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Abstract 
We report in the present work a novel effect associated with deviations of la-
ser beams when in the surroundings there is a piezoelectric ceramic subjected 
to high voltages. In our previous work we presented experimental evidences of 
the generation of forces at distance by piezoelectric materials. Hence a me-
thodology for remote sensing and metrology which enhanced the weak effects 
of the property of generalized quantum entanglement was proposed. The 
preexisting state between all existing particles in physical systems can allow 
that piezoelectric ceramics induct forces at distance detected by a sensible ac-
celerometer apart without involving any known local interaction such as those 
of acoustic or electromagnetic nature. Motivated by the results, we proceed 
and discover that new unprecedented visual effects arise when nonlocal forces 
generated by a piezoelectric ceramic change the laser beam profiles even con-
sidering its weakness. This novel effect seems to be really detected in our ex-
periments and this achievement opens one opportunity more for developing 
new technological applications. 
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1. Introduction 

The piezoelectricity is the phenomenon which appears when one applies in cer-
tain materials a mechanical stress and then they generate and maintain electric 
charges [1] [2] [3]. In the so-called direct effect the piezoelectric materials gen-
erate electric charges when stress is applied; in the converse effect, there is the 
generation of stress when it is applied an external electric field. Under mechani-
cal stress, the materials suffer unbalance in the positive and negative charges in 

How to cite this paper: Porcelli, E.B. and 
Filho, V.S. (2018) Analysis of Possible 
Nonlocal Effects in Laser Beams Generated 
by Piezoelectric Ceramic. Journal of Power 
and Energy Engineering, 6, 20-32. 
https://doi.org/10.4236/jpee.2018.62002 
 
Received: January 22, 2018 
Accepted: February 6, 2018 
Published: February 9, 2018 
 
Copyright © 2018 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

 

DOI: 10.4236/jpee.2018.62002  Feb. 9, 2018 20 Journal of Power and Energy Engineering 
 

http://www.scirp.org/journal/jpee
https://doi.org/10.4236/jpee.2018.62002
http://www.scirp.org
https://doi.org/10.4236/jpee.2018.62002
http://creativecommons.org/licenses/by/4.0/


E. B. Porcelli, V. S. Filho 
 

their bulk, producing the external electric field described. If the process is re-
versed, an external electrical field can produce deformations on the piezoelectric 
material. In present days, such properties of piezoelectric materials have been 
applied in many technological devices. As examples of relevant applications, we 
can describe devices for the production and detection of sound, the fabrication 
of sensors [4], production of filters and other high-frequency applications [5], 
generation of high voltages and electronic frequency, piezoelectric actuators [6], 
high voltage actuators in robotic area [7] and ultrasonic motors [8]. 

We reported in our previous work [9] that piezoelectric materials can generate 
external induction forces in the environment which are not due to local interac-
tions such as electric field or acoustic wave interactions. As we known, the so-called 
local interaction means that the interaction is intermediated by some force car-
riers such as photons that propagate between the interacting parts of the physical 
system. 

Our experimental and theoretical investigation points out that attractive or 
repulsive nonlocal induction forces can be performed when piezoelectric mate-
rials suffer respectively a mechanical contraction or stretching. The direction 
and the signal of the force induced depend on the direction of the physical me-
chanical change. The intensity of the nonlocal force generated depends on either 
the magnitude of the voltage applied and material characteristics in case of con-
verse mode or the mechanical stress applied and also material characteristics in 
case of direct mode. The magnitude and direction of the nonlocal force can be 
measured by accelerometers accordingly. 

Considering all those developed concepts, it was applied a patent [10] related 
to the new methodology for metrology and remote sensing in which the piezoe-
lectric devices are “emitters” of nonlocal forces in some special conditions and 
accelerometers are “detectors”. 

The nonlocal forces occur between quantum entangled particles of the system 
where their momentum variations can be exchanged directly with no dependence 
on the medium and the force carriers. 

We also indicated that there is a preexisting condition of generalized quan-
tum entanglement (GQE) between all existing particles [11] which is usually ex-
tremely weak in terms of its effects. However it can be amplified in some special 
conditions existing in piezoelectric materials operating in the direct or reverse 
mode. 

