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A Different Way 
 

Kees Beukering 
Dutch Mountain Research Group of non-existence 

Kees@beukering.nl 
 
Abstract: Einstein’s strategy regarding local action will be analysed and a loophole will be demonstrated. 
A different method will be proposed and this alternative will be applied to the theory of relativity, aiming 
to clear some of the discrepancies within science. [New York Science Journal. 2008;1(4):1-3]. (ISSN: 
1554-0200).   
 
Key words: local action; contradiction; paradox; principle; thesis; antithesis 
 
Introduction: There is quite some controversy between quantum mechanics and the theory of relativity 
and the question remains open whether and if so where the mind slipped. A good starting point for 
clearing this muddle is to analyse how Albert Einstein chased quantum mechanics up a tree. The strategy 
he used can be found in his article "Quantum Mechanics and Reality" [1]: 
 
The following idea characterises the relative independence of objects far apart in space (A and B): 
external influence on A has no direct influence on B; this is known as the Principle of Local Action, 
which is used consistently only in field theory. If this axiom were to be completely abolished, the idea of 
the existence of quasienclosed systems, and thereby the postulation of laws which can be checked 
empirically in the accepted sense, would become impossible. 
 

It is important to realise that in science the word principle (from primus "first" + capere "to take" [2]) 
has lost its original significance (“Scientific sense of "general law of nature" is recorded from 1802.” [3]). 
According to its primary meaning a principle is the ultimate origin, source or cause of something [2]. This 
origin or source takes first place and everything that stems from this root comes afterwards and can be 
seen as being true. Hence there is a difference between “a principle” and “being true”. This paper will 
only use this primary significance of the word principle. 

Einstein defines local action by denying (from de- intensifier + negare "to say “no”, refuse" [2]) the 
opposite: “external influence on A has no direct influence on B”. This strategy is based on the assumption 
that local action is a principle because one can reason that if the opposite of local action would also be true 
(i.e. external influence on A has direct influence on B)  then this opposite would speak against a principle 
and therefore contradict (from contra "against" + dicere "to speak" [2]) this principle. Hence local action as 
a principle implies: “external influence on A has no direct influence on B”.  

Einstein’s strategy of defining local action by denying the opposite fails if local action turns out to be 
true without being a principle. In this case it would be possible for the opposite of local action to also be 
true as long as this opposite avoids contradicting any principle. One can then consider local action and its 
opposite as complements in the same way that particles and antiparticles complement each other without 
any contradiction. In other words, defining a proposition in a complete system can be achieved by 
denying the opposite because the denial of the opposite and the opposite of the opposite are both equal. 
This method, though, becomes invalid within an incomplete system because the complete denial of the 
opposite also includes that which lies outside this incomplete system. Hence complete denial within an 
incomplete system remains undefined (from un- "not" + de- "completely" + finire "to bound, limit" [3]) 
and here there remains a difference between the denial of the opposite and the opposite of the opposite. 
Incompleteness of a system can be caused due to failure of including its source (principle). 
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A more open and logical method would be as follows: translate the idea that characterises the relative 

independence of objects into a proposition or thesis. Let this thesis define local action by what it includes 
(from in "in" + claudere "to shut, close" [2]), whether local action is a principle will be left open. This 
way there would still be room for a counter proposition or antithesis to arise. If both thesis and antithesis 
would turn out to be true, then thesis and antithesis can be considered as complements. This method 
therefore demands restating local action by proposing what it actually includes instead of proposing what 
it does not include. Accordingly, the first sentence of Einstein’s fragment would have to be restated as 
follows: 
 
The following idea characterises objects far apart in space (A and B): external influence on A has indirect 
influence on B; this is known as the thesis of Local Action, which is used consistently in field theory. 
(External influence on A has direct influence on B is known as the antithesis of Local Action.) 
 
If one is willing to take this step backwards and let go of the idea of relative independence being a 
principle one avoids the abolishment of local action. The last part of Einstein’s fragment can now be 
stated as follows: 
 
If this thesis were to be complemented with its antithesis, the idea of the existence of quasienclosed 
systems, and thereby the postulation of laws which can be checked empirically in the accepted sense, 
would become incomplete. 
 
If the universe (and mind) is open enough and non-discriminating, there would be room for both thesis 
and antithesis to be true. Together they could synthesize (from syn- "together" + tithenai "to place" [2]) 
into a paradox (from para- "beyond" + doxa "opinion" [2]) taking the scientist beyond the self-evident 
opinion of relative independence. 
 
 
 
Discussion: In 1957 Geoffrey Builder published an article in which he criticised Einstein’s interpretation 
of the theory of relativity concerning the mechanism of time dilation. Builder’s critique arises because 
Einstein’s explanation incorporates a homogeneous gravitational field that appears and disappears 
instantaneously: 
 
“A homogenous gravitational field appears, that is directed towards the positive x-axis. Clock U1 is 
accelerated in the direction of the positive x-axis until it has reached the velocity v, then the gravitational 
field disappears again. An external force, acting upon U2 in the negative direction of the x-axis prevents 
U2 from being set in motion by the gravitational field.”[4] 
 
Builder comments on this as follows: 
 
"The concept of such a field is completely incompatible with the limited value c for all velocities [...], so 
that the specified field would have to be created simultaneously at all points in S' and be destroyed 
simultaneously at all points in S0. Thus the principle of equivalence can contribute nothing of physical 
significance to the analysis."[5] 
 

One can see how Builder uses the same strategy towards relativity as Einstein did towards quantum 
mechanics. Builder’s rejection of Einstein’s clarification is based on regarding these “spooky” 
gravitational fields as a contradiction instead of a possible complement of local action, creating a paradox. 
The thesis of local action is considered to be a principle and therefore automatically contradicts any sign 
of its antithesis i.e. direct influence created by an “unlocal” gravitational field. Builder is unaware of the 
possibility that the thesis of local action might be true without being a principle and his critique on 
Einstein’s perception of relativity might therefore be based on an invalid premise. 
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Conclusion: The rigorous sideways strategy of proposing a thesis by denying its antithesis (clearly 
translated into words by Albert Einstein in his article "Quantum Mechanics and Reality") contains a 
loophole if the thesis turns out to be true without being a principle. To close this loophole the thesis needs 
to define what it includes, instead of saying “NO” to its opposite. This method avoids forcing a self-
evident proposition into a principle (or fundament) and leaves room for a counter proposition to arise. 
This non-fundamentalising way might merit further exploration. 
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Abstract: Ion physics forms the basis for numerous modern technologies and research directions such as 
microelectronics, material research, analytics or high-energy physics.  
The reason for the broad range applications of ion physics lies in the ions characteristics: 
-The ions possess a mass, which makes a direct energy transfer possible to the solid atoms (flexible energy 
transmission); 
-The velocity of the ions can be multiplied by multiple ionisations in usual electrostatic accelerator installations. 
-The ions interact also with the electrons of the target material; this reciprocal effect is speed dependent and 
particularly effective, if the particle speeds are comparable; 
-The ions transporting characteristics with itself, which correspond to their chemical elements, from which were 
produced; 
-The ions can overcome the Coulomb barrier at high speeds with the impact with the target atoms and cause a 
nuclear fusion, whereby it comes afterwards to a nuclear explosion and to sending of elementary particles; 
-The ions can be bundled to particle beams with high energy and impulse density and be used thus as tool for 
metalworking. 
Although ion physics is a basic science in the most diverse fields, it exists mostly not as independent Discipline, 
but as application method within other science ranges. 
The development in this area carried of some specialists, who are active in different specialist areas. 
The most important sub ranges of ion physics are the ion production, the ion beam forming and the ion beam 
guidance. 
These aspects are gathered in the Monograph from  I.G. Brown (Aitken, 1989). In addition a number of other 
recapitulate works over ion sources was published  
For the sub ranges of ion physics it is characteristic that progress in this area is obtained by skill and experience 
by specialists and the results in the connection a physical reason experiences. This applies in particular to the ion 
source development (Domonkos, 1999; Pessoa et al. 2006). With the beam forming and guidance come more 
computer simulation into the play, in order to before-compute favourable geometrical arrangements. 
Because of the procedures complexity in the combustion chamber of an ion source and the sensitive dependence 
of the ion source points on the kind, geometry and fuel parameters of the ion source often the task exists to 
optimize parameters, to the beam forming empirically in ion physics, which we want to examine with a cold 
cathode discharges. 
The aim of the present studies was to obtain experimental observations about the main features of hollow cold 
cathode discharge in order to evaluate its capability of generating compounds in the plasma medium, by reaction 
between sputtered species from the cathode and radicals from the gas discharge. 
[New York Science Journal. 2008;1(4):4-13]. (ISSN: 1554-0200).   
 
