
INTRODUCTION

Alpár Körmendi and László Hegymegi

1. Tihany Geophysical Observatory and the Workshop

Readers are kindly invited to recall Ron Nibletf s words in the ‘Fore
word’ to the Proceedings of the International Workshop on Magnetic 
Observatory Instruments, Ottawa, 1986: ‘the concept of a working works
hop... originated in discussion between W. F. Stuart and C. G. Sucksdorff, 
at the time of the IUGG meeting in Hamburg in 1983’. An international 
scientific team worked on the preparation of the first workshop for three 
years. Another three years passed between the first Workshop and the 
second one (Nurmijärvi, 1989). The question might arise as to why should 
the third workshop be organized so close to the previous one? The two main 
reasons are as follows:

The development of the instrumentation and data processing technique 
has been accelerated between the two workshops and we could expect that 
the workshop in Nurmijrävi would give it a push again. But this develop
ment involves the risk of separating the geomagnetic observatories into 
two groups: the first one equipped with fluxgate sensors, Overhauser proton 
magnetometers, highly intelligent data acquisition systems; the other one 
having less sensitive (but maybe more stable in the long term) quartz 
variometers and old fashioned loggers .

These phenomena might well cause difficulties in data exchange and 
difficulties because of the difference in the quality of the collected data. 
Bill Stuart underlined in both of his papers in the Proceedings of the Ottawa 
Workshop that ‘the observing community is very isolated’. His statement 
is true in an increased degree for scientists living in the former COMECON 
countries (mainly as a consequence of COCOM), or in the Third World 
because of a shortage of money. Those who participated in the Nurmijärvi 
Workshop agreed that a new workshop should be arranged within three
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years and it ought to give a greater chance of testing those instruments 
missing from Ottawa and Nurmijärvi. Tihany Observatory (especially with 
regard to the Eötvös L. Geophysical Institute as its background) seemed to 
have all the facilities needed for the next workshop.

Spring 1991 seemed to be an optimal choice for a Workshop but it had 
to be rejected in consequence of the General Assembly of IAGA in Vienna 
in the same year. The year 1992 was considered as being too late. The risk 
in organizing the Workshop in 1990 was that manufacturers who produced 
new instruments for the Nurmijärvi Workshop would not come. The 
hesitation was ended by Bill Green’s telex upholding the Workshop in the 
autumn of 1990. Events proved him right. (Has he some kind of seer’s 
power ?). The dramatic political changes and the collapse of the economy 
in the central-east European countries could have stopped the Workshop 
in 1991 or 1992.

The Workshop would not have been possible without
— the financial support of the IAGA Division V
— the technical and financial support of ELGI
— the hard work done by the staff of Tihany Observatory and the Earth 

Physics Department and a group from the Seismic Department
— the local organizing committee
— Daniel Gilbert’s selfless work.
We are immensely grateful to the institutions and individuals for their 

support.
The venue of this Workshop was Tihany Geophysical Observatory 

which belongs to the Eötvös Loránd Geophysical Institute located on the 
Tihany Peninsula at Lake Balaton. The main buildings are in the village 
and the recording/measuring houses are on hill called Cser hegy among 
vineyards. The distance between the main buildings and the measuring site 
is about 1 m.

The Tihany Peninsula was built by Pliocene volcanic and postvolca- 
nic activity: the pleasant cone-shaped hills are monuments of one-time 
geysers. Because of geysiric limestone the main part of the Peninsula is 
free from magnetic anomalies. The spatial fluctuation of the magnetic field 
in the grounds of the observatory is less than +/-20nT.

Tihany Geophysical Observatory is the fourth geomagnetic observa
tory in Hungary. The first observatory was founded in Buda in 1871 and 
closed in 1889 when the increased industrial activity of the town hindered
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its proper functioning. The second one was established in Ogyalla (in 
German and in English papers this is written as О Gyalla) in 1893 in the 
framework of the Royal Hungarian Meteorological Institute. Today it 
belongs to the Slovakian Academy of Sciences under the name Hurbanovo 
Geophysical Observatory. The third Hungarian geomagnetic observatory 
worked as a provisional substitute of the lost Ogyalla Observatory in 
Budakeszi near Budapest between 1949 and 1955.

In the early fifties Tihany Peninsula became a protected area and it 
was expected to have an isolated nature far from the railway and industrial 
disturbances. It was in view of this that the Hungarian geophysical obser
vatory was constructed in Tihany. Unfortunately as tourism increased it 
demanded more and more electric power so bigger transformer stations 
were built in the area after 1970. Later a UHF transmitting station and the 
ever widening use of CB radios started to disturb the proton magnetometers. 
The electrification of the railway on the southern shore of Lake Balaton 
was carried out in 1989.

Main events in the functioning of the observatory:
1953 The observatory was founded by the Eötvös Loránd Geophysical 

Institute. It was designed by Professor Gy. Barta.
1954 Magnetic recording was started. Instrumentation: La Cour variome

ters for D, H, Z  components, Matting-Wiesenberg magnetic theodo
lite, Askania earth-inductor, QHMs and BMZs for base-line 
evaluation.

