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Abstract. During recent investigations concern-
ing geodetic applications of the torsion balance
measurements several problems arose, which re-
quired performing new torsion balance measure-
ments. For that reason an Edtvos-Rybar (Auterbal)
torsion balance, which has been out of operation for
many decades, was reconstructed and modernized.
The scale reading has been automated and its accu-
racy has been improved by using CCD sensors.
Calibration and processing of field measurements
were computerized to meet today's requirements.
Test measurements have shown that this instrument
was able to work according to the expectations of
our age.
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1 Introduction

The first torsion balance field measurements were
made between 1901 and 1903 by Lorand E&tvos
and his colleagues. Afterwards, until 1960°s about
60000 points were measured on the flat and semi
hilly areas for geophysical prospecting by the Hun-
garian-American Oil Company (MAORT), Lorand
Eotvos Geophysical Institute of Hungary (ELGI)
and the National Oil and Gas Co. Ltd. (OKGT)
(Polcz, 2003). Because of the former measurements
were made for geophysical purposes, so only the
horizontal gradients W., , W, were used, and the
curvature gradients W), and W, — which are very
important for geodesy — left unprocessed. Unfortu-
nately some data of the former measurements are
lost, but many of them are available as on original
field books or maps. From the year 1995 the experts
of the Lorand Eotvos Geophysical Institute make
lots of efforts to save those data to computer data-
base by the financial support of the Department of
Geodesy and Surveying of the Budapest University
of Technology and Economics. At present more,

than 36500 valuable gradient data are waiting in
this database for the further processing mainly for
geodesy.

2 Geodetic applications of the torsion
balance measurements

Lorand Eo6tvés made simultaneously with his first
measurement a special computation method to de-
termine the change of deflection of the vertical
between two points used the curvature gradients W,
and W,, (E6tvos, 1906). If we know the observed
values of deflection of the vertical in some points of
an area by astrogeodetic method, than values of the
deflection of the vertical can be interpolated on
every torsion balance points. At the same time using
the interpolated values of the deflection of the verti-
cal, applying the method of astronomic leveling, it
is possible to determine the geoid heights (Vol-
gyesi, 2001a), — so using torsion balance measure-
ments we are able to determine the fine structure of
the geoid. Nowadays the computation method of
E6tvos was successfully improved with the aid of
the modern mathematical and computational meth-
ods (Volgyesi 1993, 1995, 2005, Volgyesi et al
2005) and we are able to determine the deflection of
the vertical and the local geoid shape even more
accuracy.

Improvements of the new computational methods
give new possibilities for geodetic application of all
elements of the E6tvos tensor. Besides the geodetic
application of the curvature data the horizontal
gradients of gravity measured by torsion balance
can be used for geodetic purposes too. Because the
knowledge of the real gravity field of the Earth has
a great importance in physical geodesy, the possi-
bility and the need for the usage of these horizontal
gradients are important. Using these gradients com-
bined with gravity or gravity anomalies the compo-
nents of the local gravity field especially the low-
degree components can be reproduced (Volgyesi-
Toth-Csapo, 2004).



Knowledge of the vertical gradients is very im-
portant for different kind of purposes in geodesy
too, but according to our researches, the real value
of this vertical gradients significantly differ from
the normal one (Csapo-Volgyesi, 2004). Moreover
this is the only component of the Eo6tvds-tensor
which is not observable by torsion balance. Because
the classical determination of the vertical gradients
directly by gravimeters is rather time consuming
and expensive process so another more simply and
not so expensive method is necessary.

Torsion balance measurements give new possibil-
ity to determine vertical gradients by an interpola-
tion method. Starting from curvature and horizontal
gradients of gravity measured by torsion balance,
the T.,, T., horizontal gradients and the T, = T,-T,,,
2T, curvature data of the disturbing potential
T=W-U can be formed, and according to Haalck
method (1950) the vertical gradient 7, can be de-
termined from these value (To6th-Volgyesi-Csapo,
2004). This method, similarly to the astronomical
leveling, generates differences of vertical gradients
at least between three points measured by torsion
balance. For this interpolation it is necessary to
know the real (observed) value of vertical gradients
in some points of the area.

