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The Institute of Navigation is announc-
ing the completion of a set of education 

modules for teaching navigation in middle 
school grades 6, 7, and 8. The education 
modules were developed by the University of 
Colorado Integrated Teaching and Learning 
(ITL) Laboratory in cooperation with the 
ION®. 

The navigation education modules take 
teacher and students from the beginning 
principles of navigation to the sophisticated 
satellite technology used today. They incorpo-
rate easy-to-use, hands-on lessons that sup-
port the rapid understanding of the subject 
that comes with doing. Hands on projects are 
low budget, typically costing between $5 and 
$10 for the whole class.

Exploring Navigation
These modules give middle school teach-
ers and pupils the opportunity to explore 
together the exciting world of navigation in 
the classroom. While describing the “what” 
of navigation, the modules teach the “how” 
as well—guiding students to understand the 
tools of navigation and the mathematics and 
science behind them. The materials also pro-
vide numerous links to related Internet sites 
for additional research and investigation.

Each of the navigation education modules 
satisfy state teaching standards established by 
Mid-continent Research for Education and 

ION® Education Modules

Teaching Our 
Kids Navigation
By Dr. Penina Axelrad

Learning (McREL). McREL standards in turn 
meet state teaching standards established by 
the Colorado Department of Education.

The materials are provided free of charge 
for use in non-commercial educational 
activities. In addition to classroom instruc-
tion, the modules are also well suited for use 
by youth development and recreational orga-
nizations. To access the education modules 
go to the ION Web site at www.ion.org/satdiv/
education.cfm.

—The Integrated Teaching and 
Learning Program at University of 
Colorado Boulder is a nationally rec-
ognized engineering education leader. 
Using inter-disciplinary, hands-on 
approaches and incorporating leading-
edge technology, engineering students 
at the ITL gain the understanding and 
confidence to succeed. For more informa-
tion, please contact Dr. Penina Axelrad via 
e-mail at penina.axelrad@colorado.edu.
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The Purpose of The ION®
The Institute of Navigation, founded in 1945, 
is a nonprofit professional society dedicated 
to the advancement of the art and science 

of navigation. It serves a diverse com-
munity including those interested in air, 

space, marine, land navigation and position 
determination. Although basically a national 
organization, its membership is worldwide, 

and it is affiliated 
with the International Association of 

Institutes of Navigation.

2004-05 National 
Executive Committee

President: Dr. Penina Axelrad
Executive Vice President: James Doherty

Treasurer: John Clark 
Eastern Region Vice President: 

Dr. John Raquet
Western Region Vice President: 

John Lavrakas
Satellite Division Chair: 

John Lavrakas
Immediate Past President: Larry Hothem

How to Reach The ION
Telephone: 703-383-9688
Facsimile: 703-383-9689

Web site: http://www.ion.org
E-mail: membership@ion.org

ION National Office
3975 University Drive, Suite 390

Fairfax, Virginia 22030

We are fortunate to find ourselves at a 
time where great advances in naviga-

tion are taking place. As never before, these 
new technologies are beginning to reach 
and enrich the lives of people worldwide. 
ION® members are leading and support-
ing these advances at a technical, policy 
making, and educational level. ION® meet-
ings continue to serve as a focal point for 
technical experts to present their research; 
industry leaders and new startups continue 
to come and display their newest products 
at our exhibits; and students from across 
the globe continue to both learn from and 
teach us. 

The recent agreement between the 
United States and European Union insuring 
the compatibility and interoperability of GPS 
and Galileo is a major milestone that will 
enhance both the commercial and scientific 
benefits of both systems. I am quite confi-
dent that it will also open new research and 
business opportunities for all of us. I thank 
the many ION® members who have been 
involved in these efforts, paving the way for 
future joint GPS-Galileo opportunities.

The Year Ahead
I am very excited about the year ahead. The 
election has brought an excellent group 
of people to the ION Council to guide the 
progress of the institute. We are fortunate 
to have a team of enthusiastic and capable 
meeting organizers putting together an 
impressive set of programs for 2004–2005.

The International ION GNSS 2004 meet-
ing coming up in September, hosted by the 
Satellite Division in Long Beach, Calif., 
promises to offer an outstanding technical 
program and exhibit. Kicking off 2005 will 
be the National Technical Meeting in San 
Diego, and rounding out my tenure will 
be our next Annual Meeting in Cambridge 

Mass. There are also many opportunities 
to get involved at a local and regional 
level in ION Section activities including 
outreach, technical and policy forums, and 
social events. Our Web site continues to be 
enhanced, providing services to the general 
public and specialized resources for our 
members. I encourage you to visit it and see 
what you think.

Outreach Activities
In the coming year, outreach will continue 
to be a major emphasis in the ION®. Our 
newly formed outreach committee consoli-
dates several very active programs including 
the Government Fellows program, student 
programs, and a new initiative to expand 
collaboration with other professional societ-
ies in the United States and internationally. 
You will see regular updates on their activi-
ties in the Reaching Out column in this and 
upcoming newsletters.

