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ABSTRACT 

Duriny the p a s t  two years  a number of improvements 
have been made in the NBS Time and Frequency (T/F) 
Dissemination Services. These ranye from making 
the W V B  6 0  kHz broadcasts avai1abl.e or! a continu- 
ous basis  to implementing a new na t ionwi ,de  fre- 
quency calibration service u s i n g  television tech- 
n i q u e s .  NBS n o s  p rov ides  r e g u l a r l y  published 
calibrations of both t h e  F a s t  Coast and the W e s t  
Coast  com~erc i a i  TY network subcarrier frequencies 
f o r  use  as a t r ans fe r  s t a n d a r d .  Wi.th these data a 
u s e r  anywhere w i t h  access to a TY n e t w o r k  signal can 
easi1.y and inexpensively :de te rmine  ;lis o s c i l . l a t o r ' s  
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f r equency .  An accuracy of a feu parts ir l o i L  re1,- 
a t i v e  to the NES Fxcquency S t a ~ i d a ~ ?  1s o b t a i n a b l e  
w i t h  ~ n l y  1-5 n:l..nutes n ~ e a  s1.x i n q  t ime . Severa.1 vex-. 
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INTRODUCTION 

Since 1923 the National Bureau of Standards (NBS) has dis- 
tributed highly accurate time and frequency (T /F)  reference 
signals via radio broadcasts. Throughout the years many 
improvements have been incorporated into these broadcasts to 
provide greater coverage, easier-to-use information, more 
reliable reception, more useful formats, and higher accuracy. 
Some of the major milestones along the way are included in 
reference [I], which is a general description of the present 
NBS time and freguency dissemination services. 

For many years the high-frequency J H F )  time and frequency 
signals broadcasted from NBS station WWV (and since 1948 
from WWVE in the Pacific area) were generally adequate to 
meet the needs of most users, The inherent reception accu- 

racy limitations of about 1 x 1 ~ ~ '  in frequency and 1 rns in 
time, imposed mainly by variations in the propagation medium, 
caused significant problems in relatively few application 
areas. More recently, however, as the state-of-the-art in 
T/F technology advanced rapidly and as more and more appli- 
cations came to depend in important ways on T/F technology, 
it became apparent that improved T/F dissemination methods 
were needed. The NBS responded in the 1960's Sy inaugurat- 
ing low-frequency (LF) broadcasts from hPWB on 60 kHz and 
very-low-frequency (VLF) broadcasts from WWVL on 20 k F z .  
These broadcasts provided widespread T/F reference signals 
that were much less affected by the propagation medium. Un- 
der favorable reception conditions, where measurement averag- 
ing times could be extended to many hours or days, the LF and 

VLF signals permitted frequency comparisons to 1 x 10 -11 or 
even better and time (phase) comparisons at the microsecond 
levels. 

During the same period NBS began to explore other methods 
for distributing T/F information that might potentially offer 
better accvracy, reliability, coverage, and convenience than 
the radio broadcast services. Eventually, three dissemination 
techniques which seemed to offer the most promise were se- 
lected and funded for further development into new NBS T/F 
dissemination services. In a l l  three cases the basic T/F 
information was to be "piggybacked" onto existing widespread 
information-distribution systems, consisting of the nation- 
wide television network facilities, certain satellites of 
opportunity, and the Omega Navigation System broadcasts. 



The f o l l o w i n g  sec t ions  of t h i s  paper  describe t h e  progress  
t o  da te  and the r e l e v a n t  future p l a n s  f o r  implementing and 
improvi.ng these  nzw NBS services. In addition, conclusions 
and potential i m p l i c a t i o n s  from the recent s u r v e y  of 12,000 
WWV/\W7H users are s u m a r i z e d ,  

Duri.ng the f i r s t  h a l f  of 1975 NBS conducted an extensive 
survey ,  by q u e s t i o n n a i r e ,  of W W  and W,Y+VH u s e r s .  The s u r v e y  
was motivate6 by a desire on the part of ?JBS t o  e x p i c r e  
v a r i o u s  means f o r  r e d u c i n g  the broadcast services '  cperating 
cos t s  with as l i t t l e  adverse effect cn t h z  users  as p e s s i b l e .  
w h i l e  t h e  su rvey  was designed t o  identify those t r ansmis s ion  
f r e q u e n c i e s  o r  f e a t u r e s  of the f o r m a t  thar 17ight  be discon- 
tinued with. some net cost anZ,/or c n e r q y  szivi.r,g's, it was a l s o  
recognized that the responses c c u l d  ~ T G V ~ ~ E  other v a l u a b l e  
i r ~ f o r m a t i o r .  about  t h e  broadcast services a.nd those whci use 
them. 

A single-page q u o s t i o n n a i - r e  was designee, which a;.lowed t h ~  
user .  to Fndicate  h i s  use ana cstin-late =-.he i rnpor ta~ce  sf each 
of the WWV,/\WJEi frecjuenci.es and ",he d i f f e r a n t  forms of in-- 
fcrrnatian conta i2ed  ::~i*Li:ir, t h e  b r o a d c ~ . ~ ~ ,  format, I?farma.";or~ 
was a 1 . s ~  requested OR i:he usesis ~eocj-ra~phicc^~l. l o c a t i o n ,  re- 
ceptior: c o n d i t i o n s ,  c l a s s i f  i za t i .on ,  an? p a ~ - t i c u l z t i :  applicatio;: . 
Space was  provided f o r  hddi r iona:  misc~llancaus comnents. 

Thz cjixestionrzaires werc d i s - t r i b u t e d  as  .diciei.y as possik:.:.e by 
a var ie ty  of means, Ab;71;t ;.,500 copi.es xere sent to +:.hose 
a r l  NES Time and P reqxency  Division n : z i i  i:-~q I. is-ks , and ar:othex 
13,096 went to l i s t s  compiJc2 by s e v e r a l  y2chting/bozting 
organizations and the Nat k o i ~ a l  Weather E ~ r v i - c e .  The avail- 
ability of the questionnaire was anno~nceb  in voice sever~l 
t i m e s  per hour on b o t h  Cfl\V ant?. Pjr:$VB. A. numiner of magazines 
and other publications, with combined circulation of s ~ v e r a l  
hundred thousand, printed editorials or brief p u h l i c j - t y  items 
abou-t the survey. F i n a l . l y ,  at least 10 periodicals, with a 
combined c i r c u l a t i o n  of ahuut 256,000, p u b l i s h e d  the question- 
n a i r e  itself. At the end of the survey pe r iod  a total of 
3 2 , 0 5 0  zompleted responses had Seen rece ived .  Twenty-three 
per  c e n t  of these r e s p o n d e r s  purported t o  "officially" rep- 
resent more than their own individual use of the services. 