Keywords: Ion physics, Ionization process, Cold cathode, Ion emitters 
 
                        INTRODUCTION 
 
Cold cathode discharge is an independent gas 
discharge, i.e. the transformation of energy in 
discharge guarantees the constant reproduction 
of a discharge cycles. The current-voltage- 
characteristic is negative in the range of the 
glow discharge. The operating tension 
decreases with increasing current flow. 
If not a current limiting the process of the 
nuclear chain reaction in the discharge would 
stop, it would come to the destruction of the 
arrangement or outside operating devices. 
The characteristics of a gas discharge against 
to current transportation in Solid and liquid 

exists in the existence of ions and electrons, 
which are involved in current transport at the 
same time. 
The large mass difference between ions and 
electrons with same charge, those on behalf 
different polarity of their charges and their 
different reciprocal effect mechanisms with the 
electrodes discharges lead to some 
peculiarities, which we will soon represent , 
like the ionization process, potential and field 
process in a gas discharge, the pressure 
dependence, the influence of magnetic fields, 
the extension of the ionization way, the plasma 
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compression, plasma compression by magnetic 
field, and the geometrical plasma compression. 
At the ion accelerators investigations would be 
accomplished for the reciprocal effect by ions 
with solid surfaces (Boubetra, 2007). 
The ion beam serves thereby as measuring x-
ray for ion metric investigations as Rutherford 
bakes scattering, ion-induced X-raying and 
Auger electron emission, as suggestion probe 
with defined suggestion for the observation of 
optical, acoustic or thermal signals, or as work 
jet for the layer mixing, alloy formation and 
defective generation with the ion implantation. 
The application types of such plant are 
determined crucial by the characteristics of its 
ion source. 
Interest is the service life of the ion gun in 
continuous operation, the composition of the 
ion beam, the amperage, the power 
requirement, the charge-states of the produced 
ions etc.... 
Under this aspect was necessary the occupation 
with development of new ion source types. 
 
Lately turned out in addition, the need to have 
a low-energy ion emitter, which could be used 
for various applications in the laboratory, like 
layer demolition, layer solidification, 
atomization, etching or similar surface 
processing (Boubetra et al., 2007). 
In addition it could dedicate oneself to 
questions by employment of a low-energy ion 
emitter in combination with the accelerator to 
the dynamics of the energy and particle 
transport by the ion bombardment of solids. 
From this broad application field derived as 
most important demands on the characteristics 
of the ion gun: 

- Cold Cathode Ion Source 
- Small power conversion for the 

avoidance of complicated cooling 
devices; 

- Small gas charges of the vacuum 
installation by the ion gun services. 

- High current density and probe current 
density with small extract tensions; 

- High service life ; 
- Simple handling and optimization; 
- Exclusive service with permanent 

gases, predominantly with noble gases. 
 

MATERIALS AND METHODS 
 

Cold Cathode Ion sources are based on the 
effect of the field emission (Beckey, 1971), 

high frequency of a plasma (Valyi, 1977), the 
glow - or hollow cathode discharge (Mingxiu 
et al., 1987), or Penning discharge (Penning, 
1937). 
The field ion source is unsuitable for the 
production of high ion stream.(Valyi, 1977), it 
must to produced electrical field intensity of 
107V/cm within the ionization region, e.g. in 
order to ionize noble gas atoms. also with 
macroscopic small distances  high service 
tension is necessary, so that those power 
conversion takes place essentially at the anode 
needle; Although the emission current 
densities are high, the total value of current is 
small ( nA ). 
In the last years were developed liquid metal 
ion sources according to this principle 
(Swanson et al., 1989). 
Lately the microwave plasma as ion source is 
used frequently. It makes possible the ions 
production with small gas pressure (10-5mbar) 
with high emission streams. 
By suitable magnet traps in the source area it 
can produce very effectively multi charged 
ions (so-called ECR sources (Jongen et al., 
1989)).. 
The sources are usable as stationary 
instruments in the laboratory, but 
unmanageably for the meant application 
domains and from safety reasons are unsuitable 
for routine works. 
The glow- and hollow cathode ion sources 
work at high gas pressure between 0,1 and 1 
mbar. 
With these gas pressures the gas flow is large 
by the outlet of the ion source, and the gas 
charge of the vacuum systems is considerable, 
a compression phase with separate evacuation 
distance becomes mostly necessary. By this 
vacuum-technical expenditure is unsuitable 
also this type of source for the general, 
uncomplicated employment in the laboratory. 
The Penning sources (Fig. 1) bring with itself 
favourable conditions.  
With this type of source is the cylindrical 
anode of the gas discharge between two 
parallel to each other-lying cathodes. 
Perpendicularly through the cathode metal 
sheet and parallel to the anode cylinder axles, 
runs a magnetic guide fields of approx. 0,1T 
magnetic induction. The ion source burns with 
gas pressures under 10-3mbar, and related to 
the discharge stream it supplies a high 
emission current. The power conversion in the 
source is around 10W, and the small discharge 
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current is determined by the ions.  Because the 
electrons will be prevented from the charge 
transfer in a kind magnetic case and served 
predominantly only for the ionization of the 
gas atoms in the source. Disadvantage of the 
source is the small service life; there due to the 
atomization of the cathode materials, the 
function is temporally limited by pollution of 
the insulators in the source and by atomization 
of the cathodes. In addition the absolute 
emission stream is small and can be increased 
only by   gas pressure increase and slightly of 
the Burning voltage. 
 

 
Figure 1. Schematic of a Penning source with axial 

ion extract: 
With the Penning ion source the ions are produced 
in the plasma area, because the Gas reinforcement 
is not sufficient for the production of the necessary 
charge carriers density in the cathode fall area. 
The life span of the electrons and concomitantly 
their ionization probability   in the gas volume are 
very large by the oscillating motion between 
cathode sheet metals. It is sufficient for the 
maintenance of the currents conduction. 
 
An interesting suggestion for the development 
of a cold cathode ion source supplies the 
Magnetron Sputtering arrangement (Fig. 2).  

 
Figure 2. Schema of a Magnetron sputtering 
assembly. The electrical and magnetic flux lines 
process is schematically represented. 
As accumulation point is marked the place, which 
is characterized by an intensive luminescent 
appearance and can be considered as ions source for  
the substrate atomization (plasma range).  

 
 
 

 
   It consists of a magnets pot arrangement with 
a target as cover plate, which is switched as 
glow discharge cathode. The environment 
(recipient) or a cylindrical outer cover around 
the pot magnet forms the anode, the discharge 
burns already with low pressures between  
5.10-3 and 10-2mbar, whereby are possible the 
discharge stream of more than 1A during a 
burning voltage of 400V, The conversion 
power at the cathode requires therefore a water 
cooling, whereby at the same time takes place 
a strong atomization of the target material. 
Characteristic of this sputtering arrangement is 
a circular glow fringes in the range of the 
magnetic scattering field between the magnetic 
poles. From also is the main part of the ion 
stream originates, which causes the 
atomization of the target. 
 

PRESSURE DEPENDENCE 
 

With high gas pressure p the electrical field 
force E must be high, so that on the mean free 
path λ the electrons receive still sufficiently 
much energy, in order to be able to ionize gas 
atoms at the collision. Thus the conditions 
e0.λ.E = e0.Ui must be fulfilled for similar 
discharges, where Ui means the ionization 
energy. From this follows the Paschen law 
E/p=cte. for independent gas discharges 
(Valyi, 1977), since λ ~1/n ~1/p is in reverse 
proportional to the particles densities and thus 
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the gas pressure p. if the gas pressure becomes 
small, then the mean free path of the electrons 
becomes comparable with the container 
dimensions. The ionization distance d is too 
short for a sufficient Gases reinforcement. Z is 
the minimum number of the successive impact 
events of an ionization cascade for the 
necessary gases reinforcement of a discharge, 
then λ.Z must be smaller than the container 
dimensions. At a hollow cathode discharges 
the gas reinforcement takes place within the 
hollow cathode, and the plasma is enough into 
the opening inside of the hollow cathode, how 
fig.3 shows. So that the discharge conditions 
remain constant in a hollow cathode on change 
of the gas pressure, all cathode wall distances 
to the opening of the hollow cathode must 
change in the same way. i.e. the hollow 
cathode would have to possess sphere forms of 
the radius R = λ.Z. 
 
 

 
 
Figure 3. Photography and Schema of a hollow 
cathode discharge. 
A beaker was on the inside deflected up to a slot 
with aluminium foil. 
By a cover made of metal with a drilling in the 
centre it became the hollow cathode discharge. One 
recognizes clearly, how the plasma pulls itself in 
into the hollow cathode and the cathode fall extends 
itself thereby in the total interior of the hollow 
cathode. 

The experiment shows that actually for same 
discharge parameters with pressure decreases a 
sphere form volumes is necessary, its size goes 
up inversely proportional to the pressure (see 
Fig.4). 
The exact evaluation of the experiment results 
in however that even with very large volume 
stills another pressure of 5.103 mbar is 
necessary. The explanation for the fact 
consists that the gas reinforcement runs off 
particularly within a critical range in the 
proximity of the plasma boundary layer. 

 
Figure 4. Pressure dependence of the volume of a 
hollow cathode for same discharge conditions. 
As characteristic size the pressure was determined, 
with which discharge under same electrical 
conditions expired. Therefore small discharge 
pressures require large volumes of the hollow 
cathode. 
 