1956 The first yearbook was published.
1960 Rapid-run recording for pulsation was started.
1965 Earth tide registration started with an Askania gravity meter. Expe

riments with a home-made protonmagnetometer.
1972 Periodical whistler recording and analysis. Rapid-run magnetic re

cording was finished.
1979 Change in instrumentation: new Bobrov type quartz Variometers and 

ELSEC vector protonmagnetometer. Digital recording of one-minute 
data on punched tape.

1982 Starting with DIMARS automatic data acquisition system. Moving 
of earth tide recording to a cave in the Buda-hills.

1986 New instrument for absolute measurements: EDA DIM -100
1987 Study of disturbing effects caused by electric railway started.
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For a certain period we had the feeling that we would have to close 
the observatory because of the disturbing effect of the electrified railway 
but we subsequently learnt that the method used by the Hungarian Rail
ways minimizes disturbances. We therefore proceeded with the develop
ment of our recording system and decided to join INTERMAGNET.

The idea of a worldwide geomagnetic observatory system with 
observatories linked to each other by satellite was presented by A.W. Green 
at the Workshop on Magnetic Observatory Instruments in Ottawa (1986). 
Initially the plan was to realize an equatorial observatory network organi
zed and operated by the U. S. Geological Survey. The idea was later 
discussed in Chambon La Foret, and in Vancouver in August 1987 and it 
was proposed that automatic digital observatories be used with satellite 
communications everywhere and that a worldwide observatory network be 
elaborated which can produce real-time magnetic data for the users.

To organize the network the INTERMAGNET program was formed; 
Intermagnet is headed by an Executive Council (R. L. Coles, A.W. Green,
J. L. LeMouel and W. F. Stuart). The program determined the compatible 
equipment which is technically of a high level but not necessarily expen
sive. This equipment should measure the components of the magnetic field 
every second and should then calculate the means for five seconds and one 
minute. The data for twelve minutes would then be transmitted via satellite. 
The participating countries and institutions with their own instruments 
would be able to join the network and transmit their data to the regional 
geomagnetic information nodes (GIN) by a weather satellite network or by 
other means, using standard INTERMAGNET formats. The GIN would be 
able to exchange data and data products globally as rapidly as appropriate, 
and would maintain data files for all contributing observatories. It would 
be for the Executive Council to decide on the media and formats for the 
collected data and these data would be available for the scientific commu
nity.

The intention is to establish and maintain observatories in remote areas 
where local support is lacking and to encourage this activity in developing 
countries with the involvement and enhancement of local expertise.

With such a network we can hope to have global geomagnetic data and 
production of indices in close to real-time. These data are needed for 
monitoring current geomagnetic conditions and forecasting future condi
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tions, as well as giving the possibility of investigating the physical proces
ses of solar-terrestrial interactions and the Earth’s deep interior.

The quality of these data is strongly depends on the instruments used 
in the network and it is therefore very important to measure the characte
ristics and performance of the instruments. This is one of the reasons for 
organizing workshops and carrying out measurement tests.

Geophysical Transactions ofELG I

Although not all of our aims achieved and an INTERMAGNET station 
in operation could not be demonstrated, we believe that a lot of useful 
information was collected and exchanged during the workshop. We have 
tried to summarize the most important results of comparative recordings 
and to publish them together with papers presented or submitted by 
participants.

The Eötvös Loránd Geophysical Institute (ELGI) has given an invalu
able aid in finishing the Workshop — it will be completed by publication 
of the proceedings — by offering to publish the proceedings as a Special 
Issue of the Geophysical Transactions ofELGI. We are extremely grateful 
to our colleagues for the final lay-out of this volume.

For various reasons a number of would-be participants could not attend 
the workshop, or instruments could not be presented; however their papers 
or the results of the tests of the instruments carried out in Tihany at another 
time were obviously of general interest to the participants so we included 
them in the proceedings.

2. Technical preparation

In the variation house of the observatory there are four pillars built for 
the La-Cour system. This allows eight up- to-date sensors to be placed. 
On the basis of preliminary reporting 14 sets of equipment could be 
expected. It was therefore planned to set up four to six further sets of 
equipment in the absolute house and to build temporary pillars for the vector 
proton magnetometers far from the other equipment. A stable pillar was 
built outside the house, for the absolute measurements. Three large cara
vans were placed in the garden of the observatory for the electronic units. 
Because of topographical differences we could not place them within 50 m
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of the variation house where the sensors were put (we did not want to get 
nearer because of the metal in the caravans).

An efficient survey was carried out in order to discover the magnetic 
bodies and to remove them. The disturbances originated primarily from 
electric cables (iron conducting/strengthening fibre, iron protective screen
ing) and from iron pieces thrown away during construction. The location 
map of the absolute house and of the variation one is shown in Fig.l.

2.1. The workshop

Fewer participants and less equipment arrived than was expected on 
the basis of preliminary reports (at that time in the USA and in Canada the 
newspapers were pursuing a violent campaign against government offices 
who were said to be squandering the money of the taxpayers; consequently, 
the demonstration of the station INTERMAGNET did not take place). 
Finally 10 variation stations arrived. Among them the GEOMAG (IPG), 
which was awaited with great interest, arrived 6 days after the planned 
time. This upset the strict time schedule of the workshop: the variation 
house had to be opened in the middle of the heating period and the 
GEOMAG sensor had to be set up. A small camping caravan had to be 
placed near to the variation house, for the electronics of GEOMAG. These 
two interventions caused much more trouble than was expected and made 
the data processing much more difficult.

