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fhe Jenns Hepkins URIVELSILY.
Applled Physms Laboratory

The largest University Affiliated Research Center in the United States

Located between Baltimore, MD and Washington, DC in Laurel MD on
450 acres with 20 major buildings + satellite campuses

Staff of about 5800 employees (77% are engineers & scientists)

Major sponsors are the DoD, NASA, DHS, and IC
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Provide precise time and frequency. in sUpport of
critical APL projects and maintain traceability to
U.S. and international timing laboratories.
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APL TEL Haraware

High Performance Cesium Clocks
Standard Performance Cesium Clocks
Hydrogen Maser Clocks

5MHz clock measurement systems
1pps clock monitor system

High Resolution Offset Generators
GPS Time Transfer Receivers

Precision Distribution System (1PPS, 5Mhz, 10Mhz)



APL TEL Cleck VVault




¢

 /

2

4

TEL VISSIon SUppelit

Integration and testing of flight hardware

Frequency reference for spacecraft ranging and
communications

Time-stamping of ground receipt telemetry.
packets

R & D of time and frequency devices and
distribution systems



Jr)rurr 01 APL Space SCIERCE IWISSIORS

o Continued mission operations support for:
e []

Lo

MED - Thermosphere Ionoesphere Mesosphere Energetics and Dynamics

o STEREO — Solar TErrestric

Q)

| Relations Observatory.
o New Horizons - mission to Pluto and Kuiper Belt Objects
e MESSENGER - MErcury Surface, Space ENvironment, GEochemistry, and Ranging

o \Van Allen Probes - (formally Radiation Belt Stormi Probes), launched Aug 2012

o Integration support for Solar Probe Plus starts in late 2015




Time lransierw/Omher ULS, [Lains

¢ Ilraceability with USNO and NIST has traditionally:
been done using Common View: Time lransfer.

+» Recently APL has started using GPS Carrier Phase
time transfer to augment traceability to the
USNO

& Precise Point Position (PPP) software and license acquired from
Canadian National Research Council (NRC).

€ APL RINEX files generated by a NovAtel Propac6t GPS receiver
¥ USNO RINEX files downloaded from the BIPM

& Overlapping three-day solutions computed daily

€ Only the Backward Solution is retained

& APL developed software corrects day cross-over ambiguities
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Commoen View Vvs. Camier Phase

ime liranRsier
UTC(APL) - UTC(USNO)

37614 37616 37618
MJD

—— Common-View —— Precise Point Positioning




UTC(ARPL) and UTC (USINO)?
Relatvenme ACCUlaCY/

UTC(APL) & UTC(USNO) - APL Time Scale
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57380 57590 57600
MJD
— UTC(APL) - APL Time Scale —— UTC(USNO) - APL Time Scale

* \/ia Carrier Phase Time Transfer 10



APRIL Clecks andr UNIC(USINO)»
Relatver Freguency: Stalnlity

APL Time Scale - High Preformance Cesium, Maser, UTC(USNO)
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* Via Carrier Phase Time Transfer



ARIL Clecks andr UNIC(USN®)2
Relatver Freguency: Stelallity

Frequency Stability
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Averaging Time, T, Seconds
—— AFPL Time Scale - High Performance Cesium —— APL Time Seale - Maser —— APL Time Seale - UTC{USNO)

* Via Carrier Phase Time Transfer 12



Carrer PRaserSummany

+ Can be done with any Lab that generates GPS RINEX data
and deposits the data at the BIPM.

¢ The UTC(Lab) reference could be used as an additional
clock in the ensemble if stable and has near maser
precision.

+ Efforts on-going to strengthen the APL Time Scale and
improve traceability with other Labs.
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Thank You