Figure Z shows the geographical distribution of t h e  responses .  
Every continent i s  represented in the totals. Figure 2 in- 
dicates how the users classified themselves within the 14 



possible categories given on the questionnaire. In retro- 
,spect, it is now clear that three major categories were over- 
looked and hence tend to be lumped into the "other" group. 
These three are private citizen, watchmaker/jeweler, and 
amateur radio operator. It should be noted that in many 
cases users checked more than one classification category, 
resulting in the totals in figure 2 being greater than the 
number of individual questionnaires returned. 

Figure 3 shows the relative use of WWV, W W L f H ,  and the tele- 
phone time-of-day service from WWV available via the regular 
commercial number (303) 499-7111. The 0-3 numerical rating 
in each case is a weighted average of all responses where the 
weights 0, 1, 2, and 3 have been assigned to the four choices 
given on the questionnaire for "Frequency of use"--i.e., 
"Never,'' "Rarely," "Sometimes," and "Frequently," respect- 
ively. While WWV is obviously the most-used service, it i~ 
interesting to note that the least-used service, the tele- 
phone time-of-day service, receives more than one million 
calls per year. 

Figure 4 summarizes the data on how often the various WWV/ 
WWVEi broadcast frequencies are used, again using the same 
0-3 scale discussed above. Clearly, most users depend on 
the 5, 10, and 15 MHz transmissions. These results are not 
really surprising, of course, since (1) the radiated power 
is highest on these frequencies, (2) many commercial receivers 
are designed to receive 5, 10, and 15 MHz only, and (3) the 
present phase of the sunspot cycle tends to adversely affect 
the propagation characteristics of the higher frequencies of 
20 and 25 MHz. 

Figure 5 displays the rating (on the 0-3 scale) for each of 
the 14 user categories and for each of the 8 services pro- 
vided by WWV and WWfJII. Also shown on the matrix are the over- 
all ratings and the sizes of each of the user categories. 
The 0-3 numerical ratings within the matrix represent the 
concensus response for a given population (i.e., a specific 
user group) with respect to one of the 8 WWV/WWVH services. 
The specific number is a weighted average of the individual 
responses to the question: "To what extent do you use the 
follcwing infornlation (followed by a list of the 8 ser- 
vices)?", where the numbers 0, 1, 2, and 3 refer to "Never," 
I'RarelyfI1 "Sometimes," and "Frequently," respectively, as 
before. The overall ratings given in the "Services" column 
provide a composite score for each service based on the re- 
sponses of all users, irrespective of their particular user 
category. The most obvious features of the matrix are that 



the voice time-of-day announcements are uniformly the most 
used aspect of the WWV/WwVH broadcasts, and the DUTl values 
are uniformly the least used. 

The questionnaire also invited the participants to make any 
miscellaneous comments about the W'WV/FJWVH services. More 
than 5,000 of the responders took advantage of this opportu- 
nity. A few of the more frequently recurring suggestions 
include: 

a) Do not - reduce radiated power--reception is already 
marginal 
Add NBS time signals to VBF weather broadcasts 
Reinstate time signals in Morse Code 
Add weather information for the continental U. S.  
Add one or more low-power repeater stations on the 
U. S. East Coast 
Provide more detailed weather, geoalert, and radio 
propagation information and do it more often than 
once per hour 
Reduce costs by eliminating some frequencies (2.5, 
20, and 25 MHz were mentioned most often) 

Make the WWV-by-phone number a toll-free service 
from anywhere in the U. S. 

For a representative selection of verbatim comments taken 
from the returned questionnaires, as well as for more de- 
tailed results from the survey in general, see reference [ 2 ] .  

POSSIBLE CHANGES IN NBS BROADCAST SERVICES 

As of this date (November, 1975) final decisions have not yet 
been made on possible reductions in WWV/WWVH services. The 
survey did reveal, however, that the present services are 
heavily used and strongly supported--especially, the primary 
frequencies of 5, 10, and 15 MHz. As a result, it is clear 
that there will be no reductions in service on at least those 
frequencies. If any service reductions do become necessary, 
the data in figure 4 suggest that minimal impact on users 
would result if reductions are confined to one or more of the 
2.5, 20, or 25 MHz transmissions. 

One cost-reduction plan under active consideration would 
couple the elimination of some of the lesser-used transmission 
frequencies with the implementation of partially automated 
operation at WWV and WWVH. The transmitters freed by the 
reductions in service would become dedicated backups for the 
primary 5, 10, and 15 MHz transmissions, with highly automated 
switchover systems to provide high reliability with unmanned 
operation. By thus reducing labor costs, substantial savings 



may be realizable which could then be used in the continued 
development of new improved T/F dissemination services, such 
as a satellite-based operation. 

NEW/EXPANDED NBS T/F DISSEMINATION SERVICES U S I N G  TELEVISION 

Time Comparisons Using Line-10 Method 

The time comparison technique known in the U. S. as the line- 
10 method was first used successfully in Czechoslovakia dur- 
ing the mid-1960's [ 3 1 .  The technique basically consists of 
using a particular horizontal synchronization pulse in the 
normal television picture format (tenth line of the vertical 
interval, odd field) as a passive transfer standard for com- 
paring two clocks within common view of the television trans- 
mission [ 4 ] .  The method may be used either locally, where the 
two clocks can be compared with the TV pulse from a single 
TV station, or over widespread geographical areas, where 
the same network broadcast can be received simultaneously at 
both sites. In the local mode clock comparisons to 100 ns 
or better are possible (if the differential path delay is 
known sufficiently well), while comparisons to a few micro- 
seconds are usually possible using network transmissions to 
link widely separated clocks. 

For several years both NBS and the U .  S .  Naval Observatory, 
as a service to users interested in making time comparisons 
with the NBS and U S N O  master clocks, have published regularly 
their calibrations of the three commercial TV networks' line- 
LO pulses at selected specified times each day [ 5 , 6 ] .  A user 
wishing NBS traceability, for example, need only compare his 
local measurement of the received line-10 pulse with the 
similar measurement for that network published by NBS. Even 
if the appropriate path delay is not known for the local 
measurement, repeated comparisions--e.g,, on a daily basis, 
can show easily whether the local clock is gaining or losing 
time relative to the UTC(NBS)  time scale, assuming the un- 
known path delay remains constant. Possible changes in the 
network path delay can usually be detected by comparing 
results from measurements on two or three networks, since 
delay changes are usually uncorrelated. 

