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FOREWORD 

This publication presents a description of the time and frequency dissemination services of the National Bureau of 
Standards. Those interested in information on the NBS atomic clock system, transmitting antennas, or discussion of 
technological applications of the dissemination services should refer to Section 8, Other Publications. 

This SPECIAL PUBLICATION 432 replaces former Special Publication 236. It will be revised and reissued 
only as necessary to update information. 
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NBS Time and Frequency Dissemination Services 

Sandra L. Howe 
Detailed descriptions are given of the time and frequency dissemination services of the National Bureau of 

Standards (NBS.) These services include the broadcasts from radio stations WWV, WWVH, WWVB, and 
WWVL (on an intermittent basis), and new time and frequency calibration services using television. This 
publication shows the services available on January 1 ,  1976. It will be updated only when the services are re- 
vised or when new services are added. A list of other publications available from the Time and Frequency 
Division of NBS is also included. 

Key words: Broadcast of standard frequencies; frequency calibration; high frequency; low frequency; standard 
frequencies; television color subcarrier; time calibration; time signals. 

Introduction 

The time and frequency community is a small com- 
munity, generally unknown to the world at large, yet 
vitally important to many of the basic activities of every- 
day living. Electric power companies, radio and tele- 
vision stations, telephone companies, and navigators of 
ships and planes all depend heavily on precise frequency 
and time information. They must have a constantly 
available source-a reliable, nationally and internation- 
ally recognized standard -with which to compare and 
regulate their own timing equipment. For over 50 years, 
the National Bureau of Standards (NBS) has been pro- 
viding this standard for most users in the United States.* 

Since the inception of the broadcast services from radio 
station WWV in 1923, NBS has continually improved 
and expanded its time and frequency dissemination 
services to meet the ever growing needs of an ever 
widening community of users. Today, still striving for 
better ways to serve its public, NBS is making major 
contributions to the nation’s space and defense programs, 
to worldwide transportation and communications, and to 
a multitude of industrial operations, as well as pro- 
viding convenient, highly accurate time service to many 
thousands of users throughout the world. Services are 
presently available from stations WWV and WWVB in 
Fort Collins, Colorado, and from WWVH in Kauai, 
Hawaii. In addition, new calibration services using net- 
work television are also available. This booklet is offered 
as a guide to these services. 

1. WWVandWWVH 

NBS broadcasts continuous signals from its high- 
frequency radio stations WWV and WWVH. The radio 
frequencies used are 2.5 ,5 ,  10, 15, and 20MHz. WWV 
also broadcasts on an additional frequency of 25 h4Hz. 

T h e  U.S. Naval Observatory provides time standards for the Department of Defense and 
other interested users. 

All frequencies carry the same program, but because 
of changes in ionospheric conditions, which sometimes 
adversely affect the signal transmissions, most receivers 
are not able to pick up the signal on all frequencies at 
all times in all locations. Except during times of severe 
magnetic disturbances, however-which make all radio 
transmissions almost impossible-listeners should be 
able to receive the signal on at least one of the broad- 
cast frequencies. As a general rule, frequencies above 
10 MHz provide the best daytime reception while the 
lower frequencies are best for nighttime reception. 

Services provided by these stations include: 

Time announcements 
Standard time intervals 
Standard frequencies 
Propagation forecasts 
Geophysical alerts 
Marine storm warnings 
UTI time corrections 
BCD time code 

Figure 1 gives the hourly broadcast schedules of these 
services along with station location, radiated power, and 
details of the modulation. 

la. Accuracy and Stability 

The time and frequency broadcasts are controlled by 
the primary NBS Frequency Standard in Boulder, 
Colorado. The frequencies as transmitted are accurate to 
within one part in 100 billion at all times. Deviations 
are normally less than one part in 1,000 billion from day 
to day. However, changes in the propagation medium 
(causing Doppler effect, diurnal shifts, etc .) result in 
fluctuations in the camer frequencies as received by the 
user that may be very much greater than the uncertainty 
described above. 
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lb.  Radiated Power, Antennas and Modulation 
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The broadcasts on 5, 10, 15, and 20 MHz from 
WWVH are from phased vertical half-wave dipole 
arrays. They are designed and oriented to radiate a 
cardioid pattem directing maximum gain in a westerly 
direction. The 2.5 MHz antenna at WWVH and all 
antennas at WWV are half-wave dipoles that radiate 
omnidirectional pattems . 

