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a b s t r a c t
A non-contact force has been found to be always acting between two bodies kept close to each other in
different media. The properties of the force are different as compared to other non-contact forces such as
gravitation and electrostatics, as was shown in our previous work. The aim of this paper is to find how the
force behaves when two objects are brought near each other, one being completely immersed in the medium and the other kept just outside. The magnitude of the force in each medium has been calculated
through experiments and then compared with each other. The discrepancies obtained between these
magnitudes (105 N in water and 106 N in engine oil) and the varied oscillation patterns (amplitude
and frequency) obtained from graphs have shown that the force behaves differently with different media.
In general, the frequency of the force has been found to be of the order 102 Hz. The behaviour has also
been found to depend on the nature of the material and shape of the object. This correlation has been
ascertained by using a Gauss meter to measure the force acting between two objects and also that of
an individual object. The polarity of the force i.e. whether attractive or repulsive, has been found to vary
across the length of the objects and graphs have been plotted to demonstrate this property.
Ó 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

Introduction
When two bodies are brought close together, a pseudo force of a
constant order (105 N) acts between them irrespective of the
material and geometry of the two objects [1]. The force is attractive
as well as repulsive in nature. A single object could be solely attractive or repulsive throughout its geometry, or it could incorporate
both at different random points across its surface. These properties
had been obtained by conducting the experiment with the apparatus suspended in air [1]. In this work, the same experiments have
been performed in various media. The motivation for this work
was obtained from the work by Ran Cai et al. [2] and Pang et al.
[3], where it was shown that a magnetic field can change certain
properties of water such as viscosity, surface tension, boiling point,
conductivity and dielectric constant when it is applied for a certain
duration of time. Also, Holysz et al. [4] showed that a weak static
magnetic field applied for a short duration can change parameters
such as conductivity and rate of evaporation of water and electrolytic solutions. In order to find such effects caused by the
pseudo force on media, part of the apparatus was immersed in
(i) Filtered water (ii) Unfiltered tap water (Calcium and magnesium
cations present in significant concentrations [5]) and in (iii) Engine
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oil (20 W 40), to understand the behavioural change of the force.
Also, since the force is oscillating in nature within some time
frame, it is important to know at what rate this force repeats itself
and its mean value.
In this work, a Gauss meter has been used to find any magnetic
field which could be contributing to the force. The probe is placed
in between the two objects brought close together and the readings have been noted. To measure the field of an individual object,
the probe is moved over the entire length of the object to find the
pattern of the field. Also, different shaped objects such as rods and
spheres have been analyzed with the probe to obtain the relation
of the force with shape. These field values have been used to plot
graphs in order to identify and explain any occurring patterns.
Experimental design
Medium experiment apparatus
The experimental apparatus has been placed inside a container
which holds the fluid medium within it and is shown in Fig. 1.
The parts of the apparatus as labelled in the figure:
1. The main steel rod which is immersed in the fluid medium.
2. The soft iron core which acts as a weight for the thread and also
allows us to tie the threads to it at three places.
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Fig. 1. The experimental apparatus as designed and fabricated. a) Shows the test rod exerting the force on the immersed rod. b) Shows the steel billet exerting the force on the
immersed rod.

3. The main cotton thread which connects the apparatus to the
support beam (not shown in figure).
4. The plastic square container which holds the fluid. A protractor
is kept below the container, which can be seen through the
fluid. The dimensions of the container are: length (18 cm),
depth (7.5 cm)
5. The fluid medium, in this case it is engine oil. The other mediums used are filtered water and tap water.
The following are the test objects used for this experiment. It is
these test objects which exert the attractive or repulsive force on
the main steel rod.
6. The test rod with dimensions: length (17 cm), inner diameter
(1.2 cm), outer diameter (1.6 cm). Mass of the test rod was
0.1108 kg.
7. The steel billet with dimensions: length (10.5 cm), inner diameter (0.8 cm), outer diameter (2.5 cm). Mass of the billet was
0.3602 kg.
The main steel rod is immersed by approximately 1.0 cm below
the surface of the medium while the test object is brought to
1.0 cm above the surface in order to observe the force exerted by
the test object on the main steel rod.
The experiment was performed at room temperature and all
sources of external disturbances were removed to the extent possible. Also experiments have been repeated several times to maintain the reproducibility. All measures were taken to remove
electrostatic force from the apparatus. None of the objects were
charged by contact or by induction with another object [1].
Gauss meter experiment apparatus
The Gauss meter probe is kept at a fixed point on the test rod
and the different element spheres are brought close to it. The
changes in the value of field are displayed on the Gauss meter
screen.
Potential experimental errors
1. Air currents may affect the stability of the main steel rod. Hence
before each reading, ten to fifteen minutes were allowed so that
the rod can reach near equilibrium state. Also, all possible
sources of air movement were removed so as to minimize
errors.
2. Since electromagnetic forces may affect the action of this force
between the objects, electronic devices were removed from the
vicinity of the experiment and turned off.

