
Phil Ward: From crater lake to texas instruments’ First 
commercial gPs receiver, by ion historian marvin may

Part 1: Plumbing  
the Depths

Crater Lake fills a spectacular caldera 
at the divide of Oregon’s Cascade 

Mountains.  It was formed 7,700 years 
ago during the massive eruption of Mount 
Mazama. Its deep blue waters have been 
impressing visitors ever since. 

With a depth of 1958 feet, Crater Lake 
is the deepest lake in the United States 
and the seventh deepest in the world. 
And, at an elevation of 7,000 to 8,000 
feet at the caldera rim, it is the deepest 
lake in the world that is entirely above 
sea level. 

The six-mile-wide lake has no inlet or 
outlet — it is filled by runoff from one of 
the snowiest areas in the Pacific North-
west and has some of the clearest fresh 
water in the world. 

In 1886, Captain Clarence 

Dutton, who made the first 

measurements of the depth 

of the Crater Lake, observed: 

“It was touching to see the 

worthy but untutored  

people, who had ridden a 

hundred miles in freight-

wagons to behold it, vainly 

striving to keep back tears 

as they poured forth their 

exclamations of wonder 

and joy akin to pain.”

In the mid 
1950s, the United 
States Coast and 
Geodetic Survey 
(C&GS) began an 
ambitious project to 
perform a bathy-
metric survey of this 
natural wonder and, 
in 1959, a young 
ensign named Phil 
Ward was named  
lead navigator for  
this challenging task. 

The recent Texas 
Western College gradu-
ate had, of course, no 
satellite navigation tools to help him out.

But Ward and the C&GS team managed. 
They used careful navigation and more 
than 5,000 echo-sounding measurements 
to create a revealing map that formed 
the basis for understanding Crater Lake’s 
geomorphology.

In the course of the project, they found 
three distinct deep basins and identified a 
platform created by the eruption of Wizard 
Island, a cinder cone on the west side of 
the lake. They discovered the submerged 
Merriam cone and they measured the 
deepest point at 1,932 feet.

Muscular Navigation or Taking  
the Boat Out
Ward accomplished the job using 
visual angular measurements made using 
sightlines to pre-surveyed monuments 
temporarily built along the shoreline and 
permanent features at the top of the crater 
pre-located by photogrammetry 

Each position fix, signaled by the beep 
of a precise electronic timer, required two 
sextant operators to determine the angle 

between a central monument and a left 
monument and the right angle between 
the same central monument and a right 
monument. 

A large three-arm protractor was used 
to plot each fix by locating the intersec-
tion after the two angles were precisely set 
on the two movable protractor arms; the 
point where all three lines of the protrac-
tor intersected their respective monuments 
was mapped on a “boat sheet.”  

The boat sheet contained all of the pre-
surveyed monument locations along with 
pre-planned parallel bathymetric survey 
paths that a small motorboat followed 
during the survey. Every minute and a half, 
fixes were taken, plotted and numbered. 

Again and again, a portable fathom-
eter recorder automatically marked the 
recording chart, and the operator, a sea-
soned civilian from the USC&GS Washing-
ton Office, entered the depth and the two 
sextant readings in a log book. 

Ensign Ward, who had previous ex-
perience with inshore boat surveys in the 
South Pacific while assigned to the C&GS 
chip Pioneer, shot the left angles, plotted 

Phil Ward hand-carrying instruments and supplies down a long, steep trail to the 
survey boat. The boat was rigged with a sonar transducer, fathometer electron-
ics and chart recorder stored in a packing box to protect it from the splashing 
water and waterproof supply box of spare fathometer chart paper rolls.
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the fixes and called out heading changes 
to the boat operator, who was a lieuten-
ant commander in charge of the survey. 
A third man — a new ensign on his first 
assignment — selected the monuments 
and shot right angles. 

In the evenings, each fix of the day was 
re-plotted on a “smooth sheet” and depths 
were added. Eventually bottom contours 
could be plotted and, occasionally, ad-
ditional survey lines were added. 

Following completion of the Crater 
Lake boat survey, Ensign Ward was as-
signed to the Seattle, Washington, C&GS of-
fice to complete the final Crater Lake Chart 
that was sent to the Washington, D.C., for 
production at C&GS headquarters. Though 
relatively crude by today’s standards, the 
map was impressive.

Phil Ward completed his service as 
a C&GS lieutenant, junior grade — the 
equivalent of a first lieutenant in the other 
armed services — in 1960. He realized 
then that further details of the geologic 
features of Crater Lake, as well as many 
other mapping and surveying tasks, would 
have to wait for technology to progress to 
the point where precision navigation could 
be accomplished as a rapid, automated, 
and cost effective process. 

Going Digital, or Navigation Without 
The Boat 
By 1960 the Cold War was at its peak, and 
the world was not in a serene state. Mili-
tary goals drove most national scientific 
endeavors. The Soviet Union’s launch of 
sputnik, the first manmade satellite, on 
October 4, 1957, heated up the East-West 
confrontation even further and stimulated 
the development of satellite navigation. 

By 1963, the U.S. Navy Navigation Satel-
lite System, or TRANSIT, was in use on Po-
laris ballistic submarines. In 1973, under 
the leadership of U.S. Air Force Colonel 
Brad Parkinson, the GPS Joint Program 
Office synthesized aspects of TRANSIT, 
the Naval Research Laboratory’s Timation 
satellites, and the USAF Project 621B, to 
create the NAVSTAR Global Positioning 
System. 

To help justify a large infusion of mili-
tary funding the GPS JPO motto became: 

“1. Drop five bombs in the same hole, 
and 2. Build a cheap set (<$10,000), and 
don’t you forget it.”  

