchive.html (26 of 33) [6/17/2010 10:30:05 PM]




http://www-personal.umich.edu/%7Ecopyrght/image/solstice/win02/

http://www-personal.umich.edu/%7Ecopyrght/image/solstice/win02/cover0202.html

http://www-personal.umich.edu/%7Ecopyrght/image/solstice/win02/sols0202.html

http://www-personal.umich.edu/%7Ecopyrght/image/solstice/win02/schlossb/visualaccess.htm

http://www-personal.umich.edu/%7Ecopyrght/image/solstice/win02/Austin.PDF

http://www-personal.umich.edu/%7Ecopyrght/image/solstice/win02/monsoon.pdf

http://www-personal.umich.edu/%7Ecopyrght/image/solstice/win02/monsoon.pdf

http://www-personal.umich.edu/%7Ecopyrght/image/solstice/win02/austin2/austin2.htm

http://www-personal.umich.edu/%7Ecopyrght/image/solstice/win02/HYPER-CONVEXnewest.tex

http://www-personal.umich.edu/%7Ecopyrght/image/solstice/win02/Kaur.pdf

http://www-personal.umich.edu/%7Ecopyrght/image/solstice/win02/spatsyn.html

http://www-personal.umich.edu/%7Ecopyrght/image/solstice/win02/solsticearchive.html

http://www-personal.umich.edu/%7Ecopyrght/image/solstice/sum02/



Institute of Mathematical Geography

CURRENT ISSUE
SOLSTICE, VOLUME XIIl, NUMBER 1;
SUMMER, 2002.

Cover

Front matter: Summer, 2002.
Editorial Board, Adviceto Authors, Mission Statement.

Research Note:

Sandra Arlinghaus, Salma Haidar, and Mark Wilson
Animated Map Timeline, Syria

Articles (reviewed):

B. Derudder and F. Witlox
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Mapping Projects, Urban Planning 507, 2002
The University of Michigan
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. Eun-Young Kim:
Bus Stops and Bus Usersin the City of Detroit
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© 2001
Volume XI1, Number 1

. Cover
. Front matter: Summer, 2001
o Editorial Board, Adviceto Authors, Mission Statement.
o Update from Diana Sammataro: Varroa Mite Animated Map
. Articles:
o John D. Nystuen, Photo Essay. Water Rustlers? (High-speed connection recommended.)
o SandralL. Arlinghausand William C. Arlinghaus The Neglected Relation
o Sandra Lach Arlinghaus Maps and Decisions: Allen's Creek Floodplain, Opportunity
or Disaster?
. Book Reviews:
o Kameshwari Pothukuchi reviewer of: Fast Food Nation: The Dark Side of the All-
American Meal by Eric Schlosser, New York: Houghton Mifflin, 2001.
o Richard R. Wallace reviewer of: High Technology and L ow-Income Communities.
Prospectsfor the Positive Use of Advanced | nformation Technology edited by Donald A.
SchA fA’A,Afn, Bish Sanyal, and William J. Mitchell, MI T Press, 1999.

© 2001
Volume XI1, Number 2

. Cove
. Front matter: Winter, 2001--Editorial Board, Adviceto Authors, Mission Statement.
. Articles:
o Waldo Tobler, Spherical M easureswithout Spherical Trigonometry
o John D. Nystuen, What's At Home? Shelter for the Poor in L ow Income Cities
o SandraLach Arlinghaus, Base Maps, Buffers, and Bisectors
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© 2000
Volume X1, Number 1

Cover
Front matter: Summer, 2000

Editorial Board, Adviceto Authors, Mission Statement.
John D. Nystuen

Set in Stone:. An Analemmain Northern ltaly
Richard Wallace

Per sonal Reflections on Solar Power
Sandra L ach Arlinghaus

Animaps, |V: Of Time and Place

On a slow modem this article will take along time to load.
Book Review.

Review of: Arundhati Roy, The Cost of Living, Modern Library, 1999, 126 pp., $11.95 (pap.).
Reviewer: Richard Wallace.

© 2000
Volume X1, Number 2
Cove
Front matter: Winter, 2000
Editorial Board, Adviceto Authors, Mission Statement.
TotheMemory of Donald Frederick Lach, 1917-2000
Dedication
John D. Nystuen, Photo Essay
Fifty Yearsof Spatial Analysis. A Symposium in Honor of William L. Garrison 1950-2000
(High-speed connection recommended.)
SandralL. Arlinghausand Lloyd R. Phillips
A Neighborhood | nformation System within Ann Arbor, Michigan
Courtney Gober
Animaps, Again
Nakia D. Baird
Animap Sequences
(High-speed connection recommended)

© 1999
Volume X, Number 1
Cove

Front matter: Summer, 1999. Editorial Board, Adviceto Authors, Mission Statement.