3. Since the experiment is conducted by holding one of the objects
by hand, it leads to minor errors in the readings due to random
vibrations of the hand. Also, one has to ideally maintain the
same distance between the hand-held object and the main steel
rod while following the latter during attraction or repulsion.
This distance is important as the strength of the force is dependent on it and leads to faster or slower rotation of the main steel
rod. Avoiding these errors completely is not possible but can be
minimized by carefully moving the hand and taking several
readings of each experiment to obtain an average value.
4. Since the readings of the angle rotated by the main steel rod is
obtained through a protractor using the naked eye, parallax
error may occur. Again, the large numbers of readings were
taken for each experiment to minimize all possible errors.
All these factors were considered critically so as reproduce the
same experimental conditions.
Experimental procedure
For medium experiments
A protractor is placed under the plastic container exactly at the
centre. The fluid is then poured into the container and the apparatus is hung over it in such a manner that the main steel rod is just
immersed up to a depth of 1.0 cm into the fluid. A torch is kept on
top of the apparatus such that the light casts a shadow of the main
steel rod at the centre of the protractor through the fluid. The steel
rod is then allowed to reach an equilibrium position, which it
attains quickly due to viscosity of the fluid. The test object is then
introduced into the system by hand. It is brought close to one end
of the steel rod with the distance between the fluid surface and the
test object being approximately 1.0 cm and hence a distance of
2.0 cm between the object and the rod was maintained. At this distance, the object either exerts an attractive force which would pull
the rod towards it or a repulsive force i.e., pushes away from it.
This causes the rod to rotate in a clockwise or anti clockwise direction. Time taken for the rotation of the main steel rod’s shadow
was measured using a stop watch and the corresponding angle of
rotation was noted by the protractor. After a specific angle has
been traversed, the object is taken away from the apparatus by
hand. This removes the force being exerted on the main steel rod
and it gradually moves back to its equilibrium position. The object
is again brought near the rod and hence more time readings for the
specific angle were taken. The same procedure is followed for different mediums.
The total time of each of the experiments for all the mediums is
fixed as 5 min. This total time includes all angles of traversing time
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readings (mentioned above) as well as the time taken by the rod to
move back to the equilibrium position after each reading.
The basic equations used to calculate the magnitude of force
are,

hf ¼ hi þ xt þ 0:5at2

ð1Þ

where, hi is taken as zero when the main steel rod is in equilibrium
state (rad) and hf is the final angle subtended by the main steel rod,
x is the constant angular velocity which is taken as zero (rad/s), a is
the angular acceleration (rad/s2) and t is the time taken by the main
steel rod to move from hi to hf in seconds, respectively. Knowing the
value from Eq. (1), force experienced by the main steel rod is calculated by using the relation [6],

F ¼ mr a

ð2Þ

where, F is the tangential force in N, m is the mass of the main steel
rod in kg, r is the radius of the circle or half the length of the main
steel rod in meters and a is the angular acceleration (rad/s2), respec-

tively. Various constant values considered for this equation are
r = 0.0785 m and m = 0.0061 kg.
To calculate the net force acting on the main steel rod, the viscous force exerted by different media has also been considered.
Hence, the net force acting includes not only the force of attraction
or repulsion but also the viscous force, which is considered for all
force calculations as,

F observ ed ¼ F actual þ F v iscous

ð3Þ

To find the value of the actual force being exerted, it is necessary to calculate the viscous force and then subtract this value from
the observed force. We have labelled this force as actual force and
theoretically it should be similar to the value of force obtained
when the experiment is conducted in air.
The viscous torque exerted by the medium on the main steel
rod as it moves through the medium is described by [7],

s ¼ gc

ð4Þ

Fig. 2. The Gauss meter probe is moved over the length of a) the main steel rod b) the steel billet c) the test rod to measure the value of the field which is displayed on the
screen.

