
Comparision of the Masers at the Geodetic Observatory Wettzell

C.Bürkel 1, J. Kodet 2, G. Kronschnabel 1, C. Plötz 1, U. Schreiber 2, T. Schüler 1,3

Abstract The Geodetic Observatory Wettzell operates
three hydrogen masers as a part of the Wettzell atomic
clock ensemble. The long term evolution of the masers
is continuously measured. For the investigation of the
short term behavior, a 14-day measurement campaign
was carried out. The results presented in this paper are
in good accordance with previous measurements and
the specifications of the maser. With regard to improve-
ments in the time and frequency department of the ob-
servatory, the results also show that steering should
have no influence on the short term stability of the
maser.
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1 Introduction

The Geodetic Observatory Wettzell features a time lab-
oratory with five commercial Caesium clocks and three
hydrogen masers. All clocks take part in the calculation
of UTC and are reported regularly to the BIPM. The
UTC at the observatory UTC(IFAG) is realized with a
commercial caesium clock.

The maser ensemble at the observatory helps to im-
prove the short term stability of the local time with
respect to more long term stable caesium clocks. The

1. Geodetic Observatory Wettzell, Federal Agency for Cartogra-
phy and Geodesy (BKG)
2. Geodetic Observatory Wettzell, Technische Universität
München
3. University of the Federal Armed Forces Munich, Faculty of
Aerospace Engineering

masers are primarily used as a stable frequency source
for VLBI observations of the radio telescopes at the
observatory. Due to the construction of two new tele-
scopes (TWIN), one maser of the ensemble was in-
stalled in the TWIN operations building and serves as
a common clock for both TWIN1 (Wn) and TWIN2
(Ws).

In the future, the maser ensemble is foreseen to
provide a common clock for all three telescopes to
provide geodetic and local VLBI measurements. Due
to the separation of the maser ensemble to different
buildings and environments, these comparisons have
become necessary.

The results from this comparison will contribute to
the project of using a steered hydrogen maser for gen-
erating the local representation of UTC at the observa-
tory and the improvement of a local composite clock
for the observatory, combining caesium clocks, hydro-
gen masers, and a cold rubidium clock.

2 Measuring Method

The measurement method we used for the comparison
of the masers is called the triangular method. These
method allows us to derive the performance of each
oscillator on its own [Schlüter (1988)].

The triangular method needs three different oscilla-
tors which are compared to each other simultaneously
(Figure 1).

In this measurement oscillator A is compared to os-
cillator B, oscillator B to oscillator C, and oscillator C
to oscillator A. The simultaneous measurement is nec-
essary to get a set of data that overlaps in time.
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Fig. 1 Schematic draw of a triangular measurement.

Out of the measured data, the Allan variance of an
oscillator pair can be calculated. The Allan variance,
also known as two-sample variance, is a measure of the
frequency stability in oscillators. The Allan variance is
defined as [Allan et al. (1966)]:
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where τ is the observation period and yn is the nth frac-
tional frequency average over the observation time τ .
Just as with standard deviation and variance, the Al-
lan deviation is defined as the square root of the Allan
variance:
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With respect to the three oscillators, the measurement
leads to the three different Allan deviations σAB, σBC
and σAC.

For derivation of the single Allan deviations σA, σB,
and σC we can use the law of cosines. If the oscillators
are independent then the correlation between the oscil-
lators is zero and we can simplify the law of cosines to
the Pythagorean theorem:
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The equations solve the following equation, as σAB,
σBC, and σAC are known, and, after using the square
root, the Allan deviation is extracted from the reference
oscillators:
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The same can be done for σB and σC. Then the Allan
deviation of each single oscillator can be calculated.

3 Measurement Set Up

We were interested in such a measurement because of
the fact that our maser clock ensemble is not located in
one single building. One maser is separated from the
other two by a distance of around 100 m and is in a dif-
ferent building. The maser was relocated; before that,
all three masers were at the same building next to each
other. In previous measurements we had measured our
masers with the same method. Therefore we were in-
terested in whether the relocation had any influence on
the maser ensemble’s performance.