 Outside of this critical distance takes place 
any more gas reinforcement, because then the 
electrical field force becomes too small, 
because of the quadratic distance laws just 
from the source point (opening of the hollow 
cathode). The situation is here comparable 
with a counter, where the substantial 
contributions are reached for Gas 
reinforcement because of the high gas pressure 
within the range of the counting wire (anode). 
In addition the ions lose energy by gas 
dispersion, which is not completely replaced 
by the weak electrical field close of the 
cathode surface. Thus also the electron yield 
sinks at the cathode. Both effects require 
therefore a minimum gas pressure for a glow 
discharge. If the mean free path of the 
electrons and their energy gain on this distance 
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is smaller than the ionization energy for the gas 
atoms, it comes to no training of discharges 
(ranges of high gas pressures or low field 
strengths). It comes to the training of 
ionization streams, however without ignition of 
a gas discharge, if the anode- cathode distances 
lie in the order of magnitude of the mean free 
path of the electron. Loads flow, however their 
current contribution is small, because the gas  
Reinforcement is missing (obstructed 
discharge). This effect can e.g. also obtain, if 
one makes the mean free path comparable with 
the electron distances by dilution of the gas 
(obstructed discharge in low pressure: High 
vacuum range). To a disruptive discharge it 
can come then only by adsorption or field 
emission processes due to high electrical field 
strengths at the electrodes. 
 
THE EXTENSION OF THE IONIZATION 

WAY 
 
The magnetic guide field plays a crucial role in 
numerous ion sources. With electron collision 
ion sources for the mass spectrometry (Ewald 
et al., 1953) a magnetic field parallel to the 
flux electrical lines provides for a bundling of 
the electron-beam, and thus for a high yield, a 
spatially fixed developing place of the ions. 
With the Freeman ion source (Aitken, 1982) 
the glow cathode is arranged axially in a 
cylindrical anode, and an axial magnetic field 
ensures for the fact that the electrons do not 
arrive directly at the anode, but describe the 
way between cathode and anode in cycloid 
courses. 
With the Calcutron-Ion source (Aitken, 1982) 
the electrons are emitted by a laterally 
appropriate cathode and sucked through an 
opening into the anode region. A magnetic 
guide field holds together the electron-beam; at 
the opposite side is a second heater that it 
works electrically as reflector, 
and contains a reserve cathode , which with 
cathode break will be switched. One reaches an 
increase of the electron density in the 
ionization volume by the reflection of the 
electron-beam. The effect principle is similar 
to the Heil ion source (Heil, 1973). All 
mentioned ion gun types are glow cathode 
sources. 
 Special an efficient cold cathode source is the 
Penning-source. It consists of two each 
opposite sheet metals cathode, between which 

is a cylindrical anode (Fig.1). Parallel to the 
cylinder axle of the anode runs a magnetic 
field with a magnetic induction of approx. 
0,1T. An ion extracts an electron by impact on 
one of the two cathodes, thus this is sucked by 
the electrical field hitting perpendicularly to 
the cathode toward the magnetic lines. 
The further the electron departs from the 
cathode, the more strongly it undergoes a 
transverse attraction force through the anode, 
however again decreases, if the electron is 
almost free-field of the cylindrical anode areas. 
Thereby is the caused drift movements by the 
magnetic field converted into a circular 
movement. The radius of this circular path is 
everywhere large, where the transverse speed 
is large. While the electron in axial direction 
describes an oscillating motion, it experiences 
an almost homogeneous acceleration in 
transverse direction, i.e. the speed and the 
elliptical radius grow. At the same time, the 
focus of the rotary movement shifts, because 
the circulation path speed is not constant. The 
electrons go through perpendicularly to the 
magnetic field lines in cycloid courses, their 
radius and drift movement grow according to 
the transversal accelerations. Therefore 
electrons, which move near the anode ring, 
possess a smaller duration of stopover than 
axially led electrons; lastly they haven a large 
duration of stopover and pendulum frequency, 
because they move along the anode cylinder 
axle. From this range on use of a Penning 
discharge as ion source also the ions are 
sucked

From ( )Bvqf
ρρρ

×⋅= , the course radius of 
one electron is approx. 1mm with transverse 
energy of 104eV, if the magnetic field amounts 
to 0,1T. Due to geometry in a Penning ion 
source are converted about 10% of the 
acceleration energy into transverse energy. An 
electron can do unimpaired more than 100 
oscillating motion would drive out, without 
reaching the anode, if it developed sufficiently 
axially in the cylinder-symmetrical 
arrangement. Such pendulum factors are 
practically also reached. This principle of the 
maintenance of the gas discharge by extension 
of the ionization way is used with the ion 
getter pumps. They work as atomizer pumps 
into the pressure range of 10-8mbar inside. 
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The high electron density in the magnetically 
led electron-beam can be maintained only by 
the fact that a part of the negative electron 
charge is compensated by ion charges. 
Otherwise could space charge effects bring the 
entire oscillating motion to succumbing and 
transform the arrangement into a stationary 
circling electron gas. Actually neutral gas 
atoms, which cross the way of the electrons, 
are lively or ionized, whereby new electrons 
develop and for ions, which contribute to the 
dismantling of the electron space charge. Since 
the ions have one about 104 times larger mass 
than the electrons, their course radius is 
already 1cm with energy of 100eV. They are 
affected thus only slightly by the magnetic 
field and held by electron space charge and by 
axial electrical field in the cylinder axle and 
accelerated only longitudinal to one of the 
cathodes. With the impact one of the cathodes 

they are ruled out for current transport. The 
discharge current, which drifts to the anode, is 
comparable to the ion current. The middle drift 
of the electrons to the anode is obstructed by 
the longitudinal magnetic field. Since the 
plasma is separate from the anode normally 
potential-moderately only by the anode fall, 
thus almost anode potential possesses, arises 
the question whether under the influence of an 
axial magnetic field the potential of the plasma 
is substantially changed opposite the anode. 
The Penning discharge represents an extreme 
case of anisotropic suppleness of the electrons 
in the plasma. Therefore the Energy spectra by 
the ion current of a Penning ion source in a 
measure-spectrometric arrangement were 
compared with those a glow cathode ion 
source, in order to determine the potential of 
the plasma. 

 
 

 
 
 
Figure 5. Energie spectra of the ion current of a Penning ion source. 
In a measure-spectrometric arrangement with 5 KV Argon ions from the ion source were sucked off and 
analyzed with a magnet. 
The mass line of the Argon isotopes situation with the same magnetizing force as those, which were produced 
with a glow cathode sheet ion source with a sheet tension by 25V. 
If the accelerating voltage increases to the cathode, then the magnetizing force according to the ion energy 
higher around the fuel tension of the Penning ion source. 
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In the Fig.5 the results are gathered. 
If one applies the accelerating voltage to the 
anode of Penning discharge, then appears the 
Argon mass line in the same place, which is 
found also with a glow cathode ion source. If 
one applies against it the accelerating voltage 
to the cathode, then the discharge tension adds 
itself for accelerating voltage. Hence it follows 
that the ions come from a range, which 
possesses practically anode potential. However 
due to geometry of the ion source this can be 

only the plasma thread of discharge. Thus the 
plasma has almost anode potential under the 
conditions of the obstructed movement of the 
electrons toward anode. 
The mobility of the electrons is comparable by 
the magnetic field in transverse direction or 
still higher than those of the ions in 
longitudinal direction. 
The decrease of potential between anode and 
plasma is still small in relation to the cathode 
fall. 

 
 
 

 
 
 

INFLUENCE OF MAGNETIC FIELDS ON 
MOVED ELECTRICAL CHARGES 

 
If a charged particle of the charge Q with a 
speed v flies to a magnetic field of the 
induction B perpendicularly to the flux line, 
then it experiences a Lorentz force. 

 

 
Figure 6. the magnetic field influence on the 
electrons trajectories in an electrical discharge 
While the parallel speed component to the magnetic 
flux lines has the same course of   electrons motion, 
to the consequence as without magnetic field, the 
perpendicular speed component leads to a circular 
motion.  
 

Thus the geometrical distance (1,2) is reduced 
to the shorter distance (1.2 '), although the way 
remains in its total length. By creation of a 
magnetic field an electron can put larger ways 
back in a smaller volume. 
 
 
                        ( )BvQF

ρρρ
×= .         (4) 

By the inertia of the mass particle m, the    
acceleration remain however finite  and the    
inertia force (arranged radially  outward ) 
equilibrate with the Lorentz force , from which 
for the   curvature radius  of the circular paths 
follows: 

                     
BvQ

vmr
..
².

=         (5) 

 
if the particle flies diagonally to the flux lines 
of the magnetic field, then one can divide its 
speed for the description of the trajectory into 
one parallel (v//) and one perpendicular (v┴) 
component. 
The particle moves itself accordingly to (v//) 
along the flux lines and synchronously to it 
describes unhindered circular path according to 
the component (v┴). 
The superposition of both movements results 
in a screw course, how is in Fig. 6a to d 
schematically represented. 
To it is remarkable that the points origin lly 
separated by the straight distance 

a
( )2,1 are 

separate by a shorter space straight line ( )'2,1 , 
the screw-shaped way however is just as long 
as the original distance ( )2,1 . 
If the movement of the particle would consist 
alone of v┴, then it would move on a circular 
path and would not come from the place. One 
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can use this effect meaningfully to the 
construction of ion sources. In the following 
are discussed some possibilities in principle of 
the use of magnetic fields for gas discharges. 
Another example of the stabilization of the 
developing place of a gas discharge is the 
shining distribution at a permanent magnet, if 
it is used as cathode. 
Fig.7 shows the observable shining 
distribution. 
With low gas pressures reduces itself the 
shining seam, which first surrounds the whole 
magnet , to a shining seam within the crossing 
range of the  electrical and magnetic fields. 
The shining seam is appropriate thus in the  
magnet centre between the north and the south 
pole, where the magnetic leakage flux runs 
tangential to the magnet cylinder surface  ,  
Before however some construction variants of 
a ExB-hollow cathode are presented, 
possibilities of the plasma compression are to 
be discussed (Boubetra, 2007; Domonkos, 
1999; Pessoa et al., 2006), because for an ion 
source it depends not only on the kind of the 
cathode, but on the plasma density and the 
extract from the plasma range. 
construction of cathode geometry, which 
supplies a spatially stable developing place for 
an  plasma discharge,  which in an appropriate 
way the ions can to be extracted. 
This principle of the crossed electrical and 
magnetic fields should form the basis of the  
which however  the electrical field lines stand 
perpendicularly to the leading magnet surface. 
 