2.2. Location o f the equipment

The location of the equipment is shown in Fig. 2. Some of the sensors 
and electronic units (amplifiers, power supplies) were connected with short 
cables to the sensors. The electronic units were located in three places 
depending on the cable length:

a. in the same room as the sensors
b. in the loft of the variation house
c. in caravans.
Within the electronic units there was no thermometer so the tempera

ture dependence of the electronic units could not be tested.
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Fig. 1. Tihany Geophysical Observatory. Houses and isolines of the magnetic
anomalies (nT)

1) Variation House 2) Absolute House 3) Rubidium Vector Magnetometer (RVM) 
4) Palaeomagnetic Laboratory 5) Caravan for electronics 6) Small caravan for

GEOMAG

1. ábra. Tihanyi Obszervatórium. Észlelőházak helye és a mágneses anomáliák 
1) variációs ház 2) abszolút ház 3) rubidium vektor-magnetométer 4) paleomágneses 
mérőház 5) lakókocsi a regisztrálóműszerek számára 6) kis lakókocsi a GEOMAG

számára

Pue. 1. Здания Тиханьской Геофизической обсефватории и изолинии 
магнитных аномалий (нт)

1) D om вариаций 2) D om абсолютный 3) Рубидиевый векторный 
магнитометр 4) Палеомагнитная лаборатория 5) Вагончик для 

записывающих приборов 6) Вагончик для GEOM AG

2.3. The data format

One of basic experiences of the Ottawa workshop was: if each parti
cipant applies different format, then the data processing needs much more 
work than the data acquisition. The prescribed format for the Nurmijärvi 
workshop worked very well so we wanted to use it. Unfortunately, only
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Fig. 2. Instruments in the Variation House 

2. ábra. A műszerek elhelyezése a variációs házban 

Рис. 2. Размещ ение приборов в Бом е вариаций

two participants gave the data in this format so the processing work was 
very much increased.

2.4. Data processing

During the workshop six personal computers, printers and plotters 
were available for quick visual representation of data. FORTRAN and 
BASIC programs were written partly because of the great variety of data 
formats. Later, the high level scientific and technical programming langu
age ASYST was used because of its many advantages.

2.5. Disturbances making the data processing difficult

The majority of data provided by the participants was very noisy; the 
data series had to be smoothed. It was very inconvenient that several pieces 
of equipment added clock signals of varying amplitude to the useful signals. 
The setting up of the GEOMAG equipment in the middle of the measuring 
period resulted in jumps of varying extent. Simultaneously a magnetic 
source (at that time unknown) caused a jump on the recording of the 
FGSKB instrument. After the workshop we managed to find this source by 
repeated checking of the variation house. That part of the variation house
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not used in normal operation had for ages been closed off by a plastic door. 
After demolishing the door we saw that within the door there was an iron 
rod of about 50 cm length and 10 mm diameter. It was turned from N-S to 
E-W direction on opening the door and back to N-S on closing it.

2,6. Test o f equipments beyond the workshop

In 1989 and 1990, before the workshop several Soviet made magnetic 
variation stations and data loggers were tested in Tihany: this equipment 
consisted of CMVS-2, CMVS-6, CAIS manufactured by SKB, and the 
fluxgate magnetometer produced by the technicians of the Ukranian Aca
demy of Sciences. The constructers had intended to participate in the 
workshop, but they d id  not manage to arrive. Originally we wanted to 
enclose the test results on the material of the workshop as two short 
appendices. During the data processing it would have become clear, 
however, that several phenomena can better be understood just on the basis 
of these measurements. This means that they relate more closely to the 
materials of the workshop so they are expounded among the data of the 
workshop.

3. Production and interpretation of difference curves

3.1. Choice o f references

Visual comparison of field strength components registered by different 
items of equipment shows the rough deviations only. For quantitative 
comparison a standard or reference system is needed. The standard system 
in Tihany possesses orientation errors; this was indicated at the Nurmijärvi 
workshop. The origin of the errors is the quartz fibre since this does not 
coincide with the geometric (symmetric) axis of the sensor. Should we use 
common platforms this error cannot be eliminated, it can be corrected only 
by calculation. Efforts were made to determine the parameters of the 
sensors to such an extent that after correction our data could be used for 
reference purposes. During the workshop three events occurred the con
sequences of which were hardly reparable. The first was the setting up of 
the GEOMAG equipment, the second related to the iron pieces in the plastic 
door (they were mentioned earlier). The third event was a repair: the THY
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reference remained on a concrete pillar covered by glass plate. On 13th 
September it was removed by Soviet experts (in order to eliminate the 
occasional disturbances arising from the mechanical stresses of the glass). 
As it was mentioned only later, there was nothing that could be done. The 
baselines jumped, the sensitivities changed. From the beginning of the 
common recording the THY reference was practically of no use.

The reference necessary for comparison was produced artificially on 
the basis of recordings of several quartz variometers, using the data of 
absolute measurements, of the comparison with RVM and of nonlinear 
estimation of parameters referred to GSM (RVM was not included in the 
temperature test; at the same time, it possessed a very stable baseline: the 
average deviation was 4 “ in D and 10 ” in 7).