At both WWV and WWVH, double sideband ampli- 
tude modulation is employed with 50 percent modulation 
on the steady tones, 25 percent for the BCD time code, 
100 percent for seconds pulses, and 75 percent for voice. 

IC. Time Announcements 

Voice announcements are made from WWV and 
WWVH once every minute. To  avoid confusion, a man’s 
voice is used on WWV and a woman’s voice on WWVH. 
The WWVH announcement occurs first-at 15 seconds 
before the minute-while the WWV announcement 
occurs at 1% seconds before the minute. Though the 
announcements occur at different times, the tone 
markers referred to are transmitted simultaneously from 
both stations. However, they may not be received at the 
same time due to propagation effects. 

The time referred to in the announcements is “Co- 
ordinated Universal Time” (UTC). It is coordinated 
through international agreements by the International 
Time Bureau (BM) so that time signals broadcast from 
the many stations such as WWV throughout the world 
will be in close agreement. 

The specific hour and minute mentioned is actually the 
time at the time zone centered around Greenwich, Eng- 
land, and may be considered generally equivalent to the 
more well-known “Greenwich Mean Time” (GMT). 
UTC time differs from your local time only by an integral 
number of hours. By knowing your own local time zone 
and using the chart of world time zones in figure 3,  the 
appropriate number of hours to add or subtract from UTC 

to obtain local time can be determined. The UTC time 
announcements are expressed in the 24-hour clock system 
-i.e., the hours are numbered beginning with 00 hours 
at midnight through 12 hours at noon to 23 hours, 59 
minutes just before the next midnight. 

Id. Standard Time Intervals 

The most frequent sounds heard on WWV and WWVH 
are the pulses that mark the seconds of each minute, 
except for the 29th and 59th seconds pulses which are 
omitted completely. The first pulse of every hour is an 
800-millisecond pulse of 1500 Hz. The first pulse of every 
minute is an 800-millisecond pulse of 1000 Hz at WWV 
and 1200 Hz at WWVH. The remaining seconds pulses 
are brief audio bursts (5-millisecond pulses of 1000 Hz 
at WWV and 1200 Hz at WWVH) that resemble the 
ticking of a clock. All pulses commence at the beginning 
of each second. They are given by means of double- 
sideband amplitude modulation. 

Each seconds pulse is preceded by 10 milliseconds of 
silence and followed by 25 milliseconds of silence to 
avoid interference which might make it difficult or im- 
possible to pick out the seconds pulses. This total 40- 
millisecond protected zone around each seconds pulse is 
illustrated in figure 2.  

1000 H Z  
wwv 

1 2 0 0  Hz 
WWVH 

Figure 2. Format of WWV and WWVH seconds pulses. 

le .  Standard Audio Frequencies 

In altemate minutes during most of each hour, 500 or 
600 Hz audio tones are broadcast. A 440 Hz tone, the 
musical note A above middle C ,  is broadcast once each 
hour. In addition to being a musical standard, the 440 Hz 
tone can be used to provide an hourly marker for chart 
recorders or other automated devices. 

If. Official Announcements 

Forty-five-second announcement segments (see fig. 1 )  
are available on a subscription basis to other Federal 
agencies to disseminate official and public service in- 
formation. The accuracy and content of these announce- 
ments are the responsibility of the originating agency, not 
necessarily NBS. 
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Most segments except those reserved for NBS use and 
the semi-silent periods (see section lg) are available. 
Arrangements for use of segments may be made through 
the Time and Frequency Services Section, 277.06, 
National Bureau of Standards, Boulder, CO 80302. 

Propagation Forecasts 

The propagation forecasts are given in voice at 14 
minutes after each hour from WWV only. They are short- 
term forecasts of propagation conditions along North 
Atlantic paths (such as Washington, D.C. to London or 
New York to Berlin) along with descriptions of current 
geomagnetic activity, K-index values (a measure of the 
earth’s magnetic field) and solar flux data (a measure of 
the overall level of solar activity). These forecasts are also 
applicable to high latitudes provided the appropriate time 
correction is made. 