 
 

 
 
 
 

 
 
Figure 7. Photography and Schema of the shining 
distribution around a permanent magnet as cathode 
of a glow discharge. 
With low gas pressures remains a circular discharge  
around the permanent magnet in the centre. At this 
place stands electrical and magnetic lines of flux  to 
each other perpendicularly. 
 
 
 

 
 

PlASMA  COMPRESSION 
 

The middle impacts number δ of gas atoms  
on a wall with a gas pressure P amounts to 

         
mKT
p

2
=δ                     (6) 

 
Where m is the mass of the atom; K the 
Boltzman constant and T the absolute 
temperature. 
if all atoms would be ionized, the current 
density would amount to δ⋅= 0ej . 

Fig.8 shows the relation which can be 
expected, and it is to be recognized clearly that 
the ionization degrees in a cold cathode ion 
source amounts to only little per cent. 
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Figure 8.Computed emission current density for ion 
guns. With a given gas pressure in an ion source a 
certain number of gas atoms meets the wall of the 
ion source per second and square centimetre. If one 
accepts an ionization of all gas atoms, then the 
represented linear connection between gas pressure 
and emission stream results substantially smaller 
than the neutral gas flow from the ion source 
opening. 
 
 The reason for the fact lies above all in the 
fact that discharge cannot be arbitrarily highly 
increased, The reason for the fact lies above all 
in the fact that unloading cannot be arbitrarily 
highly increased, since otherwise the power 
losses at the electrons would not  to be 
controlled, if one sinks on the other hand the 
gas pressure, then the discharge geometry  
changes, because the mean free path of the 
discharge particles grows. if it reaches 
discharge geometry, then the discharge 
expires. The plasma of a gas discharge is 
therefore a small disturbance of the essentially 
neutral gas, which is intending for the impact-
kinetic processes of the energy transmission. 
for the increase  of  gas discharge ion yields  a 
plasma compression is necessities. One can 
reach these in two different ways: 
By an inhomogeneous magnetic field and by 
geometrical restricting of discharge. 
 

CONCLUSION 
 

Compared with glow cathode or HF-ion guns 
the technological expenditure is comparatively 
small to cold cathode ion source. Their 
disadvantage is however the high gas pressure 
discharge and the smaller ion yield. In cold 

cathode ion source the Gas reinforcement is 
crucial in the cathode falls range for the size of 
the discharge current. It determines the gas 
pressure in the discharge with being certain 
discharge geometry. In the case of use of a 
magnetic hollow cathode one can achieve a 
compression by inhomogeneous magnetic 
fields within the plasma range or a 
homogeneous discharge transfer either up to 
the anode. The plasma follows the Magnet 
field lines in its density and direction. 
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Abstract 
The several composites have been studied for static dissipationand microwave absorbing materials based on 
polyaniline with metallic oxides. These composites are conducting polymers have been widely used 
because of their lower density as well their good environmental stability as in the case of polyaniline 
(PAN). In the present work , in situ polymerization of aniline was carried out in the presence of Fe3O4 nano 
particles to synthesize polyaniline/Poly(p-hydroxyaniline)/ Fe3O4 (PAN/PHAN/Fe3O4) composites.The 
composites,thus synthesized have been characterized by Fourier transfer infrared(FTIR) spectrophotometer  
and X-ray diffraction . The morphology of these composites was studied by scanning electron microscopy. 
[New York Science Journal. 2008;1(4):14-18]. (ISSN: 1554-0200).   
  
Keywords: Conductivity, polyaniline ,poly(p-hydroxyaniline), Fe3O4 , nanocomposites.  
 
Introduction 

Nowdays the conducting  polymers offers a great technological application potential in several areas 
[1-3], can be cited: static films for transparent packaging of electronic components , electromagnetic 
shielding , rechargeable batteries ,light – emitting diodes , nonlinear optical devices , sensor for medicine 
and pharmaceutics apparatus , membranes for separation of gas mixture , protection against corrosion 
,conducting paint s and glues and others .The most important application of  these polymers is like 
radar(microwave) adsorbing materials[4].These polymers are generally prepared by adding fillers ina 
polymeric matrix.One very common way, among the several methods fir preparing conducting polymer 
blends or composites , is by mechanical mixing of the components[5]. 

Great interest has been focused on polyaniline (PAN) and  Poly(p-hydroxyaniline)( PHAN) , within 
the field of conducting polymers , due to important characteristics that it presents: its conductive form has 
excellent chemical stability combined with relatively easy ,inexpensive and with high – yield.These blends 
may combine the desired properties of two components ,the electrical conductivity of polyaniline/poly(p-
hydroxyaniline) with the physical and mechanical properties of the polymeric matrix[6-7].  

We have been studied some microwave absorption properties of polyaniline / Poly(p-
hydroxyaniline)with Fe3O4 nanoparticles[8] . 
 
Experiments 

Nano particles of Fe3O4  were purchased from nanotechnology center of baku state university. The 
particles have an average of 10 -12 nm. Aniline and 4-aminophenol were purchased from Aldrich 
chemicals.Aniline was purified by distillation under vacuum.Ammonium persulfate. 
The images of nanoparticles were investigated using Philips XL30 scanning electron microscope.The 
Fourier transfer infrared(FTIR , Bruker )spectroscopy was used to identified the polymer on the Fe3O4 
nano particles surface.Specta were obtained in the wave number range of 400-4000 cm-1. Spectra of the 
polyaniline  modified Fe3O4 nanoparticles were recorded from KBr in 1:10 (wt/wt) ratio. 
HCl 1M solution(100 cm3 ) was prepared. Add 0.558 gram of aniline to solution,stir for 4 hours 
.Dissolve 0.006 mol potassium persulfate (KS2O8) with 10 ml distilled water. Mix these two solutions 
to start the polymerization reaction. The solution turned to dark green.Stir for 24 hours to obtain a 
homogeneous solution of the polymeric matrix . The polymeric matrix is a dispersion of particle of 
100-200 nm in diameter. The infrared absorption spectra of the matrix are consistent with the structure 
of  polyaniline . 
 Stir Fe3O4  dispersive solution  with sodium dodecyl sulfate / distillaed water  with mechanical stirring 
. A diluted solution of the PAN polymer is then mixed with Fe3O4 solution (25% Fe3O4) for 10 minutes 
. The average molar ratio of the components is PAN:Fe3O4  = 1:2 . The dispersion is stable with very 
small amount of precipitation . 0.012 mole (3.5gr) 4-aminophenol dissolve  in the 25cm3 HCl 1M 
solution. Stir for 2 hours .Then , dissolve 0.01 mol potassium persulfate (KS2O8) with 20 ml distilled 
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water. Mix these two solutions to start the polymerization reaction. The solution turned to dark 
green.Stir for 24 hours to obtain a homogeneous solution of the polymeric matrix.The viscosity of 
solution is increased. 
 

Results and Discussion 
SEM of polyaniline/ Poly(p-hydroxyaniline)/ Fe3O4 nanocomposite synthesized by chemical 

oxidative is shown in Figure 1. PAN/ PHAN / Fe3O4 nanocomposite is very sensitive to the temperature . 
Due to the intractionelectron and sample . Scanning electron micrography images were obtains from a 
diluted solution of the nanocomposite particle . The white spots are  Fe3O4 nano particles .The  SEM image  
shows the presence of spherical Fe3O4  particles in PAN/ PHAN matrix, which are homogenenously 
distributed throughout the composites ,which is also confirmed from XRD studies[11]. A very high 
magnification of SEM image shows the presence of spherical Fe3O4 particles(cenospheres ) in PAN/ PHAN 
, which are homogeneously distributed throughout the composites ,which is also confirmed from XRD 
studies .It is for the first time such a beautiful distribution of cenospheres is observed which looks as if the 
beads  are floating over the water surface . These ceospheres show a large variation in their 
dimensions.Since the partices of Fe3O4  are spherical in shape ,the observed porosity in these composites  is 
less than the other PAN/ PHAN composites . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Scanning electron micrograph of PAN: PHAN:Fe3O4 nanocomposite 
 
 

The crystallinity of the formed composites was followed with X-Ray diffraction(XRD) as s 
function of weight percent inorganic component. Figure 2a shows X-ray diffraction pattern of polyaniline 
.Diffraction of PAN: PHAN have a broad peak at about 2Ө = 25.92 ˚ , which is a characteristic peak of 
PAN: PHAN (Wan et al 1994 , Wan and li 1998) . Studies on XRD patterns of PAN: PHAN are scarce in 
the literature(Rajendra Prasad and Muunichandriah 2002 ) .Figure 2b shows the XRD pattern for PAN: 
PHAN:Fe3O4  (25% ). The diffraction pattern of PAN: PHAN: Fe3O4 nanocomposite shows a  peak at about 
2Ө = 26.89˚[12,13]. 
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  Figure2. XRD spectra of 
PAN: PHAN: Fe3O4 nanocomposite 

 
 
 Figure 3a shows the FT-IR spectrum of pure polyaniline  nanopolymer , where the % of 

transmittance is plotted as a function of wave number (cm-1) . The  characteristic FT-IR peak at 1523 and 
1485 cm-1 are due to the presence of quinoid and benzenoid rings , respectively and are clear indication of 
these two states in the polymer chain. Also , The peaks at 1176 cm-1 are due to the C-N bond stretching 
vibration ,respectively[14] .  