The results of this research encouraged us to analyze if the nonlocal force in-
duction generated by piezoelectric materials could be strong enough to affect the 
laser beams considering that just sensible accelerometers were implemented to 
detect it so far. 

In next section, we present details of our experiments, involving the PZT4 pie-
zoelectric ceramic and laser beams generated by usual laser pointers. In the fol-
lowing, we present an analysis of the video frames captured during the experi-
ments outstanding the novel visual effect detected. Next, we present a theoretical 
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analysis of the novel visual effect and the difficulties for explain it via usual theo-
retical framework. Afterwards we present an analysis of the novel visual effect 
and its qualitative explanation according to the GQE framework. As last we dis-
cuss our main conclusions. 

2. Description of the Experiments 
2.1. Introduction 

The experimental setup consists of a laser pointer supported by a tripod and a 5 
cm diameter and 2.5 mm thickness PZT4 ceramic disc supported with its circu-
lar face in a horizontal position on a light Styrofoam holder. The mentioned disc 
is also positioned below and immediately near the laser beam output of the poin-
ter. When triggered, the laser beam passes a few millimeters above the circular 
face of the disc crossing above its center and also its entire diameter. 

The circular faces of the disc are covered by metallic finish and they are con-
nected to a high voltage power supply via aluminum stripes. When triggered, the 
laser beam is projected over a certain distance and achieves almost perpendicu-
larly a whiteboard with 1-centimeter grid. The grids are used as the position ref-
erence for analysis of the shape change of the laser beam profile projection. 

In some outdoor or external tests, the power cord of the high voltage power 
supply was plugged in the inverter connected to +12 VDC output of the car in 
order to supply 110 VAC. In other indoor tests, the power cord was plugged di-
rectly in the AC outlet of the laboratory. 

Three different distances were tested such as 10.85 m, 47 m and 120 m be-
tween the whiteboard and laser pointer in order to project some laser beam pro-
files with respectively 2 cm, 5 cm and 9 cm in terms of average diameter. In the 
first and last distances, the experimental setup was performed in the field (out-
door) with cloudy sky, more than 85% air relative humidity and around 21˚C tem-
perature in terms of weather conditions. In the second distance, the setup was per-
formed inside the building (indoor) with the PZT4 ceramic disc covered by two 
thin layers of polystyrene in order to even more reduce at least 2.3 times the elec-
tric field around it. 

The laser pointer had a continuous activation in order to project the laser 
beam. During its activation, it was applied a DC high voltage on the PZT4 ceramic 
disc with approximately 1 kV by the power supply during approximately 30 
seconds per each cycle. In other words, we had approximately 15 seconds “off” 
with 0 V and 15 seconds “on” with up to 1 kV per cycle in terms of alternating 
operation. 

The PZT4 ceramic disc was tested in the converse piezoelectric mode, that is, 
when a mechanical stress is generated according to the voltage applied on it. The 
disc was polarized directly with the positive pole of the power supply connected 
to the positive side of the disc and the negative pole of the power supply con-
nected to the negative side of the disc. In other tests, the disc was reversely pola-
rized, that is, the positive pole of the power supply was connected in the negative 
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side of the disc and the negative pole of the power supply was connected in the 
positive side. When the PZT4 ceramic disc is polarized directly, its thickness has 
a mechanical stretching in the z axis and it has a mechanical contraction in the 
same direction when polarized reversely. 

During the tests, several videos of the laser beam profile projected to the 
whiteboard were performed and several frames of them were captured accor-
dingly. 

The list of devices performed in the experiments is shown in Table 1. 
The Figure 1 shows the photo of the experimental setup taken inside the  

 
Table 1. Devices used in the experimental setup conceived in order to measure possible 
effect of the piezoelectric ceramic on laser beams. 