Honored to Serve
I am so grateful and honored to have the 
opportunity to serve as your president for 
the next year. Over the past 18 years, I have 
found the ION® to be a wonderful commu-
nity of professionals committed to technical 
excellence and to service to their com-
munity. I hope that you will each find your 
own niche within ION®—the annual events 
that you look forward to, the colleagues and 
friends that you reconnect with. I encourage 
you to participate actively at the local and 
national levels. Let us know what you like, 
what you don’t, and how we can better serve 
the professional needs of our members.

Sincerely,

Penina Axelrad

From the ION® President

Exciting Times
Ahead in NavigationPenina Axelrad

ION Fellow Nominations 
Requested

Due: December 17, 2004

All currently active ION® members 

may submit nominations. Election to 

fellow membership recognizes the 

distinguished contribution of ION® 

members to the advancement of the 

technology, management, practice 

and teaching of the arts and sciences 

of navigation, and/or for for lifetime 

contributions to the Institute.

For nomination guidelines and 

submission forms go to www.ion.org.
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Bill Klepczynski

From the ION Executive Fellow
A Column By Bill Klepczynski

An Invaluable Experience

My service as the ION’s Executive Fellow 
is drawing to a close, and without 

question it has been an extremely satisfying 
and rewarding experience. I would strongly 
encourage those that may have the inclina-
tion and whose personal circumstances 
would allow it, to strongly consider applying 
for a fellowship. There are benefits to the 
person and to the ION®. Both gain from the 
experience and each receive tangible and 
intangible benefits. I will try to relate a few 
of my experiences that have made me such a 
supporter of this program, from both a per-
sonal and the ION’s point of view. 

As mentioned in a previous newsletter, 
my fellowship is being spent in the Office 
of Space and Advanced Technology within 
the Bureau of Oceans and International 
Environmental and Scientific Affairs of 
the U.S. State Department. Because of my 
background in GPS, I found that I was able 
to make a contribution to the efforts of the 
office, almost immediately. Well, I should 
qualify that by stating more correctly that 
“immediately” in government parlance 
does not necessarily mean “immediately.” 
It took me a while to become familiar with 
the nomenclature used within State before I 
could intelligently follow the acronyms used 
during the multitude of meetings that one 
attends. It also took a while to obtain access 
to the computers in my office because a back-
ground check for one’s security clearance had 
to be completed before one could use this very 
important tool. It was only after that critical 
point in time, that I became a somewhat pro-
ductive employee. 

GPS Workshop in Brazil
My most significant accomplishment has 
been working in a project to set up a work-
shop on GPS within Brazil. The purpose of 
the workshop is to bring awareness of the 

benefits of satellite navigation to Brazilian 
users. Most of us take GPS for granted. We 
have lived and worked with it for several 
years, some of us even longer. However, there 
are many industries inside and outside the 
United States that are only starting to learn 
how to incorporate it into their products or 
processes so that they can enhance produc-
tivity and improve their services and prod-
ucts. Also, this new crop of GPS users must be 
encouraged to utilize this marvelous utility 
now. There is much to be gained by doing 
so. However, it requires some education and 
encouragement to assure them that there 

are benefits that they can reap today, regard-
less of detractors and promises of future 
systems whose capabilities are years off. 
Unfortunately, the workshop will be held in 
September and may prevent me from attend-
ing the ION GNSS 2004 meeting.

The intangible benefits from the ION 
Government Fellows Program are derived 
from the networking that takes place within 
the program. Through the program, one 
meets and develops contacts with colleagues 
that work in all facets of the operation of our 
government, both in the Legislative Branch 
and in the Executive Branch. Until one has 
an experience like this, one really has little 
understanding or a true comprehension of 
how decisions within our government are 
made and implemented. Having become a 
part of it and seeing it in action, the process 
is unbelievable and almost beyond the grasp 
of logic. The contacts and understanding of 
the system that one develops and the breadth 
of these experiences will undoubtedly play 
an important role in the future. Exactly how, 
one does not really know but, do be sure, they 
are like an investment in a savings account 
that will be drawn on when needed.   

The intangible benefits 

from the ION® Government 

Fellows Program are 

derived from the network-

ing that takes place within 

the program. 

Go to www.ion.org
Deadline: April 30

For Information About 
The ION® Government 
Fellows Program

For Information About 
The ION® Government 
Fellows Program
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Months of preparation culminated at 
the first annual Autonomous Lawn 

Mower Competition held at Rotary Park in 
Beavercreek, Ohio. Three university teams, 
each comprised of approximately 5 students, 
set the bar in this competition for years to 
come by succeeding in building a machine 
to efficiently and autonomously mow a field 
of grass. 

The competition took place June 4 
and 5 and was sponsored by Institute of 

Navigation’s Satellite Division and ION’s 
Dayton Section in conjunction with the ION’s 
60th Annual Meeting in Dayton. 

Motivating New Talent
This competition was the result of ION’s 
Dayton Section’s goal of inspiring col-
lege students to pursue navigation-related 
research projects, with the hope of leading 
some to a career in the field. 

Dr. Mikel Miller, a senior electronics engi-
neer for the Air Force Research Laboratory’s 
Sensors Directorate and the ION’s chair for 
the event, stated, “This was a great competi-
tion for students to gain an appreciation for 
the difficulty associated with autonomous 

vehicle research and development. Mowing a 
yard accurately and precisely is an extremely 
difficult and challenging systems problem. 
Centimeter-level accuracy and precision 
control are required for straight lines and 
smooth turns. Unfortunately, not much grass 
was cut this year; however, we are confident 
that all the teams learned critical lessons that 
will lead to much greater success next year.” 

