
ROBERT 1. DANCHIK and L. LEE PRYOR 

THE NA VY NAVIGATION SATELLITE SYSTEM 
(TRANSIT) 

This article provides an update on the current status and future projections for the Navy Navigation 
Satellite System, also known as Transit. 

INTRODUCTION 
The Navy Navigation Satellite System (NNSS) , also 

known as the Transit system, was an APL invention that 
evolved from the Laboratory's discovery that the Dopp­
ler shift on the signal broadcast from the Soviet Sput­
nik satellite in 1957 could be used to predict when the 
satellite would be in view from APL. 1-5 Development of 
the system to provide precision navigation for the Na­
vy's strategic system submarines began in 1958, and the 
system became operational in 1964. 

In 1967, the Transit system was released to industry 
and became available to civilian ships of all nations. The 
Transit system became the broad-ocean navigation sys­
tem, the broad-ocean area oil-survey reference system, 
the international boundary-survey reference system, the 
Department of Defense geodetic-survey reference system, 
and a time distribution system. 

The Strategic Systems Programs Office, under a 
Memorandum of Understanding with the Naval Space 
Command, provides the life cycle management for Tran­
sit. The Navy Astronautics Group is the operational 
agency for the satellite constellation. Production space­
craft were manufactured by RCA (now the General Elec­
tric Astro Space Division). Technical direction and sys­
tems engineering for the program are provided by APL. 

The system concept is shown in Figure 1. 
Thirty years after the launch of the first experimental 

satellite, 25 years after the first operational satellite was 
placed in orbit, and 22 years after the system was de­
clared operational and released for industrial use, we 
have a robust constellation consisting of seven operational 
spacecraft and five spacecraft stored in orbit. The last 
three planned constellation-replenishment launches placed 
five new spacecraft in orbit in 1988. The Navy anticipates 
that these launches will provide sufficient spacecraft to 
maintain the constellation through the year 2000. 

Oscar 13, the last of the operational spacecraft built 
by APL, was declared nonoperational in 1 anuary 1989 
after 21 years and 8 months of service in space, which 
may be a record for in-orbit continuous operation. All 
first-generation operational (Oscar) spacecraft in the 
NNSS constellation were originally launched one at a time 
on the Scout launch vehicle. Beginning in 1985, the Os­
car spacecraft were designated as Stacked Oscars on 
Scout (SOOS) spacecraft and were launched two at a time. 
The second-generation radiation-hardened spacecraft 
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were designated as Nova spacecraft. Over the last eight 
years, the drag-free concept used on Nova has proved 
successful in providing long-term on-orbit broadcast 
ephemeris. 

RELIABILITY 
Reliability of the Oscar satellites in the constellation 

continues to be about 14 years of demonstrated in-orbit 
life. The oldest spacecraft in orbit (Oscar 20) celebrated 
its sixteenth year of operational service in October 1989. 
The other 11 spacecraft (see Table 1) have been in orbit 
for relatively short times. It is worth noting, however, 
that the soos 1,2,3, and 4 spacecraft were stored on the 
ground in dry nitrogen for 15 to 20 years before launch. 

The only known subsystem with a limited lifetime (the 
battery) was replaced with a new flight-qualified battery 
just before launch. Since the battery cells launched with 
SOOS 3 and 4 were not produced in an identical manner 
as the early flight battery cells, we have initiated a simu­
lated in-orbit test on the ground so that we can closely 
monitor the new battery cells f0r any indication of ear­
ly degradation. Table 2 gives the calculated constella­
tion availability, assuming that the Oscar and Nova 
spacecraft have a 12-year and 8-year mean time to fail­
ure, respectively. Since we do not have sufficient long­
term lifetime data for the Nova spacecraft in orbit, we 
are using the goal of an 8-year lifetime from the pro­
duction spacecraft contract. The assumed Oscar lifetime 
is more conservative than the 14-year satellite lifetime 
demonstrated by the satellites since 1967, to allow for 
the older spacecraft at launch. The only experience with 
long-term storage of a spacecraft followed by a launch 
is with Oscar 11, which was stored for approximately 
11 years in dry nitrogen. Before launch, it was modi­
fied by adding a Global Positioning System translator. 
The operational navigation service life of Oscar 11 was 
about 12 years. The spacecraft translator is still opera­
tional. 