Fig. 3. The Gauss meter probe measures the value of the field acting between the test rod and a) Zinc b) Lead c) Steel d) Brass e) Bronze f) Aluminium spheres.
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where, s is the shear stress in Pa, g is the dynamic viscosity of the
medium in Ns/m2 and c is the shear rate in 1/s, at the wall of the
container. The approximate viscosities for the different media are
taken as [8,9],

field of each spherical element is measured by moving the probe
over the surface of the spheres without bringing any other body
close to them.

gfiltered water ¼ 0:00089 Pa:s; gtap water ¼ 0:0018 Pa:s and
gEngine Oil ¼ 0:1056 Pa:s

Results and discussions

The shear rate c, is calculated using,

c ¼ V=ðR  rÞ

ð5Þ

Here, the container is approximated to be a cylinder with a
radius R = 0.09 m and r is half the length of the main steel rod. V
is the tangential velocity for the object and is given by, V = xr in
rad/s.
The torque due to viscosity on the main steel rod is given by,

 2
t
T ¼ 2P
Ls
2

ð6Þ

where, torque of the main steel rod, T in Nm, thickness of the main
steel rod, t = 0.002 m and the length of the main steel rod,
L = 0.16 m. From the torque obtained, the force exerted due to viscosity can be found as,

F v iscous ¼

T
r

ð7Þ

Since the force is oscillating in nature, its frequency for the various experiments is calculated by using the graphs obtained for
each of the cases. The Force as a function of Serial Number is plotted in the graphs. The serial number indicates the number of times
the test object is brought close to main steel rod, i.e. its value is
incremented by one after each time. The number of complete wave
patterns (one crest and one trough) is counted manually by tracing
the oscillating graph. This number is then divided by the total time
taken to calculate specific readings. Since the experiment is not
performed continuously, only the time during which the force is
acting to rotate the rod has been considered, i.e. the time taken
by the rod to move back to original position is not considered as
the force does not act during this time. Frequency is the number
of oscillations per unit time [10] and is given by the formula,

N
f ¼P
Dt

ð8Þ

where, frequency is in Hz, N = Number of wave patterns and RDt is
sum of the individual reading times, respectively.
For Gauss meter experiments
To find the change in magnitude of field with respect to the
length of the object, the Gauss meter probe was kept just over
the surface of the object and moved along its length slowly
(Fig. 2). This is the field of the individual object when no other
object is in close proximity. A graph is plotted between the length
and the value of field. Even though the value of field varies across
the length, it is remains constant when the probe is kept fixed at a
point and does not vary with time. This procedure is conducted on
the rod-shaped test objects, namely the main steel rod, steel billet
and the test rod.
To measure the field of the different spherical shaped elements
(Fig. 3), the Gauss meter probe is kept fixed at a particular point of
the test rod and the spheres are brought close to it to find the
change in value of the field. The probe initially shows the constant
value of the field for the point of the test rod. Upon bringing the
spheres close to the probe, this value changes considerably and
hence the difference between the initial value and the final value
provides the strength of the field of the elements. The individual

