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Abstract: The article reports on the results of an analysis of the ultra-light disc torsion balance
(torsind) behavior long-term observations. The data analysis showed that the signal recorded
contains the 24-hour periodic component presumably associated with the Sun. Moreover,
unpredictable strong impacts, forcing torsind to rotate in different direction, were revealed. This
indicates the existence of an unknown radiation that bears a torque which may impact on the
mechanical systems dynamics. This fact leads to the need to measure the gravitational constant G
overnight and during periods of minimum of the solar activity, provided that the G measurements
are carried out using a torsind.
Анотація: В Україні із 2009 року проводяться спостереження за поведінкою особливих
крутильних вагів із диском (торсінда). Поворотом диска цей прилад реагує, на
нетривіальні випромінення, феноменологічно пов’язані з особливими астрономічними
подіями та явищами невстановленої природи – т.зв. спайки. У статті наведено багатий
фактичний матеріал проблематики та досліджень. Висловлено припущення, що
непередбачувана поява спайків може бути причиною невдалих спроб учених отримати
стійкі відліки при вимірах величини гравітаційної сталої G і вирішити парадокс
гравіметрії: чому з підвищенням точності вимірювальних приладів розбіжності між
результатами різних лабораторій збільшуються.
Introduction. American scientists E. Saxl and M. Allen were observing diurnal variations
of the period of a massive torsion pendulum over the 16 day interval starting September 20, 1979
and terminating on October 5, 1979 [1]. The pendulum regularly speeded up by approximately 1
part in 6000 shortly before or after local noon. That process was quite regular, implying a
connection with the circadian rhythm of the Sun.
Since the observation lasted 15 days, the length of a resulting series of the measurements
was large enough to get a statistically significant conclusion about the reality of the periodic
variations. Minimum of the readings always come near to noon, from which it was concluded
that the 24-hour variability of the signal exists. This finding has long remained unknown to the
general physical community, despite the fact that the measurements were done by well-known
experts, and the measurements themselves were carried out methodically correctly (for details,
see [2] pp. 127-137).
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It is fair to say that E. Saxl M. Allen were not the first in this issue. Similar diurnal
variations were studied in the first half of the twentieth century yet. The French astronomer of
Russian origin N.M. Stoyko tracked diurnal oscillations of a vertical pendulum and published his
results in 3 .
However, even these studies cannot be considered as pioneering ones, since long before
that the daily fluctuations of a torsion pendulum were first reported by N.P. Myshkin – a
professor of the NovoAlexandria Institute. For many years he had been studying an effect of heat
and light on rotation of a horizontally suspended mica disk. In 1898 he came to the conclusion
that «the fluctuations are in some connection with the position of the Sun relative to horizon»
[4 . After that he was trying to find out «whether these vibrations of the system have not only
daily, but the annual periodicity?» (ibid).
Thus, the history of study of the diurnal variations of a torsion pendulum has more than a
century. However, the very small amplitude of these oscillations and significant impact on the
behavior of pendulums both the researcher and environmental conditions made it difficult to
study. Therefore, these works had more reconnaissance rather than deep exploratory mode.
New possibilities for the study of this delicate phenomenon appeared recently in
connection with the use of the torsind 5] and appropriate methods of analysis.
Brief description of the torsind and methods of observation. The torsind - torsion
indicator - is a specific type of torsion balance that uses a very light metal or paper disc instead
of the linear beam of a classical unit, suspended from a monofilament made from natural silk,
instead of quartz or a rigid suspension [5]. A specific feature of this thread allows the device disk
to make a lot of revolutions on its axis without accumulation of reverse torque in the thread
itself. In other words, if the torsind disc, being influenced with an external torque, slowly makes
several revolutions then after the termination of the torque it retains at the last position having no
backspin. This surprising property of a silk thread is due to its specific molecular structure. The
bases of a thread are fibroin protein molecules, substances even stronger than Kevlar. Repetitive
amino acid sequences of this protein form antiparallel pleated β-layers which are connected to
each other by hydrogen bonds. These bonds are not very strong and allow for moderate
mechanical offsetting of the layers. This explains the fact that under slow (necessarily slow!)
rotation the layers can slide relative to each other. Moreover, it does not reduce the mechanical
strength of the thread. The housing of the torsind is made from a quartz cylinder. A web-camera
monitors the disc rotation. The webcam is mounted above the upper face of the cylinder and is
connected to a computer. The design of such a balance makes it insensitive to variations in
gravitational potential and ensures that it is unaffected by gravitational (tidal) influences from
any direction. The instrument cannot measure a force, but indicates the direction of the applied
torque only. The low weight of the suspended unit (the aluminum disk mass does not exceed 100
mg) provide high sensitivity of the device. The device is clearly responds to a torque nearby 1.27
x 10 -10 Nm per one degree rotation [17].
It should be added that the torsind is equipped with an automatic registration system and its
continuous operation does not require the presence of an operator. Since mid-2009 the torsind
has been sited at the Main Astronomical Observatory (Kyiv, Ukraine) in an isolated, shaded
room with tightly closed doors and windows, the entrance being barred to outsiders. A detailed
description of the instrument and its properties, identified for several years of our examination, is
published in [5]. From this description it follows that the torsind does not respond to changes in:
gravitation potential; temperature of the device itself; meteorological parameters (pressure,
humidity); static electric field during a thunderstorm; moderate magnetic field; degree of
ionization of the ionosphere; operation of electromechanical units; change in the load on the
torsind thread; possible microvibration of the floor; sound waves of moderate intensity; radio
waves and cell phones. Possible weak convective air movement inside the torsind housing can
also not be a source of significant interference.
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On the other hand, torsind responds to some astronomical phenomena under such unusual
circumstances, when other astrophysical instruments are powerless. For example, torsind "sees"
a solar eclipse, which occurs on the opposite side of the globe [6, 7]. Moreover, torsind reacts to
some syzygy effects, being underground at a depth of 40 meters [8].
The torsind ability to respond to some planetary configuration is truly surprising. For
example, in June 2012, there was the transit of the planet Venus across the sun's disk. This
phenomenon has been recorded with two devices shown qualitatively similar picture (see [5],
Fig. 10). It should be noted here that at the time of the transit the Venus was at a distance of 42
million km from the Earth. This fact has been reliably recorded, but it lacks any solid
explanation. Thus, the torsind disk rotation seems to have a much deeper cause than the
ostensible reasons (changes in temperature, pressure, etc.).
The measurement accuracy defined 13.02.2013 under a stable space weather is
characterized by the standard error (se) of a single measurement of: se = ± 0.157°.Thus, the
torsind as a unique instrument simultaneously combines two qualitatively opposite features. On
the one hand, the torsind operation is not influenced by many external circumstances which seem
to be strong noise-producing factors for many other scientific instruments. On the other hand,
torsind can register some events, not be observed with other devices. Using this specific torsind`s
features allowed us for several years to observe periodic changes in signals registered that we
previously called «the diurnal variations».
Observational material. We did not plan to observe the diurnal variations as an
independent scientific task. It is a specific «by product» of our long-term monitoring of the
torsind reactions. All discussed observations were performed using the torsind WEB_1. These
observations contained some fragments where repeatable mode of records was present.
One of the most spectacular manifestations of the diurnal variations was registered in
June, 2013 (see Fig. 1). That short fragment clearly shows the daily periodicity.