One limitation in the past on use of the line-10 method has 
been the lack of NBS traceability for  users in the western 
U. S. (Pacific Time Zone). The problem existed because: (1) 
the TV network signals available to West Coast users are 
originated in Los Angeles independently of the New York-orig- 
inated transmissions; and (2) only the East Coast networks 



can be r e c e i v e d  and t h u s  c a l i b r a t e d  by NBS in Boulder ,  
Colorado.  

Since Augus t  1 9 7 5 ,  t h i s  l i m i t a t i o n  h a s  been removed th rough  
a c o o p e r a t i v e  measurement program between NBS and t h e  I-Iewlett- 
Packard  C o .  i n  Santa C l a r a ,  C a l i f o r n i a .  D a i l y  measurements 
o f  t h e  major  West Coast ne tworks '  l i n e - l O  p u l s e s  are made a t  
IIewlet t-Packard Co. and t h e n  referred t o  t h e  UTC(NBS)  t i m e  
s c a l e  by u s i n g  t h e  known r e l a t i o n s h i p  between t h e  l o c a l  t ime  
scale main ta ined  i n  S a n t a  C l a r a  and UTC(NBS). The u n c e r t a i n t y  
in t h e  W e s t  Coast-NBS l i n k  i s  about  ps. The p u b l i c a t i o n  [ 5 ]  
of b o t h  t h e  West Coas t  and East Coas t  l i n e - 1 0  data referred 
t o  U T C ( N B S )  thus makes  t h e  technique u s e f u l  on a na t ionwide  
bas i s .  Commercial equipment t o  use t h i s  service i s  now 
a v a i l a b l e  from s e v e r a l  sources f o r  severa l  hundred dollars. 

Frequency Comparisons Using 3 .58  MHz Color S u b c a r r i e r  

USE of t h e  network t e l e v i s i o n  subcarr iers  as f requency  t r a n s -  
fer s t a n d a r d s  was f i r s t  proposed by NBS m a r e  t h a n  f o u r  y e a r s  
ago i 7 ] .  Advantages i n c l u d e  a h i g h - r e s o l u t i o n ,  s t a b l e  s i g n a l  
o r i g i n a t e d  from rubidium f requency  s t a n d a r d s  a t  t h e  t h r e e  
commercial t e l e v i s i o n  ne twork  o p e r a t i n g  cen te r s  in New York 
and Los Angeles.  The f requency o f f s e t s  of t h e  network 
rubidium s t a n d a r d s  a r e  measured d a i l y  and p u b l i s h e d  i n  t h e  
NBS T i m e  and Frequency  S e r v i c e s  P u l l e t i n ,  T r i p l e  redundancy 
13 networks)  assures the user of a reliable s i g n a l  t r a c e a b l e  

t o  NBS with u n c e r t a i n t . ~  of less  t h a n  t 3 x 1 0  -Ii f o r  15- 
min:.:te a v e r a g i n g  t i m e s ,  T h i s  represents a lmos t  f o u r  orders 
of magnitude improvement o v e r  llF c a l i b r a t i o n ,  u s i n g  WWV or  
CHU. WWVB on 6 0  kHz can x s u a l l y  provide  a c a i . i b r a t i o n  uncer- 

t a i n t y  of  2 3 x LO-'', b u t  on ly  with many hours  of  averacjing 
t i m e  . 
The general concep t  of t he  new NES frequency c a l i b r a t i o n  
service v i a  t e l e v i s i o i i  i s  i i l u s t r a t e d  i n  f i g u r e  6 .  The user, 
located anywhere within t h e  U. S .  where he can receive a 
network-originated program from one o f  t h e  three c o ~ m e r c i a l  
networks, simply makes a f r e q l ~ e n c y  comparison of his l oca l  
oscillator wikh t h e  network color s u b c a r r i e r  f r equency  ava i l -  
able from a s l i g h t l y  modified color r V  se t .  A comparison of 
t h i s  measurement r e s u l y  with the p u b i i s h e d  f requency  o f f s e t  
fox: that same network a s  calibrated by N S S  provides the NBS- 
t raceable calibration s f  t he  l oca l  o s c i l l a t o r .  NBS has also 
devo ted  ccnsiderable effort t o  encouraging t h e  commercial 
development of several forms of u s e r  equipment based on this 
technique. 



As in the line-10 case discussed previously, NBS calibration 
pf the TV network signals on a nationwide basis is complicated 
by the fact that East Coast and West Coast originated network 
signals, and hence the color subcarrier frequencies involved, 
are generated independently. The situation is illustrated in 
figure 7. The East Coast network signals are received in 
Boulder and calibrated directly. The West Coast-originated 
signals are measured via an NBS automated measurement system 
located in Los Angeles. The comparisons are made with respect 
to the ABC East Coast signal which is transmitted into the Los 
Angeles area for internal network use, thus providing a link 
between measurements made in Los Angeles and Boulder. This 
extension of the frequency calibration service via television 
to users in the Pacific Time Zone has been operational since 
April 1975, when NBS began regularly publishing the frequency 
offsets for the West Coast networks in its Time and Frequency 
Services Bulletin. 

NBS has developed four versions of user equipment for measure- 
ment of the frequency offset between the 3.58 MHz network 
subcarrier and the oscillator to be calibrated. All methods 
depend on measurement of the period of the "beat note" be- 
tween the network subcarrier and the oscillator being cali- 
brated. Typically, this beat note period is approximately 

9.3 seconds for the nominal -3000 x 10 -I1 offset of the net- 
work subcarriers. 

The simplest version, known as the color bar comparator (81, 
connects easily to the antenna terminals of any color TV set 
and generates a colored bar on the screen. The colored bar 
cycles through a changing color sequence at a rate which 
depends on the frequency offset between the oscillator to be 
calibrated and the TV network subcarrier frequency. The 
measurement is made by manually timing with a stopwatch the 
period of the changing color cycle and performing a simple 

calculation with the result. Accuracies of 1 x loh9 to 

1 x 10 -lo are possible. Commercial versions are available 
for about $100 plus the cost of the TV receiver. 

The second version of NBS-developed user equipment requires 
a slight modification to the TV receiver but provides a 
square wave output of the beat note [8]. The period of the 
beat note may then be measured on any digital counter. A 
phase cursor output is provided for coarse frequency adjust- 
ment. A commercial version of this type is also available 
which displays the period measurement on an LED display and 

-10 provides accuracies of about 1 x 10 . 