For each graph, the y-axis shows the magnitude of force exerted
by the test object on the main steel rod and the x-axis shows the
serial number, which is incremented each time the test object is
brought near the main steel rod.
Filter water experiments
In this case, the experiments have been conducted with the
main steel rod immersed in filter water.
In Fig. 4, the readings are recorded for attraction and repulsion
by the billet when the main steel rod is immersed in filtered water.
For attraction, the mean actual force was 2.16158  1005 N. The
amplitude of oscillation is less during the initial period from serial
numbers 1 to 20 but increases drastically from there onwards. The
frequency of the force was calculated to be 0.095 Hz. For repulsion,
the mean actual force was 1.15629  1005 N while the frequency
was 0.053 Hz. There is drastic decrease and increase in amplitude
for serial numbers 4 and 10 respectively. The amplitude is again
increasing from serial number 25 after a period of stability from
numbers 12 to 21.
The increase or decrease in amplitude indicates that the magnitude of force has a greater variation between its highest and the
lowest value within the specific serial number range. Experimentally, this means that the during one of the trials or between a series of trials, the force exerted by the test object is able to rotate the
main steel rod by a greater or lesser extent as compared to previous trials.
Analysing both the trials together, we can observe that repulsion is weaker than attraction in terms of magnitude of the force.
Also, the pattern of oscillation is similar for both cases.
In Fig. 5, the readings are recorded for attraction and repulsion
by the test rod when the main steel rod is immersed in filtered
water.
For
repulsion,
the
mean
actual
force
was
6.43567  1005 N. The frequency was found to be 0.094 Hz. For
attraction, the mean actual force was 5.28101  1005 N. The
amplitude decreases initially from serial numbers 1 to 11 before
becoming stable and the corresponding oscillating frequency was
0.068 Hz. It is clear from both observations that the attraction is
weaker than repulsion in terms of magnitude of the force but has
almost same oscillation pattern.
Tap water experiments
In this case the experiments have been conducted with the
main steel rod immersed in tap water.
In Fig. 6, the readings are recorded for attraction and repulsion
by the billet when the main steel rod is immersed in tap water. For
attraction, the mean actual force was 5.17865  1005 N. There is a
specific pattern of oscillation observed from serial numbers 16 to
28. A mirror image of the same pattern can be seen from serial
numbers 3 to 7. The frequency of oscillation was observed as
0.060 Hz for attraction and 0.069 Hz for repulsion. The mean actual
force for repulsion was found to be 3.18667  1005 N. The graph
initially shows a downward trend till serial number 15 and then
progresses to an upward trend from there onwards. It is observed
that repulsion is weaker than attraction in terms of magnitude of
the force with the same oscillation pattern.
In Fig. 7, the readings are recorded for attraction and repulsion
by the billet when the main steel rod is immersed in tap water. For
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Fig. 4. Variation of actual force exerted on main steel rod when each time the billet is brought close to it which is given by serial number. Trials were performed for both
attraction and repulsion.

Fig. 5. Variation of actual force exerted on main steel rod each time when the test rod is brought close to it which is given by serial number. Trials were performed for
attraction and repulsion.

Fig. 6. Variation of actual force exerted on main steel rod each time when the billet is brought close to it which is given by serial number. Trials were performed for attraction
and repulsion.

attraction, the mean actual force was 7.55824  1005 N, while for
repulsion it was 8.2911  1005 N. In case of attraction, the graph
shows a downward trend till serial number 19 and then progresses
to an upward trend from there onwards with frequency of oscilla-

tions as 0.095 Hz. In the repulsive case, the graph shows a downward trend till serial number 16 and then progresses to an
upward trend from there onwards with a frequency of 0.021 Hz.
From the graph, it is clear that attraction is slightly weaker than
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Fig. 7. Variation of actual force exerted on main steel rod each time when the test rod is brought close to it which is given by serial number. Trials were performed for
attraction and repulsion.

repulsion in terms of magnitude of the force. At certain points,
there is also overlap of the forces.
Engine oil experiments
The same experiments have been conducted with the main
steel rod immersed in engine oil. Due to the viscous nature of
engine oil, the number of readings recorded in the total time interval is small as the main steel rod moves slower in oil as compared
to the earlier two experiments i.e., in filtered and tap water. Hence,
experiments were performed twice in order to obtain sufficient
number of readings for the better understanding of the properties
of the force. In case of the billet, no repulsion experiment was performed as the force was unable to move the steel rod by a noticeable amount.
In Fig. 8, the readings are recorded for attraction by the billet
when the main steel rod is immersed in engine oil. The mean
actual force of attraction in trial 1 was found to be
2.188  1006 N. For trial 2, the mean actual force of attraction
was 2.174  1006 N. The oscillation frequency was found to be
0.022 Hz and 0.010 Hz for trials 1 and 2 respectively. Analysing
both the trials together, it has been observed that there is an overlap of forces even though both are of attractive nature. The crests of
one curve have been replaced by troughs in the other curve which
gives it a helix type pattern.