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

Figure3a. FT-IR spectra of pure 
polyaniline  

 
 
 
 
 

Also,figure 3b shows the FT-IR spectrum of  polyaniline-poly(4-aminophenol)   nanocomposite  in 
presence of Fe3O4  as a  ferromagnetic material exhibit new absorption peaks distinctly  at 
1591,1485,1382,1178 and 760 cm-1 which are assignable to the presence of various metal oxides in the 
composite.The broad peaks at 3200-3500 cm-1 are O-H Phenolic group in the nanocomposite.  
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Figure3b. FT-IR spectra of PAN: 
PHAN: Fe3O4 nanocomposite 

 
 

The effect of Fe3O4  particles on the electrical conductivity of  PAN/ PHAN / Fe3O4  
nanocomposites was studied .These data shows the low frequency behaviour  of nanocomposite.The 
absolute conductivity for individual samples increases as a function of frequency except for the 
nanocomposite with 25 wt%  Fe3O4 . The electrical conductivity of pure PAN/ PHAN (0 wt% Fe3O4   ) has 
the order of 10-4 S/cm. For the PAN/ PHAN /Fe3O4 nanocomposite the conductivity values change the order 
of magnitude.(10-5 S/cm).From FT-IR and XRD studies , the presence of Fe3O4  in nanocomposite are 
confirmed[15]. 
    
Conclusions 

We have synthesized new  polyaniline matrix by in situ polymerization in the presence of Fe3O4 
nano particles .The PAN/ PHAN / Fe3O4 ferromagnetic nanocomposites  have been characterized by FT-IR, 
SEM,and XRD techniques.This nanocomposite show crystalline nature ,whereas the PAN synthezied is 
amorphous in nature . The SEM photograph of nanocomposite  with 25% Fe3O4 show the presence of 
cenospheres. These  nanocomposites are suitable  materials for high technology industries . The organic 
component is the hybride material have the dimention of 100-200 nm . One type of the composite is 
synthesized by preparing a precursor that contains the Fe3O4 nano particles.The composites were coated on 
glass and metal surfaces by the method of layer-by layer coating of self – assembled multi layers. 
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Abstract: As part of a borehole sitting programme for rural water supply in a crystalline 
basement terrain 17offset Werner electrical sounding of ground conductivity profiling 
with a resistivity meter SAT200 Resist 1.0 version software equipment (Terameter) were 
made in Osun State, Southwest Nigeria.. The Resistivity meter SAT200 Resistivity 1.0 
version software provided a rapid reconnaissance tool in identifying high conductivity 
anomalies thought to be due to deep weathering and/or bedrock fissuring. Geophysical 
resistivity techniques are based on the response of the earth to the flow of electrical 
current passed through the ground and the potential difference between them. Resistivity 
measurements are associated with varying depths relative to the distance between the 
current and potential electrode in the survey, and can be interpreted quanlitatively and 
quantitatively in terms of a lithology and/or geohydrologic model of the subsurface. 
[New York Science Journal. 2008;1(4):19-35]. (ISSN: 1554-0200).   

Key words: crystalline; basement; resistivity; sounding; aquifer; investigation;  survey; 
groundwater; exploration; Nigeria 

1   Introduction 

Water is an essential resource for human development. It is used for various purposes 
which includes domestic; irrigation, industrial, power generation and recreation. The 
development of groundwater resources for potable use has increased substantially over 
the last two decades in developing countries as a result of rapid expansion of cities and 
subsequent population explosion. Ground water resource lends itself to flexible 
development and the capital cost of groundwater development when compared to surface 
water is modest. However, crystalline basement complex rocks typical of the study area 
in this research are relatively impermeable and have no storage capacity. Consequently, 
the ground water recourse in such terrains, which are spread in Africa, is limited. 
Nonetheless large numbers of water wells have been successfully developed in this area. 
To ensure maximum and perennial yields it is essential that a borehole be located where 
it can penetrate the greatest possible thickness of both the regolith and the fracture zone, 
before hitting the fresh bed rock. A ground geophysical survey is often carried out to 
locate the ground water aquifer accurately. The most commonly used geophysical 
techniques for groundwater exploration is electrical resistivity. The aim of electrical 
resistivity is the identification of high conductivity anomalies, normally thought to be due 
to deep weathering. Such anomalies are often further investigated by sounding in order to 
provide a more quantitative information on the geo-electrical profile through the 
weathered zone as an aid in sitting borehole. This paper present the result of an integrated 
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geophysical survey involving resistivity sounding (both the Werner & schlumberger 
array) carried out in a basement area of Nigeria. The survey was aimed at locating sites 
suitable for drilling of abstraction well. 
 
2    Materials and Methods 
2.1 Study Area.  
    The study area lies within Latitude 70 9’ N and 70 48’N; Longitude 40 12’E and 4028’E 
in Osun State in the Southwestern part of Nigeria. The climate is subequatorial with two 
peak of rainfall, first peak is in July and the second is in September. The two peaks are 
marked by heavy rainfalls; the mean annual rainfall is about 1,300mm with relative 
humidity of about 70%. As the humidity is subequatorial, the temperature is a times 
severe with an average annual temperature of about 200C.  

2.2 Geology and Geomorphology 

     The area lies within the Nigeria Precambrian basement complex. The geology survey 
map suggests that the basement complex in this area comprises migmatised gneisses and 
granite. There are occurrences of schist and quartzite, occasionally amphybolite, gabro, 
diorites; the dominant in the surveyed area is gneisses (Jones and Hockey, 1964; 
Rahaman 1965). No outcrop of this rock could be seen within the villages. 
Geomorphologically, the rivers and stream in the study area flow over a slightly 
undulating valley the drainage could be said to be dendritic in pattern, because the stream 
within the area is topographically controlled and the homogeneous nature of the 
underlying rock and their resistance also relate to the drainage.  

2.3 Field Measurements 

     The geo-electric investigation consisted of a combination of V.E.S & L.E.P. The 
geological structure such as fault, joint, fracture and other water bearing structure in the 
basement complex occurs either concordantly or discordantly within the host rock. A 
discordant fracture is localized within the locality that is why electrical profiling and 
V.E.S method favour the detection of these anomalies. Schlumberger and Werner array 
configuration were used for V.E.S & L.E.P respectively. The electrical resistivity method 
are based on the response of the earth to the flow of electrical current, in these method, an 
electrical current is passed through the ground and two potential electrode allow the 
recording of the resultant potential difference between them, giving a way to measure the 
electrical impedance; the arrangement is illustrated below. 

 

     A                 M                N                B    

 

Where A & B are the current electrode, M & N are the potential electrode. The space is 
equidistance and this differentiates it with V.E.S.  
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AB & MN obey ohm’s law. 

      ∆V = IR………………………………….. (1) 

      ∆V =Potential difference between any two points measured in volts 

      I = Current flowing  

      R = Resistance 

is  ϱ; the resistance R is expressed thus. 

R  ∝ L/A ………………………………….. (2) 

R = ϱL/A ………………………………… (3) 

Substituting R in equation  (3) in (1). 

 ∆V = I/R 

  R= ∆V\I  

:. R in equation (3)  

∆V/I = ϱL/A …………………………… (4) 

.: ϱ = VA ……………………………….. (5) 

Measurement of voltage and current for different electrode geometry are then used to 
infer the sub-surfaces distribution of conductivity. Data acquired are presented in the 
form of resistant plotted against electrode spacing. The curve resulting from the data 
upon interpretation give thickness and resistivity of various layers. 

 Instrument used includes the topographical map to locate the villages, while the 
geological map was used in knowing the geology and structure of the area. Hand held 
high precision GPS receiver was used in determining the geographical co-ordinate of the 
V.E.S points. A resistivity survey system SAT terameter model SAT200, cables, 
electrodes and tape for linear measurement were used. Cutlass was used in cutting lines 
for the spread of the cable. Hammer was used in driving down the electrode into the earth 
surface. 

Eighteen (18) vertical electrical sounding (V.E.S) locations were occupied, utilizing the 
Schlumberger electrode configuration. Electrode spacing (AB/2) was varied from 1.0m to 
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150.0m.Werner array was used for lateral profiling in other to locate the best possible 
point for sinking a productive hole. 

The VES curves were qualitatively interpreted from curve matching and computer 
iteration technique using computer programme. The curve matching involved segment-
by-segment matching of the field curves with 2 layer model curves and their 
corresponding auxiliary curves. 

3    Result and Data Interpretation. 

The result of the lateral resistivity profiling obtained were used for direct and immediate 
on the spot localization of sounding point and are therefore of relevance to evaluation and 
interpretation in this way. The curves obtained are shown in figures 2-19. 

