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Abstract—we developed a model to predict and modify the long 
term behavior of a hydrogen maser. We found the 1st order 
phase difference of a hydrogen maser, relative to TA(TL), was 
roughly homogeneously increased by time in whole analyzed 
period. Base on it, we modeled the frequency offset of a 
hydrogen maser as a linear function of time, remove the 
frequency drift and get modified phase combined the TA(TL) 
with a hydrogen maser. We examined the modified phase data 
by IGS GPSCP time transfer final data. The results showed the 
modification did not affect the short-term and mid-term stability; 
its Allan deviation is almost the same as the original hydrogen 
maser when the average time is under 3 days. We also found the 
longer period we used the better long-term performance we got, 
the periods of 30, 50, and 100 days showed comparable stability 
to TA(TL) when average time is more than 10 days. 

I. INTRODUCTION 
The TL’s local atomic time scale, TA(TL), was announced 

in October 2004. Currently, it’s generated from a 9-cesium-
clock ensemble. The stability of TA(TL) is limited by the 
number of cesium clocks in the ensemble and we knew it’s 
roughly proportional to 1/√N, where N is the total number of 
clocks. To improve the performance of TA(TL), we now 
consider adding hydrogen masers into our clock ensemble. 
The aim of this paper is to find a model to predict and modify 
the long term behavior of our hydrogen masers, and may try to 
use it to generate a new time scale model.  

After analyzed the phase data of clocks in TL, we found 
the first order time difference of the hydrogen maser, relative 
to TA(TL), was roughly homogeneously increased by time in 
whole analyzed period. Since the first order time difference 
can be treated as the average frequency during each two phase 
measurements, we supposed the frequency of the hydrogen 
maser could be modeled by a linear function of time. The 
parameters of the linear function could be predicted from the 
first order time difference between a hydrogen maser and 
TA(TL) in a previously period. We thought this treatment 
could optimize the hydrogen maser for long term stability with 
respect to TA(TL). Here we calculated the parameters using 

long-term durations of 10, 30, 50, and 100 days, and used the 
parameters to remove the frequency drift of the hydrogen 
maser linearly. Finally, we examined the modified data of the 
hydrogen maser by IGS GPS carrier phase time transfer final 
data.  

The results showed the modification did not affect the 
short-term and mid-term stability; its Allan deviation is almost 
the same as the original hydrogen maser when the average 
time is under 3 days. We also found the longer period we used 
the better long-term performance we got, the periods of 30, 
50, and 100 days showed comparable stability to TA(TL) 
when average time is more than 10 days. 

II. DATA ANALYZING 
We first analyzed the data of a hydrogen maser and our 

cesium-clock ensemble time scale, TA(TL). In this paper the 
hydrogen maser HM6052 was chosen to be analyzed, because 
it’s running independently. Another hydrogen maser 
(HM6053) was locked by HM6052 with cavity auto turning. 

 
From Figure 1, we found the minimal value of Allan 

deviation (HM6052 vs. TA(TL)) was about 4.5e-15 (average 

 

Figure 1.  The Allan Deviation of TA(TL)-HM6052 (Blue dot) and 
TAI-TA(TL) (Pink dot) 
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time = 7 days). On the other hand, the minimal value of Allan 
deviation of TA(TL), compared with TAI, was about 1.5e-15 
(average time = 80 days). The HM6052 is an active hydrogen 
maser (model type: Kvarz CH1-75), we know its minimal 
value of Allan deviation is about 1e-15 when average time is 
about 1 day and, from our measurement system, the 1 day 
Allan deviation of TA(TL) - HM6052 is about 8e-15. Thus we 
infer that the TA(TL) is noisier than HM6052 when average 
time is less than 7 days. Beyond 7 days, the accelerate 
frequency drift will deflect the phase of HM6052 from the 
linear way.  

Figure 2 showed the phase data of TA(TL) – HM6052 
from MJD 53500 to MJD 54100.  It’s obviously the curve is 
not linear. That’s it’s not easy to use a linear function to 
predict the phase behavior of a hydrogen maser.  

To analyze that variation of the phase data, we calculated 
its 1st order difference: 

di(t) = xi+1(t) – xi(t)                                     (1) 

Figure 3 is the result of equation (1).  