Fig.1. One of the results with the records of the diurnal variations
The followings are the observations when stable periodic oscillations were present in their
«pure» form without significant interference for a long time. Thus, Figure 2 shows a record of
relatively stable oscillations, when the torsind counts at night time during 8 days almost did not
change, however during daytime counts increased by about 14-25 degrees.

Ministry of Education and Science of Ukraine, National Technical University of Ukraine «Kyiv polytechnic institute», Department of Aircraft
and Space Systems, Ukrainian Scientific research Center for Analyses of Anomalies «Zond» www.zond.kiev.ua; e-mail: srcaa@zond.kiev.ua

Anomalous phenomena: methodology and practice of research: The publication is devoted to the 10th anniversary of Ukrainian Scientific
research Center for Analyses of Anomalies «Zond» in a chief edition by PhD, AssProf Bilyk A.S. - Kiev: National Technical University of
Ukraine “Kyiv Polytechnic Institute”, 2015. – 82-90pp ISBN 978-966-622-713-6

Fig. 2. Sustained diurnal variations in February 2009
Fig. 3 shows the diurnal changes which are superimposed on variable background substrate.
Moreover, the amplitude of the variations varies by almost an order. These data prompted us to
more thoroughly analyze all the available observations in order to confirm the reality of diurnal
variations and determine their exact period. The autocorrelation analysis method was used as an
adequate one for this task.
Determination of the period of the diurnal variation. We have analyzed the least noisy
series of observations where the varying signal was more regular in appearance, including the
short sequences shown on the above figures. That is, the plainest observations were chosen,
including no other processes with large amplitudes. That fact that torsind registers diurnal
fluctuations is not in doubt. The question remains open: is it solar or sidereal day. The
autocorrelation analysis (ACA) method was used to accurately determine the period of the
diurnal variation. Several observations which were made at the moments of quiet space weather,
when there were no spikes, significant astro-space phenomena or other strong influences, were
chosen for the analysis. In these periods of the observation the most significant signals were the
same daily fluctuations. All autocorrelation functions obtained for these series have a form
similar to that shown in Figure 4.