3.2. How the data were obtained and their continuity

Disturbances originating from setting up the GEOMAG and on 16th 
September from turning the door containing magnetic material could not 
be corrected equally well for every piece of equipment.Therefore some of 
the data were omitted. Time series were assembled in such a way that the 
temperature monotonically increased (Fig. 3). In the disturbed sections 
there was no heating nor was there cooling. Each data array contains 5580 
data per component (X, Y, Z, F, t). Digested data are stored in the special 
ASYST format and they can easily be transformed into ASCII files. Of 
course, the original recorded data were preserved too.

Recordings of two instruments (PS1 and QUZ1) were not continuous 
because of internal electronic errors; one further one (FGNGK2) had no Z 
component and on the records of FGNGK1 there were unexplainable 
jumps on 18th September. Recording from FGNGK1 was extremely noisy, 
presumably because of the noises collected by the long cable connected to 
the asymmetric output.

3.3. Smoothing; computation o f the correction coefficients

Application of smoothing or procedures of least squares usually requi
res commands of 1-2 words in the ASYST programming language . 
Smoothing means optimum-filtration: the convolution of noisy data with 
the inverse Fourier transformation of the Blackman window.

Two methods were applied to determine the correction coefficients: a 
linear one using the reference and a nonlinear one using the F  data
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T e m p e r a t u r e  vs. T im e
CGD

14 S ep t 15 Sept. 16 S e p t 17 S ep t 18 S ep t

D a ta  U sed  i n  P r o c e s s in g

Fig. 3. Temperature change in the variation house during the Workshop 
3. ábra. Hőmérsékletváltozás a variációs házban aWorkshop ideje alatt 

Рис. 3. Изменение температуры в 0ом е  вариаций во время рабочей встречи
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(G SM -19). The two procedures use different input data and give slightly 
different results. For both methods the whole data array containing 5580 
data in one minute steps was used.

Similarly to the procedure applied in Nurmijärvi a multilinear regres
sion algorithm was applied to determine the sensitivity, orientation and 
temperature coefficient of the field components. In vector form:

X Гг Г Г  Г 1' “ 'XV v- 'x y  '- 'X Z  '- 'X f
X

V
Y = Cyx C y y  c yzc y, I

7
z

co rr
Czx c zy c a c zt

Z ,

z rec

The computation of the Q  coefficients can be carried out finding the 
minimum of the function

5580

£  (С ,Д  + CxyY + CxlZ  + C j  -  Xcorr) 2
к - 1

(and two formulae for Y and Z such as for X)
The baseline values were modified so that at 0 hour on 14th September 

the minute values should be the same. Later the baseline of the reference 
was subtracted in order to form the variations necessary for the calculation.

For nonlinear estimations of parameters the original variations were 
used, the baselines could considerably differ each from other. As a starting 
point, the following supposition was used: F measured by the proton 
precession magnetometer and F  computed from the components should be 
the same. This supposition is usually not fulfilled, however the correction 
coefficients can be computed, assuming systematic errors. Unfortunately, 
the result of the computation is not unambiguous, it slightly depends on the 
chosen algorithm. For reasons not detailed here, the so called HILL 
algorithm was used (1).

The components given in vector form again:

~x~ \ x B~ bxo* bXX bxy bxz ГХ
Y = YB + by о + byx byy byz Y
Z Zb 1

9,
___1 bZx bzy byz z

where Xb, Yb, Zb are the baseline values.
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The task is to find the minimum of the function.
5580

£ (ST + Yl + Zl -  F ) 2
k-  1

Two special cases:

a) IPG GEOMAG. According to verbal information from X. F. 
Lalane, the application possibility of the equipment on satellites was tested 
in August 1990. Returning from holiday he saw that equipment (the 
sensor?) had become seriously damaged during the test. At first he thought 
repair to be hopeless and cancelled the participation. Later he tried to repair 
the instrument and in Chambon la Foret it seemed to be successful. As a 
matter of interest he brought the equipment to Tihany, although late. 
Unfortunately, during transport further contact errors occurred and they 
could not be repaired in Tihany. The recording fractions carried out are 
unsuitable for comparison therefore they are not included in the volume.

b) RVM and RVM(M). For a detailed description of RVM operating 
on the ASMO principle see this volume, (farther back). Originally the 
instrument was designed to measure F, D and I. The results contained very 
strange systematic errors, especially in component Z. The F  values 
measured by RVM were compared with the same values measured by 
GSM 19. The different of data series reflects a daily periodicity (Fig. 4.) In 
our opinion this periodicity is connected with the changes of the network 
frequency (50 Hz nominal). Hungary produces and at the same time imports 
electric energy from the Soviet Union and from Austria and the ‘tolerance 
limits’ of these networks is different. The period time of the network may 
differ from 20 ms by -0.1 to +0.15 ms, due to the national load distribution. 
It can be seen well: the above changes coincide partly with the daily main 
work time (GMT 4 to 12 hour) and partly with the working day-holiday 
change: there are fewer disturbances on Saturday and Sunday than on 
Monday. In order to verify our idea, on a winter Monday the changes of 
reciprocal of the network frequency were measured for comparison. The 
shape of the curve is similar: there is a steep increase at the start of work, 
and after finishing the working day there is no monotonie decrease but a 
further increase according to the early nightfall (about 16 hour).