The three universities participating in 
the lawn mower competition were Illinois 

Institute of Technology, Miami University—
Ohio, and Ohio University. Working with 
professors from their respective universities, 
the students were tasked with the challenge 
of designing and building a “smart” lawn 
mower that could self-navigate to cut a 
rectangular area of grass approximately 150 
square meters in size. 

GPS Coordinated Safety Zone
In this year’s event, the teams were given 
world coordinates for the fields’ corners 
in order to add GPS (Global Positioning 
System) to their robots’ navigational 
schemes. Armed with this information, 
the lawn mowers were to mow, unaided by 

human interaction, an assigned area without 
going outside a three meter safety zone. 

The team that cut the field of grass in 
the shortest amount of time was crowned 
the winner. Any uncut grass after a run was 
converted to a time penalty, as was any time 
spent outside the playing field but within the 
safety zone. 

And the Winners Are …
Each team participating in this exciting event 

had a unique design, and all teams were able 
to cut some portion of the playing field. 

Ohio University was awarded first place 
and a check for $2,500, edging out second 
place Miami University, who was able to 
cut a larger portion of grass but at a much 
slower pace and outside the designated lawn 
area. Miami University received $1,500 for 
their efforts. Illinois Institute of Technology 
finished in third place and was awarded 
$1,000. 

Documenting the Designs
In addition to the mowing portion of the 
competition, each team was required to 
submit a report describing its lawn mower 

Autonomous Lawn Mower Competition

REACHING OUT!
By Dr. Mikel M. Miller

Universities Battle for Grass

FIRST PLACE
Ohio University

$2,500

SECOND PLACE
Miami University

$1,500

THIRD PLACE
Illinois Institute of Technology

$1,000
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and navigational system designs and pro-
jected cost for production of their prototype. 
Technical reports and production plans were 
judged for technical content, clarity, and 
format. 

BearingPoint, a business consulting and 
systems integration firm, sponsored this por-
tion of the event. 

Best Report 
Mark Danis, BearingPoint’s senior vice 
president for government, education and 
not-for-profits, awarded Miami University’s 
team first place in the Best Report portion of 
the competition. Miami University received a 
check for $1,500 for their composite score of 
97.3 out of 100.

With large prizes and increasing interest 

from the navigational community, this com-
petition is expected to grow rapidly. 

Next Year
Teams have a year to prepare for the next 
competition scheduled for June 2005. Next 
year’s course will be slightly more difficult 
due to the addition of obstacles to the play-
ing field. Each subsequent year will bring 
additional complications to the competition 
with the end goal of developing mowers with 
the ability to autonomously navigate any 
lawn safely.

—For more information on the 
competition, visit the ION Web site at 
www.ion.org or e-mail Mikel Miller at 
mikel.miller@wpafb.af.mil.

Miami University won first place in the Best 
Report portion of the competition. Miami 
University received a check for $1,500. Miami’s 
display is shown above.

Illinois Institute of Technology gladly accepts 
its third place $1,000 award from Dr. Mikel 
Miller and ION’s technical director, Carl 
Andren.

Above: Testing and making last minute equipment adjustments as others look on.

Below right: On your mark, get set, GO!
Below: Safety judges check out the 
competition in style.
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CALENDAR

SEPTEMBER 2004 
21–24: ION GNSS 2004, Long 
Beach California 
Contact: The ION  
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org

OCTOBER 2004
05-06: International 
Symposium on Precision 
Approach and Automatic 
Landing, Munich, Germany 
Contact: German Institute of 
Navigation
Tel: +49-228-20197.0
Fax: +49-228-20197.19
E-mail: dgon.bonn@t-online.de

25-27: ILA Convention 
and Technical Symposium, 
Takanawa Prince Hotel, Tokyo, 
Japan 
Contact: ILA 
Tel: +1-805-967-8649
Fax: +1-805-967-8471
E-mail: ila@loran.org 

NOVEMBER 2004
9-11: NAV 2004 Conference, 
Westminster, London, UK
Contact: The Royal Institute 
of Navigation
Tel: +44 20 7591 3130
Fax: +44 20 7591 3131
E-mail: conference@rin.org.uk

JANUARY 2005
24–26: ION National Technical 
Meeting, San Diego, California
Contact: The ION 
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org 

MAY 2005
23-25: The 12th St. Petersburg 
International Conference 
on Integrated Navigation 
Systems, St. Petersburg, Russia  
Contact: Dr. George T. Schmidt 
Tel: +1 617-258-3841
e-mail: ED@Draper.com
Web: www.elektropribor.spb.ru

Space aliens are planning an interplanetary trip to Earth. They have calculated 
the minimum safe altitude to clear the highest terrain on Earth. Their planet is 

extremely cold and substantially covered in ice. They develop an analogy to their 
ice skating experience when the added pressure of skating melts the ice (under 
the runners) which then becomes slippery and determining highest terrain. They 
conclude from this analogy (with more analysis) that the limit to a mountain’s 
height is achieved when the pressure at its base exceeds the strength of the atomic 
bonding of the Earth’s crust at which point liquefaction (plastic flow) occurs. The 
mountain will then decrease in height until its loss in gravitational potential energy 
is equal to the amount of work necessary to liquefy the material at the base. 
The space aliens conclude that the maximum height for a mountain on Earth is 
(assuming a mountain idealized as a cylinder composed of quartz): 

A. Higher than the 70,000 feet that a U2 can reach. 
B. Double Mount Everest’s altitude (2 x 29,028 feet). 
C. The height of Hawaii’s Mauna Kea over the ocean floor 

(32,024 feet). 
D. The depth of the Challenger Deep Marianna. 