In Fig. 9, the readings are recorded for attraction by the test rod
when the main steel rod is immersed in engine oil. For attraction
trial 1, the mean actual force was 4.81177  1006 N and the frequency was found to be 0.028 Hz. For attraction trial 2, the mean
actual force was 4.88355  1006 N, while the oscillation frequency was 0.022 Hz. Analysing both the trials together, we can
observe a similar helix pattern as compared to the billet case
although the overlap is less consistent.
In Fig. 10, the readings are recorded for repulsion by the test rod
when the main steel rod is immersed in engine oil. For repulsion
trial 1, the mean actual force and frequency was found to be
5.85963  1006 N and 0.027 Hz, respectively. For repulsion trial
2, it was 5.22351  1006 N and 0.024 Hz respectively. This graph
also shows an overlap of the forces only at certain portions, though
the interchange of crests and troughs between the two curves is
still observed similar to the billet and rod cases.
Inference from graph observations
The actual force has been found by adding the viscous force
value to the observed force value. From our calculations (given in
supplementary files), it has been observed that for the filter water
and tap water cases, there is very little difference in the actual and
observed forces. This implies that the viscous force does not cause
a noticeable difference to the movement of the main steel rod. For

Fig. 8. Combined graph of the attractive cases of the billet when the main steel rod is immersed in engine oil. It allows us to analyse the contrasting pattern between the two
curves.
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Fig. 9. Combined graph of the attractive cases of the rod when the main steel rod is immersed in engine oil. It allows us to analyse the contrasting pattern between the two
curves.

Fig. 10. Combined graph of the repulsive cases of the rod when the main steel rod is immersed in engine oil. It allows us to analyse the contrasting pattern between the two
curves.

the engine oil case, due to greater viscosity as compared to the
other two, the viscous force causes a difference between the actual
and observed forces. This implies that engine oil makes the movement of the main steel rod relatively slower.
The actual force exerted by the billet in both tap and filter water
has been found to be greater than the actual force exerted by the
test rod in those mediums. When the bodies are placed in engine
oil medium, the trend reverses, as actual force exerted by the billet
is less than that of the test rod. In fact, the repulsive force of the billet is so less in engine oil that the values could not be recorded.
This implies that the force interacts differently for the same two
objects in different media.
A specific pattern was observed for the engine oil cases. The
curves obtained in the graph for the two attraction cases for the
billet were opposite to each other in terms of points of crests and
troughs. The points where there was a crest in one curve was
replaced by a trough in the other curve. This led to a helix type pattern when the graphs were combined. It was the same for the two
attraction and for the two repulsion cases of the test rod. Also, the
experiments were performed one after the other with a gap of
about 2 min. From this observation, it is inferred that some parameter change occurs either in the material of the main steel rod or in
the engine oil medium, when the experiments are performed with
short time intervals between them. It is also possible that this
change might be responsible for the decrease in strength of the
force exerted by the billet in the engine oil case as compared to
the tap or fresh water cases as discussed earlier.
Since the actual force has been calculated in such a manner that
it excludes the viscous force of the fluid medium, it should be

equivalent to the value of force obtained when the experiment is
conducted in air. This air medium force was obtained of the order
105 N [1]. The order of the actual force obtained in this work for
engine oil medium is found to be 106 N. This implies that the difference in the orders is due to the effect of the medium on the
force. As for the tap and fresh water cases, the order was found
to be the same as that of the air experiments but there may have
been a difference in magnitudes which would indicate that the
effect of water on the force is very less.
Gauss meter experiment observations
Variation of field over the length of the object
Fig. 11 shows the variation of the field when the gauss meter
probe is slowly moved across the test rod’s entire length. It is clear
that the field is maximum at the centre of the test rod. At one of the
ends (0 cm), the value of the field is positive meaning that it is
repulsive in nature. At the other end (16 cm), the value is negative
meaning it is attractive in nature.
Again Fig. 12 shows the variation of the field when the gauss
meter probe is slowly moved across the billet’s entire length. In
this case, the value of the field is minimum at the centre of the billet, which contrasts with that of the test rod. At one end of the billet (0 cm), the value of the field is positive meaning that it is
repulsive in nature. At the other end (10 cm), the value of the field
is negative meaning it is attractive in nature.
On the other hand, Fig. 13 shows the variation of the field when
the gauss meter probe is slowly moved across the main steel rod’s
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Fig. 11. Variation the field along the length of the test rod as measured by the Gauss meter.

entire length. The minimum value of force is at the centre of the
main steel rod and both ends of the rod have positive values of
the field, which implies they are repulsive in nature. Also, the
graph slopes downwards initially and then slopes upwards after
reaching the lowest value. For both the test rod (Fig. 11) and the
billet (Fig. 12), one end is attractive (negative field value) while
the other end is repulsive (positive field value). Since both ends
of the main steel rod (Fig. 3) are repulsive, when the repulsive
end of either the test rod or the billet is brought close to either
ends of the main steel rod, the like fields repel i.e., repulsive –
repulsive causes repulsion. Bringing the attractive end of the test
rod or the billet close to either ends of the main steel rod, it causes
attraction as the fields are opposite i.e., repulsion – attraction
causes attraction.