In the first impression of Figure 3, the tendency of the 1st 

order phase difference looks like to be linear increase in whole 
analyzing period. The measurement system of TL records 
each clock’s phase data once per 10 minute. That’s each point 
of Figure 3 meant the 10 minutes average frequency offset of 
each recording time. We instinctively think the frequency 
offset of HM6052, with respect to TA(TL), is stationary 
increase by time and could be modeled by a optimized linear 
function. 

If the frequency offset was roughly homogeneous increase 
by time, the slope of the frequency offset would be steady in a 
long term average. We calculated the average slope of the 
frequency offset of each day using least square linear fit 
method:  

Sp(mjd) = Slope of  [d(mjd-period) ~ d(mjd)]               (2) 

Where Sp (S10, S30, S50, and S100) denoted slope, calculated 
by least square linear fit, of the frequency offset during the 
previous period date mjd – 10 days, mjd - 30 days, mjd - 50 
days, and mjd – 100 days to the date mjd.   

The graph plot of S10, S30, S50, and S100 were showed in 
Figure 4. The variation of S10 was relative large, and the 
longer period using for average, the more stable slope value 
we get. The standard deviation of S100 was about 2e-14 ns/10 
min/10 min. 

Since the TA(TL) is more unstable than HM6052 when the 
average time is less than 7 days, the fluctuation in Figure 2 
could be due to the noise of TA(TL). We supposed the slope 
Sp(mjd) we got from the least square linear fit method can 
represented the frequency drift of HM6052 with respect to 
TA(TL). Rationally, the time integration of the Sp(mjd) should 
be the phase drift of HM6052 optimized by TA(TL). Thus we 
modified the origin phase of HM6052 by the phase drift: 

Tp(t)  = HM6052(t) – (t0 + Sp(mjd)×t + 1/2×Sp(mjd)×t2)     (3) 

Where Tp(t) denoted the phase of modified hydrogen 
maser time scale in time t, and the  Sp(mjd) is the slope of the 
1st order phase difference of TA(TL) – HM6052 we calculated 
from equation (2). Figure 5 showed the phase of T10, T30, T50, 
and T100. Compared with Figure 2, it’s obvious that the drift of 
frequency of HM6052 was removed and long term behavior is 
followed the linearity of TA(TL).  

 

Figure 4.  Slope of 1st order phase difference; 10, 30, 50, and 100 days 
average 

 

Figure 2.  The phase of TA(TL) – HM6052 

Figure 3.  1st order phase difference of TA(TL) – HM6052 
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III. RESULT 
To verify the performance of Tp(t), we used the IGS 

GPSCP finial data to exam our result. We chose the IGS site 
USNO as our reference because the Circular T gave the long 
term reference (more than 5 days) only. We calculated the 
phase difference USNO – TWTF directly from the IGS 
GPSCP finial data. The reference clock of IGS site TWTF is 
UTC(TL), and than get the time difference USNO – Tp : 

USNO – Tp = (USNO – TWTF) + (UTC(TL) - Tp)        (4) 

Where the UTC(TL) – Tp = (UTC(TL) – HM6052) + 
( HM6052 – Tp) 

The modified phase of HM6052 showed very good 
performance when compared with USNO. In Figure 6, T10, T30, 
T50, and T100 all kept the stable short term of hydrogen maser 
and accurate long term of TA(TL). In the short term 
performance, 10, 30, 50, and 100 days average period almost 
have the same stability with HM6052. We also found the long 
term Allan deviation decrease if the average period of Tp 
increase. The T100 showed the best long-term properties, we 
guessed it’s because of the TA(TL) has the minimal value of 
Allan deviation when the average time is longer 80 days. 

 

IV. CONCLUSIONS 
To enhance the performance of the time scale TA(TL), we 

have to increase the number of clock in our cesium ensemble. 
Now we can enhance the short term stability by the 
combination of hydrogen masers and the cesium-clock 
ensemble. But in this moment, TL has only two hydrogen 
masers, and locked together by Cavity Auto Turing, use only 
one hydrogen maser to generate TA(TL) may take a lot of 
risk, the damage or fail of hydrogen maser will crush the 
TA(TL). 

Today the modified phase of hm6052 is a reference time 
scale using for adjusting the UTC(TL). We are planning to 
buy 2 more hydrogen masers, and will renew the model of 
TA(TL) at that time. 
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Figure 5.  The modified phase of HM6052, T10(blue), T30(green), 
T50(orange), and T100(pink) 

 

Figure 6.  The Allan deviation of HM6052, TA(TL), T10, T30, T50, and 
T100 with respect USNO via IGS GPSCP 
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