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The U.S. Naval Observatory

Who, What, When, Why, Where



Some of us ... 10 years ago

Positions Today (4 vacant) |#

Administration

Physical Clock Care

Time Scale Mathematicians

GPS

TWSTT

Computer Experts

Alternate Master Clock

Clock Development

OO NP N OO

Total

w
N




elev. 7O m




IVIESIEIa®

s

AVLEELE \/Jrls r Clogi

Voice Computer Internet GPS Two-way Satellite
Modem Time Transfer

— Ships, Submarines, Aircraft — Communications - GPS — GPS

— Ground Forces Centers — DSCS — DSCS

— Shore Activities — Operation Centers — Classified Programs | — Satellite Tracking

— Space Commands Ranges

- NIMA — Satellite Ground

— GPS Control Stations




USNO Contribution to GPS
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GPS Time and UTC(USNO)

UTC(USNQ) - GPS Signals 27JUL07-27JUL08, daily averages modulo 1 second
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USNO Master Clock

Master Clock
Washington, DC

¢57 High Performance Cesiums

¢24 Cavity-Tuned Masers

Alternate Master Clock
Schriever AFB

¢12 High Performance Cesiums

*3 Cavity-Tuned Hydrogen Masers







Master Clock Must Improve

— Order of Magnitude Needed
* More robust (reliable)
« More precise (more self-consistent)
* More accurate (closer to target)

— We know how to do it
o Better clocks, better care, better time transfer

— We know why
o GPSIII
e Space
e 1 nsequals 1 foot
e 3 nsequals 1 meter



USNO portion of the GPS 111 Error Budget

Threshold Objective
All values 1 o
Signal in Space |0.75ns 0.25ns
GPS Reception |0.625 ns 0.275 ns
at USNO
UTC(USNQO) |0.25 ns/day .05 ns/day
TOTAL 1.0ns (1o) 375 ns (1o)




A Database At Your Fingertips
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New Clock Building

Specmcatlons Temperatur +/- 0. 1 C Humldlty +/ 3% RH *ALWAYS*
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Fail-safe HVAC




Clock Room in New Building




Two Rubidium Fountains Installed
Goal: 3 at USNO, 3 at AMC
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Secure Computing




How Good Is the AMC?
with 3 masers, 12 cesiums

AMC Timescales, Observed with GPS Carrier Phase Stability of AMC Timescales, Observed with GPS Carrier Phase
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— USNO-AMC Maser Means s USNO-AMC Cesium Means
bng - Version: 642, Build: Tz Tan

— AT Maser Mean vs USMNO Maser Mean s AMC cesium mean vs USNO cesium mean
onp - vers:

*Blue is unsteered AMC maser mean against unsteered USNO maser mean
*Red is unsteered AMC cesium mean against unsteered USNO cesium mean
*Masers do not contribute to long-term stability

*Since they are characterized against cesium average
*Short-term stability includes measurement and time-transfer noise
*Timescales of other labs (Lab_k) with comparable numbers of clocks can be
inferred from the TA(Lab_k) values published in the Circular T



AMC Upgrades

* New Chambers ($69,000 each)

— Fewer Parts
 Eliminated the relays, a system that had 1-year mtbf

— Primary and backup share same in/out ports
 Eliminates gradient change when shift to backup