A total 18 VES position were occupied, depth-sounding curves were prepared for each 
sounding point. Qualitative interpretation was carried out for each sounding curve using 
curve-matching techniques. These provided approximate layer parameters, which were 
optimized using computer iterative techniques for qualitative interpretations.  

From the investigation of VES result, the curves are characterized as follows; 

 

Unity School Ikire= HKHA, 
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Olupona VES  =AAA 

 

Oke-Eso, Ode-Omu= KQHAAKH  
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Olota VES1=HAKH                                      
 

 

Olota VES 2= HKAA 
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Ogun ward oju court=QHAA 

Onibepe VES 1=HAA
 

 

Onibepe VES2=HAAKH 
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Efunle VES1=HKHAA      

  

Efunle VES2=HKHAA 
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Iragberi VES 1 

Iragberi VES2=HAAA 
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Oke-Amola, Ode-omu=HAAKHA                                                                       

 

Orile Owu 
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Araromi Owu 

                        

 

Wakajaye Gbongan Rural VES 

 
 

 29



New York Science Journal, http://www.sciencepub.org, ISSN 1554-0200 

 

 

 

Elesin-meji VES 1=HAKHA 

 
Oluseke(Elesin-mejiVES2)=HAAA 
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Fidiwo VES 

          

Origo Palace VES 1 
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Origo Palace VES 2 

 

3.1   Interpretation 

For unity school, drilling should reach 28.2m depth. 

Olupona,based on the curve(AAA) the yield may not be reliable. 

Oke-Eso-omu, drilling must reached the depth of 44.7m 

Wakajaye Gbongba, drill depth should be up to 30- 35m. 

Orile-owu, drilling should be up to 40m for good yield 

Onibepe, drilling should be up to 40m, the point may not be reliable but averagely good 

Efunle VES2, drilling to depth of 15m. 

Olota VES2, drilling should be 30m or more and the presence of an experienced 
Hydrogeologist during drilling is very important in order to determine when to terminate 
drill depth. 

Balogun ward, Oju Court Gbongan, drilling should be 15m or more to create a reservoir, 
the hole should be screen properly to allow good yield. 

Elesin meji VES1, drilling should be 27m or more.  
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Elesin meji VES 2, based on the curve it is not advisable to drill. 

Iragberi VES 2 is not advisable to drill. 

Oke-Amola, Ode Omu, drilling should not extend beyond 68m; further drilling could 
render the hole abortive.  

4   Conclusion 

For every drilling in the study area, a rotary and down the hole hammer (DTHH) should 
be adopted, the weathered basement zone should be properly screen cased, the boreholes 
should be drilled down to the fresh bed rock and a hydrogeologist should be present 
throughout the duration of drilling. 

Author for Correspondence- Orebiyi Olabisi, University of Agriculture, P.M.B. 2240, 
Abeokuta 110001 Nigeria. E-mail:nuelnice@yahoo.com. 
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Appendices 

ST  
No. AB/2 (m) 

ρa 
( Ohm-
m) 

      

  Efunle 
VES 1 

Efunle 
VES2 

Fidiwo 
VES 

Elesinmeji 
Ves 1 

Elesinmeji 
VES 2 

Olota 
VES 

Olota 
VES2 

1. 1.00 74.14 99.29 606.11 182.15 192.30 41.76 134.81 
2 2.0 46.81 58.07 414.75 154.50 164.50 43.37 137.22 
3 3.0 42.04 54.33 174.72 89.50 90.30 39.04 120.93 
4 4.0 44.93 67.15 95.17 54.10 64.10 33.82 121.26 
5 6.0 48.98 77.87 104.25 42.70 52.70 42.70 135.65 
6 8.0 50.24 75..36 73.27 29.30 33.30 50.39 117.22 
7 10.0 50.24  78.50 37.60 35.70 53.38 119.32 
8 12.0 45.21 81.38 90.42 31.65 33.30 67.81 122.06 
9 15.0 42.42 70.89 90.13 53.01 59.00 74.22 148.44 
10 20.0 50.24 50.24 113.04 69.08 68.20 119.52 138.16 
11 25.0 39.27 88.36 147.26 78.54 76.60 127.63 206.17 
12 30.0 64.34 64.33 176.43 96.51 100.50 144.72 193.02 
13 35.0 62.80 83.73 257.48 125.60 135.80 188.39 188.04 
14 40.0 140.74 127.88 208.61 67.86 123.15 218.24 253.84 
15 50.0 140.06 186.75 249.00 155.62 221.10 202.31 264.56 
16 65.0 288.87 315.13 262.61 210.08 245.30 183.83 315.15 
17 80.0 325.00 367.15 321.00 294.07 262.60 260.00 162.50 
18 100.0 314.16 493.87  421.04 376.40  376.99 
 
 
ST  
No. 

AB/2(m) ρa 
( Ohm-m) 

      

  Onibepe 
VES 1 

Onibepe  
VES2 

Iragberi 
VES 1 

Iragberi  
Ves 2 

Origo 
Palace VES 
2 

Origo 
palace 
VES 2  

Oke 
Amola 
VES  

1. 1.00 48.89 51.20 192.37 130.52 50.92 55.60 26.74 
2 2.0 50.96 50.70 77.97 85.30 63.49 72.50 26.19 
3 3.0 30.58 34.60 74.53 80.40 63.69 65.70 23.48 
4 4.0 18.84 18.60 67.15 78.20 51.69 60.30 23.19 
5 6.0 15.07 16.70 67.82 52.30 56.52 56.60 18.54 
6 8.0 14.65 15.20 54.43 35.70 39.77 45.80 23.02 
7 10.0 21.98 22.23 43.96 35.60 31.14 42.30 15.70 
8 12.0 31.65 32.70 49.73 40.30 27.13 38.50 27.13 
9 15.0 42.41 67.40 68.92 66.30 33.00 50.00 15.91 
10 20.0 43.96 68.20 75.36 77.30 75.36 80.60 18.84 
11 25.0 70.36 83.40 107.99 115.50 88.36 95.20 29.44 
12 30.0 160.85 162.70 112.60 122.30 64.39 94.50 48.28 
13 35.0 146.53 150.50 146.53 148.20 83.73 90.60 62.80 
14 40.0 150.79 147.50 185.98 167.60 168.39 171.90 52.78 
15 50.0 103.74 110.30 186.75 195.30 171.18 211.90 93.38 
16 65.0 105.05 120.50 183.83 206.70 236.35 236.50 78.78 
17 80.0 130.00 145.60 162.50 198.70 295.25 298.40 116.67 
18 100.0  276.40 314.16 320.60 314.16 317.5  
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ST  
No. AB/2 (m) 

ρa 
( Ohm-
m) 

      

  Oke Eso 
Odeomu 
VES  

Onibepe  
VES2 

Orile 
Owu 
VES  

Unity 
School 
VES 

Wakajaye 
(Gbongan 
VES           

Araromi 
Owu VES 
2  

Balogun 
Ward  
Gbongan 
VES  

1. 1.00 33.09 19.86 37.93 1310.36 77.55 33.16 79.81 
2 2.0 51.78 31.17 35.69 653.76 37.21 28.87 83.19 
3 3.0 48.59 30.50 40.13 233.42 28.67 22.93 53.24 
4 4.0 44.93 28.99 45.41 155.08 27.05 21.26 45.41 
5 6.0 48.98 32.66 66.57 151.98 38.94 30.14 50.24 
6 8.0 31.40 31.40 69.08 146.53 43.96 33.49 46.05 
7 10.0 18.84 34.54 69.08 135.02 50.24 40.82 43.96 
8 12.0 41.44 49.73 72.33 149.19 67.81 58.27 54.25 
9 15.0 37.11 40.65 83.06 249.17 70.68 70.69 47.96 
10 20.0 37.68 62.80 81.64 213.52 113.04 100.48 50.24 
11 25.0 49.06 58.88 88.31 412.34 147.19 147.19 49.05 
12 30.0 41.82 48.26 96.33 352.56 176.94 209.11 96.51 
13 35.0 54.22 62.80 125.60 296.40 146.53 252.00 128.67 
14 40.0 82.44 130.80 103.01 449.89 155.80 278.96 140.74 
15 50.0 43.58 124.45 124.50 373.50 249.00 389.06 311.25 
16 65.0 70.09 236.35 131.31 652.79 210.12 315.13 393.92 
17 80.0 97.50 260.00  1244.76 260.00 357.00 487.50 
18 100.0  376.99      
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Abstract 

The Shadgan petroleum oil field located in Dezful Embayment is a symmetrical anticline with 
23.5Km length and 6.5Km width in the Asmari top horizon. The field trend is similar the 
regional Zagros trend.The aim of the present study is to fault 3D-modeling and distribution of  
fluids of  the Asmari reservoir using RMS software. The computer program utilizes of advanced 
mathematical and geostatical function to provide 3D insight of different reservoir properties such 
as structure and geology, dynamic and volumetric  fluids. Structural modeling is the first stage in 
modeling procces .  these stage design reservoir geometry with fault and zones. To calculate in 
situ oil volume, fluid and reservoir data are input data to software. This model constructed by 
help of critical limit concerned porosity, water saturation and shale ratio. Generally, with 
adjustment of fault and volumes models apparent  , faults effect to the petrophysical properties 
quality and    rate of replacement fluids of reservoir.  Generally, evaluation of the reservoir, fault 
effects and oil volume determination are the main out put results of RMS software.  [New York 
Science Journal. 2008;1(4):36]. (ISSN: 1554‐0200).   
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贝尔不等式与布尔代数 