CONSTELLATION 
Each satellite is monitored to determine any anoma­

lous behavior-for example, solar panel performance, 
battery voltage, and thermal variations. The operator of 
the system, the Navy Astronautics Group, monitors all 
anomalies to prevent loss of service. A Satellite Anomaly 
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Computing center 
Computes future orbital 
parameters and time 
correction 

Tracking station 
Receives,records , and digitizes 
Doppler signals ;transmits 
refraction-corrected Doppler data 

• Injection station 
Transmits new orbital 
parameters and time 
corrections 

Figure 1. The Transit concept in the early 1960s. 

Table 1. Time in orbit and operational status of Navy 
Navigation Satellite System constellation as of January 1900. 

Status 

Satellite Time in orbit Stored 
Payload number (years:months) Operational in orbit 

Oscar 20 20 16:2 X 
Nova 1 48 8:7 X 
Nova 3 50 5:2 X 
SOOS 1 24 4:4 X 

30 4:4 X 
SOOS 2 27 2:3 X 

29 2:3 X 
SOOS 3 23 1:8 X 

32 1:8 X 
Nova 2 49 1:6 X 
SOOS 4 25 1:4 X 

31 1:4 X 

Review Board reports and catalogues all satellite anoma­
lies, to provide a synopsis of satellite performance and 
to provide procedures to eliminate or reduce the impact 
on the user community. Satellite anomalies also influence 
the choice between operational and "stored-in-orbit" sta­
tus for each satellite. All anomalies are analyzed to de­
termine the long-term impact on the spacecraft. 
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Table 2. Calculated Transit constellation availability, assum-
ing an Oscar operating life of 12 years and a Nova operating 
life of 8 years. 

Year 

Probability of having 1990 1993 1996 1998 2000 

At least one plane 1.00 1.00 1.00 1.00 0.999 

At least two planes 1.00 1.00 1.00 0.999 0.986 

At least three planes 1.00 1.00 0.998 0.984 0.902 

At least four planes 1.00 0.999 0.969 0.881 0.659 

The health of each satellite is determined by routine 
monitoring. Operational satellites are observed more fre­
quently than are the satellites stored in orbit. The tran­
sitions between operation and stored-in-orbit status are 
kept to a minimum. Periodically, the stored-in-orbit 
spacecraft are tested operationally. 

Currently, the operational soos/Oscar satellites have 
navigation messages injected twice per day. Telemetry 
is recorded twice per day in conjunction with message 
injection. Doppler and navigation messages are record­
ed daily on passes of opportunity. The Nova satellites 
have navigation messages injected once per day, and te­
lemetry is recorded daily. Doppler and navigation mes-
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sages are recorded daily on passes of opportunity. The 
stored-in-orbit soos satellites broadcast on a main­
tenance frequency, and their telemetry is recorded twice 
per week. 

Additional monitoring of the five stored-in-orbit soos 
satellites is conducted according to the following plan: 
The message readout and operational mode are exercised 
for one satellite every six months to ensure the servicea­
bility of each particular satellite. A minimum of 72 
hours-48 hours to determine the orbit and frequency 
offset and 24 hours of navigation message testing-is 
invested. A navigation message is injected twice per day, 
and telemetry is recorded twice per day. Doppler and 
navigation messages are recorded daily on passes of op­
portunity. During the operational period, the clock, car­
rier stability, carrier signal-to-noise ratio, orbit, and navi­
gation results are monitored in the standard manner for 
operational satellites. 

The sample constellation assignment shown in Figure 
2 establishes an overview of the operational status for each 
satellite. This scenario will vary in accordance with the 
requirements of the system and the health of the satellites. 