Portney’s Corner
You can Find More of Portney’s 
Ponderables and Brain Teasers 
at www.navworld.com

Portney continued on page 11

Joe Portney

How High 
The Mountain?
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The Birthplace of Aviation
of the Institute of Navigation

Approximately 300 people attended the Sixtieth Annual Meeting of the Institute of 
Navigation that was held June 7–9 at the Dayton Marriott in Dayton, Ohio. Highlights of the 
program included a keynote presentation by Congressman David L. Hobson (R-Ohio), a ple-
nary on “Land Navigation—Where Is It Going?” and nearly 100 technical papers that were 
on the program at the three-day meeting.

This year’s meeting included a simultaneously running one-day classified session at 
Wright Patterson Air Force Base. The meetings co-sponsors were the U.S. Air Force Institute 
of Technology and the U.S. Air Force Research Laboratory, Sensors Directorate. Dr. Mikel 
Miller was the ION general chair, James Arnold served as the ION’s program chair, and Dr. 
John Raquet was the program chair for the Air Force Institute of Technology.

Dayton, Ohio— 

The 60th Annual Meeting 

Dr. Frank van Graas of Ohio University explains the programming of one 
of the  Autonomous Lawn Mower Competition entries.

Above: Dr. Dorota Grejner-Brzezinska of Ohio State University (left), 
Colleen Miller and Dr. Mikel Miller, enjoying the reception at the ION 
Meet and Greet Social in the Modern Flight Hangar at the U.S. Air Force 
Museum.

Weems Award winner Karl 
Kovach (left) and ION Technical 
Director Carl Andren enjoying the 
reception.

Above: Dr. Mikel Miller (left), ION general chair, and keynote speaker 
Congressman David Hobson at the meeting’s kick-off.

Below left to right: Dr. Alison Brown, Lee Boyce and Phil Ward chat 
about the program while others enjoy the evening’s repast. 
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The Annual Awards Program is 
sponsored by the Institute of 

Navigation to recognize individuals 
making significant contributions, 
or demonstrating outstanding 
performance, relating to the art and 
science of navigation. 

Nominations for these awards 

may be submitted by anyone, but all 
nominations must conform to ION® 
nomination guidelines. 

Award recipients need not be 
members of the Institute. Details 
of the nomination process and 
nomination forms are available at 
www.ion.org.

Major Donald 
 A. Aspden 

For his meritorious achieve-
ments as MC-130P Naviga-
tor in Iraq combat operations 
and his innovations in devel-
oping and executing new, all-
weather, low-level MC-130P 
navigation -procedures.

Dr. Samuel M. Burka 
Award

Congratulations

Institute of Navigation Honorees

Superior Achievement 
Award

Dr. Donghyun Kim  

For the paper with Prof. 
Richard B. Langley, “On Ul-
trahigh-Precision GPS Posi-
tioning and Navigation” pub-
lished in the summer 2003 
issue of NAVIGATION, The 
Journal of The Institute of 
Navigation, Vol. 50, No. 2, 
pp. 103. 

Distinguished Service 
Award

The Institute of 

Navigation had the plea-

sure of honoring an out-

standing group of con-

tributors to the art and 

science of navigation at 

its 60th Annual Meeting 

held in Dayton, Ohio, 

June 7–9, 2004.

The Institute extends its 

warmest congratulations 

to the recipients, 

its sincere thanks 

to all those who 

submitted nominations 

and its appreciation 

to the members of the 

ION® Awards Selection 

Committee who served 

so effectively in select-

ing the honorees. 

Mr. Larry Hothem

In grateful recognition of his 
leadership and achievements 
on behalf of the Institute of 
Navigation.
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Captain P.V.H. Weems 
Award

Mr. Karl L. Kovach 

For extensive and continuous 
contributions to the devel-
opment, operation, and uti-
lization of GPS for the ben-
efit of all users, military and 
civilian. 

Tycho Brahe 
Award

Dr. John L. Junkins 

For significant contributions 
through research and teach-
ing, to the fields of naviga-
tion, guidance and control, 
and for the invention of novel 
navigation sensors. 

Norman P. Hays 
Award

Mr. Glen Gibbons 

For service to the satel-
lite navigation community 
through stewardship of GPS 
World magazine. 

Thomas L. Thurlow 
Award

Dr. John G. Mark 

For outstanding contribu-
tions to the advancement of 
navigation technology; in 
particular for the pioneering 
development and continuing 
improvement of strapdown 
inertial navigation systems. 