Device Features/Specifications 

PZT4 Disc 
Device provided by ATCP do Brasil, 5 cm diameter,  

2.5 mm thickness, 913.2 KHz resonance frequency, 8.86 nF  
capacitance, 1419.64 epsilon relative 

Non Brand  
High-Voltage Power Supply 

Model AT 30 KV, output range 0 - 27 kV DC, voltage resolution 
100 V Ripple 150 V, Standard output current 0.3 mA @ 15 kV,  

Power 20 W, Input AC voltage 127 or 220 VAC 

Laser Pointer 
Laser with 100 mW maximum output power, 523 nm wavelength ± 10, 

class III laser diode, green color 

Car Inverter Device 
12 VDC input, 110 VAC output, 150 W  

power rating, cigarette light plug 

Whiteboard 1-centimeter grid, manufactured by Science First 

Apple Smartphone 
Model iPhone X, 12 MP, ƒ/1.8 aperture of wide-angle, ƒ/2.4  

aperture of telephoto, digital zoom up to 10x of optical zoom, 4 K  
video recording at 24 fps, 30 fps or 60 fps 

 

 
Figure 1. The experimental setup performed inside the building (indoor) with 47 m laser 
beam length. It is shown the high voltage power supply (grey box) where the PZT4 ce-
ramic disc covered by thin layers of acetate is connected by strips of aluminum. The disc 
is supported by the white styrofoam box. The laser pointer supported by a tripod has con-
tinuous activation. 
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laboratory building, with a 47 m in terms of distance between output of laser 
beam pointer and white board. 

The Figure 2 and Figure 3 show the photos of the experimental tests performed 
in the field (outdoor). 

2.2. Analysis of the Video Frames Recorded in the Experiments 

It was made a comparison between the video frames obtained in the “on” period 
(high voltage applied in the PZT4 ceramic disc) and “off” period (power supply 
turned off) and it was noted a visual subtle difference mainly in some regions of 
 

 
Figure 2. The experimental setup performed in the field (outdoor) with 120 m laser beam 
length. It is shown the high voltage power supply (grey box) where the PZT4 ceramic disc 
supported on the styrofoam box is connected by strips of aluminum. The laser pointer is 
supported by a tripod and it is activated continuously. 
 

 
Figure 3. The three photos show different views of the experimental setup used in the 
field (outdoor). The left photo shows the laser beam profile projected in the whiteboard 
with 1-centimeter grid. The middle photo shows the mentioned devices that are far 120 m 
from the laser pointer. The right photo shows the position of the laser pointer far 120 m 
from the whiteboard. 
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the laser beam profile projected in the whiteboard as its upper, bottom, left and 
right corners. 

It was also just considered the analysis of the video frames after several 
seconds from the short period of power supply activation in order to the high 
voltage be well stabilized and to avoid any possible transitory acoustic propaga-
tion in the air during the short period of stretching or contraction of the PZT4 
ceramic disc. 

Some small variation (blinking, oscillation) of the laser beam profile did not 
strongly affect the visualization of the differences between the video frames from 
the “on” and “off” periods. 

Considering all of the tests, the shape of the laser beam profile seems to be 
stretched in the upright direction (z axis) and contracted at the same time in the 
horizontal direction during the “on” period when the PZT4 ceramic disc was di-
rectly polarized, that is, when its thickness was stretched. 

It was noted the opposite, that is, the laser beam profile seems to be contracted 
in the upright direction (z axis) and stretched at the same time in the horizontal 
direction during the “on” period when the PZT4 ceramic disc was inversely po-
larized, that is, when its thickness was contracted. 

The laser beam profile recovered its original symmetric shape when it was 
again turned off the voltage (off period). 

The possible scenarios are represented in three diagrams drawn at the top of 
the Figure 4, where we can see from the left to the right, the original symmetric 
condition of the laser beam profile shape, the condition of contraction in the z 
axis when the disc is reversely polarized and the condition of stretch in the z axis 
when the disc is directly polarized. For didactic proposal, the shape variation 
drawn in the diagrams was exaggerated. The simple diagram of the experimental 
setup including the laser pointer, laser beam projection, PZT4 ceramic disc, the 
whiteboard and the laser beam profile is drawn in the bottom of the Figure 4. 

The dimension of the shape of the laser beam profile seems to change ap-
proximately 0.5 mm in case of the test for a 10.85 m distance. 
 

 
Figure 4. The conditions of the laser beam profile are drawn in three diagrams at the top. 
The simple diagram of the experimental setup is drawn in the bottom. 