Another new important geodetic application of
torsion balance measurements is the 3D inversion
reconstruction of gravity potential based on gravity
gradients. This new inversion method gives oppor-
tunity to determine the function of gravity potential
and their all first and second derivates (the compo-
nents of gravity vector and the elements of the full
E6tvos tensor — including the vertical gradient)
(Dobroka-Volgyesi, 2008). Comparing the elements
of the computed EGtvos tensor to the gravity gradi-
ents measured by torsion balance gives a good op-
portunity to control the inversion. Hereby an oppor-
tunity presents itself for the analytical determination
of the potential surfaces.

- interpolation of deflection of the
Edtvas tensor: vertical

- determination of local geoid forms

- determination of gravity and
gravity anomalies

- determination of vertical gradients

- inversion reconstruction of the
3D potential function

Fig 1. Geodetic application of gravity gradients

All the geodetic applications of torsion balance
measurements are summarized on Fig. 1. On the
left-hand side of the figure the elements of E6tvos-

tensor are arranged to three groups: curvature data
are indicated with light-gray shading, horizontal
gradients of gravity are marked by dark-grey shad-
ing (these can be measured directly by torsion bal-
ance) and the crossed element (the vertical gradient)
on the right hand side of the E5tvos tensor, is not
measurable directly by torsion balance. On the
right-hand side of Fig. 1 the types of the possible
geodetic applications are shortly summarized.

3 Necessity of further measurements

In the latest time some new special problems arose
in our researches about the geodetic application of
gravity gradients, which necessitates new torsion
balance measurements. The most important reason
is coming from the determination of vertical gradi-
ent. As we mentioned a new interpolation method is
developed based on the Haalck’s (1950) idea to
determine W, using torsion balance measurements
(Téth et al 2005, Téth 2007). We have controlled
our method by synthetic data, but the full control
with real data is still missing. For this purpose such
points are needed, where both torsion balance
measurements and vertical gradient observations are
available. Unfortunately vertical gradients were not
measured on those points where torsion balance was
used; on the other hand coordinates of earlier tor-
sion balance points are not known the required
accuracy. A good opportunity presents itself in the
Matyés cave in Budapest, where a special micro-
base network of the Lorand E&tvés Geophysical
Institute of Hungary can be found. This network
contains 14 points where former vertical gradient
measurements are available, and the area is ex-
tremely suitable for torsion balance measurements
(Csapo, 1991).

4 Preparation of the instruments

Recently there are two types of former manufac-
tured torsion balances which are still capable for
field measurements. One of them is the Eotvos-
Rybar (Auterbal) balance, which was developed to
the end of 1920’s; the other is the improved E54
type manufactured in 1954. A short basics about
torsion balance can be found in (Volgyesi, 2001b).
The E54 torsion balance of the Lorand E&tvos
Geophysical Institute has been renewed by the
specialists of the institute. Unfortunately it turned
out that the narrow measuring range of E54 instru-
ment was not suitable for the measurements in the
Matyas cave because of the huge gravity gradient
values. So only the Auterbal torsion balance with
wider measuring range has remained the applicable
instrument for the observation in the Matyas cave.
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Fig. 2. The Auterbal torsion balance

An Auterbal torsion balance could be found in the
museum of the Department of Geodesy and Survey-
ing of the Budapest University of Technology and
Economics. After a long field work this instrument
was donated to the department by the Lorand Eot-
vos Geophysical Institute in 1964 for educational
purposes. Later this torsion balance went wrong and
it has been located in the museum of the depart-
ment. Many years after, in 2008 we examined the
condition of the instrument, and we have found the
nearly 80 years old Auterbal torsion balance to
suffer several problems, but the torsion wires were
not broken. We did not know anything about the
main spring, which has been spanned over 40 years.