谭天荣 

青岛大学 物理系 青岛 266071 

ttr359@126.com 

 

内容提要：对于量子力学来说，经典概率论是不必要的。但是，如果有人硬是把经典概率论应用于

微观物理学将会得到什么样的结果呢？是一定会与量子力学相矛盾呢？还是相反，在某种条件下经

典概率论也会与量子力学殊途同归呢？迄今为止，没有人考察过这一问题，从而与该问题相关的领

域在微观物理学形成了一个盲区。当问题涉及量子力学与经典物理学之间的关系时，人们就难免会

在这个盲区里误入歧途，贝尔定理就是一个典型的例子。 

贝尔定理的证明多种多样，但万变不离其宗，这些证明都用到经典概率论，特别是用到其中的关于

“联合概率”的运算规则，这些规则是否适用于贝尔所考察的过程的问题，刚好落在这个微观物理

学的盲区之内。人们在这里不自觉地遵循如下准则：当他们从量子力学的角度考虑问题时，默认这

些规则全都不适用于微观过程，当他们从定域隐变量理论的角度考虑问题时，又默认这些规则全都

适用于微观过程。贝尔定理就是这种荒谬的准则的产物。 

在贝尔定理的证明中，那些被认为表现了“定域隐变量理论”特征的命题，可以归结为自旋相关函

数的一个“经典表达式”，但绝不是这个表达式导致贝尔不等式。理由有二：第一，从这个表达式可

以导出量子力学的自旋相关公式；第二，在导出贝尔不等式时，还用到了一个隐蔽的命题，从而用

到了经典概率论的事件运算规则，即布尔代数的规则。由此得出结论：贝尔不等式之所以与量子力

学相矛盾，既与定域性原理无关，也与隐变量理论无关；只不过是因为人们在推导它时，曾经对“非

布尔”的微观事件空间应用了布尔代数的运算规则。 

[New York Science Journal. 2008;1(4):37-46]. (ISSN: 1554-0200). 

 

关键词：贝尔不等式；定域性原理；隐变量理论；自旋相关公式；经典概率论；联合概率；布尔代

数；概率运算；事件运算；量子力学 

1.  引言 

1964 年，J. S. 贝尔在一份名为《物理》的杂志的创刊号上，发表了题为《论 EPR 佯谬》

的论文，提出了“贝尔定理”，其原始形式是： 

“在一个在量子力学上增添一些参量以确定单次测量的结果而又不改变其统计预言的理论

中，必须有某种机制，使得一个测量仪器的安置会影响另一个仪器的读数，不论它们相距多么

遥远。此外，所用的信号必须是瞬时传播的，因此这样的理论不可能是洛仑兹不变的。” 

在这里，所谓“在量子力学上增添一些参量以确定单次测量的结果的理论”就是“隐变量

理论”。另一方面，按照“定域性原理”，当两个测量仪器相距足够远时，一个测量仪器的安置
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不可能影响另一个仪器的读数。因此，贝尔的上述结论可表成：“如果一个隐变量理论不改变量

子力学的统计预言，就一定会违背定域性原理。”或者说：“如果一个隐变量理论遵循定域性原

理，就一定会改变量子力学的统计预言。”人们把遵循定域性原理的隐变量理论称为“定域隐变

量理论”，于是，贝尔定理最终表成现在常见的形式：“任何定域隐变量理论不可能重复量子力

学的全部统计预言。”  

因为“实在论”被认为是隐变量理论的哲学前提，从而所谓“定域实在论”（满足“定域性

原理”的“实在论”）被认为是“定域隐变量理论”的哲学前提。因此，人们根据贝尔定理得出

结论：量子力学与“定域实在论”相互排斥。同时人们还得出结论：可以用实验来判断量子力

学与“定域实在论”孰是孰非，从而在物理学史上，开了一个通过物理实验来检验哲学观点的

先例。 

因此，贝尔定理对物理学的影响极为深远，1973 年诺贝尔物理奖得主约瑟夫森把它称为“物

理学中最重要的新进展”，物理哲学家斯塔普则把它称作“科学中最深刻的发现”。 

在本文中，我们将给出贝尔不等式的一种新推导，并重新认识贝尔定理。 

2.  自旋相关函数的经典表达式 

量子力学伴随着一种新的概率计算程式，对应地，原来的概率计算程式就被称为“经典概

率论”。对于量子力学来说，经典概率论是不必要的。但是，如果有人硬是把经典概率论应用于

微观物理学将会得到什么样的结果呢？是一定会与量子力学相矛盾，还是相反，在某种条件下

经典概率论也会与量子力学殊途同归呢？这个问题并不艰深，可是由于人们一直不屑于思考它，

迄今为止，与这一问题相关的领域还是微观物理学的一个盲区。对于量子力学自身的发展来说，

这个盲区的存在并不碍事，但当问题涉及量子力学与经典物理学之间的关系时，人们就难免会

在这个盲区里误入歧途，贝尔定理就是一个典型的例子。 

贝尔定理的证明多种多样，但万变不离其宗，这些证明都用到经典概率论，特别是用到其

中的关于“联合概率”的运算规则，这些规则既不属于量子力学，也不是定域隠变量理论的组

成部分。因此，在没有弄清楚这些规则是否适用于微观过程之前，无论从量子力学出发还是从

定域隐变量理论出发，都不能应用它们。不幸的是，关于这些运算规则是否适用微观过程的问

题，刚好落在这个微观物理学的盲区之内。因此贝尔定理的研究引导物理学家们走进了该盲区，

人们在这里不自觉地遵循如下准则：当他们从量子力学的角度考虑问题时，默认这些规则全都

不适用于微观过程，当他们从定域隐变量理论的角度考虑问题时，又默认这些规则全都适用于

微观过程。为了澄清由这一荒谬的准则所引起的混乱，现在我们就来考察经典概率论的运算规

则是否适用于微观过程的问题，先考察一个特殊的联合概率。 

实验证明：如果一个电子束（或其他自旋 1/2 的粒子束）L经过一个磁场方向为a的斯特恩 -

革拉赫装置Ga，将被分裂为两束，其中一束向a方向偏转，另一束则向−a方向偏转。这个实验事

实表明：电子自旋（电子的角动量）沿磁场方向的投影只能取两个值，以 h̃ /2为单位，这两个

值分别是 1 和−1。用σa表示电子束L中的某一电子的自旋沿a方向的投影，则测量的结果要么是

 38



New York Science Journal, http://www.sciencepub.org, ISSN 1554-0200 
 

σa = 1，要么是 σa = −1。其中测量结果为σa = 1 的诸电子形成一个新的电子束A，让它再经过一

个磁场方向为b的斯特恩 - 革拉赫装置Gb，则它将再次分裂为两束，其中一束的自旋的测量值为

σb = 1；另一束为 σb = −1。如果电子束A有N个电子，其中有pN个在Gb中的测量结果为 σb = 1，

则实验证明，当N足够大时，p的取值与N无关。根据概率的频率定义，p是A中的某一单个电子

在其初态是 σa = 1 的条件下，经过Gb，达到终态 σb = 1 的概率，这是一个“条件概率”，我们把

它记作Pr (σb = 1|σa = 1)。一般地说，对于 x,y ∈ {1, −1 （即x与y要么是 1 要么是−1），Pr} (σb = y |σa 

= x)是A中的单个电子从 σa = x态“跃迁”至 σb = y态的概率。 

设e是电子束L中的单个电子，它在Ga中获得测量值 σa = 1 的概率依赖于电子束L的性质，因

此这个概率应写作Pr (σa = 1 |L)。在一定条件下，表达式中的符号L可以略去，这个概率就被略

写作Pr (σa = 1)。 

用X表示事件“e在Ga中获得测量值 σa = 1”；Y表示事件“e在Gb中获得测量值 σb = 1”，则根

据概率的乘法公式，在略去符号L的前提下，积事件X·Y表示事件“e在Ga中获得测量值 σa = 1

并且在Gb中获得测量值 σb = 1”，其概率为 

Pr (σa = 1, σb = 1) = Pr (σa = 1)·Pr(σb = 1 |σa = 1)。 

一般地说，对于 x,y ∈ {1, −1}，概率的乘法公式表成 

Pr (σa = x, σb = y) ≡ Pr (σa = x)·Pr (σb = y |σa = x)。   (1) 