Members are encouraged to submit nominations 
for one or more of the following annual awards 
given by the Institute of Navigation for excellence 
in navigation. 

 Early Achievement Award—for an individual 
early in his or her career who has made an out-
standing achievement in the art and science of 
navigation. 

 Norman P. Hays Award—for outstanding 
encouragement, inspiration and support lead-
ing to the advancement of navigation.

 Superior Achievement Award—for individu-
als making outstanding contributions to the 
advancement of navigation.

 Thomas L. Thurlow Award—for outstanding 
contributions to the science of navigation.

 Tycho Brahe Award—for outstanding achieve-
ment in space navigation. 

 Captain P.V.H. Weems Award—for continu-
ing contributions to the art and science of 
navigation.

Official nomination forms, along with brochures 
on the background and purpose of each award, are 
available from the ION National office by phone, 
703-383-9688, or via the Web site at www.ion.org. 
Nominations must be received by February 21, 
2005.

The awards and accompanying engraved bronze 
plaques will be presented at the ION’s Annual 
Meeting, June 27–29, 2005, in Cambridge, Mass. 
The ION® urges you to participate in the nomi-
nation process so that a representative group of 
deserving individuals from the navigation commu-
nity will receive appropriate recognition.

In addition to the above awards, the winner 
of the Samuel M. Burka Award—for outstanding 
achievement in the preparation of papers advanc-
ing navigation and space guidance—as chosen by 
the editorial panel of ION’s journal, NAVIGATION, 
will be honored. 

Address correspondence to Award Nomination 
Committee, The Institute of Navigation, 3975 
University Drive, Suite 390, Fairfax, VA  22030, 
phone: 703-383-9688; fax: 703-383-9689; e-mail: 
membership@ion.org.

Annual Award 
Nominations Encouraged

ION News le t te r                                                             9   Summer  2004
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Meet The ION’s 
Newest Fellows

ION Fellow Award recipients (from left to right): Dr. Benjamin B. Peterson, Dr. Penina Axelrad, 
Dr. Elizabeth Cannon, Prof. Richard B. Langley.

Accepting for Maj. General John W. Hepfer is 
his wife, Janet (right), and his son, John.

Accepting for Dr. Leonard Kruczynski is his 
wife, Valerie, and his son, Jeff. 

2004 Fellow Members

Fellow Members Posthumously Awarded

Dr. Penina 
Axelrad 

For her continuing 
contributions to re-
search and graduate 
and undergraduate 
education in the fields 
of dynamics and sys-
tems, aerospace elec-
tronics and commu-
nications, and GPS 
technology. 

Prof. Richard B. 
Langley 

For his contributions 
to GPS education 
for specialists and 
his research advanc-
es in many areas in-
cluding atmospher-
ic delay modeling, 
and advancing the 
knowledge of GPS in 
society. 

Dr. M. Elizabeth 
Cannon 

For her sustained 
contributions in the 
field of global naviga-
tion satellite systems, 
including differential 
GPS, kinematic carri-
er phase methods and 
applications, integra-
tion, and educational 
efforts. 

Dr. Benjamin B. 
Peterson 

For the development 
of navigation systems 
that perform well in 
challenging radio 
environments.

Election to Fellow membership recognizes 
the distinguished contributions of the 

Institute of Navigation members to the 
advancement of the technology, management, 
practice and teaching of the arts and sciences of 
navigation; and/or for lifetime contributions to 
The Institute.

Former members of the ION® who are not 
currently active members of the organization may 
be elected to nonvoting Fellow Membership. A 
limited number of individuals will be accepted 
as posthumous Fellow Members. Election to 
Honorary Fellow Membership is authorized for 
members of other national institutes of navigation 
who are qualified by their accomplishments for 
recognition as a Fellow Member.

Mr. Sterling R. Anderson 
(Not Pictured)    

For his recognized contributions and 
expertise to the field of VOR Guidance 
Systems. 

Dr. Leonard Kruczynski 
For over 25 years of work on GPS, 
including serving as commander 
of the GPS Test Force at the U.S. 
Army Yuma Proving Ground and 
his participation on RTCM Spe-
cial Committee 104 and the GPS 
Test Standards Committee.

Maj. Gen. John W. Hepfer 
For his contributions as a practical 
navigator, research and develop-
ment project officer, and strategic 
missile program manager resulting 
in the development and production 
of a multitude of navigation, guid-
ance and control systems for both 
fighter and bomber aircraft, and in-
tercontinental ballistic missiles. 
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The question of how high a mountain can rise is related to its poten-
tial energy (mgh) as a limiting factor. Liquefaction occurs when the 
mountain’s potential energy exceeds the atomic bonding force in the 
atoms representing the Earth’s crustaceous material at its base (Figure 
1). The solution to the maximum height for a mountain is as follows.

The results obtained in this derivation are estimates (i.e., geometrical 
factors of order 2π are not kept track of).