We have no hypotesis as to how the noise could get into the RVM. A 
startling resemblance of noises was observed during the test of the Ukranian
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Fig. 4. Differences between the measured values by RVM and GSM 
4.ábra. RVM és GSM műszerek adatai közti különbség 

Рис. 4. Разница между показаниями приборов RVM и GSM
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fluxgate magnetometers (FGASU) in spite of the fact that both their 
working principle and the electronic realization strongly differ from the 
RVM.

The error of measuring the period time did not affect the angle 
measurements (I and D) in an unambiguously detectable way. Therefore 
an X, Y, Z  data series was constructed where F  was taken from the proton 
precession magnetometer GSM 19, 1 and D — from the RVM. This was 
called RVM(M): RVM-modified.

3.4. The temperature in the variation house

During the workshop (in September) the temperature in the under
ground rooms of the variation house was about 18 to 20 °C, and the outside 
temperature was about the same, therefore the rooms could not be cooled 
by ventilation. The starting temperature was 20 °C and the highest was 
30°C. The difference of 10°C was reached in four days, so the daily change 
was small. Therefore the time series for the four days are illustrated 
together.

3.5. Description o f Figures 5-33

The following parameters are illustrated for each piece of equipment 
and each component:

a. variation of component
b. variation of temperature
c. difference from the reference without correction
d. difference from the reference after correction
e. correction coefficients obtained by multilinear regression.
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Fig-5-
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Fig. 6.
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Fig. 7.
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Fig.9.
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Fig. 10.
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Fig. U.
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Fig. 12.
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Fig. 13.
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Fig. 14.
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Fig. 15.
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Fig. 16.
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Fig. 17.
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Fig. 18.
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Fig. 19.
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Fig.20.
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Fig-21-
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Fig. 22.
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Fig.23.
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Fig.24.
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Fig-25.
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Fig-26.
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Fi g.27.
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Fig. 28.
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Fig.29.
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Fig. 30.
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Fig-31.
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Fig. 32.
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Fig-33.
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The differences (Fmegund -  F computed)) before correction and after two 
kinds of correction are illustrated for three quartz variometers and for two 
fluxgate magnetometers in Fig. 34-38.

The coefficient matrices of PS2, SIG, QUZ2 variometers characteri
zing the sensitivities and orthogonality obtained by multilinear regression 
( Cy ) and by nonlinear parameter estimation ( b4 ) are given for comparison.

C b

PS2

"1.0160 0.0064 -0.0178" "1.0068 -0.0003 0.0048"
0.0056 1.0253 -0.0074 0.0061 1.0001 -0.0009
0.0093 0.0032 1.0035 0.0084 0.0021 0.9930

SIG

1.0061 0.0432 0.0113" 1.0207 -0.0070 0.0000"
-0.0245 1.0136 0.0249 -0.0024 0.9678 0.0012
-0.0032 -0.0111 0.9743 -0.0260 0.0075 0.9715

QUZ2

'  0.9891 0.0015 0.0163" " 0.9689 -0.0036 0.0041"
0.0197 0.9857 -0.0079 -0.0137 1.0015 -0.0125

-0.0109 -0.0018 0.9908 -0.0093 -0.0005 0.9981
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Fig. 34.
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Fig. 35.
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Fig. 36.
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Fig.37.
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Fig. 38.
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4. Test of quartz variometers during the time elapsed between the 
Nurmijärvi and Tihany Workshops.

The Hurbanovo Geomagnetic Observatory was equipped with a 
complete digital variation system CMVS-2 made by SKB (Soviet Union) 
in 1982. Quartz variometers originally belonging to a CMVS-2 system 
were installed in Tihany Geophysical Observatory in 1985. (They are 
connected to a DIMARS data acquisition unit.) Periodically, manufacturers 
compare their new instruments and the systems installed earlier in both 
observatories. The original intention of the authors of the Introduction was 
to give a report on the comparative recording made by CMVS-6 and CAIS 
in Hurbanovo and in Tihany as a supplement to this proceedings. But in 
view of the manuscript of V. Odintsov the Editors suggested that the 
description of instruments should be omitted (covered more exactly by him 
in this volume) thus the authors have tried to summarize the main results.

4.1. Hurbanovo, 4-16 June 1989

The CMVS-2 variometers of the HUR observatory are kept at a 
constant temperature. The sensors for the CMVS-6 and CAIS of SKB 
were installed on piers for transitory use in the garden of the observatory. 
The temperature dependence of the CMVS-6 was determined using the 
CMVS-2 HUR as a reference:

CMVS-6 (SKB) D < 0.1 nT /C G D
H  < 0.2 nT /C G D  
Z < 0.1 nT/CGD

By analysing the records of both systems the following relationship
was found:

A t M VS-6 + 0.047 Z CMVS-6 = 0.97 DcMVS-6

He MVS-6 + 0.2 t = 0.98 T / c m v s -6

ZcMVS-6 -  0.0375 Dc MVS-6 = 0.965 ZcMVS-6

The base-line values of the instruments installed in the garden changed 
as a consequence of a heavy rainfall. The authors supposed the real cause 
of the change in the baseline values to be the tilting of the piers. Therefore
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the influence of tilting has been tested and the results are given for the 
CMVS-6 (in nT/arc min)

tilting component
to axis D H Z

X - -1.5 -3.75
Y -2.5 — -1.25

The hypothesis of the manufacturers is that the slow shift in baseline 
of quartz variometers is mainly caused by the tilting of the piers.