A more accurate and easy-to-use beat note calibrator is 
called the "NBS System 358 Frequency Measurement Computer" 
[ X I .  This unit, shown in figure 8, provides a multiple digital 
readout of the frequency offset between the oscillator being 
calibrated and the network subcarrier. Operation is completely 
automatic, with multiple cues for easy user interpretation. 

This display is presented on the screen of the 5-inch color 
televison receiver that a l s ~  is used to supply the 3.58 MHz 
signal that is phase-locked to the network color burst. 

The network rubidium standards are offset a nominal -3000 x 

LO-'' with respect to the NBS Frequency Standard. When a 
phase comparison is made with a locally generated 3.58 MHz 
signal with zero offset, the result is a full cycle of phase 
difference, or a "beat note" with a period of about 9.3 sec- 
onds. The offset computer measures the period of each beat 
note cycle and digitally computes the corresponding offset 
for that beat note period. 

The left column of 4-digit numbers displayed is the offset 
readout for the ten most recent beat note periods, about 93 

seconds of data at the nominal -3000 x 10 -I1 offset. Each of 
the 4-digit numbers in the right column is the average of ten 
readings in the left column. An average of the right column 
would therefore represent about 900 seconds, or 1 5  minutes 
of data. 

The phase cursor provides an analog indicator of the phase 
difference between the local oscillator being calibrated and 
the 3.58 MHz television signals. The phase cursor has a 
"sawtooth" response that provides advance/retard phase sens- 
ing. If the oscillator being calibrated is "on frequency," 
the phase cursor will move slowly from left to right and 
rapidly retrace right to left with a period of about 9 sec- 
onds. Frequency response of the phase cursor allows the 
viewinq of beat notes greater than 2 kHz. The system can - 
therefore view offsets approaching 1 x while allowing 
the user to calibrate his oscillator with an uncertainty of 

11 a few parts in 10 . 
Use of the measurement computer requires practically no 
training. The only operator adjustments required are tuning 
the companion television receiver to the correct channel and 
pushing a "reset" button that resets the display to all 
zeros. With a few minutes of instruction, a technician 



should be capable of calibrating a stable crystal oscillator 
1 1  

to within a few parts in 10"' in about 15 minutes. ~ommercial 
versions of this type of equipment are available for $2000- 
$3000. 

Microprocessor Offset Computer (MOC) - - - 
A microprocessor version of the offset computer has recently 
been developed by NBS. A block diagram of the "MOC" system 
is shown in figure 9. 

The "MOC" system was primarily developed to provide the TV 
network color subcarrier offset calibration published in the 
monthly Time and Frequency Services Bulletin. The micropro- 
cessor can store, and read out on command, four weeks (28 
days) of data for each of the three networks plus a fourth 
comparison channel. 

Figure 10 shows a one-week sample of microprocessor data for 
each network. In this case the "MOC" system was interrogated 
early on November 17, at which time only two or three 15- 
minute averages of each network's frequency offset had been 
accumulated for that day. The system then provides the daily 
averages for each network and the number of measurements 
acquired. A weighted average is also performed and printed 
out, using all valid 15-minute samples from the preceding 
seven-day period. 

Although we have a very limited amount of experience with the 
"MOC", it appears that the standard deviation for weekly 

-12 
averages (30 hours of data/week) is less than 2 x 10 . 
This performance would improve in locations where more "live" 
network programming is available. 

The microprocessor receives da-ta from four independent "beat 
note" time interval counters. For network programming, and - - 

-11 
with a nominal offset of -3000 x 10 , the period measure- 
ment will be -9.3 seconds, (The four-digit counters utilize 
a 500 Hz time base and the actual BCD four-digit caunt is 
nominally 4650. The microprocessor normalizes the offset 
readings by dividing them into 13968250.) 

Since the microprocessor operates 24 hours per day, it re- 
ceives much more local station 3.58 MHz than live network. A 
three-step screening process is used to reject this "bad" non- 
network data. Each of the four data channeis has a 16-digit 



"screen ing"  word that can be ecteced through t h e  keyboard 
interface. The format  of t l a e  s c r e e n i n g  work. i s  shown below: 

where group A = 1 3 .  expected o f f s e t  in pa r t s  in 10 , 
group B = s i n g l e  pe r iod  (1P) w i n d o w  i n  p a r t s  

11. i n 1 0  , 
group C = 1 0  pe r iod  (10P) window i n  p a r t s  i n  

11 10 ; 
group D - 1 C O  p e r i o d  (IOOP) window i n  parts 

in iOll: and 
group E = 0 f o r  ARC network, 1 for CBS,  2 f o r  

N R S ,  and 3 for the standard. 

Each 10-second (1P) measurement i s  subtracted from the 
e x p e c t e d  offset, and t he  absolute d i f f e r e n c e  ( w i t h o u t  regard 
t o  s i g n )  is compared to the I P  window. If t h e  d i f f e r e n c e  i s  
l e s s  t h a n  t h e  window, t h e  1.P data are  saved.  A f t e r  accumu- 
l a t i n y  t e n  1P v a l u e s  t h e  s c r e e n i n g  process i s  repeated. All 
10P data  t h a t  pass a r e  saved form a 100P (15-minute)  aver- 
age. I f  the lOOP data pass the screen, they are added t o  
t h e  d a i l y  total of  lOOP readings. 

The expected o f f s e t  of t h e  s c r e e n i n g  word i s  changed weekly 
-1% 

so  t h a t  it is usually within 3 x 1 0  of t h e  measured weekly 

average.  The 3 x 10 -11 lOOP windcw represei?t.s a t  1.eas:: 411 
f o r  these da ta .  T h e  s e l e c t i o n  o f  the 1, 10, and lGCP win- 
dows i s  a compromise between rejecting outliers and " s k e w  
ing" the o u t p u t  data if the expected. offset i s  i n  e r r o r ,  

The microprocessor, four comparators, f o u r  4 - d i g i t  c o u n t e r s  and 
TTX i n t e r f a c e  are on 2 s i n g i e  7" x i 5 "  card. In one version, 
the microprocessor and power supply are in ane 3 1 /2 I i  rack 
mount case, and  the T'V tuners a r e  i n  a second 3 1 1 2 "  rack 
mount case. A seccnd v e r s l n z  will have t h e  cornplete "MCC" 
i n  a single 7 1 J 2 "  x 16" rack mount .  