Dedication To John D. Nystuen, on the occasion of hisretirement from The University of Michigan
John D. Nystuen, M etropolitan Mining: I nstitutional and Scale Effects on the Salt Mines of Detr oit
Sandra L. Arlinghaus and William C. Arlinghaus. Animaps|11: Color Straws, Color Voxels, and
Color Ramps.

Richard Wallace. Book Review: AndrAfA&’A,A© |. Khuri, Thomas Mathew, and Bimal K. Sinha,
Statistical Testsfor Mixed Linear Models, John Wiley & Sons, 1998, 352 pp., $69.95 (cloth).
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Seema Desai |yer. Book Review: Castells, Manuel (1996). The Rise of the Network Society (The
Information Age: Economy, Society and Culture, Volume 1). Malden, MA: Blackwell Publishers, Inc.
(556 pages, bibliography 51 pages, index 23 pages).

© 1999
Volume X, Number 2
Cover
Front matter: Winter, 1999
Editorial Board, Adviceto Authors, Mission Statement.
E-mail from readers
Festschrift: Nystuen CD
Jeffrey A. Nystuen
Listening to Raindrops
Sandra L. Arlinghaus
A Map of Jackson, Mississippi
Books Received; Brief Summaries:
Julius S. Bendat, Nonlinear Systems Technigues and Applications
Paul M. DeRusso, Rob J. Roy, Charles M. Close, Alan A. Desrochers, State Variables for Engineers

© 1998
Volumel X, Number 1,
Cover and table of content

Front matter: Summer, 1998. Editorial Board, Advice to Authors, Mission Statement.

Sandra L. Arlinghaus, William D. Drake, and John D. Nystuen with data and other input from: Audra
Laug, KrisS. Oswalt, and Diana Sammataro. Animaps.

Frank E. Barmore (reprinted, in part, from The Wisconsin Geographer (with permission)).
Spatial Analysis, the Wisconsin Idea and the UW-System. The Use and Abuse of Dispersion Statistics

Sandral. Arlinghaus, Ruben Dela Sierra. Revitalizing M aps or | mages?
John D. Nystuen. Book Review: The Universe Below by William J. Broad (New York: Simon and
Schuster, 1997, 432 pages)

© 1998

Volume | X, Number 2

Cover

Front matter: Winter, 1998. Editorial Board, Adviceto Authors, Mission Statement.

Sandra Lach Arlinghaus. Animated Four Color Theorem: Sample Map.

Sandra Lach Arlinghaus. Animaps, |1.

Danid Albert. Book Review: Rising Tide: The Great Mississippi Flood of 1927 and How it Changed
America, by John M. Barry
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© 1997

VolumeVIIIl, Number 1

Front matter: Summer, 1997 Editorial Board, Adviceto Authors, Mission Statement.

Author: John D. Nystuen. Why Whales Don't Freeze or Kidney-Shaped Airports. Spatial Analysis
and Spatial Design.

Author: Frank Harary. To the Memory of Clyde Tombaugh, 1906-1997.

© 1997
Volume VIIIl, Number 2
Front matter: Winter, 1997. Editorial Board, Adviceto Authors, Mission Statement.

John D. Nystuen. The Photographic Record. SunSweep: A Visit on the Summer Solstice.
Sandral. Arlinghaus, Frederick L. Goodman, Daniel A. Jacobs. Buffers and Duality.

SandralL. Arlinghaus, William C. Arlinghaus. A Graph Theoretic View of the Join-Count Statistic.
John D. Nystuen; Andrea l. Frank. Differencesin Feature Representation in Digital Map Bases.

© 1996

Volume VII, Number 1

John D. Nystuen, Rhonda Ryznar, Thomas Wagner. " The Greening of Detroit, 1975-1992: Physical
Effects of Decline."

Sandra Lach Arlinghaus. " Algebraic Aspects of Ratios."

Daniel Jacobs. " U.S. Route 12 Buffer."

© 1996

Volume VII, Number 2

Sandra Lach Arlinghaus. " Web Fractals: An Overview."