Fig. 3. Periodic variations of alternating amplitude with a marked trend in 2010
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Fig. 4. The partitive maxima of the autocorrelation function follow by exactly 1 day
The average values of the periods were drawn from the first six partitive maxima for each
individual observation series. The resulting values of the periods (in minutes) are presented in
the last column of Table 1. For all of these data the general average value of the period 1440.24
± 2.69 minutes was obtained. Thus, the results of ACA clearly indicate that the daily variations
are modulated by the Sun, rather than the other sources (the galaxy core, the Moon, star sources,
planets, etc.).
The so-called «T-momentum». As a result of the analysis performed, it was found that in
almost all cases there is the periodic signal which is close to 24 hours. This conclusion is valid in
cases when it was possible to carry out the long-term continuous monitoring in quiet space
weather conditions. What does «non-quiet» space weather mean will be mentioned further down.
On the basis of our visual assessment and taking into account the results of the preliminary
analysis, we estimate the amplitude of the periodic component in range of 20-50 degrees. It is
important to note that the 24-hour periodic component manifests itself in different seasons of the
year, which is likely to indicate its constant presence.
We do not consider a reason which forces the torsind disk to rotate. At the present stage of
research this problem seems to be premature, since a carrier that transmits torque on the unit is
not known yet. A purpose of this publication is to draw the attention of researchers on the fact of
the periodic rotation of the torsind disk in different directions. This fact indicates the presence of
an unknown torque, affecting the state of the mechanical system. Let's call it conditionally
«Torsind-momentum» or «T-momentum».
The detection of periodic torsind oscillations proposes a certain scientific interest because
it indicates a new, unexplained phenomenon. But that's not all. We are clear aware that
intermittent heteropolar torque can affect the readings of torsion balances, which are still used in
the determination of the Newtonian gravitational constant G. According to small statistics given
by S. Shlamminger [11] about two-thirds of all works on measuring of G are based on the use of
torsion balances. This means that two-thirds of all measurement results have been in some
extend distorted by the presence of the unaccounted T-momentum.
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Table 1. Observational series used and result
N

Period (min) ± SE

17–23 February, 2009

10150

1448,31 ± 1,87

26Sep – 06Oct, 2009

14396

1431,22 ± 10,51

04–25 June, 2010

31200

1435,54 ± 33,2

13 – 27 September, 2010

20160

1438,70 ± 3,31

10May – 05Jun, 2011

36840

1444,03 ± 3,46

11 – 25 May, 2011

21600

1434,38 ± 2,88

13 – 21 June , 2013

12300

1449,50 ± 2,59

Measurement interval

Mean

1440.24 ± 2.69

N – quantity of individual counts in a series
This circumstance may perhaps explain why the universal constant G is measured so far
with a rather large error, and the accuracy of its determination is by several orders of magnitude
lower than the accuracy of the determination of other universal constants. At the moment there is
no possibility to calculate the impact of the T-momentum very accurate. However, if we look at
Fig. 2, Fig. 3 and Fig. 4 it becomes clear that extreme perturbing effect manifests itself in the
middle of the day, close to local noon. In reading the recent history of the G measurement the
apparent contradiction between the increased measurement accuracy and the decrease in the
accuracy of the final result becomes obvious. For example we refer to recent measurements of G
performed by two teams: the Franco-British [12] and Chinese 13 . Having reached the accuracy
of the G determination in each of its methods at 26-27 ppm, they have, nevertheless, got results
that differed by an amount that was almost an order of magnitude higher than the standard error
of each method. We can offer an explanation for this discrepancy based on our long-term torsind
observations.
Spikes. The fact that the torsind responds well to syzygies [7], solar and lunar eclipses 6,
8, 14], Venus` transit [5] and other astronomical phenomena has been defined reliably. However
besides the torsind very often register strong bursts, responding to some unknown astro-space
phenomena. At these moments the torsind disk can make 5, 10, 20 or more revolutions in a row.
Such a sharp reaction of the torsind we will conventionally call SPIKE. Figure 5 shows one spike
recorded by the torsind on 2-3 of May, 2013. Within 18 hours the torsind disk made 6
revolutions clockwise, and then it began to rotate in the opposite direction, making 8 full
revolutions more. Apparently, at this time a strong rotational momentum has sprung up, carrying
a right- and then a left-screw torques. Evidently, a G measurement, being performed elsewhere
in any other laboratory with a torsion balance at the same time, could be distorted by the
additional torque. And besides, the sign of the perturbation would depend on what a branch of
the spike (ascending or descending) was active during the measurement process. Of course, this
statement is true under the assumption that the sphere of the spike action covers the entire Earth.
The fact that torsind feels syzygy effects, even when deep underground, - is the basis for this
assumption [7, 8].
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Fig.5. The double strong spike recorded on 2-3 May 2013