The propagation forecast announcements are given as a 
phonetic and a numeral. The phonetic identifies the radio 
propagation quality at the time the forecast is issued 
(0100,0700, 1300, or 1900UTC).The numeral indicates 
the quality expected during the six-hour period after the 
forecast is issued. The meanings of the phonetics and 
numerals are: 

Phonetic 
Whiskey 
Uniform 
November 

Numeral 
One 
Two 
Three 
Four 
Five 
Six 
Seven 
Eight 
Nine 

Meaning 
Disturbed 
Unsettled 
Normal 

Meaning 
Useless 
Very poor 
Poor 
Poor-to-fair 
Fair 
Fair-to-good 
Good 
Very good 
Excellent 

If, for example, propagation conditions are normal and 
expected to be good during the next six hours, the coded 
forecast announcement would be “November Seven. ” 

The K-index is a measure of variation, or disturbance, 
in the earth’s magnetic field during the three-hour period 
ending about one hour prior to issue of the forecast. The 
K-figures range from 0 (very quiet) to 9 (extremely 
disturbed). The solar flux measurements are taken at 2800 
MHz three times daily. The flux value is closely 
associated with the well-known daily sunspot number and 
is coming to be preferred to sunspot number as a measure 
of solar activity. 

A typical announcement might be: 

“The radio propagation quality forecast at 0100 is good. Current 
geomagnetic activity is normal. The coded forecast is November 
Seven” (and then repeated). “The K-index at 0100 UTC is 2” 
(repeated), “tending to increase. The 2800 Megahertz solar flux 
index is 70 units’’ (repeated), “tending to remain constant.” 

The forecasts are prepared by the Telecommunications 
Services Center, Office of Telecommunications, Boulder, 
CO 80302. Information regarding these forecasts may be 
obtained by writing to this address. 

Geophysical Alerts 

Current geophysical alerts (Geoalerts) are broadcast in 
voice from WWV at 18 minutes after each hour, and from 
WWVH at 45 minutes after each hour. The messages are 
changed daily at 0400 UTC with provisions to provide 
real-time data alerts of outstanding occurring events. 
These are followed by a summary of selected solar and 
geophysical events during the previous 24 hours. In- 
quiries regarding these messages should be addressed to 
the Space Environment Laboratory, National Oceanic 
and Atmospheric Administration, Boulder, CO 80302. 

Marine Storm Warnings 

Weather information about major storms in the Atlantic 
and eastem North Pacific are broadcast in voice from 
WWV at 8, 9, and 10 minutes after each hour. Similar 
storm wamings covering the eastem and central North 
Pacific are given from WWVH at 48,49, and 50 minutes 
after each hour. An additional segment (at 11 minutes 
after the hour on WWV and at 51 minutes on WWVH) 
may be used when there are unusually widespread storm 
conditions. The brief messages are designed to tell marin- 
ers of storm threats in their areas. If there are no warnings 
in the designated areas, the broadcasts will so indicate. 
The ocean areas involved are those for which the U.S. has 
waming responsibility under international agreement. 
The regular times of issue by the National Weather Ser- 
vice are 0500, 1100, 1700, and 2.300 UTC for WWV and 
0000, 0600, 1200, and 1800 UTC for WWVH. These 
broadcasts are updated effective with the next scheduled 
announcement following the time of issue. 

Manners might expect to receive a broadcast similar to 
the following: 

“North Atlantic weather West of 35 West at 1700 UTC: Hurricane 
Donna, intensifying, 24North, 60 West, moving northwest, 20 knots, 
winds 75 knots; storm, 65 North, 35 West, moving east, 10 knots; 
winds 50 knots, seas 15 feet.” 