Repairing seemed to be a serious problem be-
cause there was not any description about this in-
strument. The first challenge was to guess the steps
of dismantling and assembling, and to find out the
functions of the many screws fixing elements and
parts. We should have to be very careful at the first
steps of dismantling because of the spanned main
spring (which helps the turning of the torsion bal-
ance to the different azimuts) might caused serious
damages. For our fortune after separating the bal-
ance box and the middle part of the instrument (see
Fig. 2) at the beginning of the dismounting the
release of the spanned main spring was succeeded
and considering carefully all the other steps of dis-
mantling at last we were able to remove the dam-
aged clockwork. The prepared clockwork can be
seen on Fig. 3. After changing damaged parts and
repairing and refashioning of the clockwork further

several improvements were carried out too. CCD
sensors were supplied on both reading microscopes
for automatic readings and special strong LED light
was installed for lighting the scale (see Fig. 4).
Controlling and processing the CCD readings spe-
cial computer software was developed under Linux
operation system. Applying the new reading system
new possibilities was born for very fast readings
which were impossible before, e.g. detailed investi-
gation of attenuation of the oscillation and studying
of the long scale drift became possible.
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Fig. 5. Inner construction of the Auterbal balance



5 Fine tuning of the instruments and the
test measurements

If we want to understand the essence of the fine
tuning, the inner construction of the torsion bal-
ances has to be known. Both Auterbal and E54
instruments contain two independent antiparallel
torsion balances inside the balance box (see Fig. 5).
The two antiparallel balances are being enclosed in
a double walled heat-insulating box. The aluminum
balance bars are connected to the torsion wires
through reading mirrors. Diameter of torsion wires
are 0.017 mm (diameter of a most thin hair is about
0.02 mm). On Fig. 5 the brick-shape upper mass
can be seen on the left side balance bar while on the
other right side parallel balance bar the fixing place
of the lower suspended mass can be seen. For the
purpose of the exact identification one of the two
antiparallel torsion balances are marked by circle
(“O”) and the other by square (“[]”"). The oscillation
range of balances can be regulated by the limit
plates, as it can be seen on the Fig. 5, the angle of
the oscillation amplitude is smaller than + 2°.
Before the first field observations some special
test measurements was required to control the func-
tioning and behavior of the repaired and modern-
ized torsion balances. The most important question
was the drift of the torsion wires. (Drift is the small
continuous changing of scale reading because of the
small one-way twisting of a torsion wire.) Drift can
be explained based on the knowledge of the solid
state physics. If a torsion wire is in excellent condi-
tion, the balance bar of the torsion balance remains
at the same position for a long time, in other cases
the balance bar is turning a little bit in time, so scale
reading is changing permanently. Reduction of the
drift can be achieved by the heat treatment and by
spanning (hanging) the torsion wires for a long
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time. After the renovation of the torsion balance,
the drift was controlled over 30 days by the read-
ings 10 times a day in the same azimuth.
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Fig. 7. The drift curve after the treatment of the torsion wire

Results on the first day were alarming: as the []
torsion wire seemed to be in excellent condition,
than the drift of the O wire was enormous: readings
were fallen more than 20 scale unit in the first 24
hours. After a few days the situation become not so
bad, the incline of the drift curve started to be
smaller and smaller, which is shown on the Fig. 6.
Two weeks later the reading was changed just 1-2
scale units a day, but a new adjustment of the tor-
sion wire was necessary because the zero position
of the balance bar turned extremely towards to the
lower limit. (Adjustment of a torsion balance means
a very small turning or moving up and down of the
balance bar to reach the middle/zero position.) At
this time the O balance bar have been a little beat
overturned, because further permanent decreasing
drift was expected (see Fig. 6). Because the perma-
nent drift really stayed further on, so the torsion
wire was taken out from the instrument for a pur-
pose of a detailed investigation. We have found a
problem about the fixing of the torsion wire so we
resoldered it to the right position. The permanent
drift was stopped by a certain extent
opposite turning with a tiny loading
and than by a long time suspension.
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Fig. 6. Shape of the drift curve after the renovation of the Auterbal torsion balance