Observations from the spherical elements
A very negligible field has been observed when the probe of the
Gauss meter probe is moved close to the surface of the different
spherical shaped elements. This contrasts with the test rod, billet
and main steel rod which individually have significant field of their
own.
For Steel, lead and zinc – the force value was between 0 and
0.001 kG and attracted both ends of the main steel rod. No field
value was obtained for Copper, brass and aluminium at all, which
implies no attraction or repulsion took place when brought close to
the main steel rod. When the gauss meter probe was placed on the
surface of the test rod at a fixed point and one of the steel, lead or
zinc spheres were brought close to it, a significant increase in the
value of the field was measured. This new value is far greater than
the field strength of any of the objects of the experiment measured

by the Gauss meter. Hence, the superposition principle of magnetic
fields was not being followed [11]. It also shows that individually
these spherical elements have a very small field but when they
interact with another element such as a rod-shaped object, their
fields contribute significantly (Fig. 14).
The probe of the gauss meter placed at a fixed point on the test
rod surface gave an initial reading of 0.005 kG due to the rod’s own
field. The following table gives the amount by which the value of
the field increased upon bringing the spheres close, i.e. the difference between the initial value and the final value.
Effect of a body on individual field of the main steel rod
When another body is kept close to the main steel rod at one
end and the gauss meter probe is slowly moved over the length
of the main steel rod from the other end, there is no change in
the value of the field at any point of the main steel rod surface
as compared to when there is no object kept close to it. The only
portion of the object where the field changes is the end where
the other object is kept due to interaction between the fields of
the two objects. This shows that the field does not cause any flow
of particles such as electrons within the object as this would have
caused the field value to change across the length of the object. The
other explanation can be that the field affects some other material
property of the object and is not influenced by any movement
within.
Applications
Like any other non-contact force, the applications of this concept would be immense. The ability to attract and repel using

Fig. 12. Shows variation of field along the length of the billet as measured by the Gauss meter probe.
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Fig. 13. Shows variation of field along the length of the main steel rod as measured by the Gauss meter probe.

Fig. 14. The effect on the field caused by different elements.

non-magnets at the macro level can be utilized in sensitive smallscale applications. One of our results was that the magnitude of the
field increased significantly to around 140 Gauss when two of the
objects interacted with each other. In comparison, a fridge magnet
has field strength of about 100 Gauss. This indicates that this field
can be strong enough to be harnessed in the form of usable energy.
Other than applications, it is also important to understand the
phenomena that are noticeable in this study, which has not been
explored yet in detailed manner.
Conclusions
Different forces (both attractive and repulsive) acting on bodies
placed in various medium have been observed and reported. After
removing the viscous force effects, the order of force obtained from
engine oil experiments is not similar to the order of force obtained
from air medium experiments. Trend reversals have also occurred
while using the same test objects in different media. These observations imply that the force interacts differently upon changing the
medium.
The nature of the field may be magnetic in nature as it was measured by the Gauss meter. The field seems to depend on the shape
of the object as inferred from the rod and spherical shaped object
observations. Also, the type of element seems to influence the field.
Out of the six elements tested, only three could affect the value of
the field when interacting with another object. The other three did

not cause any change in the field. Moreover, there is a relation
between the distance between the objects and the strength of
the field. This can be observed by the fact that the Gauss meter
gives maximum value when the probe is kept just over the surface
of the object and decreases when the probe is moved away.
For different objects, the presence of attractive and repulsive
poles is different. It can be similar to a magnet with an attractive
pole at one end and repulsive at the other. It can also be dissimilar
by having only repulsive poles at both ends.
The observations from Gauss meter and spherical elements
experiments have led us to conclude that the force has similarities
to magnetism but also differs in certain aspects.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.rinp.2017.03.016.
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