FETURE TRENDS : SAP'-" I LJJLITE 'T/F DLSSEMTl2ATION 

NBS has been s t u d y i n g  the Leasibility cf intruduc~ng a new 
t i m e  and frequency service -sing geustatlonary sateiliies. 
This service woui6 aperdte up t h e  freq~ency of 4 0 0 . 1  MHz, a 
primary service allocation Eor space-KO-earth broadcasts of 
time and f requency ~ n f  arma t ic ln ,  



Studies at NBS have indicated a growing need to improve the 
quality of our time and frequency broadcasts. They are defi- 
cient for many applications in terms of signal reception re- 
liability, accuracy, and their ability to be processed by 
the user's equipment automatically. 

Past experimental efforts by NBS with geostationary satel- 
lites--i.e., ATS-1, ATS-3, ATS-6, LES 6, TACSAT, and SMS-2, 
have verified the obvious superiority of satellite broadcasts 
to provide orders of magnitude improvement over our HF ser- 
vices via WWV/WWVH [9]. There are positive indications, also, 
that a satellite T/F service can save on operation expenses 
while still allowing for user equipment cost comparable to 
that required for WWV and WWVH. 

The 400.1 MHz allocation is international in scope and is a 
primary service allocation. It confines the T/F emissions 
to within + 25 kHz of the center frequency and also provides 
+ 25 kHz guard bands. Our studies and experiments indicate 
that this allocation can support a 1 us time system with 
voice, ticks, tones, and an effective time code. User equip- 
ment can range from a low-cost receiver and antenna ( a 
single quarter wave dipole) to a sophisticated system which 
automatically corrects itself for propagation delay and 
eliminates nearly all the interfacing so prevalent to terres- 
trial systems in existence today. 

The service will not come into existence before the early 
19801s, but definite plans are underway. Just recently NASA 
has agreed to begin a systems design and feasibility study, 
which should be completed by the end of FY 77. 

As an interim step on the way to providing the permanent, 
complete T/F dissemination service on 400.1 MHz, NBS is 
currently transmitting an experimental time code on 468.825 
MHz via NOAA's Synchronous Meterological Satellite/ 
Geostationary Operational Environmental Satellite (SMS/GOES) 
series. 

The time code is used by NO- in their data-collection pro- 
gram, where SMS/GOES meterological satellites collect data from 
remote observing platforms such as buoys, automatic weather 
stations, ships, aircraft, and balloons. Many of these plat- 
forms will use the time code to date the data as they are col- 
lected or to time order their data transmissions to the aat- 
ellites. NBS designed and implemented the time code for these 
satellites. To ensure a proper interface of the time code 
with the data-collection platforms (DCP's), which both transmit 



and receive to and from the satellites, NBS designed digital 
clocks using random logic and the simplest and lowest cost 
microprocessor available at the time. The microprocessor 
approach to the d i g i t a l  clock des ign  w a s  t a k e n  because it 
offered the lowest cost and provided the flexibility to in- 
clude or delete functions through software changes rather 
than through hardware redesign. 

As of November 1975, only one satellite at 115' West Longi- 
tude transmits the time code. Very soon a second satellit-e 
will also transmit t h ~  time code. Long-range plans for 
these NOAA satellites call for the positioning of one sat- 

0 
ellite at approximately 135O West Lunqi tude, another at 75 
West Longitude, and a third to be an in-orbit spare. The 
approximate coverage for the time code from two active satei- 
Jltes is shown in figure 11. The coverage area outlined by 
the heavier line for each s a t e l l i t e  a p p l i e s  f o r  a n  elevation 

angle of 7' ,  while the larger are2  o u t l i - n e d  by the l i g h t e r  

line is valid for 3" elevation angle. A s  t h e s e  satellites 
deteriorate with age, replacement satellites will be launched. 
This planned configuration of satellites is expected to be 
in effect by early 1976. 

The time information, a 3igital ti-me scde,  2 s m u l t i p l e x e i !  
into the i n t e r r o y a t j o r i  format relayec b y  t . h ~  SNF/GOES sat- 
ellites. The format c:onsis+:.s of 3 1.3-bi.t:, n;axirr,urn-I.er?gth 
sequence (MLS) for message synchr r j r l i za . t i c~r i ,  . i m ~ ~ d i a t e l y  fci- 
lcwed by 3: b i t s  c:c.rnprising a (31: 2'1) b1na . ry  BCII code. 
Four additional b i t s ,  beglrll-iiny or, each  hii i f  secr~ndl ,  pr-ece3.p 
each rlLS sequence and cozr.pzLse a ;3CE word o? the t i m e  code, 

Figure 12 i a  the i nke r roqa . t  lar: n!essa<je forn.!al" : f ncir t i rnc 
code bi.t.s fol.:!.owed by 15 b i t s  of tile :nes:;agc! synr:hroriizakl::lr~ 
word and 31. h i - t s  of t h e  a d d r e s s  K C I ~ Y C ~ .  :?Iic2 -, l-- i-+eyn - a - -  is  ~ ~ ~ 2 , -  . " 
p e a t ~ d .  every 0 .  5 second at, a .I.i)O ::~,Ls."-pes.--sece;:d i-ate; The 
first: h i t  of every .kl imc cc.-ide charac-Le::: 3 ~ _ - F l r ; e c :  the IJ'I'C half-- 
secorld m a r k .  Figure 1 2  a l s o  si?o~ris the -k i r ; i~ :  :::;I~E furmat; Ecur 
bits are extractefi  from t h ~  ~ n t e . r ; r o y a ? ;  f r~nre  e: .7ey h a l f  
second f o r  3 0  seconds. T h e  f i r - s t  40 i - ; . ~ k s  i s !:fie tine code 
synch_ronis;atic;r! nessage c c n s i s t i n l ;  ::.i.' . .C 5Ci7  *-:r:a:i:a- tc!: ."i ' s 

. . - ,  , 

beg-innlt..q. ctrl the <?'PC n!i::!,~;t-~: : n . i i . ~ k  9c(l. 1;) 3 ~ : ;  :I ' ? :xe(;j.n:ii:-lq 31.. 
-, '7 -, -. ' . , the rjTc :la,lf -m::.r:ute ;uark.  : r>.jLAl,wsfiq acdc syn~'ijvi~?;1i.~a.k,Li=;1.; 

niessage are li: BCD chc-lracterz r:~f 't.h~? -::l;~,1.:1 ::s2e! fcl.lo\:i~cI by 
13 BCD charac t e ~ s  represer:-t:ing t?:? sat-.! :--LC:, ' s c u r  !:ent. pcs.!. -- 
t i o n  j.r, g~occfi-t-,ri.r, l ~ r i g i . - t u d c  and. .Latit.ilde ar1i.i the depn?.t2;;:ie 
in i t s  r a d i a l  distance foarrr, a refere~ce o r b i t .  