Information regarding these announcements may be 
obtained from the Director, National Weather Service, 
Silver Spring, MD 20910. 
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lg. “Silent” Periods 

These are periods with no tone modulation. However, 
the carrier frequency, seconds pulses, time announce- 
ments, and 100-Hz BCD time code continue. The main 
silent periods extend from 45 to 5 1 minutes after the hour 
on WWV and from 15 to 20 minutes after the hour on 
WWVH. An additional 3-minute period from 8 to 11 
minutes after the hour is silent on WWVH. 

lh.  BCD Time Code 

A binary coded decimal (BCD) time code is transmitted 
continuously by WWV and WWVH on a 100-Hz subcar- 
rier. The 100-Hz subcarrier is synchronous with the code 
pulses so that 10-millisecond resolution is attained. The 
time code provides a standard timing base for scientific 
observations made simultaneously at different locations. 
It has application, for example, where signals telemetered 
from a satellite are recorded along with the time code 
pulses. Data analysis is then aided by having accurate, 
unambiguous time markers superimposed directly on the 
recording. 

The WWV/WWVH time code format presents UTC 
information in serial fashion at a rate of one pulse per 
second. Groups of pulses can be decoded to ascertain the 
current minute, hour, and day of year. While the 100-Hz 
subcarrier is not considered one of the standard audio 
frequencies, the code does contain the 100-Hz frequency 
and may be used as a standard with the same accuracy as 
the audio frequencies. A description of the time code is 

’ 

. contained in the Appendix. 

l i .  UT1 Time Corrections 

The UTC time scale broadcast by WWV and WWVH 
runs at a rate that is almost perfectly constant because it is 
based on ultra-stable atomic clocks. This time scale meets 
the needs of most users. Somewhat surprisingly, how- 
ever, some users of time signals need time which is not 
this stable. In applications such as very precise navigation 
and satellite tracking, which must be referenced to the 
rotating earth, a time scale that speeds up and slows down 
with the earth’s rotation rate must be used. The particular 
time scale needed is known as UT1 and is inferred from 
astronomical observations. 

To be responsive to these users, information needed to 
obtain UT1 time is included in the UTC broadcasts. This 
occurs at two different levels of accuracy. First, for those 
users needing to know UT1 only to within about one 
second (this includes nearly all boatershavigators), occa- 
sional corrections of exactly one second-called “leap” 
seconds-are inserted into the UTC time scale whenever 
needed to keep the UTC time signals within 2 0.9 second 
of UT1 at all times. These leap seconds may be either 
positive or negative and are coordinated under intema- 
tional agreement by the International Time Bureau (BM) 

in Pans. Ordinarily, a positive leap second must be added 
about once per year (usually on June 30 orDecember 3 l ) ,  
depending on how the earth’s rotation rate is behaving in 
each particular year. Information on how to assign dates 
to events that occur near the time of a leap second inser- 
tion is given in the Appendix. 

The second level of correction is included in the UTC 
broadcasts for the very small number of users who need 
UT1 time to better than one second. These corrections, in 
units of 0.1 second, are encoded into the broadcasts by 
using double ticks or pulses after the start of each minute. 
The amount of correction is determined by counting the 
number of successive double ticks heard each minute. The 
1st through the 8th seconds ticks indicate a “plus” cor- 
rection, and the 9th through the 16th, a “minus” correc- 
tion. For example, if the lst,  2nd, and 3rd ticks are 
doubled, the correction is “plus” 0.3 second: UT1 = 
UTC + 0.3 second, or if UTC is 8:45:17, then UT1 is 
8:45:17.3. If the 9th, loth, l l t h ,  and 12th ticks are 
doubled, the correction is “minus” 0.4 second, or as in 
the above example, UT1 = 8:45:16.6. 

2. WWVB 

WWVB transmits continuously on a standard radio 
camer frequency of 60 kHz. Standard time signals, time 
intervals, and UT 1 corrections are provided by means of a 
BCD time code. The station is located on the same site as 
WWV. Effective coverage area is the continental U.S. 

2a. Accuracy and Stability 

The frequency of WWVB is normally within its pre- 
scribed value to better than 1 part in 100 billion. Devia- 
tions from day to day are less than 5 parts in 1,000 billion. 
Effects of the propagation medium on received signals are 
relatively minor at low frequencies; therefore, frequency 
comparisons to better than 1 part in 100 billion are possi- 
ble using appropriate receiving and averaging techniques. 

