
A Comparison of the TAI and the 
NBS-A Atomic Time Scales 

The Observatory of Neuchatel, Switzer- 
land, publishes informationt from which it is 
possible to determine the reception time in 
Neuchatel of the time signals emitted by 
the standard frequency and time-interval 
broadcast station WWV, located in Green- 
belt, Md., and operated by the United 
States National Bureau of Standards. I n  
this communication the reception times of 
the WWV time signals on the TAI atomir 
time scale are co.npared with the emission 
times assigned to the WWV signals accord- 
ing to the NBS-A atomic time scale. The 
TAl scale was established in  1957 and is 
maintained by the Lahoratoire Suisse de 
Recherches Horlogeres in Neuchatel, while 
the NBS-A scale was also established in 1957 
and is maintained by the National Bureau 
of Standards. Each of the scales has been 
established with the intention that  the 
frequency of the cesium transition widely 
used as a frequency standard shall he 
9192631770.00. . . cyrles per itnit time in- 
terval. In the following discussion and figure 
this unit of time interval is called a second 
since it is believed2 to differ from the second 
as presently defined by no more than a few 
parts in 109. 

The origin of the NRS-A time scale has 
been set with the intention that this scale 
shall assign O ~ ~ O m O s  as the occurrence time to 
an event occurring a t  OhOmO* UT2 time on 
January 1, 1958. The National Bureau of 
Standards does not have facilities for deter- 
mining theoccurrence times of events on the 
UT2 scale so that  reception times of WWV 
pulses on the A.1 scale, as listed in the IT. S. 
Naval Observatory Time Service Notice 6, 
January 1, 1959, were used to set the origin. 
Recent measurements made by the National 
Bureau of Standards in Cooperation with the 
U. S. Naval Observatory have indicated 
that 0.316 msec is the effective propagation 
time between the WW!’ transmitter and the 
I!. S. Naval Observatory.3 I n  setting the 
origin of NRS-A, the 0.316-msec figure has 
been used. 

The TA,  scale was intended originally to 
coincide as closely as possible with Ephe- 
meris Time on January 1, 1958, Oh [JT. Since 
the accuracy with whirh ET is known is 
rather poor, the origin of TAI with respect 
to E T  is to be considered uncertain. 

l h e  TAI scale and the NBS-A scale are 
constructed from independently obtained 
frequency measurements made with the aid 
of atomic frequency standards located i n  the 
laboratory constructing the time scale. Fig. 1 
shows the comparison. 

Over the course of years, various refine- 
ments in techniques and instrumentation for 
atomic timekeeping have evolved and have 
been incorporated into either the procedure 
or the equipment used to establish the time 
scales T A t  and NBS-A. Two changes which 
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sistent with the estimated accuracies of both 
 standard^,^.' and illustrates the practicality 
of keeping time by using the techniques of 
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Fig. I--Comparison of the time stalrs 
TAI and KBS-.2.  

occurred near June, 1960, and which re- 
sulted in a significant improvement of the 
time scale comparison are the switch by 
I S R H  from the NL*HH, maser to a Cs resona- 
tor for a frequency standard, and the adop- 
tion of NBS I1 as the United States Fre- 
qiiency Standard.‘ 

The curve of Fig. 1, as  expected, becomes 
smoother as time progresses and as more and 
more refinements are incorporated into the 
timekeeping orocedure and apparatus. Since, 
as mentioned above, the origin of the TAL- 
scale is not the same as  that  of NBS-A, the 
tnagnitude of the difference in Fig. 1 has 
little signikanre,  although about 22.8 msec6 
is due to propagation delay. The quantity 
plotted in Fig. 1 is the reception a t  Neuchatel 
of the 0700 UT WW\’ pulse on the TAI scale 
minus the emission time of the 0700 ITT 
WWV pulse on the NRS-A scale. 

During the last several years, Fig. 1 shows 
that the NBS-A and TAI scales were diverg- 
ing a t  a rate of -3X10-” sec/sec. If this 
divergence is entirely attributed to a differ- 
ence in the NBS and I S K H  atomic fre- 
quency standards, then it would appear that 
if  the two groups were presented with the 
problem of determining the frequency of 
identical sources, the LSRH group would 
report a value -3 parts in 10” less than the 
NBS group would report. Both laboratories 
monitor the frequencies of the very low fre- 
quency stations, NBA and GBR. During the 
years 1961-62 the measurements on GBR 
indirate that  the average frequency re- 
ported by LSIZH is 1.7 parts in lot1 less than 
the frequency reported by NBS. During 
this same period the measurements on NRA 
indicate that the average frequency reported 
by I S R H  is 3.4 parts in 10” less than the 
frequency reported by NBS. l h i s  rather 
good agreement between Fig. 1 and rerords 
made by monitoring GBR and NBA is found 
not only i n  the averages for the two-year 
period 1961-62, hut also during shorter 
periods such as the period from 1961.6 to 
1962.1. ’There the average VLF reported by 
I S R H  is about 8 parts i n  1 O l L  less than that 
reported by NBS. This is explained by tem- 
porary poor shielding of the C-Field region 
of the LSRM Cs Beam Tube and bas been 
reported by KaratschoH 141. A new ini -  
proved shield was installed in March 1962. 
From 1960.5 to 1961.6, and since 1962.2, the 
rate of divergence of NBS-A and ‘1‘At has 
been about 1 part in lo-”, with the points 
plotted i n  Fig. 1 having a staitdard deviation 
of 0.2 msec. This rate of divergence is con- 
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