Time Code Distribution 

The interrogation message is sent to the SMS/GOES spacecraft 
at S-Band and retransmitted to the earth through a global 
antenna at 468.825 MHz. The message phase modulates the 

carrier ?6o0 after being Manchestex encoded. The interroga- 
tion message is received by data-collection platform radio 
sets (DCPRS), which Frovide the communication interface with 
rain and river gauges, ships, buoys, seismograph stations, 
tide gauges, and tsunami detectors. The DCPRS derives a bit 
rate clock from the received interrogation message which is 
used to decode the interrogation message. 

When a DCPRS is addressed its stored data is transmitted to 
the satellite for relay to the Wallops Tsland Co~rnand and Data 
Acquisition Station ( C D A ) ,  In some cases, such as the 
monitoring of seismic activities, it is desirable to label 
the data with the date of occurrence. Attempts to use inter- 
nal clocks set by infrequent clock carries or by reception 
of HF or LF radio signa1.s are expensive, labcr intensive, 
and snbject to an unacceptable failure rate. The time-of- 
year code in the interrogation format eliminates these dis- 
advantages and provides the SMS/GOES Data Collection System 
{DCS) user with a cheap, reliable, and simple system fcr 
data labeling or any other time-ordered function required at 
remote sites or in difficult environments. 

Figure 13 illus-tra-Les the time-code distribution. Derived 
from atomic clocks located at the CDA in Wallops Island, 
Virginia, the time code is combined with the current sat- 
ellite position, multiplexed with the interrogation address 
and sync word and. transmitted to the satellites at S-Band. 
The satellites transpond the signals back to earth at 
468.825 MEz, where they are received by the DCPRS's. 

Time Code Generation 

NBS has installed, at the CDA at Wallops Island, Virginia, 
equipment to generate the time code and maintain Coordinated 
Universal Time (UTC) to within a few microseconds of the 
master clock at NBS in Boulder, Colorado. Figure 14 is a 
block diagram of the equipment. There are two atomic frequen- 
cy standards, each driving a clock and format generator, 
making two independent systems. Each system provldes the 
time code and satellite position to two DCS equipment racks 
for multiplexing into the interrogation channels of two SMS/ 
GOES satellites. All components of each system are backed 
with rechargeable batteries with sufficient capacity to 



operate f o u r  haurs without pr imary  power. Shou ld  a f a i l u r e  
be experienced in one of t h e  t i m e - r e f e r e n c e  s y s t e m s ,  t h e  other 
c a n  be switched i n  while it is repakred. The frequency of 
t h e  atomic frequency s ta .ndards  can be compared to the NBS 
Frequency Standzrd  in EouLder, Colorada, using the t e l e v i s i o n  
f requency comparison technique d i s c u s s z d  previously iri t h i s  
paper. T h i s  comparison i.s accomplished by Y n S  staff at you- 
tine i n t e r v a l s .  The satellite position is computed at KRS 
Boulder  from orbital ~iierice~ts  issxed by NASA's G o d d a r d  Space 
Flight Cente~. A t a b l e  of positions, w i t h  dates, is c o n s t r u c t -  
ed at NBS and s e n t  to Wallops Isiacd by telephone. AI: auto- 
matic answering s y s t e ~ n  in te r faces  the t e l e p h o n e  line with a 
memory bank,  which stores t h e  t a b l e ,  val i i i  far one we&, for 
the t w o  satellites. The time code format y e n e r a t c r  aA- 
dresses t h e  memory with t h e  data (days, h o u r s ;  an2 minutes) 
and f e t c h e s  the c u r r e n - t l y  .va l id  posi t . ior i  fcr ~~iu l .k ip l . . ex ing  
i n t c  the interrogation message. 

- .  
The ixl,tc-rroyatior! ehar~i le ls  or. k o t h  satel..!.ltc;s are monatored 
c o n t i n u c u s l y  i r ~  Bou?ide:, Any f a i l u r e  or- d r i - f i ;  :3f the clocks 
at Wallcps Island :a automaticnliy nctc5.  fcr ~ p 2 r o p r i a t c  
a c t i o n .  

,i-: ' ,;me Code Receptioc 
----.*.- 

The time sigrzals sex: f r o ~  IVhiiups Ic ' iand : , c  ' ~ 3 1 ~  S M S / ~ ; O E ~  
satclli .-tes arc adva~ce?: by tt? ;lPFT(SSI,.:iil~CE '::ne ii; t a k e s  t h e  
signal to t r a v e l  from WaXlz~,? 1slar.d to t.n? s a t e i l . ? . t e ' ~  Z.II?,-- 
satzilite point on the equar.sr , 3 0 5 - . ~ ;  ,, , -. !A,, , TSe ~ i q n a l s  
tiiesehy arrj ve on the ear - th  nearll7 ci; -k L. ' -  .!!IF: t 

.; :j (2 I n .  t.he ease of t h e  SMS-2, 2 u r r e n t l . y  at . \;?est Longl , tude ;  
khe 2 6 G r 0 0 0 p s  advznee means that "he s i 9 n a i . e  z r r l v e  at the 
earth's su r face  w i t h i l l  ans o f  b e i n g  " 0 : - 1  crllcl~;, " ' T h e  i n c ~ ~ i n z -  
tivn and eccen t r i c i t v  of the satellite's o r b i t  i n t r o d u ~ e  2 

snzall " d i u r n a l "  compoxent kc this "appa:r(?ni;" de lay ,  Yxq- dre 
15 s h o t ~ s  t y p i c a l  " d i u r n a l "  peak-to-pea;; valuesi. Ar. ac tual  
c h a r t  recording nf 1 : h . i ~  d i i~ r i l a l  as recei.ved at the NBS labs 
in Boulder, is shown i n  figurs I S .  

For  a time signal accurate to a few t ens  of iu1slsec:onds 
t h e  ~ i m e  code as received requires nc 5ela17 corrections. 
Time t o  a f e w  n1illrseconGs r e q u i r e s  t h e  correction tc com- 
pensate for t h e  e a r t h ' s  spherical shape. T i m e  to b e t t e r  
than a few rniZiiseconds requ i res  the consideration of the 
" d i u r n a l  effect," which  can be compensated for w i t h  t h e  "tools" 
developed at NBS. Using the current satellite position pro- 
vided in the interrogation channel format i . e . ,  the satellite'c 



longitude, latitude, and radius, the slide rule shown in 
figure 17 will calculate the delay to a lops precision. NBS 
also has programmed the delay calculation in the BASIC com- 
puter language and for programmable pocket calculators. This 
calculation will also be handled in an expanded version of an 
NBS designed microprocessor time-decoder-clock. The accuracy 
for the time code, using satellite-position data, has consis- 
tently been better than 100~s. 