In 1960, Ward joined the Science Ser-
vices Division of Texas Instruments (TI), 
the iconic American company legendary 
for its developments of the first silicon 
transistor, integrated circuit, calculator 
and digital signal processor technologies.

His engineering skills were honed at TI 
on a host of projects developing geophysi-
cal instrumentation for seismic oil explo-
ration for their wholly owned subsidiary, 
Geophysical Services Incorporated. 

Ward earned a masters degree in 
electrical engineering from Southern 
Methodist University as a TI co-op student 
engineer in 1965. While on an educa-
tional leave of absence, he worked at the 

Massachusetts Institute of Technology 
Instrumentation Laboratory where he 
was on the technical staff of the Apollo 
Guidance Computer Design Team and a 
graduate student in computer science 
from 1967 to 1970.  

In 1976, Ward began work on a  
new project for TI’s Equipment Group: 

development of the Missile Borne Re-
ceiver Set (MBRS), which was based on 
the use of “common modules” of High 
Dynamic User Equipment (HDUE), an 
original Phase I GPS set.

These sets, which helped established 
the basic feasibility of GPS, largely relied 
on analog baseband processing. 

In 1978, the GPS JPO opened com-
petition for Phase II GPS receivers. But 
Texas Instruments, perhaps not realizing 
the volume potential of GPS receivers to 
its core businesses of calculators and 
digital signal processors, lost out to 
Rockwell Collins and Magnavox. 

Meanwhile, prior to losing the Phase 
II contract, Ward and his TI team had 
already developed the MBRS, which — 
without the need for external velocity 

aiding — was able to track Minuteman 
Intercontinental Ballistic Missile for 
verification purposes. 

The MBRS had to measure velocity 
to better than 0.02 meters per second 
at speeds that reached 10,000 m/s and 

Ward showing off a boat sheet. It contained all of the pre-surveyed monument locations along with  
pre-planned parallel bathymetric survey paths that a small motorboat followed during the survey. “I took 
very good care of that article in a water-proof carrying tube especially designed for that purpose,” he said.

Phil Ward continued on page 18
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Phil Ward continued from page 17

Phil Ward surveying at Crater Lake.
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calendar
MAY 2009 
03-06: ENC - GNSS 2009, Naples, Italy     
Contact: Conference Secretariat   
Tel: +39 081 6173858 
Fax: +39 081 2429572 
Web: www.enc-gnss09.it

03-09: RTCM Annual Assembly, 2009 
Trade Winds, St. Petersburg, Florida    
Contact: MR. Robert Markle   
Tel: +1 703-527-2000 
Fax: +1 703-351-9932 
Web: www.rtcm.org

25-27: 16th St. Petersburg Inter-
national Conference on Integrated 
Navigation Systems, Saint Petersburg, 
Russia     
Contact: Prof. V. Peshekhonov   
Tel: +7 812 232-59-15 
Fax: +7 812 232-33-76 
E-mail: elprib@online.ru
Web: www.elektropribor.spb.ru

JUNE 2009 
01-04: JNC 2009, Wyndham Orlando 
Resort, Orlando, Florida    
Contact: The ION  
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org

JULY 2009 
21-24: 6th International Symposium 
on Mobile Mapping Technology 
(MMT09), Sao Paulo Brazil     
Contact: 
E-mail: mmt2009@fct.unesp.br
Web: www.fct.unesp.br/eventos/simposio/
mmt09/ingles

SEPTEMBER 2009 
22-25: ION GNSS 2009, Savannah  
Convention Center, Savannah Georgia   
Contact: The ION  
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org

OCTOBER 2009 
26-28: GNC Miniature Autonomous 
Systems (MAS) Workshop, Emerald 
Coast Conference Center, Fort Walton 
Beach, Florida    
Contact: ION    
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org

27-30: 13 IAIN World Congress,  
Stockholm, Sweden   
Contact: Congrex Sweden AB, Attn: 
IAIN2009   
Tel: +46 8 459 66 00 
Fax: +46 8 661 91 25 
E-mail; iain2009@congrex.se
Web: www.congrex.com/nnf/iain2009

10g accelerations.  Ward learned in short 
order that the HDUE “common module” 
analog tracking loops would not meet these 
performance requirements. 

Ward developed TI’s first digital track-
ing loop designs, including a fourth-order 
carrier tracking loop for the MBRS that 
made the velocity measurement errors 
less sensitive to the missile’s high dynam-
ics. His team was also working on custom 
large scale integrated (LSI) chip designs 
for the Charles Stark Draper Lab, which 
was developing a second generation MBRS 
receiver design.

In late 1979, Ward started work on the 
TI 4100, the first production commercial 
GPS receiver. He persuaded his former  
customer, Geophysical Services Inc. — 
part of the complex TI corporate family — 
to fund the initial portion of its develop-
ment using the new LSI chip technology. 

The TI 4100 was first fielded in late 
1981. It was a versatile tool, which also 

addressed geodetic receiver requirements 
imposed by a tri-agency consortium led 
by the Applied Research Laboratory of the 
University of Texas.

From 1982 to 1987, researchers who 
used the new receiver developed an array 
of innovative applications of GPS, which 
forged the way towards the commercial-
ization of GPS. In particular, the TI 4100 
revolutionized the field of first-order geo-
detic surveying by achieving 5-millimeter 
benchmark location precision across 
10-kilometer baselines. 

This is the first of two articles. The 
second will appear in the Spring 2009 ION 
newsletter and will elaborate further on de-
velopment and applications of the TI 4100.

Marvin B. May is chief scientist at the 
Navigation Research and Development  
Center of the Pennsylvania State  
University’s Applied Research Laboratory  
in Warminster, Pennsylvania. u