 

DOI: 10.4236/jpee.2018.62002 25 Journal of Power and Energy Engineering 
 

https://doi.org/10.4236/jpee.2018.62002


E. B. Porcelli, V. S. Filho 
 

Considering that the PZT4 ceramic disc affected the laser beam emitted above 
it during the short “on” time, it is reasonable to obtain probably higher dimen-
sion shape changes for long distances. Therefore, it was performed other tests 
afterwards for long distances, such as 47 m and 120 m, which resulted significant 
dimension shape changes, that is, respectively 2 mm and 5 mm, with 20% esti-
mated error. 

The Figure 5 shows four video frames obtained in the experiments performed 
with 120 m distance where we can see two laser beam profiles “off” and “on” in 
case of PZT4 ceramic disc polarized reversely (contraction) and also two profiles 
“off” and “on” in case of ceramic disc polarized directly. The subtle contraction 
of the laser beam profile in the z axis is visible for the reverse polarization of the 
disc and the subtle stretching of the laser beam profile in the z axis is visible for 
the direct polarization. 

Such as in Figure 5, Figure 6 also shows four video frames obtained in the 
experiments performed with 47 m distance where we can see two laser beam pro-
files “off” and “on” in case of PZT4 ceramic disc reversely polarized (contraction). 
Analogously, we also have two profiles “off” and “on” in case of ceramic disc di-
rectly polarized. As expected from the earlier experimental result, the subtle con-
traction of the laser beam profile in the z axis is visible for the reverse polariza-
tion of the disc and the subtle stretching of the laser beam profile in the z axis is 
visible for the direct polarization. 
 

 
Figure 5. Some of several video frames of laser beam profile captured during the video 
with 120m laser length. We can see the frames of the periods as reverse “off”, reverse 
“on”, direct “off”, direct “on” respectively in top left, top right, bottom left and bottom 
right. The arrows show the direction of the small displacement of the laser beam profile 
(5 mm maximum observed). 
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Figure 6. Some of several video frames of laser beam profile captured during the video 
with 47 m laser length. We can see the frames of the periods as reverse “off”, reverse “on”, 
direct “off”, direct “on” respectively in top left, top right, bottom left and bottom right. 
The arrows show the direction of the small displacement of the laser beam profile (2 mm 
maximum observed). 

3. Theoretical Explanation 
3.1. Description of the Novel Effects via Usual Theoretical 

Framework 

There is no acoustic interaction from the PZT4 disc in its converse mode to the 
laser beam because it was applied a DC voltage (static electric field) and the vis-
ual analysis of the laser beam profiles just consider the video frames after the 
short time (milliseconds) of the high voltage activation. 

Since the low power laser beam is not affected by traveling through static 
electric field [12], therefore this cannot explain the change of the profiles shape 
projection that we analyzed. 

Thinking about some other conventional explaining, there is the electro-optical 
Kerr effect in the atmosphere [13] where a static electric field causes an alignment 
of the air molecules, and creates birefringence, that is, the optical path length change 
(Δn) can happen according to the following equation: 

2n Kλ ε∆ = ,                         (1) 

in which λ is the vacuum wavelength of the laser beam, K is the Kerr constant of 
the air (almost 2.3 × 10−25 m2∙V−2) and ε is the magnitude of the static electric 
field applied. 

It is well noted in the Equation (1) that the optical path length change (Δn) 
varies according to the square value of the electric field. In our case it is 0.4 × 106 
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V/m (1 kV DC voltage applied) between the circular surfaces of the PZT4 disc 
separated by a 2.5 mm thickness. 

The electro-optical Kerr effect occurs in some condition in which a static elec-
tric field is applied in the direction transverse to the laser beam direction and this 
condition can theoretically happen in our experiments. After all, the static elec-
tric field applied between the circular faces of the PZT4 disc is perpendicular to 
the laser beam positioned a few millimeters above it. 

Some static electric field can emerge from the top of the circular face of the 
PZT4 disc causing the alignment of the air molecules placed on it where the laser 
beam propagates. Despite of this, according to [13], regarding the electro-optical 
Kerr effect in the atmosphere, for most cases, the laser beam phase shift and its 
variation are so small as to render its proposed measurements unfeasible. The 
reference [13] assumed a resolution of 2 × 10−8 for measured valued of phase 
shift. 