Decoder-Clock 

NBS has designed a digital clock for direct connection to 
the DCPRS's. The digital clock is a device which achieves 
bit synchronization, interrogation frame synchronization, 
and time code frame synchronization to correctly reconstruct 
the received data bits into the time-of-year message and 
satellite position. The digital clock also contains an 
internal clock which is set by the satellite time code. If 
the satellite signal is lost for any period of time, the 
digital clock "flywheels" the internal time with an accuracy 
consistent with the quality of its internal oscillator. If 
an incorrect time message is received Gy the digital clock, 
(corrupted by noise or interference) the digital lock tends 
to ignore this incorrect time and accept only the correct 
time for comparison or resetting its internal clock. The 
initial design effort on the digital-clock used a random logic 
design approach and is shown in figure 17. A new design using 
a four bit microprocessor will soon be completed. The micropro- 
cessor design will be smaller, cheaper, and more reliable 
while providing flexibility to include, at the user's option, 
many features through simple software additions rather than 
difficult hardware modifications [lo]. 

These features of the microprocessor digital-clock, as 
shown in figure 18, can include any or all of the following: 

1. LED display of the time-of-year (TOY) . 
2. LED display of the satellite position. 
3. LED display or BCD representation of delay 

corrections. 
4. Standard code outputs such as I R I G - H ,  NASA 36, etc. 
5. Automated delay corrections. 
6. Interrogated outputs (TOY on demand) . 
7. Special rate outputs, 1 pps, 10 pps, 1/10 p p s ,  etc. 
8. AC or DC power input. 

FUTURE TRENDS: OTHER METHODS 

Several years ago NBS developed and evaluated a T/F dissemi- 
nation technique involving the addition of an active time-of- 



day code t o  t h e  v e r t i c a l  blanking interval of n o m a l  TV net- 
work program transmissions [ I l l .  Modified television re- 
ceivers could be used to decode and d i s p l a y  the time infor- 
mation on t he  TV set s c r e e n .  A s  a r e s u l t  of success fu l  
tests of the technique, using both l o c a l  and nationwide TV 
network facilities, the Department of Commerce submitted a 
petition to the FCC, requesting permanent allocation of Line 
21 of the vertical interval for use w i t h  this NBS T V - T i m e  
System. To date this petition has not been acted upon by 
 he FCC. It i s  t h e r e f o r e  u n c l e a r  a t  t h i s  time whether the 
t e c h n i q u e  can  ever be implemented on a permanent basis. 

NBS also proposed t h e  addition of a slow time-of-day code t o  
one o r  more broadcasts of t h e  Omega Navigation System [ 1 2 ] .  
The intent was to gain worldwide coverage with very h i g h  reli- 
ability at a relatively small incremental cost. In view of 
r e c e n t  d e c i s i o n s  by Oii~ega personnel to prohibit any modulation 
of the Omega transmlssi.ons, NBS has suspended work on this 
technique for the foreseeable f u t u r e .  
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QUESTION AND ANSWER PERIOD 

DR. SHEPARD: 

S h e p a r d ,  I L C  I n d u s t r i e s .  

I have  s e v e r a l  comments. O n e ,  I would l i k e  t o  make a sug-  
g e s t i o n  t h a t  you may skew y o u r  r e s p o n s e s  i f  you p u t  a n  i n -  
w a t t s  on t h a t  t i m e  o f  day  t e l e p h o n e  l i n e .  

On t h e  t e l e v i s i o n  f r e q u e n c y  t r a n s f e r ,  do  you a c t u a l l y  
m e a s u r e  t h e  f r e q u e n c y  of  t h e  s u b c a r r i e r  o r  do  you u s e  t h e  
t i m e  d i f f e r e n c e  measurements?  

DR.  UEEHLER: 

A t  p r e s e n t , f o r  t h e  West C o a s t  d a t a  we are a c t u a l l y  u s i n g  
t h e  t i m e  t r a n s f e r a b u t  w e  are i n  t h e  p r o c e s s  of p u t t i n g  
another s y s t e m  out  t h e r e  which  w i l l  r e a l l y  m e a s u r e  t h e  
f r e q u e n c y ,  u s i n g  t h i s  m i . c r o p r o c e s s o r  s y s t e m  t h a t  I m e n t i o n e d  

DR.  SHEPARD: 

How a b o u t  t h e  E a s t  C o a s t ?  

DR.  BEEHLER: 

The E a s t  C o a s t  i s  d i r e c t  f r e q u e n c y  measurement  now. 

D R .  SHEPARD: 

A l l  R i g h t .  How l o n g  h a s  t h i s  been i n  e x i s t e n c e ?  

D R .  BEEHLER: 

The E a s t  C o a s t  measurements  have  been  done  f o r  s e v e r a l  y e a r s  
We d i d  i n f e r  t h e  E a s t  C o a s t  measurements  from t i m e .  I t h i n k  
i t  h a s  b e e n  a b o u t  t h r e e  y e a r s .  The West Coast  measu remen t s ,  
w e  began p u b l i s h i n g  t h e  o f f s e t ,  I b e l i e v e ,  i.n t h e  A p r i l  
1975 i s s u e  of  t h e  B u l l e t i n .  

D R .  SHEPARD: 

B u t ,  t h e  c u r r e n t  E a s t  C o a s t  d a t a  and t h e  E a s t  C o a s t  d a t a  
f o r  t h e  p a s t  c o u p l e  o f  y e a r s  h a s  been d e r i v e d  f rom t h e  
f r e q u e n c y  r a t h e r  t h a n  t h e  day  t o  day t i m e  d i f f e r e n c e .  



DR. BEEBLER: 

The E a s t  Coast d a t a  up u n t i l  r e c e n t l y  w a s  by t i m e  d i f f e r e n c e  
measurement .  R e c e n t l y , w e  a l s o  s w i t c h e d  o v e r  t o  t h e  d i r e c t  
f r e q u e n c y  measurement  t h e r e .  

DR.  SHEPARD : 

Okay. That  w a s  my q u e s t i o n ,  b e c a u s e  t h e r e  were i r r e g u l a r i -  
t i e s  i n  t h e  p u b l i s h e d  d a t a  t h a t  would v a r y  f rom week t o  
week which would seem i n c o n s i s t e n t  w i t h  t h e  rub id ium a n d  i t  
w a s  my i m p r e s s i o n  t h a t  t h e s e  would b e  due t o  p h a s e  c h a n g e s  
i n  t h e  program m a t e r i a l  depend ing  on what was h a p p e n i n g .  
If t h e  World S e r i e s  game was o n ,  you g e t  d i f f e r e n t  a v e r a g e  
d a t a  by t i m e  measurement t h a n  you would by d i r e c t  p h a s e  
measurement .  