SPACECRAFT 
The satellites were placed in orbit (a polar, nominally 

circular orbit at 600 nmi altitude) by the highly reliable 
Scout vehicle, but there remained the expected residual 
inaccuracies in the inclination and eccentricity. These in­
accuracies were removed for the Nova series with an 
orbit-adjustment system, which provided very low nod­
al precession rates and the bias configuration for the con-

Orbit planes 

Nova 1 

Nova 2 

Nova 3 

Oscar 20 

SOOS1 
24 
30 

SOOS2 
27 
29 

SO OS 3 
23 
32 

SOOS4 
25 
31 

0 6 12 
Time (months) 

Operational satellite -

Stored-in-orbit satellite -

18 24 

Figure 2. Sample constellation assignment, showing distribu­
tion choices while keeping seven satellites operational and ex­
ercising the operational mode for satellites stored in orbit. 
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stellation. The soos and Oscar satellites have larger node 
precessions and are, at times, coplanar with other space­
craft in the constellation. Figure 3 shows the orbit plane 
distribution as viewed from the North Pole on 1 January 
1990. Notice that Oscar 20 and soos 4 are very nearly 
coplanar. The three Nova's are separated by about 45 0

• 

A view of the orbit precession over time is presented 
in Figure 4. There are some intervals when precessions 
cause orbit planes to cross in late 1989, 1991, and 1996. 
During these crossing periods, the designated operational 
spacecraft may change. 

The Nova satellites were designed with a disturbance 
compensation system (DISCOS) for adjusting the along-

Oscar 20 
1360 

SOOS4 

Sun at 
0000 UT 
100.39° 

Nova 2 

Name of satellite at ascending node 

~ at descending node 

SOOS1 

Line of 
Aries 

Figure 3. View of the Transit constellation in January 1990, 
as seen from above the North Pole. 
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Figure 4. Orbit precessions, showing coplanar situations to 
the year 2000. 

99 



R. J. Danchik and L. L. Pryor 

track position in their orbits.5
-6 The system automati­

cally compensates for drag and solar pressure uncertain­
ties in orbit prediction. The Navy Astronautics Group 
commands biases to the DISCOS systems to maintain a 
phase separation between the Nova satellites. Biasing the 
DISCOS is accomplished consonant with the orbit track­
ing and prediction computer program to permit unin­
terrupted operational service. Acceptable navigation so­
lutions are possible even when orbit planes are nearly 
coincident if the satellites are separated in phase. The 
Nova satellites operate with a flight processor (computer) 
on board, which provides additional flexibility in oper­
ations. Delayed commands may be stored and activat­
ed in orbit without requiring the satellite to be in view 
of a station. Data about the orbit may be stored under 
a variety of programmable criteria. 

The DISCOS system required attention to electromag­
netic compatibility design criteria. The electric plasma 
thrusters that compensate for along-track forces in­
troduced electrical noise into other subsystems of the 
Nova 1 satellite. In particular, the clock and flight com­
puter suffered noise interruptions. Extensive post-launch 
study of Nova 1 resulted in a rework of Nova 2 and 
Nova 3 cable harness, filtering, and grounding tech­
niques, which corrected the problem. 

GROUND SYSTEM 
The Transit system is operated and maintained by the 

Navy Astronautics Group from its headquarters at Point 
Mugu, California. Tracking and injection station detach­
ments are located in Maine, Minnesota, and Hawaii, in 
addition to the Navy Astronautics Group headquarters in 
California. This ground network collects Doppler and sat­
ellite telemetry data, which is then routed to headquar­
ters for analysis and processing. The computation sys­
tem at headquarters provides satellite telemetry abstracts 
to satellite managers and performs the orbit calculations 
to predict satellite position. Predicted ephemerides are for­
matted into navigation messages that are returned to the 
detachments for transmission to the satellites. 