The magnitude of the electric field on the top of the PZT4 disc axis must be 
reduce around 92% in the laser beam position of propagation (just 2 millimeters 
above), that is, 0.368 × 106 V/m for a 1 kV DC voltage applied. Remind that the 
low power laser beam isn’t affected in its propagation through a static electric field 
[12]. Considering this value of electric field (the electric field magnitude also 
decays from the center of the disc towards the edge, following the radius direc-
tion) and the short path length of the laser beam (PZT4 disc diameter) of 0.05 m, 
the overestimated phase shift value is calculated as 1.963 × 10−8 according to 
Equation (1). Therefore this value is less than the mentioned resolution limit of 
measurement (2 × 10−8). 

It was also applied some dielectric layers of thin polystyrene foils (dielectric 
constant equal to 2.3) covering the PZT4 disc in case of experiments performed 
indoor in order to reduce even more some possible emerging electric field re-
mained in the environment. In this condition, the overestimated phase shift is 
calculated as 0.371 × 10−8, that is, much less than the resolution limit of mea-
surement. We need to outstand that the changes in the laser beam profiles shape 
with the 1 kV DC voltage application in the PZT4 disc remained the same with 
or without the dielectric layers coverage. 

All these arguments strongly suggest that it is not easy to explain the novel 
visual effects via some conventional theoretical framework, so that local interac-
tions such as acoustic or electromagnetic ones cannot probably be responsible 
for them. 

3.2. Qualitative Explanation of the Novel Effects via GQE Approach 

In our previous works, novel effects detected in experiments performed by our-
selves and other authors such as in symmetric capacitors [14] [15] asymmetric ca-
pacitors [16], magnetic cores [11], laser diodes [17], piezoelectric devices [9] [10] 
and superconductor devices [18] [19] seem to be quantitatively and qualitatively 
explained by an unique theoretical framework. In this framework [11], the preex-
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isting condition of generalized quantum entanglement (GQE) between all exist-
ing particles in a physical system, usually extremely weak because of the huge en-
tropy, rises when a myriad of group of particles are conditioned to have the same 
quantum state (local entropy reduction) via a strong local field such as electric or 
magnetic one, for example. In the present work we report that the anomalous 
forces verified can be microscopically originated from the state of generalized quan-
tum entanglement of their particles, in a manner similar to the anomalous effects 
analyzed in other physical systems mainly based on dipoles, dielectric materials 
and superconductors. The difference between the anomalous effect raised from 
piezoelectric materials and each previous physical system analyzed is in the type 
of the source device and the nature of the effect. For instance, in case of capaci-
tors under high voltage, it appears on them an upward anomalous force decreas-
ing their apparent weight and in case of superconductors and diode laser beams 
it is produced a field of forces at distance in the surroundings. 

There is also a favorable condition for GQE effects rising in case of the mole-
cular electric dipoles inside the piezoelectric ceramic disc (over high voltage) in-
ducting its dipolar momentum variations to the group of the laser beam photons 
positioned at distance in the experiments described in this work. 

The data information of PZT4 ceramic disc (according to our previous article 
[9]) allows us to calculate the intensity of the attractive or repulsive on local force 
inducted to the laser beam. The modulus of the force for the 1000 V voltage ap-
plied in the piezo electric ceramic disc can be calculated using 33F V T g= ⋅  as 
follows: 

3
33 1000 2.5 10 0.02292 109.1 NF V T g −= ⋅ = × × = .          (2) 

The second step is to calculate the strain S, using: 

( )3 2109.1 1.964 10 55564.17 N mS F A −= = × = ,          (3) 

in which A is the circular area of the disc. The next step is to calculate the physi-
cal deformation D using the equation 

( )10 7
33 55564.17 6.2 10 8.962 10D S Y −= = × = × .          (4) 

Finally, then on local force induction can be calculated as shown: 
7 5109.1 8.962 10 9.78 10 Nf F D − −= ⋅ = × × = × .           (5) 

In our next work, this value of non local force will be used for predicting the 
displacement of the laser beam profile in term sofa quantitative analysis. 

