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FOREWORD

These Proceedings contain the papers presented at the Nineteenth Annual Precision Time
and Time Interval Applications and Planning Meeting. The meeting was held for the first
time on the West Coast, at the Redondo Beach Sheraton Hotel. An excellent attendance at
the meetings and the banquet was an indication of the interest in this field in the Southern
California area. A number of invited speakers presented talks which are not given here.
The discussion following each talk are printed following the individual paper.

There were 221 registered attendees and eight paid non-attendeees. Of the attendees,
137 were from West of the Mississippi (98 from the L.A. area), 67 were from East of the
Mississippi (32 from the Washington D.C. area) as well as 17 from 9 foreign countries (13
from 6 European countries, one from Japan two from Canada and 1 from Africa).

The objective of these meetings is to provide an opportunity for program planners to meet
those who are engaged in research and development and to keep abreast of the state—
of-the—-art and latest technological developments. At the same time, they provide and
opportunity for engineers to meet program planners.

This year the program emphasized GPS technology and applications as well as develop-
ments in the fields of time keeping, frequency standards and time synchronization.

The Program Chairman and the Session Chairmen are responsible for the excellent tech-
nical content of the meeting. This year was a particularly difficult one for the organizers
because of the new location and the distance between Washington and Redondo Beach.
Their unstinting efforts achieved an outstanding success which we hope will be soon re-
peated.

xi/xii




CONTENTS

SESSION I
GPS Time and Frequency Aspects

Chairman: Col. Gaylord Green
U.S. Airforce

Update On GPS System Status . . . e e e e e e e e e 1
Col. G. Green, U.S.Airforce Space D1V151on / YE
Use of GPS Time Transferat BIH/BIPM . . . . . . .. . .. .. ... ... 3

B. Guinot and W. Lewndowski
Bureau International de I’Heure

Comparison of Time Scales Generated with the NBS Ensembling Algorithm . . . . 13
F. Varnum, D.R. Brown, D.W. Allan, and T.K. Peppler
National Bureau of Standards

Dual Frequency P-Code Time Transfer Experiment . . ... .. 25
J.R. Clynch and B. Tolman, Applied Research Laboratorles and
M.A. Weiss, D.W.Allan, a.nd D. Davis, National Bureau of Standards

Apparent Diurnal Effects in the Global Positioning System . . . . . . . . . . . . 33
M.A. Weiss, National Bureau of Standards
An Off-Air Observatory Time Service . . A |

A.R. Seabrook, Royal Greenwich Observatory, England

Global Positioning System for Time and Frequency Measurements . . . . . . . . 58
G.F. Knoernschild, Rockwell International

SESSION 11
Current Applications

Chairman: Dr. Nicholas Yannoni
Rome Air Development Center and
Dr. Ed Jones
Naval Research Laboratory

A Reappraisal of Frequency Domain Techniquesfor . . . . . . . . . . . . . . . 69
Assessing Frequency Stability Measurements
D.B. Percival, Applied Physics Laboratory, University of Washington

Timing Operations and Data Processinginthe . . . . . . . . . . . . .. . . . 81
Goddard Laser Tracking Network
A. Clinton, E. Detoma, W. Hanrahan, and P. Kushmeider

Bendix Field Engineering Corporation

Measurement of Delay Variation in Digital Communications Networks . . . . . . . 96

K. Hilty and J.D. Mellana, Swiss Post Office Technical Center

xiii




Single State Selection System for Hydrogen Masers . . .
E.M. Mattison and R.F.C. Vessot, Smithsonian
Astrophysical Observatory

Triply-Redundant Precision Time and Frequency Standard .
D. Silvermetz, M. Bloch, M. Meirs, Frequency Electromcs Inc

Local Oscillator Induces Instabilities in Trapped Ion Frequency Standards
G.J. Dick, Jet Propulsion Laboratory

Influence of Acoustic—Gravity Waveson Propagation of Loran-C
Y. Zheng, Purple Mountain Observatory, China

Linking Saudi Arabia Loran—C Chain to Mediterranean Chain
S. Samuel, National Institute for Standards, Egypt