4.2. Tihany, 1 7 - 2 6  June 1989

With regard to the possibilities at Tihany Observatory we focused on 
the spectral analysis of CAIS and on application of nonlinear parameter 
estimation. For visual comparison the differences between the total field 
calculated from components (Fca\c) and the same measured by a proton 
magnetometer (Fmcas) are given for CMVS-6 and CMVS-2 and (THY) in 
Fig. 39. The coefficients for sensitivities and directions obtained by the 
HILL algorithm are as follows

CMVS-6 (SKB) CMVS-2 (THY)
0.9782 -0.0045 -0.0150 1.0588 0.0110 0.1114

-0.0193 0.9629 -0.0181 0.0031 1.0001 -0.0089
-0.0085 -0.0316 1.0322 0.0521 0.0131 1.0368

4.3. Test o f  the fluxgate magnetometer o f the Academy Science o f the Uk
raine (FGASU) in February 1991

The FGASU was preregistered at the Tihany workshop but it was 
tested later for administrative reasons. This has meant two advantages:

— we had the experiences gained during the workshop
— we carry out the temperature test in the range 0-30 C°.
The FGASU magnetometer is installed in the absolute house, and the 

quartz variometers of the Tihany Observatory (kept at constant temperatu
re) were used as a reference. The temperature dependence of the sensor 
and that of electronics were tested separately.
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The temperature coefficients for the sensor:
D <0.1 n T /°C
H < 0.3 nT / °C
Z = 0.65 nT / °C

for electronics (every channel)
3.5 nT / °C

The orientation in the horizontal plane of FGASU and QUZ THY was 
slightly different. The difference in the Z component and in the temperature 
versus time is given in Fig.40.

5. List of Recording Instrumets

Instrument Manufacturer Code in this volume
TPM Belsk Geophys.Observatory PS1

PS2
Quartz IZMIRAN QUZ1

QUZ2
SIGMA SKB SIG
F M -2 SKB FG SKB
IKF Interkosmos FG NGK1

Forschung FG NGK2
GEOMAG GEOMAG GEOMAG
RVM RVM

RVM (M)
GSM 19 GEM Sistem GSM -19

Instruments tested before or after the workshop
CMVS-2 SKB CMVS-2
(DMVS-2)
CMVS-6 SKB CMVS-6
(DMVS-6
CAIS SKB CAIS
(DAIS)

Acad.Sei.Ukraina FG ASU
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PS 1 and PS 2

Quartz variometers with photoelectric converters connected to a digital 
data logger for use in the observatory and in the field. A detailed description 
is given by [MARIANUK 1977], [MARIANUK et al. 1978], [JANKOWSKY 
et al. 1984]. The instrument was tested in Ottawa [TUREW ICZ at al. 1988], 
and it works in the Nurmijarvi observatory as the standard system of the 
observatory [(eds.) KAURISTIE et al. 1990 ].

Quartz 1 and Quartz 2

Quartz variometers with photoelectric transducers giving an analog 
(voltage) output. The instruments were connected to the DIMARS intelli
gent data acquisition system. A detailed description is given by 
[PAPITASHVILI 1990 ]

A stand-alone geophysical measuring station. The system is aimed at 
measuring the variation of the magnetic components of the Earth’s elect
romagnetic field in the observatory or in the field. The intelligent system 
can run either built-in programs or user-developed programs. (Assembler, 
BASIC.)

Specifications 

Measuring range:

—magnetic induction, nT -3200-: +3200
—voltage, V -8-: +8

SIGMA

Value ofLSB:

—magnetic induction, nT
—voltage, mV

Dynamic range, dB
Relative error of measurement
Temperature drift of crystal sensors, nT/ °C

—with temperature corrections 0.1

0.25
96
0.001
0.5

0.1
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Supply:
—mains supply (220-+ 22V, 50-+ 1 Hz)
—accumulator battery (24-+ 2.4 V or 12-+ 1.2 V)
Power consumption, V.A -< 15

FM-2

Fluxgate magnetometer
The FM-2 is developed to measure the three components of the 

geomagnetic field on board a satellite but it can be used on the Earth’s 
surface too. The instrument has a modular structure. This makes it possible 
to reduce the measuring range and increase the resolution and accuracy by 
surface application. The distance between the sensor and control electronics 
is max. 10 m. Part of specification:

On board a satellite : 
dynamic range 
resolution (LSB) 

main absolute error 
bandpass
orthogonality error 

operating temperature 

power consumption 
By surface application: 
dynamic range 
bandpass

-65500 -: 65500 nT 
1 nT 

15 nT
DC to 1 Hz 
less than 30 min. of arc. 