2b. Station Identification 

WWVB identifies itself by advancing its camer phase 
45” at 10 minutes after every hour and returning to normal 
phase at 15 minutes after the hour. WWVB can also be 
identified by its unique time code. 

2c. 

The effective radiated power from WWVB is 13 kW. 
The antenna is a 122-meter, top-loaded vertical installed 
over a radial ground screen. Some measured field inten- 
sity contours are shown in figure 4.  

2d. BCD Time Code 

Radiated Power, Antenna, and Coverage 

WWVB broadcasts time information in the form of a 
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Figure 4. Measured field intensity countours of WWVB at 13 kW ERP 
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BCD time code. The time code is synchronized with the 
60-kHz carrier and is broadcast continuously at a rate of 
one pulse per second. Each pulse is generated by reducing 
the carrier power 10 dB at the beginning of the second, so 
the leading edge of every negative-going pulse is on time. 
Details of the WWVB time code are presented in the 
Appendix. 
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3. WWVL 

WWVL is an experimental station. Regular operations 
were curtailed on July 1,  1972, and it now broadcasts 
experimental programs only on an intermittent basis, de- 
pending upon need and availability of funds. Transmis- 
sions can be made available on a subscription basis to 
public organizations and other Federal agencies. Ar- 
rangements for use should be made through theTime and 
Frequency Services Section, National Bureau of Stan- 
dards, Boulder, CO 80302. 

4. Summary of Broadcast Services 

The services provided by the NBS radio stations are 
summarized in the following chart. Coordinates for the 
stations are also listed. 

COORDINATES: 
W W V  40’40’49.0”N 105”02’27.0” W 
W W V B  40’40’28.3”N 105” 02’39.5” W 
WWVL 4Oo40’51.3”N 105’03’00.0”W 
WWVH 21’59’26.0”N 159”46’00.0”W 
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Figure 5. The NBS frequency control system. 
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pulse (line- 10 (odd) horizontal synchronization pulse) 
obtained from a normal television receiver. Commercial 
equipment is available which can be used for this purpose. 
NBS also measures, at the same specified time, the time 
difference between the T V  synchronization pulse as re- 
ceived in Boulder, Colorado and the UTC (NBS) time 
scale and publishes the data in the monthlyNBS Time and 
Frequency Services Bulletin. The difference between the 
local measurement and the published NBS measurement 
then represents the time difference between the user’s 
clock and UTC (NBS) plus a propagation delay. 

If the propagation delay can be determined-for exam- 
ple, by aportable clock measurement, then this part of the 
measurement can be subtracted out, leaving only the 
actual time difference between the local and NBS clocks. 
Although the propagation delay of theTV signals through 
the nationwide T V  network distribution system has been 
shown to be relatively constant to within a few micro- 
seconds for long periods extending over weeks or months, 
occasional large changes of many milliseconds do occur 
due to network rerouting of T V  signals. These large 
changes are usually easy to recognize, especially if a 
user regularly monitors more than one of the major T V  
networks. 

Even if the propagation delays are not measured or 
otherwise determined, the line-10 technique can still pro- 
vide useful information about thestability performance of 
a user’s time scale or clock relative to NBS. As long as the 
delay remains constant, daily line-10 comparisons will 
show whether a user’s clock is gaining or losing time 
relative to NBS, even though the exact time difference 
cannot be determined without knowing the value for the 
propagation delay. 

NBS publishes daily line- 10 measurements for all three 
major television networks and for both East Coast and 
West Coast-originated transmissions. The West Coast 
data are suppied by the Hewlett-Packard Co. in Santa 
Clara, California and are referenced to UTC (NBS) with 
an accuracy of about 0.5 microsecond. West Coast data is 
for use only by those users in the Pacific Time Zone. For 
current specific times during the day when each network 
is measured, potential users of the line-10 time transfer 
technique should either consult a current issue of theNBS 
Time and Frequency Services Bulletin or contact the Time 
and Frequency Services Section, NBS, Boulder, CO 
80302. 

8. Other Publications 

The Time and Frequency Division offers a variety of 
publications about the NBS atomic time and frequency 
standards, the associated dissemination services and how 
to use them. These publications are available upon re- 
quest. 