When the PZT4 ceramic disc in piezoelectric converse mode condition is di-
rectly polarized via DC voltage application, the internal (lead zirconate titanate) 
electric molecular dipoles change its collective dipolar momentum in order to 
stretch the thickness dimension of the disc both upwards and downwards (z 
axis). Theoretically, the group of photons of the laser beam crossing above the 
disc projection area also presents a change in its transversal momentum compo-
nent (z axis) because of the nonlocal induction generated by the molecular di-
poles of the disc. The stretching of the laser beam profile projected in the white-
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board is visually observed accordingly. 
In the opposite case, that is, when the PZT4 ceramic disc in piezoelectric con-

verse mode condition is inversely polarized via DC voltage application, the elec-
tric molecular dipoles change its collective dipolar momentum in order to con-
tract the thickness dimension of the disc. The group of photons of the laser beam 
has also change in its transversal momentum component (z axis) because of the 
nonlocal induction of molecular dipoles of the disc and the contraction of the 
laser beam profile projected in the whiteboard is also visually observed accor-
dingly. 

In case of the non-energized condition of the PZT4 ceramic disc, that is, when 
we have no voltage applied, the internal electric molecular dipoles are not subjected 
to any electric field and it cannot change the transversal momentum component 
of the group of laser beam photons. In this condition, there is no visual change 
in the laser beam profile and it can remain with its original symmetric shape. 

In terms of quantum framework, the system electric dipole-photon presented 
in our experiments has some similarity with other experiment [20] where a sin-
gle photon interacted with a single atom (ion, electric dipole) and its state was 
measured to be analyzed afterwards. In other similar experiment [21] we had the 
opposite, a single atom (ion, electric dipole) interacted with a single photon and 
its state was measured to be also analyzed. In both experiment, the coherence of 
the quantum states of both the photon and the atom (ion, electric dipole) was 
well controlled for the detection of quantum entanglement between both where 
the state variation of one of the two entailed the variation of the state of the oth-
er. 

In our experiments, it is supposed that a myriad of internal electric dipoles of 
the PZT4 ceramic disc submitted to the same local electric field can change its quan-
tum state and also the quantum state of a myriad of coherent photons emitted from 
the laser pointer considering the preexisting condition of generalized quantum 
entanglement (GQE) between them. The change in the macroscopic observable, 
that is, in the shape dimensions of the laser beam profile follows the change in 
the other macroscopic observable (thickness of PZT4 ceramic disc). 

For the next step, the authors intend to perform more experiments in order to 
better characterize the magnitude of the changes of the laser profile shape accord-
ing to the magnitude of the induction generated by the PZT4 ceramic disc already 
characterized by accelerometer measurements. More experiments related to the 
measure of the geometry of the induction will be also performed. 

4. Conclusion 

In this work, we present a novel effect characterized by the change in the shape 
of a laser beam profile when the PZT4 ceramic disc in the piezoelectric converse 
mode is directly or reversely polarized via DC high voltage applied. The shape of 
the laser beam profile follows the change of the thickness dimension of the disc, 
so that it can contract or stretch in the vertical or horizontal direction. The en-
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hancement of the novel visual observation of this subtle effect was achieved for 
higher distances between the laser pointer and whiteboard. We present all expe-
rimental details and the main difficulties to explain the effect via usual theoreti-
cal framework. We also propose the explanation of the effect via GQE frame-
work such as performed in our other previous works. The novel visual effect 
seems to be explained qualitatively in accordance with the GQE framework. Ac-
cording to this framework, the change of the collective quantum state of the in-
ternal molecular dipoles of the ceramic disc over the electric field inducts the 
change in the collective quantum state of the laser beam photons considering their 
preexisting mutual photon-dipole state of quantum entanglement. In our earlier 
work, the weak induction of the so considered nonlocal forces generated by pie-
zoelectric materials was only detected via accelerometer, but this novel visual ef-
fect makes the phenomenon even more perceptible and opens new possible technology 
applications. It is important to reinforce that our experimental setup represents an 
original concept and we do not have other experimental works verifying such a 
property in order to compare the results. However, we intend to analyze such a 
novel effect more profoundly in future works. The authors also intend to keep 
researching this new effect in order to characterize and theoretically quantify it 
accordingly. 
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