The Strategic Systems Programs Office maintains a 
disaster backup system to use if processing at headquar­
ters is interrupted. Personnel from headquarters have an 
alternate computer site in the local area where the com­
putational needs can be met. Also, a communication link 
is maintained between the detachments and APL, where 
support personnel can assume the computational func­
tions. Part of the continuing refinement of the system 
includes plans to incorporate additional distributed pro­
cessing into the ground system at the Minnesota facility. 

The drag-compensation algorithm for drag-sensitive 
satellites is of particular interest. The Navy Astronau­
tics Group predicts the onset of solar storms and their 
impact on the atmospheric drag by calculating the solar 
index and magnetic index numbers. When their criteria 
indicate orbit-prediction problems with the Oscar and 
soos spacecraft that are caused by changes in at­
mospheric drag, they intervene with the orbit-prediction 
program and manually establish revised along-track force 
biases, thus permitting satellites to remain in service when 
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routine procedures would have not kept the satellites' 
performance within system specifications. The Nova 
spacecraft have demonstrated their ability to maintain 
track through abnormal periods of atmospheric drag. 

USERS 
The number of system users continues to expand at 

a slower rate, with many of the new users at the low­
cost end of the spectrum, where single-channel receivers 
are sold to pleasure-craft owners at prices beginning at 
about $1,000. Two-channel receivers are sold to those 
requiring precision navigation or survey-quality position­
ing at prices beginning at $10,000. The last survey indi­
cated that over 80,000 receivers have been manufactured 
to date. 

Figure 5 shows the nominal coverage the system will 
provide to users over the life of the program with the 
number of operational satellite planes that are main­
tained in the constellation. Figure 6 provides the nomi­
nal percentage of time that a navigator would have to 
wait more than eight hours for a navigation fix as the 
number of satellite planes decreases . 
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Figure 5. Average time between navigation opportunities for 
various numbers of orbit planes. 
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Figure 6. Nominal percentage of time a navigator must wait 
longer than eight hours for various numbers of orbit planes. 
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FUTURE PLANS 
The Strategic Systems Programs Office plans to con­

tinue to operate the system through 1998, with an op­
tion to continue operation through 2000. The plan is to 
operate the Nova and Oscar spacecraft to provide uni­
form global coverage during the remainder of the pro­
gram with up to seven operational spacecraft, depend­
ing on satellite in-orbit life and orbit dispersion. 

The Transit system is healthy, and the plans are to 
continue to provide high-accuracy outputs and good 
global Earth coverage through the year 1998. 

REFERENCES 

I Wyatt, Theodore, "The Gestation of Transit as Perceived by One Par­
ticipant, Johns Hopkins A PL Tech. Dig. 2, 32-38 (1981). 

2 Danchik, Robert J ., " The avy avigation Satellite System (Transit)," 
Johns Hopkins A PL Tech . Dig. S, 323-329 (1984). 

3Newton, Robert R ., "The Near-Term Potential of Doppler Location," 
Johns Hopkins A PL Tech. Dig. 2, 16-31 (198 1). 

4Black , Harold D., "Satellites for Earth Surveying and Ocean Navigating," 
Johns Hopkins APL Tech. Dig. 2, 3-13 (1981). 

5Kershner, Richard B., " Technical Innovations in the APL Space Depart­
ment, " Johns Hopkins A PL Tech. Dig. 1,264-278 (1980) . 

6Fischell , Robert E., and Kershner, Richard B., "Very Low Altitude Satel­
lites," Johns Hopkins A PL Tech. Dig. 1, 279-283 (1980) . 

ACKNOWLEDGEMENT: We thank Bernard Zacharia of the Strategic 
Systems Programs Office and the Naval Space Command and the Navy Astronau­
tics Group for supplying support, guidance, and information for this article. 