SESSION III
Specifications and Environmental Effects on Oscillator Stability

Chairman: Dr. John Vig
Army Electronics Technology and Devices Laboratory

Specification of Precision Oscillators .
S.S.Schodowski and J.R. Vig,
U.S. Army Electronics and Technology Laboratory

The Effects of Ambient Conditions on Cesium Clock Rates .
L.A. Breakiron, U.S. Naval Observatory

Analysis of the Seasonal Effects on a Cesium Clock to Improve
the Long—Term Stability of a Times Scale . . .
E. Bava, F. Cordara, V. Pettiti and P. Tavella, Instituto
Elettrotecnico Nazionale “Galileo Ferraris”, Corso, Italy

Large Sample Simulation of Flicker Noise
J.A. Barnes, Austron, Inc. and
C.A. Greenhall, Jet Propulsion Laboratory

Likelihood and Least Squares Approach to the M—cornered Hat .
C.A. Greenhall, Jet Propulsion Laboratory

Variances Based on Data with Dead Time
Between the measurements
J.A. Barnes, Austron, Inc. and
D.W. Allan, National Bureau of Standards

SESSION 1V
Chairman: Dr. Len Cutler
Hewlett—Packard Company

Atomic Transit Time and Delayed Ionization Effects on Cesium .
Beam Frequency Standards
B. Jaduszliwer, The Aerospace Corporation

107

113

133

149

155

163

175

185

203

219

227

235



The Optically Pumped Cs Frequency Standard at NRLM

Y. Nakadan and Y. Koga, National Research Labo;ait,ory '

of Metrology, Japan

Alkali Reactions with Wall Coating Materials
Used in Atomic Resonance Cells
J.C. Camparo, R. Frueholz and B. Jaduszliwer,
The Aerospace Corporation

Stability Test Results for GPS Rubidium Clocks . . .
F. Danzy, U.S. Naval Research Laboratory and
W.J. Riley, EG&G Frequency Products, Inc.

Design and Performance of a Compact Passive Maser
L.L. Lewis, T.E. Smith and S.R. Stein,
Ball Aerospace Systems Division

Trapped Ion Frequency Standard . .
J.D. Prestage, G.L. Dick and L Malek1
Jet Propulsion Laboratory

Application of High Temperature Superconductivity .
to Ultrastable Frequency Sources
G.J. Dick, D.M. Strayer and L. Maleki,
Jet Propulsion Laboratory

Application of Kalman Filters and ARIMA Models
to the Design of Digital Frequency and Phase Lock Loops
J.A. Barnes, Austron Corporation and
S.R. Stein, Ball Aerospace Systems Division

SESSION V
Advance Applications

Chairman: Dr. Gernot Winkler
U.S. Naval Observatory

Performance Of Atomic Clocks Flown on the Space
Shuttle Experiment NAVEX
J. Hammesfahr, H. Nau and S. Starker,
Institute for Radio Frequency Technology, FRG

Redundant Time and Frequency Reference Unit
for Satellite Applications
Satellite Program
A. Vulcan, C. Gloeckl, M. Meirs and T. McClelland,
Frequency Electronics, Inc.

Portable Hydrogen Maser Clock Time Transfer .
at the Sub—Nanosecond Level
L. Rueger, M.C. Chiu and S.D. Deines,
Johns Hopkins Umiversity and R.A. Nelson,
J.T. Broomfield and C.D. Alley, University
of Maryland

XV

. 245

. 255

. 267

. 275

. 285

. 299

311

325

337

345




A New Test of RelativVIty v v « o o o « o ¢ o o o o o o o o o« o o o « o o 367
T.P. Krisher, L. Makeki, Jet Propulsion Laboratory
and C.M, Will, Washington University

A Study in Long-Term Stability of Atomic CIlocksS « o « ¢« ¢« « ¢ « o « « o« « 375
D.W. Allan, National Bureau of Standards

Standard Time and Frequency Signal Dissemination . .« ¢ ¢« « o ¢« « &« + « o 381
Service via Indian Domestic Satellite INSAT-1B

A, Sen Gupta, A.K, Hanjura, P. Banerjee,

and B.S. Mathur, National Physical

Laboratory

xvi