Build a cylindrical mountain height h, x-section area S and density ρ 
on a planet of mass M and radius R. Since 

its weight is ρhS GM/R2. The energy density which must be applied to 
make the atoms and molecules to shift around is (SI units)

The last factor is the volume condensed for 3 atoms in an equilateral 
triangle configuration (all as one plane to on the other), and (SI units)

If weight of cylindrical “mountain” > 2εS/3, the base will flow and 
sink. This gives the maximum height as h = Hmax

as

Where 
 A is atomic mass,
 Mpr is proton mass, and 

If we assume our planet is mainly silicon with average atomic weight 
of about 20, assume A = 20, we get for Earth

For the Moon (R = 1.7 x 106, M = 7 x 1022, ρ =3.4 x 103) we get 
340 km and Mars (3.4 x 107 m, 6 x 1023 kg, 3.9 x 103 kg/m3) we get ≈ 
160 km. 

Note: that Hmax <<R is for the modeling to hold good and this 
is okay. The actual heights are quite a bit smaller (Hawaii is the big-
gest local deviation from the mean R, Marianas Trench). On Mars the 
Olympus Mountains is ≈ 24 km. 

Symbols 
A Average atomic weight 
e electronic charge 4.80286x10-10 esu
ε  atomic binding energy 
εo permitivity constant
G 6.670 x 10-11 Newton m2/kg2

h height 
 Plancks constant divided by 2π 1.05443 x 10-27 erg sec.
M mass of Earth 6 x 1024 kg
me mass of electron 9.11 x 10-31 kg 
Mpr mass of a proton 1.67 x 10-27 kg
ρ density
R radius of Earth 6.4 x 106m
rmin radius of atom 5.3 x 10-11m
S cross section area 

—Contributed by Professor John D. Barrow, Director, MMP, and 
professor of mathematical sciences at the University of Cambridge, 
Department of Applied Mathematics and Theoretical Physics.

Portney’s Corner from page 6 And the Answer is A
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GPS IIR-12 was launched 
from Cape Canaveral on 
June 24, 2004. The launch 
was dedicated in memory 
of former President Ronald 
Reagan. A banner on the 
side of the rocket’s umbili-
cal tower said “Launch 
One for ‘The Gipper’.” GPS 
IIR-12 (SVN60, PRN23) was 
moved into Plane F, slot 4 
to replace SVN32. The next 
launch is scheduled for 
Sept. 24, 2004 from Cape 
Canaveral.

Launch One 
For the Gipper

On May 5, 2004, Ms. Yujie Zhang was awarded the 
Institute of Navigation Section Sponsored Graduate 
Student Award by Ohio University. Ms. Zhang is a 
full-time doctoral student in the Russ College of 
Engineering and Technology, School of Electrical 
Engineering and Computer Science. The award is 
sponsored by the Institute of Navigation, which is 
dedicated to the advancement of the art and science 
of navigation. 

 Ms. Zhang was recognized for her demonstrated 
excellence in the advancement of the art and sci-
ence of navigation as summarized below: 
• Four conference papers, prime author on three, 

two of which received Best Paper/Presentation 
Awards at the ION GPS 2004 Algorithms 
and Methods Session, and the IEEE Position, 
Locations, and Navigation Symposium (PLANS), 
GPS Track, which was comprised of 6 sessions; 
also, two journal submittals of these papers. 

• Session chair for ION and IEEE PLANS navigation 
conferences, and participation at several ION 
Dayton Section meetings. 

• Contributions in external research in terms 
of presentations, proposals, and contract 
 establishment. 

• Member of the ION and the IEEE.

GNSS Around the Globe

Cadet William R. Wilkerson (left) of 
the U.S. Air Force Academy Class of 
2004, proudly accepts the Institute 
of Navigation Outstanding Cadet 
Aviation Instructor Award from Mr. 
John Broomfield, ION Rocky Mountain 
Section chair.

Outstanding Cadet 
Aviation Instructor 
Award

Congratulations
Graduates

Yujie Zhang (left) accepting award 
 from Dr. Chris Bartone of Ohio University.

ION Section-Sponsored 
Graduate Student Award

                    



ALBERTA SECTION. 
The June meeting was 
held at the Calgary 

Centre for Innovative Technology. 
Three presentations were given. The 
first presentation was “Prototype 
Galileo Receiver Development” by 
NovAtel’s Neil Gerein and Michael 
Olynik. In preparation for the trans-
mission of the first Galileo signals from 
space, NovAtel has initiated devel-
opment of its first prototype Galileo 
receiver capable of tracking BOC sig-
nals. The presenters discussed their 
current receiver/transmitter develop-
ment effort and the NovAtel Field 
Programmable Gate Arrays based pre-
cise positioning receiver. 

The second presentation by Olivier 
Julien, University of Calgary “A New 

Section News

Unambiguous BOC(n,n) Signal Tracking 
Technique,” focused on a specific BOC 
signal: the BOC(1,1). Working on a 
given signal, instead of trying to find 
a generic solution, offered the possi-
bility to fully exploit the signal’s char-
acteristics to find a more relevant way to 
improve its performance and cancel its 
bias threat. A new innovative tracking 
technique dedicated to BOC(n,n) signals 
has therefore been developed using a 
synthesized local correlation function. It 
completely removes the side-peak threat 
and allows clean acquisition and track-
ing of any BOC(n,n) signal while keep-
ing the same correlation main peak. 
The particular case of BOC(1,1) was 
taken as an example throughout the 
presentation due to the strong probabil-
ity that it will be used by the L1 Galileo 

civil signal. Both acquisition and track-
ing were presented and compared with 
the standard tracking algorithm.