Johns Hopkins APL Technical Digest, Volume 11 , Numbers 1 and 2 (1990) 

THE AUTHORS 

Navy Navigation Satellite System 

ROBERT J. DANCHIK is the Pro­
gram Martager for the Navy Navi­
gation Satellite System (frartsit) 
Program at APL. During his ~year 
career at APL, he has served in 
marty Space Department technical 
artd martagement roles. In addition 
to the Transit Program martagement 
assignment, he is Brartch Supervisor 
of the Space Electronics Systems 
Brartch of the Space Department. 
Mr. Dartchik obtained a B.S. degree 
from The Pennsylvania State Univer­
sity artd art M.S. degree from The 
Drexel Institute of Technology. 

L. LEE PRYOR has been at APL 

since 1962. He was responsible for 
the design artd implementation of the 
Trartsit orbit -determination system 
software artd has 27 years' experience 
with the Transit Program. He is a 
section supervisor in the Computer 
Science artd Technology Group of 
the Space Department. Mr. Pryor is 
also art instructor in computer sci­
ence at The Johns Hopkins Univer­
sity G.W.C. Whiting School of 
Engineering. His current professional 
interest is in the trartsition of orbit ~:. :. .. ~"!;.'~.-: •. "'-.;, 

. ...• - .... ~,~ ~ software to the microprocessor en-
• .. . . .. . , . ~ .~ vironment. Mr. Pryor holds art 

M.A. in mathematics from The 
Pennsylvania State University. He is the system engineer for the Navy 
Navigation Satellite System (frartsit) Program. 

101 



Space Science and Technology 

102 

SPACE SCIENCE AND TECHNOLOGY: Further Reading 

VOLUME 1 

58 Successful Launch of Magsat 
60 Encounters with Jupiter: The Low Energy Charged Particle 

Results of Voyager 
148 The Potential of Spaceborne Synthetic Aperture Radar for 

Oceanography 
162 The Geomagnetic Field and Its Measurement: Introduction and 

Magnetic Field Satellite (Magsat) Glossary 
171 Overview of the Magsat Program 
175 Magsat Performance Highlights 
179 The Magsat Power System 
183 The Magsat Telecommunications System 

188 The Magsat Attitude Control System 

194 The Magsat Attitude Determination System 

201 The Magsat Magnetometer Boom System 
205 The Magsat Scalar Magnetometer 
210 The Magsat Precision Vector Magnetometer 
214 Magsat Scientific Investigations 
228 Studies of Auroral Field-Aligned Currents with Magsat 
264 Technical Innovations in the Space Department 
279 Very Low Altitude Drag-Free Satellites 

VOLUME 2 

2 Guest Editorial 
3 Satellites for Earth Surveying and Ocean Navigating 

14 The Early Days of Sputnik 
16 The Near-Term Potential of Doppler Location 
32 The Gestation of Transit as Perceived by One Participant 
39 Developing and Managing a Large Computer Program 
74 The APL Satellite Refrigerator Program 
87 Low Energy Charged Particles at Saturn 

VOLUME 3 

77 Astronomy, Astrology, Ptolemy, and Us 
180 A Post-Voyager View of Saturn's Environment 
307 Results from the Magsat Mission 

VOLUME 4 

3 The Active Magnetospheric Particle Tracer Explorers Program 

118 SATRACK-Review and Update 
276 Magnetospheric Currents 

VOLUME 5 

96 Guest Editor's Introduction: Images of the Aurora 
98 The HILAT Satellite Program: Introduction and Objectives 

104 The HILAT Spacecraft 
109 The HILAT Satellite Multifrequency Radio Beacon 

114 Cold Plasma Measurements on HILAT 

120 The HILAT Magnetic Field Experiment 

125 The Electron Flux J Sensor for HILAT 
131 The HILAT Vacuum Ultraviolet Auroral Imager 
138 Ultraviolet Imaging of Sunlit Auroras from HILAT 
143 The HILAT Ground-Based Program 
154 The Structure of the High-Latitude Ionosphere and Magnetosphere 
321 Space Department Overview 
323 The Navy Navigation Satellite System (Transit) 

Eckard, L. D. 

Carbary, J. F., Krimigis, S. M. 

Beal, R. C. 