600 from the storage and setup on the
field with different temperature.
Result of this investigation can be
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seen on Fig. 8. Based on the figure it can be stated,
that the applied 40 minutes waiting time for the first
reading after releasing is not enough because the
thermal equilibrium, when the drift become already
linear ensures during 90 minutes. Further investiga-
tions were executed referring to the correction of
the readings depending on the variation of the tem-
perature. These investigations have not been fin-
ished yet further examinations are necessary. Tor-
sion balance reacts very sensible to several tenth
degree temperature variations. According to our
experiments while the slow variations are caused by
the temperature sensitivity of torsion wires than the
quick variations came mainly from the thermal
expansion of reading arms

6 Measurements in the Matyas cave

As we mentioned in the part 3 the torsion balance
measurements were made on the gravity microbase
points of the Geodynamical Laboratory of Lorand
E6tvos Geophysical institute in the Matyas cave.
The map of the Geodynamical Laboratory in the
cave can be seen on Fig. 9, where the places of the
14 microbase points and the gravity basepoint of
Hungary are shown.

gravity
basepoint

Fig. 9. The torsion balance microbase points

perature was advantageous for the
drift but that humid and could air was very adverse
for the turning mechanism and the clockwork of the
torsion balance. The O and [] torsion balances
should be adjusted asymmetrical several times be-
cause of the extremely high values of gravity gradi-
ents. On three points near to the entrance of the
cave the wider measuring range of the Auterbal
torsion balance was not even enough to measure the
very large gravity gradients.

Results of our measurements started from the
gravity base point 82 to the endpoint of the gravity
microbase 82/11 are summarized on the Fig. 10. On
the upper part of the figure the horizontal gradients
of gravity W,. and W,., on the lower part the curva-
ture data W, and W,, can be seen. As it was men-
tioned above there are two independent antiparallel
torsion balances inside the balance box seven cm
distance from each other, so we get two independ-
ent observations for each gravity gradients and
curvature data at each torsion balance station. Sup-
posing errorless measurements the two independent
observations should be the same, and the occasional
differences give information about the reliability of
the measurements. Both the measured data of the O
and the [] balance and their mean values marked by
dashed line can be well distinguished on the Fig. 10.
Analyzing the differences of the O and the [] inde-
pendent balances it can be find that the repeated
observations on the gravity base point 82 the same
gradient values was observed by the O and the []
balances, but going towards to the entrance of the
cave bigger and bigger differences can be measured
by the two balances. The gravity base point can be
found in the middle of a big hall relatively far from
masses, but going towards to the entrance the mi-
crobase points are closer and closer to the disturb-
ing masses, and the gradients are so large here,
which gives measurable differences of gravity gra-



dients by the O and the [] balances (Ultmann,
2009).
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Fig. 10. Results of the torsion balance measurements
7 Summary

Before the end of the 1960’s approximately 60,000
torsion balance measurements were made in Hun-
gary. Recent research on the field of their geodetic
applications showed the need for new observations.

After an interruption of half a century, torsion
balances are operated again in Hungary. Following
the renovation and modernization of an Auterbal
and an E54 balance, measurements are taking place
in the Matyas cave.

Gravity gradiometry was introduced by Lorand
E6tvos by creating his famous instrument in the
beginning of the 1900’s, but nowadays it is playing
important role in geodesy again. Torsion balance
measurements will be important and indispensable

data source for the determination of small wave-
length gravity field and geoid features in Hungary.
A group of professionals has been formed again
who have the intent to continue the scientific efforts
of Lorand EGtvos, are able to renovate and modern-
ize obsolete instruments, and have the field experi-
ence to continue torsion balance measurements.
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