“Wide Area Navigation Algorithm 
for Marine Users” by S. Skone, R. You-
suf and A. Coster discussed that under 
high levels of ionospheric activity sig-
nificant degradations in DGPS position-
ing accuracies can occur. Marine DGPS 
operations in North America are partic-
ularly susceptible to such effects where 
a feature known as storm enhanced 
density is observed during ionospheric 
storm events. This feature is a localized 
enhancement of total electron content 
extending northwest through the mid-
latitudes. Extremely large gradients are 
associated with this feature, leading 
to large differential positioning errors 
for the single reference station DGPS 

SOUTHERN CALIFOR-
NIA SECTION. The 
section held its sched-

uled meeting on June 16 and featured 
Steve Rounds. The title of his talk was 
“Jamming Protection of GPS Receiv-
ers” and was based on a pair of arti-
cles published in the Jan/Feb issues of 
GPS World. The presentation provided 
a survey of anti-jam techniques used in 
GPS receivers – predominantly for mil-
itary applications but often with appli-
cability to commercial receiver designs. 
Rounds highlighted the differences and 
similarities with the various approach-
es, as well as discussed the require-
ments for a new class of metrics to 
accurately describe their effectiveness.

HOUSTON SECTION. 
The Houston Section 
held its meeting on May 

25 at Rudi Lechner’s Restaurant. Bruce 
Magnell of the Woods Hole Group pre-
sented “Ocean Currents: Measurement 
and Prediction for Geophysical Sur-
veys”. Bruce spoke about how ocean 
currents affect the ability of seismic 
survey vessels to maintain correct 
array positioning. He explained how it 
is possible to measure ocean currents 
and related data and how navigators 
use these measurements to minimize 
lost survey time. The characteristics 
of the major ocean-current processes 
were described and how nowcasting 
and forecasting can be achieved.

NEW ENGLAND SEC-
TION. On May 5 the 
section held its thirty-

fourth meeting at the M.I.T. Haystack 
Observatory. Patricia Doherty of Bos-
ton College presented “Space Weather 
Effects on WAAS: A Performance and 
Status Report.” She presented a per-
formance analysis of the Wide Area 
Augmentation System (WAAS) during 
the October and November storm peri-
ods and compared it to performance 
during nominal conditions. The talk 
was also augmented with updates on 
WAAS plans for improvement and for 
the global implementation of Space 
Based Augmentation Systems (SBAS).

A second presentation by Jon Par-
met of the Volpe National Transporta-
tion Systems Center, “Development of 
GPS Prediction Tools to Support Flight 
Planning” discussed the challenges to 
predicting availability of service for air 
navigation with satellite navigation 
systems such as GPS.

WASHINGTON SEC-
TION. The section 
hosted a lecture “Classi-

cal, Non-electronic Navigational Tech-
niques” on June 22 with the Annapo-
lis Historic Foundation at the William 
Paca House. Capt. Curt Dubay of the 
U.S. Coast Guard emphasized that with 
the increased use of GPS over the last 
twenty years on everything from sailing 
vessels to the International Space Sta-
tion, the use of the sextant, clocks, and 
other visual techniques for navigating 
the high seas has become a lost art. 
Capt. Dubay presented the history and 
methods used by sailing vessels prior to 
satellite navigation.

approach. DGPS horizontal position-
ing accuracies have been observed to 
degrade by a factor of 10-30 in North 
America during these intense iono-
spheric storms. The presentation quan-
tified the impact on marine DGPS users 
and proposed methods for mitigating 
large positioning errors. In particular, 
a wide area DGPS approach was imple-
mented and evaluated—where DGPS 
corrections from a number of marine 
DGPS reference stations were com-
bined to better model the spatially cor-
related ionosphere. Improved perfor-
mance was measured through compar-
ison with the standard single reference 
station approach. The results indicate 
significant improvement in positioning 
accuracy, and increased availability and 
continuity of marine DGPS services.

The University of New Brunswick 
participated in this meeting via video 
teleconference link, and this is believed 
to be the first international meeting of 
a local section of the ION. 

GNSS Around the Globe
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you might not get there.” —Yogi Berra
 “Those who cannot remember history 

are condemned to repeat it.” —George 
Santayanna

“History is philosophy teaching by exam-
ples.” —Thucydides

“Anybody can make history. Only a great 
man can write it.” —Oscar Wilde

“A historian who would convey the truth 
must lie. Often he must enlarge the truth by 
diameters, oth-
erwise his read-
er would not be 
able to see it.” 
—Mark Twain

“History is 
merely a list of 
surprises. It can 
only prepare us 
to be surprised yet again.” —Kurt Vonnegut

“History repeats itself, first as tragedy, 
second as farce.” —Karl Marx

“History is more or less bunk. It’s tradi-
tion. We don’t want tradition. We want to live 
in the present and the only history that is 
worth a tinker’s damn is the history we make 
today.” —Henry Ford

“History, we can confidently assert, is 
useful in the sense that art and music, poetry 
and flowers, religion and philosophy are use-
ful. Without it—as with these—life would 
be poorer and meaner; without it we should 
be denied some of those intellectual and 
moral experiences which give meaning and 
richness to life. Surely it is no accident that 
the study of history has been the solace of 
many of the noblest minds of every genera-
tion.” —Henry Steele Commager

“History is the only laboratory we have in 
which to test the consequences of thought.” 
—Etienne Gilson. 