Potemra, T. A., Mobley, F. F., and Eckard, L. D. 
Ousley, G. W. 
Mobley, F. F. 
Allen, W. E. 
Lew, A. L., Moore, B. c., Dozsa, J. R., 

and Burek, R. K. 
Heffernan, K. J., Fountain, G. H., Tossman, B. E., 

and Mobley, F. F. 
Fountain, G. H., Schenkel, F. w., Coughlin, T. B., 

and Wingate, C. A. 
Smola, J. F. 
Farthing, W. H. 
Acuna, M. H. 
Langel, R. A. 

. Potemra, T. A . 
Kershner, R. B. 
Fischell, R. F., and Kershner, R. B. 

Black, H. D. 
Black, H. D. 
Guier, W. H., and Weiffenbach, G. C. 
Newton, R. R. 
Wyatt, T. 
Pryor, L. L. 
Leffel, C. S., Jr. 
Carbary, J. F., and Krimigis, S. M. 

Newton, R. R. 
Krimigis, S. M. 
Langel, R. A. 

Krimigis, S. M., Haerendel, G., McEntire, R. W., 
and Paschmann, G. 

Thompson, T. 
Potemra, T. A. 

Potemra, T. A. 
Fremouw, E. J., and Wittwer, L. A . 
Potocki, K. A. 
Cousins, M. D., Livingston, R. c., Rino, C. L., 

and Vickrey, J. F. 
Rich, F. J., Heelis, R. A ., Hanson, W. B., 

Anderson, P. B. , Holt, B.J., Harmon, L. L., 
Zuccaro, D. R., Lippincott, C. R., Girouard, D., 
and Sullivan, W. P. 

Potemra, T. A ., By throw, P. F., Zanetti, L. J., 
Mobley, F. F., and Scheer, W. L. 

Hardy, D. A., Huber, A., and Pantazis, J. A. 
Schenkel, F. w., and Ogorzalek, B. S. 
Huffman, R. E., and Meng, C.-I. 
Carlson, H. C. 
Keskinen, M. J. 
Weiffenbach, G. C. 
Danchik, R. J. 

Johns Hopkins APL Technical Digest, Volume 11 , Numbers I and 2 (1990) 



330 Coast Guard Precision Navigation Programs Using Loran-C 
335 Development of a Global Position System/Sonobuoy System 

for Determining Ballistic Missile Impact Points 
341 Remote Sensing by Radar Altimetry 
346 Predicting Dangerous Ocean Waves with Spaceborne 

Synthetic Aperture Radar 
360 Degradation of High Frequency Earth/Satellite 

Telecommunications Signals 
363 Toward Very Large Scale Integration Applications in Space 

VOLUME 6 

4 Cosmic-Ray Picture of the Heliosphere 
20 Spaceborne Energetic Particle Instrumentation 
28 The Hopkins Ultraviolet Telescope 
38 High-Frequency Radiowave Probing of the High-Latitude 

Ionosphere 
51 An Alternate Fine Guidance Sensor for the Space Telescope 
60 The Bird-Borne Transmitter 

75 Development of Precision Time and Frequency Systems and 
Devices at APL 

108 AMPTE: Notes on the Initial Observations 
120 The Secular Acceleration of the Earth's Spin 
146 The NASA Space Station 

VOLUME 7 

117 Some Work in Progress in APL's Space Department 
203 Bird-Borne Satellite Transmitter and Location Program 

290 Use of Graphite/Epoxy Composites in Spacecraft 
Structures: A Case Study 

335 Comparative Magnetospheres 
348 Magnetospheres of the Outer Planets 
356 The Viking Satellite Program: Preliminary Results from 

the APL Magnetic Field Experiment 

VOLUME 8 

60 Spaceborne Imaging Radar Research in the 1990s: 
An Overview 

128 Spectrasat Instrument Design Using Maximum Heritage 
133 A Spectrasat System Design Based on the Geosat Experiment 
169 The Navy GEOSAT Mission: An Introduction 
170 The Navy GEOSAT Mission: An Overview 
176 The GEOSA T Radar Altimeter 
182 Preliminary Determination of the GEOSA T Radar Altimeter 