-60 -: 60 °C (sensor only) 
8 W (typical)

-1024 -: 1024 nT 
DC to 10 Hz

GEOMAG Automatic Magnetic Observatory

It is mentioned that GEOMAG is a French company and its automatic 
magnetic observatory differs from the GEOMAG 1 fluxgate magnetome
ters of Dowty Ltd. Since 1986, the department of geomagnetism of the 
Institut de Physique du Globe de Paris (IPGP) has been involved in a 
program named Observatoire Magnétique Planétaire (OMP), a worldwide 
project of fifteen to twenty automatic magnetic observatories. The deve
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lopment of the vector magnetometer for the OMP project was carried out 
by a team of engineers from IPGP and Thomson-Sintra ASM, a major 
French company dealing with applications in electronics and magnetics. 
The scalar magnetometer for this equipment was developed by GEM 
SYSTEMS, a Canadian company specialized in Overhauser Effect Mag
netometers. Each automatic observatory is tested and certified by Institut 
de Physique du Globe de Paris at the Chambon la Foret Magnetic Obser
vatory.

GEOMAG vector magnetometer

3 components fluxgate magnetometer.
Orthogonality error of axis: <0.5 minutes of arc.
Perfect long term and thermal stability of axis alignment.
Resolution: 0.1 nT.
Dynamic range: - 1 1,800/+64,800 nT
Band pass: software flexible from D.C. to 3.5 Hz.
Noise: 0.05 nT rms.
Long term stability: <3 nT/year
Sampling rate: software flexible from 1 min to 20 Hz.
Simultaneous sampling of the three components.
Temperature measurement on sensor: range +/-100°C, resolution 0.1°C. 
Temperature coefficient of sensor: <0.1 nT/ °C 
Temperature coefficient of electronic console: .0.1 nT/ °C

GEOMAG scalar magnetometer

Overhauser Effect proton magnetometer.
Resolution: 0.01 nT.
Dynamic range: 20,000/120,000 nT, automatic tuning.
Absolute accuracy: 0.2 nT.
Long term stability: 0.05 nT/year.
Sampling rate: 3 sec. minimum interval.

General Information

NEC V40 MS-DOS PC compatible micro computer.
RS232 serial output.
Large (250 x 81 mm) LCD graphic display (optional).
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Time base stability: 3 s/year
stability over operating temperature < 1 ppm
aging less than lppm/year.
GOES, GMS or METEOSAT satellite data collection platform available 
(INTERMAGNET project)
100 X 160 mm Eurocard design.
Size
Scalar sensor: Cylinder diameter: 70 mm, length: 150 mm.
Vector sensor: Cylinder diameter: 180 mm, height: 180 mm without 
suspension; 300 mm with suspension systems (EMR Canada License). 
Electronic console: 19" standard, rack 3U height (optional fibreglass 
waterproof packaging).
Weight:29 kg. Power requirements: 12 V D.C. 15 W.
Operating temperature: -40 to +60°C.
MTBF: 3 years.
MTTR: 1 hour.

Rubidium Vector Magnetometer

A detailed description is given by J. Rasson in this volume.

Three-component fluxgate magnetometers made in Germany at the Nie- 
megk Geomagnetic Observatory.

Two versions of the magnetometer were tested during the workshop: 
one with analog (voltage) output, the other with built-in digital data-logger. 
Unfortunately the editors have not received any technical data or descrip
tion of the instruments.

GSM-19 Overhauser memory magnetometer gradiometer o f GEM 
SYSTEMS

The GSM -19 is a versatile high sensitivity Overhauser effect (proton) 
magnetometer designed for operation in the field and in the observatory. 
Summary of features and advantages:
1. Increased survey productivity. At each station the operator depresses 
One key to take and store a reading of magnetic field with coordinates, date 
and time and up to 3 VLF stations.
2. True 0.1 nT sensitivity, 0.2 nT absolute accuracy ensures highest quality



180 A. Körmendi — L  Hegymegi

ground surveys.
3. Full synchronization of the mobile and base station makes the data free 
of diurnal variations even during magnetically active days, eliminating 
down time and allowing for better planning and execution of surveys.
4. Computer compatibility facilitates and greatly speeds up automated data 
processing and interpretation thus further increasing productivity.
5. High absolute accuracy and long term stability make GSM -19 a primary 
standard for measurement of the Earth’s magnetic field, suitable for any 
long term monitoring of the field and calibration of other instruments such 
as fluxgates (for component measurement) and other proton or alkali 
vapour magnetometers.
6. Very flexible hardware/software design allows for quick mods for any 
special measurements of magnetic field of the Earth.

Resolution: 
Absolute accuracy: 
Range:

Gradient tolerance: 
Operating modes: 
manual:

base station:

remote control: 

RS232C interface 

Storage capacity: 

manual operation:

base station:

gradiometer:

0.01 nt (0.01 gamma)
0.2 nT
20,000-120,000 nt, autotuning, manual over
ride
up to 10,000 nT/m

automatic storage of label, time and date, 
magnetic field, 3 sec. minimum interval
3 to 60 sec. intervals standard, others optio
nal, time, date, magnetic field stored

the same as manual but controlled through

3.800 standard, 30,000 optional; with 3 
VLF stations 1,850 standard, 3,700 optional
21.800 standard, 174,000 optional (24 hr ope
ration at 0.5 sec interval)

3,200 standard, 26,000 optional; with 3 VLF 
stations 1,700 standard, 3,400 optional



Introduction 181

Power consumption: 2 Ws per reading, up to 0.5 W standby, less
than 0.4 mW when off.
12 V 1.9 Ah sealed lead acid battery stan
dard, others optional

-40 to +60° C

6 pin weatherprof connector, rs-232c, and 
(optional) analog output.