DR.  BEEHLER: 

Yes ,  I t h i n k  t h a t  is  p r o b a b l y  q u i t e  c o r r e c t .  I n  f a c t ,  t h a t  
is  t h e  r e a s o n  w e  have  gone  t o  t h e  d i r e c t  f r e q u e n c y  measure-  
men t ,  i t  seems t o  be much more r e l i a b l e .  

DR. SHEPARD: 

A l l  r i g h t ,  now wha t  is  t h e  s i t u a t i o n  on l i n e  1 0 ,  f i e l d s  1, 
3 ,  p u l s e  e d g e  r e f e r e n c e  a t  t h e  p r e s e n t  t i m e ?  

DR. BEEHLER: 

The s i t u a t i o n ?  

D R .  SHEPARD : 

Lead ing  edge  v e r s u s  t r a i . l i n g  e d g e .  

D R .  BEEHLER 

W e  are u s i n g  t r a i l i n g  e d g e ,  I b e l i e v e ,  a t  t h e  p r e s e n t  t i m e .  
T h e r e  is some t h o u g h t  b e i n g  g i v e n  t o  making a  s w i t c h  a t  
s o m e  p a i n t  b e c a u s e  t h e  d a t a  w o u l d ,  i n d e e d ,  b e  b e t t e r ,  a t  
l eas t  f o r  some u s e r s  i f  w e  d i d .  

DR. SHEPARD : 

T h e r e  is  no s c h e d u l e ,  o r  n o t h i n g  f i r m  on t h a t  s w i t c h o v e r  
y e t ?  



DR. BEEHLER: 

T h a t  i s  c o r r e c t .  

MR. RUEGER: 

Ruege r ,  The J o h n s  Hopkins  U n i v e r s i t y  

Do you have  p r e c e d e n t s  f o r  b e i n g  a b l e  t o  p h a s e  o u t  a  
s e r v i c e  l i k e  t h e  o p e r a t i o n  o f  WWV? I t  seems t o  m e  t h a t  
some o f  t h e  e l e c t r o n i c  n a v i g a t i o n  a i d s  have  been  y e a r s  t r y -  
ing t o  phase o u t  the s e r v i c e  and I don't think 20 years 
advance  n o t i c e  was enough t o  c o m p l e t e  t h e  j o b .  

DR.  BEEHLER: 

T h a t  may v e r y  w e l l  b e .  T h i s  is k i n d  of  a t h e o r e t i c a l  
argument  a t  t h e  moment. I t h i n k  when w e  do  g e t  down t o  
t h a t  s t a g e  o f  a c t u a l l y  t r y i n g  t o  implement t h a t ,  w e  may, 
i n d e e d ,  f i n d  s i m i l a r  p rob lems .  B u t ,  I t h i n k  as b e t t e r  
s e r v i c e s  come a l o n g ,  i f  t h e y  a r e  r e a l l y  c a p a b l e  of  g i v i n g  
t h e  u s e r  a t  l e a s t  a s  much i n f o r m a t i o n  and d o i n g  i t  a s  
c h e a p l y  o r  more c h e a p l y  w i t h  l e s s  e f f o r t ,  t h a t  i t  seems 
l i k e  w e  s h o u l d  be t r y i n g  t o  go  i n  t h a t  d i r e c t i o n ,  

MR. RUEGER 

The c r i t e r i a  o f  t h e  pas t  s e e m s  t o  have  been  b a s e d  on t h e  
wear -out  of  t h e  u s e r s '  equipment  a f t e r  you t e l l  him t h e y  
a r e  g o i n g  t o  b e  s h u t  down and  n o t  t h e  lack o f  t h e  s e r v i c e  
o r  a  d i f f e r e n t  way 01 g e t t i n g  it. 

D R .  BEEHLER: 

I am s u r e  t h a t  is  t r u e .  

D R .  WINKLER: 

I h a v e ,  a l s o ,  s e v e r a l  q u e s t i o n s .  D o  you p r o v i d e  o r  do you 
e n v i s i o n  t o  i n c l u d e  t h e  DUT-1 code  on t h e  s a t e l l i t e  
b r o a d c a s t s ?  

D R .  BEEHLZR : 

We do n o t  i n c l u d e  t h e  DUT-1 c o d e  a t  t h e  moment on GOES 
b e c a u s e  i t  is j u s t  an e x p e r i m e n t a l  t h i n g .  C e r t a i n l y  when 
w e  go t o  a  s e r v i c e  a r r a n g e m e n t ,  i1 w e  do ,  t h e  DUT-1 would 
be i n c l u d e d  as l o n g  a s  t h e  C C I R  recommendat ion is  s t i l l  
e f f e c t i v e .  



DR. WINKLER : 

The s e c o n d ,  i s  t h e  100 p u l s e  p e r  s e c o n d  t i m e  code  i d e n t i c a l  
w i t h  t h e  100 p u l s e  p e r  s econd  which you have on WWV sub-  
c a r r i - e r ?  

DR.  BEEHLER: 

No, i t  i s  n o t .  

D R .  W I N K L Z R :  

Where do you p u b l i s h  t h e s e  c o d e s ?  

DR.  BEEHLER : 

Check w i t h  Wayne Banson. 

MR. INOUYE: 

I n o u y e ,  N a t i o n a l  R e s e a r c h  L a b o r a t o r y  of Me t ro logy  i n  J a p a n .  

I a m  i n t e r e s t e d  i n  t h e  Radio  s e r v i c e d  a r e a  from t h e  s a t e l -  
lite. I c o u l d  nct find o u t  i f  J apan  i s  i n c l u d e d  o r  n o t .  

T h e r e  a r e  two U .  S .  c o n t r o l l e d  s a t e l l i t e s .  T h e y  do n o t  
c o v e r  J a p a n .  

DR.  KLEPCZYNSKI: 

H e  s a i d  t h e  c u r r e n t  s a t e l l i t e s  do n o t  c o v e r  J a p a n ,  b u t  
t h e s e  is  t h e  p o s s i b i l i t y  i n  t h e  f u t u r e ,  a f t e r  some n e g o t i a -  
t i o n ,  t h a t  a *Japanese  s a t e l l i t e  w i l l  cover t h e  area.  