The measurement took place at the RTW operations
building (close to the 20-m telescope Wz), the home
of the two masers EFOS18 and EFOS39. The single
new maser EFOS60 in the TWIN operations building is
connected via a coaxial cable to the other two masers.
We were also interested in whether the long cable con-
nection matters with respect to the stability outcome.

Our measurement campaign had a length of
14 days, starting on 2017/12/22 and ending on
2018/01/05. The measurements were performed with
a Vremja 314 frequency comparator at a frequency of
100 MHz.

During the measurement, our continuous PPS mea-
surements of the masers were also running. Hence, we
can get the long term behavior of the masers and could
get a good picture of the drift evolution of our maser
ensemble. These PPS measurements are rather simple;
every three hours, the PPS signal of a maser is mea-
sured against our realization of UTC.

4 Results

The two-week continuous measurement campaign
showed the following results: out of the measured
frequency differences, the Allan deviations calculated
after the described method were calculated. Due to the
two-week measurement, a sample time of 105 s could
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Fig. 2 Allan deviation of the Wettzell maser ensemble EFOS 18 (blue line, middle starting value), EFOS 39 (green line, lowest
starting value), and EFOS 60 (red line, highest starting value). The shown graphs are calculated from a 15-day data set, which was
measured from 2013/04/03 to 2013/04/18.

be reached for the Allan deviation calculation. For the
calculation of the Allan deviation, the Allan tools for
python were used [Wallin et al. (2018)].

All three masers show nearly the same expected be-
havior (Figure 3):

1. Starting with a stability of 10−13 at a sampling time
of 1 s, we can show that the stability is in the range
of the specification of the EFOS masers. The best
performance in the 1 s regime is shown by EFOS
39 with a stability of 8 ·10−14.

2. In the short term regime from 10 s to 1000 s the
masers show a 1√

τ
behavior. The stability improves

from a low value of 10−14 at 10 s to a high value of
10−16 at 1000 s.

3. After 1000 s of sampling time all masers reach the
flicker floor at a stability of 8 ·10−16. This stability
is slightly better than mentioned in the specifica-
tions.

In comparison to previous measurements (Figure
2), calculated after the same method, we see no huge
differences between the two measurement campaigns.
In particular, EFOS 60 did not change in its perfor-
mance after the relocation.

The PPS measurements (Figure 4) show a constant
linear drift for EFOS 18 and EFOS 39. Only EFOS 60
shows some changes in its drift behavior during the two
week period, and it is clear there is no linear behavior.
Even the sign changes during the campaign.

5 Conclusion

The maser ensemble at the geodetic observatory
Wettzell shows the specified behavior of stability
(Figure 2), in some cases better than predicted.
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Fig. 3 Allan deviation of the Wettzell maser ensemble EFOS 18 (blue line, middle starting value), EFOS 39 (green line, lowest
starting value), and EFOS 60 (red line, highest starting value). The shown graphs are calculated from a 14-day data set which was
measured from 2017/12/22 to 2018/01/05.
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Fig. 4 The drift evolution of Wettzell’s maser ensemble: EFOS
18 (upper panel), EFOS 39 (middle panel), and EFOS 60
(lower panel). The evolution of ∆ t is derived from the mea-
sured PPS signals over the time period from 2017/12/13 through
2018/01/12.

The long distance between the maser EFOS 60
and the two others had no effect on the measurement

during the campaign. Therefore the distance between
the masers should have no influence on measurements
such as common clock VLBI measurements with the
Wettzell radio telescopes.

The change in the drift behavior of EFOS 60 during
the measurement campaign showed no influence on the
resulting Allan deviation and had no effect on the short
term stability of the maser. This short term stability is
required to provide good VLBI measurements. Hence,
we assume that a steered maser with small corrections
to the drift should have no influence on the short term
stability and its usage as a frequency source for our
measurements such as VLBI and SLR.

The steered maser could be used as a backbone
of the whole time and frequency system of the obser-
vatory. In a combination of our optical time and fre-
quency distribution system, a new time measurement
system, and the steered maser, we should improve our
time and frequency performance for the whole obser-
vatory, and the performance of SLR, VLBI, and GNSS
measurements should improve as well.
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