CMVS-2 Quartz variometers

The oldest version of the digital systems for recording the variation of 
the geomagnetic field developed by the Special Constructing Bureau (SKB) 
of the Acad. Sei. of the Soviet Union in the late 70’s. A description is given 
by [PODSKLAN et al 1984].

C MVS-6

A  digital magnetometer with quartz sensors was developed for use in 
unmanned stations in the near-polar region. A  sophisticated system using 
all experiences gained with CMVS-2 stations. Its special hardware and 
data-format make it possible to store one-minute data over 400 days on a 
C-120 audio tape cassette. A  description is given by [AMIANTOV et al. 
1990].

CA IS

A stand-alone digital measuring system has been developed to record 
the variation of the Earth’s electromagnetic field. Equipped with quartz 
variometers having new structure, and with programmed timer it is suitable 
for studying global magnetohydrodynamic phenomena in combination 
with powerful pulsed sources. A deep analysis of the system is given by 
Odintsov in this volume.

Specifications 
Measurement range:

—magnetic induction, nT from -1310 to 1310
—voltage, mW

Power source:

Operating temperature: 
input/output:
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from -131 to 131 
Nominal ADC resolution:

—magnetic induction, nT
—voltage, mkV

Number of measuring channels

0.01

1
6

Dynamic range of measuring channels, dB 108
Frequency range, Hz 0 - 1 5
Sampling rate, sec 0.01
Power consumption, V.A, max 20
Power source voltage, V 24

6. Absolute measurements.

Participants and Instruments.

D. Gilbert 
G. V. Beek 
G. Schulz

K. Pajunpaa 
J. Kultima 

O. Rasmussen 
J. Rasson
J. Marianuk / J. Reda 

M. Alexandrescu 
V. Auster 
V. Belov

DI - fluxgate 
DI - fluxgate 
DI - fluxgate 
DI - fluxgate 
DI - fluxgate 

DI - fluxgate 

DI - fluxgate 
QHM 

QHM
Miniaturized Vector Proton m 
Miniaturized Vector Proton m.
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The number o f instruments classified by their operating principle:

Workshop DTfluxgate QHM Other
Ottawa , 1986 6 2 1
Nurmijärvi ,1989 7 4 2

Tihany , 1990 7 2 2
We did not mention in the chronicle of the Workshop that Daniel 

Gilbert visited the observatory in July 1990 and he offered to make absolute 
measurements in the period of the workshop. His rigorous work started on 
9th September and finished on 21st September, making it possible to check 
the baseline values of the Tihany recording system before and after the 
common recordings. Reference pier No.l in the absolute house has been 
rebuilt and a new pier has been erected in the garden of the observatory in 
front of the workshop. The reference marks of the observatory are the 
towers of the abbey church. Let us illustrate by example how precisely 
Daniel Gilbert did his observations. The two piers combined with the two 
towers give four sets of determinations of declination. He checked the true 
azimuth by sun-shot nearly every day. On analysing his four series of 
measurements he found a difference in order of magnitude of 5 arc seconds. 
Daniel was convinced that it must be a systematic error. In view of this he 
searched for the cause. He observed the angular difference between the two 
towers every ten minutes from sunrise till noon. He demonstrated that the 
difference increased continuously by 7 arc seconds from sunrise to noon 
due to the thermal dilatation of the towers.

7. Remarks and conclusions

Most of the recording instruments tested during the workshop in 
Tihany were not tested in Ottawa or in Nurmijärvi. There were quite ‘old’ 
(such as the PS1 and PS2 quartz variometers developed in 1976) but very 
stable, and quite new (such as GEOMAG developed in 1990) representing 
the highest technology among them. One of the paradoxes of the workshop 
was that the old model surpassed the latest one.



184 A. Körmendi — L. Hegymegi

The manufacturers followed three independent ways of developing 
magnetometers:

— magnets suspended on a torsion wire with electro-optical transducer 
(quartz variometer),

— having a saturable-core as a sensing element (ringcore fluxgate 
magnetometer),

— optically pumped vector magnetometer (RVM).
In spite of the three different principles of operation the parameters of 

the instruments are similar. The records of the quartz variometers were 
unambiguously better than the records of the fluxgate sensors tested in 
Tihany. The rubidium vector magnetometer is really attractive for its high 
resolution and wide frequency range but these are compensated by its 
relatively short span of life and its price.

The manufacturers of instruments tested in Tihany have to focus (at 
least) on two topics in the near future:

— to improve the signal/noise ratio,
— to avoid the big power supply and electronics boxes connected by 

a short cable to the sensors.
Many quartz variometers have a calibration error 1-4%. This pro

bably comes from their very simple technique for calibration: a single 
circular turn around the variometer-body. It is recommended to calibrate 
the variometers in Helmholtz coils.

The two general conclusions correspond to the conclusions drawn in 
Nurmijärvi: — ‘the recordings still seem not to be enough for an accuracy 
of one nanotesla,

— the series of Workshops started in Ottawa needs to be continued’.
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