“History is a guide to navigation in 

Marvin May

Words are the tools of historians. The 
incisive collaboration of words that 

form notable quotations is the arsenal of his-
torians. Utilizing an arsenal aimed at oneself 
may be considered either self deprecating or 
narcissistic. In either case, below are some of 
my favorite quotations about history and his-
torians, many of them relating to the history 
of navigation. 

“Never trouble trouble till trouble 
troubles you. I must study politics and war 
that my sons may have liberty to study math-
ematics and philosophy. My sons ought to 
study mathematics and philosophy, geogra-
phy, natural history, naval architecture, navi-
gation, commerce and agriculture in order to 

give their children a 
right to study paint-
ing, poetry, music, 
architecture, statu-
ary, tapestry, and 
porcelain.” —John 
Adams  

“History is the 
record of an encounter between character 
and circumstance.” —Donald Creighton 

“There is properly no history; only biog-
raphy.” —Ralph Waldo Emerson 

“History is the science of what never hap-
pens twice.” —Paul Valery 

“Give me a stock clerk with a goal and 
I’ll give you a man who will make history. 
Give me a man with no goals and I’ll give 
you a stock clerk.” —J.C. Penney 

“The winds and waves are always on the 
side of the ablest navigator.” —Edward 
Gibbon

“It is people who make me seasick-not 
the sea. But I am afraid that science has yet 
to find a solution for this ailment.” —Albert 
Einstein

“Ptolemy made a universe, which lasted 

1400 years. Newton, also, made a universe, 
which lasted 300 years. Einstein has made a 
universe, and I can’t tell you how long that 
will last.” —George Bernard Shaw

“Throughout history it has been the 
inaction of those who could have acted, the 
indifference of those who should have known 
better, the silence of the voice of justice when 
it mattered most, that has made it possible 
for evil to triumph.” —Haile Selassie 

“If we could read the secret history of our 
enemies, we should find in each man’s life 
sorrow and suffering enough to disarm all 
hostility.” —Henry Wadsworth Longfellow 

“We learn from history that we learn 
nothing from history.” —George Bernard 
Shaw 

“What we take for the history of nature 
is only the very incomplete history of an 
instant.” —Denis Diderot 

 “History may be divided into three move-
ments: what moves rapidly, what moves 
slowly and what appears not to move at all.”  
—Fernand Braudel

“I have lost more land to my map makers 
and surveyors than to my enemies in battle.”
—Napoleon 
Bonaparte

“You’ve got to 
be very careful if 
you don’t know 
where you’re 
going, because 

From the ION Historian
One of a Series of Columns By ION Historian Marvin May

Historical Quotations
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perilous times. History is who we are and 
why we are the way we are.” —David C. 
McCullough

“The mission of the Program is to: 
(1) Drop Five Bombs in the same hole, 
and (2) build a cheap set that navigates 
(<$10,000). And Don’t You Forget It!” 
— GPS Joint Program Office

“Phase-out of such systems as Loran-
C, VOR/DME, Tacan, and radiobeacons 
should occur by 2000.” —1982 Federal 
Radionavigation Plan

“We put too much faith in systems, 
and look too little to men.” —Benjamin 
Disraeli

“In a few hundred years, when the 
history of our time will be written from a 
long-term perspective, it is likely that the 

most important event historians will see is 
not technology, not the Internet, not e-com-
merce. It is an unprecedented change in the 
human condition. For the first time—lit-
erally—substantial and rapidly growing 
numbers of people have choices. For the first 
time, they will have to manage themselves. 
And society is totally unprepared for it.” 
—Peter F. Drucker 

And finally the ultimate perk for a his-
torian: “History will be kind to me be; for I 
intend to write it.” —Winston Churchill

—Marvin B. May teaches naviga-
tion courses for the Applied Research 
Laboratory, Navigation Research and 
Development Center, Pennsylvania State 
University.
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ITT A/CD
Based in Ft. Wayne, Indiana, 
ITT Industries’ Aerospace/ 
Communications Division 
(A/CD) is a world leader 
in developing payloads for 
space.

Since 1974, A/CD has 
designed, developed, inte-
grated, and manufactured 
Navigation Payloads for 
the United States Air Force 
Global Positioning System. 
This effort has produced the 
operational BLOCK I, II, IIA 
and IIR satellites. 

Our payloads have been 
on virtually every GPS sys-
tem ever launched and none 
has experienced a mission 
failure. ITT’s reliability and 
innovation in payload design 
led the U.S. Air Force to 
select our proposed modern-
ization design for the un-
launched IIR satellites. This 
design delivers increased 
power and security nearly a 
decade ahead of plan at a 
fraction of the anticipated 
cost.

The Aerospace/
Communications Division is 
part of ITT Industries, Inc. 
which employs approximate-
ly 42,000 people around the 
world.

The ITT Web address is 
http://www.itt.com.
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