Noise Spectrum 
184 The Design and Operation of GEOSAT 
190 The GEOSAT Ground Station 
197 Determination of Ocean Geodetic Data from GEOSA T 
201 Preliminary Results from the Processing of a Limited 

Set of GEOSA T Radar Altimeter Data 
206 Introduction to Sea-Surface Topography from Satellite 

Altimetry 
212 The NORDA GEOSAT Ocean Applications Program 
219 Comparison of GEOSAT and Ground-Truth Wind and Wave 

Observations: Preliminary Results 
222 Validation of GEOSAT Altimeter-Derived Wind Speeds and 

Significant Wave Heights Using Buoy Data 
234 REX and GEOSAT: Progress in the First Year 
245 Monitoring Equatorial Pacific Sea Level with GEOSAT 

251 Ice Measurements by GEOSA T Radar Altimetry 

255 Waveform Analysis for GEOSAT Day 96 
260 Design of the GEOSA T Exact Repeat Mission 
267 Altimetric Data Assimilation for Ocean Dynamics and 

Forecasting 
295 The Polar BEAR Spacecraft 
303 Preliminary Observations from the Auroral and Ionospheric 

Remote Sensing Imager 

Johns Hopkins APL Technical Digesl, Volume 11 , Numbers 1 and 2 (1990) 

Space Science and Technology 

Baer, G. E., and Wall, f G. 

Westerfield, E. E., Duven, D. J., and Warnke, L. L. 
Kilgus, C. c., MacArthur, J. L., and Brown, P. V. K. 

Beal, R. C. 

Goldhirsh, J. 
Moore, R. c., and Jenkins, R. E. 

Venkatesan, D. 
Jaskulek, S. E., Gold, R. E., and McEntire, R. W. 
Davidsen, A. F., and Fountain, G. H. 

Greenwald, R. A. 
Griffin, M. D., Strikwerda, T. E., and Grant, D. G. 
Strikwerda, T. E., Black, H. D., Levanon, N., 

and Howey, P. W. 

Rueger, L. J., and Chiu, M. C. 
McCloskey, W. 
Newton, R. R. 
Beggs, J. M. 

Weiffenbach, G. c., Dobson, E. B., and Krimigis, S. M. 
Strikwerda, T. E., Fuller, M. R. , Seegar, W. S., 

Howey, P. w., and Black, H. D. 
Jamison, R. D., Griffin, O. H., Jr., Ecker, J. A., 

and Skullney, W. E. 
Lanzerotti, L. J., and Krimigis, S. M. 
Cheng, A. F. 
Potemra, T. A., Zanetti, L. J., Erlandson, R. E., 

Acuna, M. H., and Gustafsson, G. 

Elachi, C. 
MacArthur, J. L. 
Kilgus, C. c., and Frain, W. E. 
Jensen, J. J., and Wooldridge, F. R. 
McConathy, D. R., and Kilgus, C. C. 
MacArthur, J. L., Marth, P. c., Jr., and Wall, J. G. 

Sailor, R. V., and LeSchack, A . R. 
Frain, W. E., Barbagallo, M. H., and Harvey, R. J. 
Jones, S. c., Tossman, B. E., and Dubois, L. M. 
Smith, S. L., III, West, G. B., and Malyevac, C. W. 

Van Hee, D. H. 

Caiman, J. 
Lybanon, M., and Crout, R. L. 
Shuhy, J. L., Grunes, M. R., Uliana, E. A., 

and Choy, L. W. 
Dobson, E., Monaldo, F., Goldhirsh, J., 

and Wilkerson, J. 
Mitchell, J. L., Hallock, Z. R ., and Thompson, J. D. 
Cheney, R. E., Miller, L. L., Douglas, B. c., 

and Agreen, R . W. 
Zwally, H. J., Major, J. A., Brenner, A. c., 

and Bindschadler, R. A. 
Hayne, G. S., and Hancock, D. w., III 
Born, G. H., Mitchell, J. L., and Heyler, G. A. 