Sandra Lach Arlinghaus. " Part 1. Elements of Spatial Planning. Theory. Merging Maps: Node
L abeling Strategies.

© 1995

Volume VI, Number 1

Richard Wallace: " Motor Vehicle Transport and Global Climate Change: Policy Scenarios.”

Sandra L. Arlinghaus, William C. Arlinghaus, John D. Nystuen: " Discrete Mathematics and Counting
Derangementsin Blind Wine Tastings."

Figuresfor Volume VI, Number 1, 1995

© 1995
Volume VI, Number 2

Sandra Lach Arlinghaus: " Elements of Spatial Planning: Theory. Part |."
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© 1994

VolumeV, Number 1

Virginia Ainglieand Jack Licate: " Getting Infrastructure Built. Cleveland Infrastructure Team
Shar es Secrets of Success."

Frank E. Barmore: " Center Here; Center There; Center, Center Everywhere."

Barton R. Burkhalter: " Equal-Area Venn Diagrams of Two Circles: Their Use with Real-World
Data."

Sandral. Arlinghaus, William C. Arlinghaus, Frank Harary, John D. Nystuen. " L os Angeles, 1994--
A Spatial Scientific Study."

© 1994

VolumeV, Number 2

SandralL. Arlinghaus, William C. Arlinghaus, Frank Harary: " The ParisMetro: Isits Graph
Planar ?"

Sandra Lach Arlinghaus: " Interruption!”

Reprint. Michael F. Dacey: " Imperfectionsin the Uniform Plane."

© 1993

VolumelV, Number 1

Sandra L. Arlinghausand Richard H. Zander: " Electronic Jour nals: Observations Based on Actual
Trials, 1987-Present."

John D. Nystuen: " Wilderness As Place."

Frank E. Barmore: The Earth Isn't Flat. And It Isn't Round Either: Some Significant and Little
Known Effects of the Earth's Ellipsoidal Shape.”

Sandra Lach Arlinghaus: " Micro-cell Hex-nets?"

SandralL. Arlinghaus, William C. Arlinghaus, Frank Harary: " Sum Graphs and Geogr ahic
Information.”

© 1993

VolumelV, Number 2

William D. Drake, S. Pak, |. Tarwotjo, Muhilal, J. Gorstein, R. Tilden. " Villagesin Transition:
Elevated Risk of Micronutrient Deficiency.”

© 1992
Volumelll, Number 1

Harry L. Stern: " Computing Areas of Regions with Discretely Defined Boundaries."
Sandra L. Arlinghaus, John D. Nystuen, Michael J. Woldenberg: " The Quadratic World of Kinematic
Waves."

© 1992

Volumelll, Number 2

Reprint. Frank Harary: "What Are Mathematical M odels and What Should They Be?"

Frank E. Barmore: " Where Are We? Comments on the Concept of Center of Population.”

SandralL. Arlinghaus and John D. Nystuen: " The Pelt of the Earth: An Essay on Reactive Diffusion."
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© 1991
Volumell, Number 1

Sandra L. Arlinghaus, David Barr, John D. Nystuen: " The Spatial Shadow: Light and Dark--Whole
and Part."

© 1991

Volumell, Number 2

Reprint. SaundersMac Lane: " Proof, Truth, and Confusion, The Nora and Edward Ryerson L ecture
at The University of Chicagoin 1982."

Robert F. Austin: Digital Maps and Data Bases: Aesthetics versus Accuracy.”

© 1990

Volumel, Number 1

Reprint. William Kingdon Clifford: " Postulates of the Science of Space.”
Sandra Lach Arlinghaus: " Beyond the Fractal."

William C. Arlinghaus: " Groups, Graphs, and God"

© 1990

Volumel, Number 2

John D. Nystuen: " A City of Strangers: Spatial Aspects of Alienation in the Detroit Metropolitan
Region."

Sandra Lach Arlinghaus: " Scale and Dimension: Their Logical Harmony."

Sandra Lach Arlinghaus: " Parallels Between Parallels.”

Sandra L. Arlinghaus, William C. Arlinghaus, and John D. Nystuen: " The Hedetniemi Matrix Sum:
A Real-world Application."

Sandra Lach Arlinghaus: Fractal Geometry of Infinite Pixel Sequences: " Super -definition”
Resoultion?"

Institute of Mathematical Geography
1964 Boulder Drive
Ann Arbor, M| 48104

734.975.0246
sarhaus@umich.edu
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