Fig.6. The result of the continuous observations in June-August 2010
A double spike – is a spike when the disc rotation in one direction is immediately replaced
by rotation in the opposite direction. They are relatively rare. More often there are cases when
the torsind disc turns round several hundreds or thousands of degrees then ceases its rotation and
stops.
Fig. 6 shows the torsind reaction in the summer of 2010. Here there are weak double
negative spike recorded on July 15 and a small single positive spike at night on July 2-3, and a
small single negative spike on July 27. It should be noted that in this case the amplitudes of the
spikes were rather small, so the diurnal variations of low amplitude are readily traced throughout
the curve.
The nature and the mode of the spike appearances were not understood yet, but it was
noted that the spikes began to appear more and more frequently in recent years. This was
established as follows.
The regular torsind observations were conducting over the last several years. Each series of
daily measurements was considered as a random sequence, and the standard deviations SD were
calculated for it. Figure 7 illustrates how the value of SD changed over time.
We believe that the large SD values are conditioned namely by the spikes so far as the
diurnal variations and the syzygy effects have not large amplitudes.
It should be noted that the Fig. 7 shows the statistical parameter D only, rather than the
amplitudes of the spike. But even this parameter as we see clearly reflects the increased spike
activity.
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Discussion. Based on the foregoing, it follows that the processing of the G measurement
results must take into account the possible influence of the diurnal variations, and especially of
the spikes. More than 20 years ago in the publication [15] dedicated to finding the cause of
significant variation of the measured values of G, the following was stated.

Fig.7. Change in the parameter SD over time
«Analysis of measurement results of the gravitational constant shows that they are
associated with a variety of space and geophysical phenomena. It is reasonable to assume that
this analysis reveals some unrecorded by researchers’ factors that directly or indirectly affect
the measurement results rather than the change in the physical parameter - the gravitational
constant G. The perennial search for these factors ... has not been successful».
We believe that we have managed to identify one of the possible factors that is periodically
or randomly affecting the beam position of a torsion balance, which is used for the measuring of
G.
It is effect of the above mentioned T-momentum. The nature of its effect is not known, but it
is obvious that it can be considered as an unknown field or pulse carrying a torque that can
influence the dynamic of a mechanical system. The torque of such exposure is extremely small.
The torsind disc, with a sensitivity at least of 6.47 * 10–12 Nm rotates with an angular
velocity of no more than 0.01° per second in the most cases. But even such a low impact must be
considered. Especially it is necessary to take into account the effect of strong spikes when the
angular velocity of the disk rotation reaches 1°/s. According to our preliminary estimates the Tmomentum imparts to the torsind disk the left-screw rotation in the most cases.
We propose an idea of the key experiment to verify our hypothesis. If the suspected Tmomentum does have an impact on the behavior of the torsion balance, then instrumentation
counts should deviate compared to the true (unperturbed) readings during spike-activity. Sign of
the deviation depends on the direction of torque (left- or right-handed).
In Table 2, we present the complete list of all spikes recorded in early 2012, when the
spike activity was very high (see. Fig. 7). The table shows the precise times of start and end of
the spikes, their amplitude and direction of the T-momentum – a right-handed (+) or left-handed
(-).
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Table 2. Spike activity within January, 2012
UT (h)

Amplitude, deg.

Date

Start

End

+

–

11

08.33

10.45

2890

-

14

07.22

8.78

-

380

15

11.28

12.30

-

1080

16

12.63

15.55

6580

-

16

15.55

19.86

-

7560

20

3.28

7.40

-

730

23

7.78

10.64

2120

-

26

8.92

19.00

1910

-

27

11.52

13.56

1160

-

28

01.57

14.95

4120

-

30

08.23

10.95

-

2560

Fig. 8. Continuous recording in January, 2012
If measurements of G have been somewhere conducted in January 2012, the staff of that
laboratory may use the data in Table 2 for adequate analysis in order to assess whether there
were large deviations in the results of their measurements. This key experiment should clearly
answer the question whether there is the influence of spikes on the measurement result.
For the full understanding we give a graph of the continuous torsind record made in
January 2012 (Fig. 8). The graph helps to understand at what time and in what direction the Tmomentum was. The spikes listed in Table 2 can be easily detected in this graph.
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Conclusion. We hope that clarification of the G value will be significantly improved if the
gravimetric measurements should be conducted at night time provided there is no spike activity.
Since the spike activity increases with the increasing of the solar activity [10] then for the
reliable measurements of G some quiet periods at minimum 11-year solar cycle should be
chosen.
And the most important, the gravilaboratories where the measurements of G are carrying
out must be equipped with sensitive instruments like the torsion indicator. Such instruments
should allow to conduct continuous monitoring of the environment situation for the selection of
suitable working hours, when there is no spike activity.
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