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Introduction

NIST maintains a Coordinated Universal Time scale, called 
UTC(NIST), that it distributes to industrial time users 
th h id f ti itithrough a wide range of activities.

These activities include remote calibrations at state-of-the-These activities include remote calibrations at state-of-the-
art accuracy levels and free broadcast services that 
synchronize many millions of clocks every day.y y y y



NIST’s involvement with atomic timekeeping spans more than 60 years

The world’s first atomic clock was built at NIST (NBS) in 1949The world s first atomic clock was built at NIST (NBS) in 1949

• Based on the ammonia molecule, it was unveiled in January 1949. 

• Well publicized, but it never worked well enough to be used as a standard or 
reference.  Its best reported uncertainty was about 2 x 10-8, which was not accurate 
enough to replace the quartz oscillators then used as the national frequency g p q q y
standard.  But it provided a glimpse of what the future would bring ……



Seven Cesium Beam Primary Frequency Standards were built at 
NBS/NISTNBS 6 /NBS-6

NIST-7

NBS-5

NBS-4NBS-4

NBS-1
NBS-2 NBS-3



Cesium Primary Frequency Standards Designed at NBS/NIST



NIST-F1 Atomic Fountain Clock

A cesium fountain frequency 
standard.  The SI second is defined 
as the duration of 9,192,631,770 
periods of the radiation 
corresponding to the transition 

f fbetween the two hyperfine levels of 
the ground state of the 133Cs atom.

NIST-F1 
Current accuracy (uncertainty):

• 3 x 10-16
laser-cooled 

fountain 
standard

• 3 x 10-16

• 26 trillionths of a second per day.

• 1 second in 105 million years“atomic 
clock”

• 1 second in 105 million years.

Equivalent to measuring distance from earth to sun (1 5 x 1011 m or 93Equivalent to measuring distance from earth to sun (1.5 x 10 m or 93 
million miles) to uncertainty of about 45 µm (less than thickness of 
human hair).



Improvements in Primary Frequency Standards at NBS/NIST
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Th NIST Ti S l i t f

UTC(NIST) Time Scale
The NIST Time Scale consists of an 
ensemble of commercial clocks, currently 
six hydrogen masers and four cesium beam 
standards.standards.   

The weighted average of these clocks 
generates a continuous, real-time signal 
f hi h l ti ffrom a high resolution frequency 
synthesizer that is locked to a hydrogen 
maser.  Both 5 MHz (frequency) and 1 pps 
(time) signals are generated.(t e) s g a s a e ge e ated

The clock ensemble is periodically 
calibrated using the NIST-F1 primary 
t d dstandard.

UTC(NIST) is a real-time realization of 
Coordinated Universal Time (UTC).  The ( )
true UTC is a post processed time scale 
that is not available in real time. The BIPM’s 
Circular-T document shows the difference 
b t UTC(NIST) d UTC t fi dbetween UTC(NIST) and UTC at five-day 
intervals.



BIPM Circular T (www.bipm.org)





UTC(NIST) is compared internationally using many methods ofUTC(NIST) is compared internationally using many methods of 
satellite-based time and frequency transfer

Geostationary SatelliteGlobal Navigation Satellite System (GNSS)
GNSS 

Augmentation 
satellite

Communication 
satelliteGPS GLONASS GALILEO COMPASS

Two-way Satellite Time 
and Frequency TransferOne way Common view All in view and Frequency Transfer 

(TWSTFT)
One-way, Common-view, All-in-view

Code, Carrier-phase Measurements



Two-Way Satellite Time and Frequency Transfer

The primaryThe primary 
technique used by 
NIST to contribute to 
UTC.UTC.

NIST is involved in 
regular comparison 

ith 12 E ropeanwith 12 European 
NMIs.

NIST earth station 
uses a 3.7 m dish, and 
KU band radio 
equipment.



Common-View GPS Measurements
Common-view GPS is the easiest, most practical, and cost 

effective way to compare two clocks at remote locations.  

The common view method involves a GPS satellite (S) andThe common-view method involves a GPS satellite (S), and 
two receiving sites (A and B).  Each site has a GPS receiver, a 
local time standard, and a time interval counter.

Measurements are made at sites A and B that compare the 
received GPS signal to the local time standard.

Two data sets are recorded (one at each site):Two data sets are recorded (one at each site):
Clock A - S
Clock B - S

The two data sets are then exchanged and subtracted from 
each other to find the difference between Clocks A and B.  
Delays that are common to both paths (dSA and dSB) cancel, but 
delays that are not common to both paths contribute uncertaintydelays that are not common to both paths contribute uncertainty 
to the measurement.  The equation for the measurement is:

(Clock A – S) – (Clock B – S) = (Clock A – Clock B) + (dSA – dSB)



Comparison of GPS and TWSTFT Time Transfer
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The SIM Network

SIM is the Interamerican Metrology 
System the RMO for NorthSystem, the RMO for North, 
Central, and South America.  The 
SIM Network is an excellent 
example of how NMIs can establish 
t bilit th h i t ti ltraceability through international 
comparisons, even if they are not 
involved in the BIPM key 
comparisons.