For information about the atomic clock, primary time 
and frequency standard, as well as special time and fre- 
quency calibration, test, and measurement services, write 

to the Frequency and Time Standards Section, N B S ,  
Boulder, CO 80302 or call (303) 499-1000, x 3276. The 
following are available: 

General Information 

Frequency Standards and Clocks: A Tutorial Introduc- 
tion, Helmut Hellwig, Nat. Bur. Stand. (U.S.), 
Tech. Note 616, 69 pages, Revised (March 1974). 

Technical Publications 

Accuracy Evaluation and Stability of the NBS Primary 
Frequency Standards, D .  J. Glaze, H .  Hellwig, et 
al, IEEETrans. on Instr. &Meas., Vol. IM-23, No. 
4 (Dec. 1974). 

Atomic Frequency Standards: A Survey, H .  Hellwig, 
Proc. IEEE, Vol. 63, No. 2 (Feb. 1975). 

Time and Frequency, H .  Hellwig, D.W. Allan, F.L. 
Walls, Proc. 5th Intl. Conf. on Atomic Masses and 
Fundamental Constants (Ah4C0-5), Paris, France 
(June 2-6, 1975). 

An Accurate Algorithm for an Atomic Time Scale, 
D .  W. Allan, H .  Hellwig, D .  J .  Glaze, Metrologia, 
Vol. 11, (1975). 

For more detailed technical information on how to use 
the time and frequency dissemination services, the 
following publications are available from the Time & 
Frequency Services Section, NBS, Boulder, CO 80302 
(Phone (303) 499-1000, ~3212) :  

Frequency Standard Hides in Every Color T V  Set, 
D. Davis, Electronics (May 10, 1971). 

Calibrating Crystal Oscillators with T V  Color-refer- 
erence Signals, D .  Davis, Electronics (March 20, 
1975). 

The Use of NBS High Frequency Broadcasts for Time 
& Frequency Calibrations, N. Hironaka and C .  
Trembath, Nat. Bur. Stand. (U.S.), Tech. Note 
668 (May 1975). 

Characterization and Concepts of Time-Frequency 
Dissemination, J .  L . Jespersen, B .E .Blair, and 
L.E. Gatterer, Proc. IEEE, Vol. 60, No. 5, May 
1972. 
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1A Dating of Events in the Vicinity of 
Leap Seconds 

When leap second adjustments are necessary to keep 
the broadcast time signals (UTC) within -+ 0.9 second of 
the earth-related UT1 time scale, the addition or deletion 
of exactly 1 second occurs at the end of the UTC month. 
By international agreement, first preference is given to 
December 3 1 or June 30, second preference to March 3 1 
or September 30, and third preference to any other month. 

When a positive leap second is required-that is, when 
UT1 is slow relative to UTC-an additional second is 
inserted beginning at 23h 59m 60s of the last day of the 
month and ending at fi jifm Vs of the first day of the 
following month. In this case, the last minute of the month 
in which there is a leap second contains 61 seconds. To 
assign dates to events which occur around this extra sec- 
ond, refer to figure 1A. 

NORMAL MINUTE 
(NO LEAP SECOND ADDED) 

Doting of Event Shown:  j6 I j8 I I I 3 0 J ~ n e , 2 3 ~ 5 9 ~ 5 9 . 5 ~ U T C  

3 
EVENT 

3 0  June, 23 59 '7  I J ~ I ~ ,  o h  o m  

MINUTE WITH LEAP SECOND ADDED 

Doting of Event Shown: 

3 0  June, 2 J h  59" 60.5s UTC 

EVENT 

30 June, 23h 5 9 m  I July, O h  0"' 

Figure 1A. Dating of events in the vicinity of a leap second 

Assuming that unexpected large changes do not occur 
in the earth's rotation rate in the future, it is likely that 
positive leap seconds will continue to be needed about 
once per year. If, however, the earth should speed up 
significantly at some future time, so that UT1 runs at a 

faster rate than UTC, then provision is also made for 
negative leap seconds in the UTC time scale. In this case, 
exactly one second would be deleted at the end of some 
UTC month, and the last minute would contain only 59 
seconds. 