Robinson, A. R ., and Walstad, L. 1. 
Peterson, M. R., and Grant, D. G. 

Meng, C.-I., and Huffman, R. E. 

103 



Space Science and Technology 

308 Remote Sensing Imager Auroral Images from Space: Imagery, 
Spectroscopy, and Photometry 

318 The Polar BEAR Magnetic Field Experiment 

324 Anomalous Attitude Motion of the Polar BEAR Satellite 
329 The Flight of Polar BEAR: A Successful Satellite Program 

Grows from Parts and Details 
340 An Update on the Active Magnetospheric Particle Tracer 

Explorers (AMPTE) Program 

VOLUME 9 

73 Propagation Degradation for Mobile Satellite Systems 
82 Correcting for the Effects of the Ionosphere on RF 

Transmissions as Used in the SATRACK System 
144 The Terrestrial Ring Current: From In Situ Measurements 

to Global Images Using Energetic Neutral Atoms 
212 Advances in the Development of Piezoelectric Quartz-Crystal 

Oscillators, Hydrogen Masers, and Superconducting 
Frequency Standards 

293 Lightsats and Cheapsats: The Engineering Challenge of the 
Small Satellite 

299 The Distributed-Injection Ballistic Launcher 

VOLUME 10 

29 Astronomical Telescopes: A New Generation 
56 Ultraviolet- and Visible-Wavelength Measurements from 

Low Earth Orbit 
362 Monitoring Tropical Sea Level in Near-Real Time with 

Geosat Altimetry 
369 The Synthetic Geoid and the Estimation of Mesoscale 

Absolute Topography from Altimeter Data 
380 Real-Time Satellite Altimetry 
386 The Effects of Atmospheric Water Vapor on the Location of 

Ocean Features by the Geosat Altimeter 
393 A Summary of Precise Orbit Computation for the 

Geosat Exact Repeat Mission 
405 Evolution of the Satellite Radar Altimeter 

414 Solid-State Power Amplifiers for Satellite Radar Altimeters 
423 Digital Signal Processing for Spacecraft Altimeters 

Schenkel, F. w., and Ogorzalek, B. S. 
By throw, P. F., Potemra, T. A., Zanetti, L. J., 

Mobley, F. F., Scheer, L., and Radford, W. E. 
Hunt, J. w., Jr., and Williams, C. E. 

McCloskey, W. 

McEntire, R. W. 

Goldhirsh, J., and Vogel, W. J. 

Meyrick, C. w., Feen, M. M., and Strauch, R. L. 

Roelof, E. c., and Williams, D. J. 

Suter, J. J. 

Hoffman, E. J. 
Gilreath, H. E., Fristrom, R. M., and Molder, S. 

Peacock, K., and Long, K. S. 
Carbary, J. F., Fountain, G. H., Hansen, J. S., 

Fort, D. E., and Meng, C.-I. 
Cheney, R . E., Miller, L., Agreen, R. W., 

Doyle, N. S., and Douglas, B. 
Porter, D. L., Robinson, A. R., Glenn, S. M., 

and Dobson, E. B. 
Caiman, J., and Manzi, L. P. 

Monaldo, F. M. 
Haines, B. J., Born, G. H., Marsh, J. G., 

and Williamson, R. G. 
MacArthur, J. L., Kilgus, C. c., Twigg, C. A., 

and Brown, P. V. K. 
von Mehlem, U. I., and Wallis, R. E. 
Perschy, J. A., Oden, S. F., Rodriguez, D. E., 

Spaur, C. w., Penn, J. E., Mattheiss, A. H., III, 
Cain, R. P., and Moore, R. C. 

104 Johns Hopkins APL Technical Digest , Volume 11 , Numbers I and 2 (1990) 