Fourteen NMIs (light colored clocks 
on the map) now participate.  Two 
more NMIs (dark colored clocks)more NMIs (dark colored clocks) 
are expected to join the network in 
2010.  All of these labs 
continuously compare their time 
and frequency standards 24 hoursand frequency standards, 24 hours 
per day, 7 days per week.



SIM Results are available on-line at:  tf.nist.gov/sim





NIST Time Scale and Distribution

4 Cesium Beam standards
Two-way satellite time 
& frequency transfer

UTC(NIST)

6 Hydrogen Masers

GPS

Measurement System

Calibrated by NIST-F1 
primary frequency standard

International coordination of time 
and frequency: UTC, TAI, etc.



Remote Calibration Services
Remote calibration services satisfy the most demanding 
industrial timing customers, including timing laboratories, 
research laboratories, and the telecommunications 

Time Measurement and Analysis Service (TMAS)

industry.

• Direct comparison to to UTC(NIST) via Common-View GPS.  
Based on technology of SIM Time Network.

• < 15 ns uncertainty (k = 2). 15 ns uncertainty (k  2).
• Real-time measurement results available via Internet.

Frequency Measurement and Analysis Service

• Full measurement system with continuous remote 
monitoring by NIST through telephone lines.

• Frequency uncertainty w/respect to UTC(NIST) is      
~2 x 10-13 after 1 day of averaging.2 x 10 after 1 day of averaging.





FMAS/TMAS Comparison

Feature FMAS TMAS

Number of Channels 5 1

Frequency Inputs 1 Hz to 120 MHz 1 Hz onlyq y p

Time Uncertainty
w/respect to UTC(NIST), 

Not Available 15 ns

p ( ),
(k = 2)
Frequency Uncertainty 
w/respect to UTC(NIST),

2 x 10-13 at 1 day 5 x 10-14 at 1 day
w/respect to UTC(NIST),
(k = 2)
Data connection to NIST Telephone line Internet

Reporting of Results Daily printouts of phase plots, 
monthly calibration report sent 
via mail

Real-time reporting via Internet, 
updated every 10 minutes

Customer Service Phone and email support, Phone and email support,Customer Service Phone and email support, 
replacement parts shipped when 
necessary via FedEx

Phone and email support, 
replacement parts shipped when 
necessary via FedEx



Time By Radio:  WWV/WWVH



Time by Radio:  WWV/WWVH
HF time signal stations 
operate in the radio spectrum 
from 3 to 30 MHz (often 
known as shortwave) WWVknown as shortwave).  WWV 
is the shortwave station 
operated by NIST from Fort 
Collins, Colorado.  Its sister 
station WWVH is located onstation, WWVH, is located on 
the island of Kauai in Hawaii.

Both stations broadcast onBoth stations broadcast on 
2.5, 5, 10, and 15 MHz, and 
WWV is also available on 20 
MHz.

WWV and WWVH are best 
known for their audio time 
announcements.  The exact 
i f th di di isize of the radio audience is 

unknown.  About 2000 users 
per day listen to the signals 
by telephone through the y g
Telephone Time-of-Day 
Service (TTDS).



NIST operates two of the five remaining HF Time 
Signal StationsSignal Stations

Call Sign Location Frequencies 
(MHz)

Controlling NMI

WWV Fort Collins, 2.5, 5, 10, 15, 20 National Institute of Standards and WWV Fort Collins, 
Colorado, 

USA

2.5, 5, 10, 15, 20 National Institute of Standards and 
Technology (NIST)

WWVH Kauai, 
Hawaii USA

2.5, 5, 10, 15 National Institute of Standards and 
Technology (NIST)Hawaii, USA Technology (NIST)

BPM Lintong, 
China

2.5, 5, 10, 15 National Time Service Center (NTSC)
China

CHU Ottawa, 
Canada

3.33, 7.85, 14.67 National Research Council (NRC)

HLA Taejon, Korea 5 Korean Research Institute of StandardsHLA Taejon, Korea 5 Korean Research Institute of Standards
and Science (KRISS)



Time By Radio:  WWVB

WWVB low frequency broadcast ofWWVB low frequency broadcast of 
time code signals (60 kHz).  Began 
broadcasting from Fort Collins, 
Colorado in 1963Colorado in 1963.



WWVB Radio Controlled Clocks
Low frequency time 
signal stations operate 
at frequencies ranging 
f b t 40 t 80from about 40 to 80 
kHz.  