Positive leap seconds were inserted in all NBS broad- 
casts at the end of June 1972, December 1972, December 
1973. December 1974, and December 1975. 

2A. WWVIWWVH Time Code 

The WWV/WWVH time code is a modified version of 
the RIG-H format. Data is broadcast on a 100-Hz subcar- 
rier at a rate of one pulse per second. Certain pulses in 
succession comprise binary-coded groups representing 
decimal numbers. The binary-to-decimal weighting 
scheme is 1-2-4-8 with the least significant binary digit 
always transmitted first. The binary groups and their basic 
decimal equivalents are shown in the following table: 

BINARY GROUP 
Weight: 1 2 4 8  

0 0 0 0  
1 0 0 0  
0 1 0 0  
1 1 0 0  
0 0 1 0  
1 0 1 0  
0 1 1 0  
1 1 1 0  
0 0 0 1  
1 0 0 1  

DECIMAL 
EQUIVALENT 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

In every case, the decimal equivalent of a BCD group is 
derived by multiplying each binary digit times the weight 
factor of its respective column and then adding the four 
products together. For instance, the binary sequence 1010 
in the 1-2-4-8 scheme means (1 X 1) + (0 X 2) + (1 X 4) 
+ (0 x 8) = 1 + 0 + 4 + 0 = 5, as showninthe table. If 
fewer than nine decimal digits are needed, one or more of 
the binary columns may be omitted. 

In the standard RIG-H code, a binary 0 pulse consists 
of exactly 20 cycles of 100-Hz amplitude modulation (200 
milliseconds duration), whereas a binary 1 consists of 50 
cycles of 100 Hz (500 milliseconds duration). In the 
WWV/WWVH broadcast format, however, all tones are 
suppressed briefly while the seconds pulses are trans- 
mitted (see sec. IC). 

Because the tone suppression applies also to the 100-Hz 
subcarrier frequency, it has the effect of deleting the first 
30-millisecond portion of each binary pulse in the time 
code. Thus, a binary 0 contains only 17 cycles of 100-Hz 
amplitude modulation (170 milliseconds duration) and a 
binary 1 contains 47 cycles of 100 Hz (470 milliseconds 
duration). The leading edge of every pulse coincides with 
a positive-going zero crossing of the 100-Hz subcarrier, 
but it occurs 30 milliseconds after the beginning of the 
second. 

Within a time frame of one minute, enough pulses are 
transmitted to convey in BCD language the current min- 
ute, hour, and day of year. Two BCD groups are needed 
to express the hour (00 through 23); and three groups are 
needed to express the day of year (001 through 366). 
When representing units, tens, or hundreds, the basic 
1-2-4-8 weights are simply multiplied by 1, 10, or 100 as 
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the time code format. The six position identifiers are 
denoted by symbols Pi, P2, P3, P4, Ps, and Po. The 
minutes, hours, days, and UT1 sets are marked by brack- 
ets, and the applicable weighting factors are printed be- 
neath the coded pulses in each BCD group. With the 
exception of the position identifiers, all uncoded pulses 
are set permanently to binary 0. 

The first ten seconds of every frame always include the 
1.03-second hole followed by eight uncoded pulses and 
the position identifier Pi. The minutes set follows Pi and 
consists of two BCD groups separated by an uncoded 
pulse. Similarly, the hours set follows P2. The days set 
follows P3 and extends for two pulses beyond P4 to allow 
enough elements to represent three decimal digits. The 
UT1 set follows Ps, and the last pulse in the frame is 
always Po. 

In figure 2A, the least significant digit of the minutes 
set is (0 x 1) + (0 x 2) + (0 x 4) + (Ox 8 ) =  0;themost 
significant digit of that set is (1 X 10) + (0 X 20) + (0 X 
40) = 10. Hence, at the beginning of the 1.03-second hole 
in that frame, the time was exactly 10 minutes past the 
hour. By decoding the hours set and the days set, it is seen 
that the time of day is in the 21st hour on the 173rd day of 
the year. The UT1 correction is +0.3 second. Therefore, 
at point A, the correct time on the UT1 scale is 173 days, 
21 hours, 10 minutes, 0.3 second. 