WWVB b d tWWVB broadcasts on 
60 kHz with 70 kW  of 
power from Fort 
Collins ColoradoCollins, Colorado.

Between 50 and 100 
million WWVB radiomillion WWVB radio 
controlled clocks are 
believed to be in 
operation. 

Casio expects to sell 2 
million WWVB 

tiblcompatible 
wristwatches in 2009.



LF Time Signal Stations

Call Sign Location Frequency 
(kHz)

Controlling NMI

WWVB Fort Collins, 
Colorado, 

USA

60 National Institute of Standards and 
Technology (NIST)

BPC Lintong, 
China

68.5 National Time Service Center (NTSC)

DCF77 Mainflingen, 
Germany

77.5 Physikalisch-Technische Bundesanstalt 
(PTB)Germany (PTB)

HBG Prangins, 
Switzerland

75 Swiss Federal Office of Metrology and 
Accreditation (METAS)

JJY Japan 40 80 National Institute of Information andJJY Japan 40, 80 National Institute of Information and 
Communications Technology (NICT)

MSF Rugby, United 
Kingdom

60 National Physical Laboratory (NPL)

RBU Moscow, 
Russia

66.67 Institute of Metrology for Time and
Space (IMVP)



Internet Time Service (ITS)

One of the world’s most popular time 
distribution services.  The ITS 
synchronizes more than 100 millionsynchronizes more than 100 million 
computer clocks every day.

22 servers located around the United 
StatesStates.

Client software is built into common 
operating systems: Windows XP and 
Vista Mac UnixVista, Mac, Unix.



Internet Time Service (ITS)

Over 90% of ITS users 
request time in NTP equest t e
format.  

NTP refers to the 
Net o k Time P oto olNetwork Time Protocol, 
the most widely used 
mechanism for time 
distribution via the 
I t t d fi d bInternet, defined by 
the RFC-1305 standard. 

The uncertainty isThe uncertainty is 
usually about 50 
milliseconds.

On peak traffic days, 
the NIST NTP servers 
handle more than 3  
billion timing requestsg q



National Web Clock (time.gov)

Handles about 400,000 
timing requests per day on 
averageaverage

Accurate to within a few 
tenths of a second 

An easy way for users to 
compare their clocks and 
watches to UTC(NIST)watches to UTC(NIST)



Automated Computer Time Service (ACTS)
The Automated Computer Time 
Service that delivers time over 
telephone lines.

ACTS synchronizes computer 
clocks and standalone clocks 
through ordinary telephone lines 

i l dusing analog modems.

Not used for frequency.  The time 
uncertainty is about +/- 15uncertainty is about / 15 
milliseconds.

Popularity has decreased due to 
I t t NTP b t ACTSInternet NTP servers, but ACTS 
still synchronizes about 5000 
computer clocks per day. 

Many ACTS customers are 
brokerage houses involved in stock 
market transactions.



Distributed UTC(NIST) Signals

SignalSignal
SourceSource

Time Time 
UncertaintyUncertainty

(microseconds)(microseconds)

Frequency Frequency 
UncertaintyUncertainty

(1 day)(1 day)

NotesNotes Clocks Clocks 
Synchronized  or Synchronized  or 

Measured Per DayMeasured Per Day(microseconds)(microseconds) (1 day)(1 day) Measured Per DayMeasured Per Day
(estimated)(estimated)

TMAS < 0.015 5 x 10-14 Remote calibration service 
for paying customers.

10

FMAS Not 
Applicable

2 x 10-13 Remote calibration service 
for paying customers

35

WWVB 100 1 x 10-12 Free Broadcast Service 50 to 100 million

WWV/WWVH 1000 1 x 10-9 Free Broadcast Service 1 million

ACTS 5000 Not Free Broadcast Service 5000ACTS 5000 Not 
Applicable

Free Broadcast Service 5000

ITS 10000 Not 
Applicable

Free Broadcast Service > 100 million
Applicable

TTDS 30000 Not 
Applicable

Free Broadcast Service 2000

Time.gov 
web clock

200000 Not 
Applicable

Free Broadcast Service 400,000



The Distribution of UTC(NIST)



Summary

• The UTC(NIST) time scale is an important part of a world 
infrastructure of time and frequency that ensures traceability to the q y y
International System of units (SI).

• Establishing traceability provides evidence that measurements are 
being made correctly.

• Through its time scale and services, NIST:

synchronizes many millions of clocks each day

h l th i t d bli t t th i l l d t h i lhelps the private and public sectors meet their legal and technical 
time and frequency requirements

provides calibration services to paying industrial time users withprovides calibration services to paying industrial time users with 
the most demanding requirements



Questions?Questions?