3A. WWVB Time Code 

The WWVB time code is generated by shifting the 
power of the 60-kHz carrier. The carrier power is re- 
duced 10 db at the beginning of each second and restored 
to full power 200 milliseconds later for a binary zero, 
500 milliseconds later for a binary one, and 800 milli- 
seconds later for a reference marker or position identi- 
fier. Certain groups of pulses are encoded to represent 
decimal numbers which identify the minute, hour, and 
day of year. The binary-to-decimal weighting scheme is 
8-4-2-1 with the most significant binary digit transmitted 
first. Note that this weighting sequence is the reverse 
of the WWVlWWVH code. The BCD groups and their 
basic decimal equivalents are tabulated below: 

BINARY GROUP 
Weight: 8 4 2 1  

0 0 0 0  
0 0 0 1  
0 0 1 0  
0 0 1 1  
0 1 0 0  
0 1 0 1  
0 1 1 0  
0 1 1 1  
1 0 0 0  
1 0 0 1  

DECIMAL 
EQUIVALENT 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

The decimal equivalent of each group is derived by 
multiplying the individual binary digits by the weight 
factor of their respective columns and then adding the four 
products together. For example, the binary sequence 1001 
in 8-4-2-1 code is equivalent to (1 X 8)  + (0 X 4) + (0 X 

2) + (1 x 1) = 8 + 0 + 0 + 1 = 9, as shown in the table. 
If fewer than nine decimal digits are required, one or more 
of the high-order binary digits may be dispensed with. 

Once every minute, in serial fashion, the code format 
presents BCD numbers corresponding to the current min- 
ute, hour, and day on the UTC scale. Two BCD groups 
identify the minute (00 through 59); two groups identify 
the hour (00 through 23); and three groups identify the day 
of year (001 through 366). When representing units, tens, 
or hundreds, the basic 8-4-2-1 weights are multiplied by 
1, 10, or 100 respectively. The coded information refers 
to the time at the beginning of the one-minute frame. 
Within each frame, the seconds may be determined by 
counting pulses. 

Every new minute commences with a frame reference 
pulse which lasts for 0.8 second. Also, every ten-second 
interval within the minute is marked by a position iden- 
tifier pulse of 0.8-second duration. 

UT1 corrections to the nearest 0.1 second are transmit- 
ted at seconds 36 through 44 of each frame. Coded pulses 
at 36, 37, and 38 seconds indicate the positive or negative 
relationship of UT1 with respect to UTC. Pulses at 36 and 
38 seconds are transmitted as binary ones only if UT1 is 
early with respect to UTC, in which case a correction 
must be added to the UTC signals to obtain UT1. The 
pulse transmitted at 37 seconds is a binary one if UT1 is 
late with respect to UTC, in which case the required UT1 
correction must then besubtructed. The magnitude of the 
UT1 correction is transmitted as a BCD group at 40, 41, 
42, and 43 seconds. Because UT1 corrections are,expres- 
sed in tenths of seconds, the basic 8-4-2-1 weight of that 
particular binary group is multiplied by 0.1 to obtain its 
proper decimal equivalent. 

Figure 3A shows a sample frame of the time code in 
rectified or dc form. The negative-going edge of each 
pulse coincides with the beginning of a second. Position 
identifiers are labeled Pi, P2, P3, Pa, Ps, and Po. Brackets 
show the demarcation of the minutes, hours, days, and 
UT1 sets. The applicable weight factor is printed beneath 
the coded pulses in each BCD group. Except for the 
position identifiers and the frame reference marker, all 
uncoded pulses are binary zeros. 

In figure 3A, the most significant digit of the minutes 
set is (1 x 40) + (0 x 20) + (0 x 10) = 40; the least 
significant digit of that set is (0 X 8) + (0 X 4) + (1 X 2) 
+ (0 x 1) = 2. Thus, at the beginning of the frame, UTC 
was precisely 42 minutes past the hour. The sets for hours 
and days reveal further that it is the 18th hour of the 258th 
day of the year. The UT1 correction is - 0.7 second, so at 
the beginning of the frame the correct time on the UT1 
scale was 258 days, 18 hours, 41 minutes, 59.3 seconds. 
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