这里的Pr (σa = x, σb = y)就是我们要考察的联合概率，因为Pr (σa = x)有一个隐蔽的初始条件L；

这个联合概率也是如此。 

在微观物理学中，联合概率Pr (σa = x, σb = y)是没有定义的，我们可以把(1)式当作它的“操

作定义”。 

贝尔定理的中心点是贝尔不等式，而贝尔不等式是一个关于“自旋相关函数”的公式。下

面，我们先给出该函数的定义，再为该函数给出一个人们在实践中反复应用，但却始终没有明

确表述的“经典表达式”。 

玻姆曾经提出如下的理想实验：一个电子源不断发射成对的电子，每对电子都处于“单态”，

即总自旋为零的状态。设e和e’是其中的一对电子，e 向右飞遇到磁场方向为a的斯特恩 - 革拉赫

装置，获得自旋（分量）的测量值σa，与此同时，e’向左飞遇到装置磁场方向为b的装置获得自

旋的测量值τb。在这个实验中，σa和 τb可以同时测量，因此，如果我们将这个实验重复N次，则

对于给定的 x,y ∈ {1, −1}，可以记录下其中的测量结果为 σa = x, τb = y 的实验的次数Nxy。根据概

率的频率定义，当N足够大时，同时测量 σa和 τb时获得测量结果为 σa = x, τb = y 的概率为 

Pr (σa = x, τb = y) = Nxy——N 。 

下面，我们规定Σx
表示对 x ∈ {1, −1}取和，Σxy

表示对 x,y ∈ {1, −1}取和，Σxyz
表示对 x,y,z

∈{1, −1 取和。借助于上面的概率，可以定义σa和} τb的乘积的平均值 

P(a, b) ≡ Σxy
xy Pr (σa = x, τb = y)，    (2) 

P(a, b) 就是e和e’的“自旋相关函数”。这个定义可以用测量的数据表成 
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P(a, b) ≡ 1 —NΣxy
xy Nxy， 

从而是“自旋相关函数”的原始定义。 

实验证明：如果b = a，则 τb = − σa。这一结果可表成 

τb = − σb。         (3) 

应用经典概率论，从(3)式可以得出 

Σxy
xy Pr (σa = x, τb = y) = −Σxy

xy Pr (σa = x, σb = y)。     (4) 

(2)式与(4)式给出 

引理 1：任意给定单位矢量 a 和 b，对于由(1)式给出的联合概率，有 

P(a, b) = −Σxy
xy Pr(σa = x, σb = y)。 

这就是我们所说的自旋相关函数的“经典表达式”。为了重新考察贝尔定理，我们首先要弄清这

个表达式是否适用于微观过程。 

虽然Pr (σa = x, σb = y)的取值与L有关，但根据引理 1，我们可以引进一个与L无关的函数 

E(a, b) ≡ Σxy
xy Pr(σa = x, σb = y)。    (5) 

它与自旋相关函数的关系是 

P(a, b) = − E(a, b)。      (6) 

3.  两个定理 

贝尔曾经证明：“贝尔不等式与量子力学不相容”，这一命题的正确性是不容置疑的，问题

在于从这一命题是否真的能得出贝尔定理，即是否真的能得出定域隐变量理论与量子力学不相

容。在这里，我们将对贝尔不等式给出一种新的推导，从这一推导可以看出：在贝尔导出贝尔

定理过程中，实际上用到了两个前提，一个是显露的，另一个是隐蔽的。显露的前提就是所谓

“定域隠变量理论”，它的作用实际上可以由一个自旋相关函数的“经典表达式”来取代，而从

这一前提也可以导出量子力学的自旋相关公式。由此可见，那个隐蔽的前提才是导致贝尔不等

式的真正元凶。 

实验证明 

A： 对于任意单位向量a和b 及其夹角 γ = ∠(a,b)，有： 

Pr (σb = 1|σa = 1) = Pr (σb = −1|σa = −1) = cos2(γ /2)； 

Pr (σb = 1 |σa = −1) = Pr (σb = −1|σa = 1) = sin2(γ /2)。 

由于 σa = 1与 σa = −1是两个相互对立的事件，经典概率论给出： 

Pr (σa = 1 |L) + Pr (σa = −1| L) = 1， 

它可以略写为 

Pr(σa = 1) + Pr(σa = −1) = 1。       (7) 

再把Pr (σa = x, σb = y)略写成 f (x, y)，则根据(1)式、(7)式与命题A，容易证明： 
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f (1, 1) − f (−1, 1) − f (1, −1) + f (−1, −1) = a·b。  

另一方面，根据定义，我们有： 

Σxy
xy f (x, y) ≡ f (1, 1) − f (−1, 1) − f (1, −1) + f (−1, −1)。 

上面诸式给出 

引理 2：任意给定单位矢量 a 和 b，对于由(1)式定义的联合概率，有 

Σxy
xy Pr (σa = x, σb = y) = a·b。 

引理 1 与引理 2 给出量子力学的自旋相关公式 

P(a, b) = − a·b。 

在上面的推导中，引理 2 是从命题 A、(1)式和(7)式导出的，命题 A 是一个实验事实，而(7)

式不证自明，因此我们证明了 

定理 1：从(1)式与引理 1的合取，可以导出量子力学的自旋相关公式。 

定理 1 表明(1)式与引理 1 的合取与量子力学相容。从而得出结论：(1)式与引理 1 都与量

子力学相容，即： 

第一，联合概率 Pr (σa = x, σb = y) 的操作定义与量子力学相容。 

第二，自旋相关函数的经典表达式与量子力学相容。 

另一方面，经典概率论又给出： 

Pr (σa = x, σb = y) = Σz
Pr (σa = x, σb = y, σc = z)；     (8) 

Pr (σa = x, σc = z) = Σy
Pr (σa = x, σb = y, σc = z)。    (8a) 

Pr (σb = y, σc = z) = Σx
Pr (σa = x, σb = y, σc = z)；    (8b) 

把 Pr (σa = x, σb = y, σc = z) 略写作 F (x, y, z)，考虑到概率不能取负值，则有： 

B： 任意给定单位矢量a,b,c和 x,y,z∈{1, −1}，存在函数 F (x,y,z)≥0，使得 

Pr (σa = x, σb = y) = Σz
F (x, y, z)； 

Pr (σa = x, σc = z) = Σy
F (x, y, z)； 

Pr (σb = y, σc = z) = Σx
F (x, y, z)。 

应用(5)式，可以从命题 B 得到 

C： 任意给定单位矢量a,b,c，存在函数 F (x,y,z)≥0，使得 

E(a, b) = Σxyz
xy F (x, y, z ， )

E(a, c) = Σxyz
xz F (x, y, z)， 

E(b, c) = Σxyz
yz F (x, y, z)。 

从命题 C 容易导出不等式 
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|E(a, b) − E(a, c |) ≤ 1 − E(b, c)。        (9) 

(6)式与(9)式给出贝尔不等式： 

|P(a, b) − P(a, c |) ≤ 1 + P(b, c)。 

从而我们证明了 

定理 2：从引理 1 和命题 B 可导出贝尔不等式。 

考虑到引理 1 与量子力学相容，而贝尔不等式与量子力学不相容，从定理 2 可得出结论：

命题 B 是贝尔不等式唯一的前提。于是我们得出结论：命题 B 与量子力学不相容。 

4.  事件运算的布尔代数 

如果说从(1)式与引理 1 导出量子力学的自旋相关公式，是经典概率论与量子力学殊途同归

的一个例子；那么，命题 B 与量子力学不相容则是经典概率论与量子力学相矛盾的一个例子。

第一个例子表明，经典概率论的某些运算规则适用于微观过程，而第二个例子则表明并非经典

概率论的所有运算规则都适用于微观过程。有待解决的问题是：在经典概率论中，哪些运算规

则适用于微观过程，哪些运算规则不适用于微观过程。 

我们已经看到，命题 B 是贝尔不等式唯一的前提，因此这一问题归结为弄清楚命题 B 有甚

么毛病。 

命题 B 可推导如下： 

第一步，定义联合概率 Pr (σa = x, σb = y, σc = z)。 

第二步，从概率的频率定义得到(8)式： 

Pr (σa = x, σb = y) = Σz
Pr (σa = x, σb = y, σc = z)。 

第三步，适当交换 σa = x， σb = y 和 σc = z 的次序，从(8)式得到： 

Pr (σa = x, σc = z) = Σy
Pr (σa = x, σc = z, σb = y)； 

Pr (σb = y, σc = z) = Σx
Pr (σb = y, σc = z, σa = x)。 

第四步，根据经典概率论的公式  

Pr (σa = x, σc = z, σb = y) = Pr (σa = x, σb = y, σc = z)； 

Pr (σb = y, σc = z, σa = x) = Pr (σa = x, σb = y, σc = z)， 

       (10) 

从第三步的两个等式得到(8a)式与(8b)式。 

第五步，从(8)式、(8a)式与(8b)式，以及 Pr (σa = x, σb = y, σc = z) ≥ 0 得到命题B。 

下面，我们逐步地审查这些步骤。 

比照(1)式，联合概率Pr (σa = x, σb = y, σc = z)可以定义如下： 

如果 σa = x、σc = z和 σb = y是三个相继测量的结果，即一个有N个电子电子束通过一个磁

场方向为a的斯特恩 - 革拉赫装置Ga时，有Nx个电子的自旋测量值为 σa = x，让这Nx个电子继续
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通过一个磁场方向为c的斯特恩 - 革拉赫装置Gc，设有Nxz个电子的自旋测量值为 σc = z，让这Nxz

个电子继续通过一个磁场方向为b的斯特恩 - 革拉赫装置Gb，设有Nxyz个电子的自旋测量值为

σb = y，则当N足够大时，我们可以定义 

Pr (σc = z |σa = x) = Nxz/Nx；   Pr (σb = y |σc = z) = Nxyz/Nxz； 

Pr (σa = x) = Nx/N；    Pr (σa = x, σb = y, σc = z) = Nxyz/N。 

上面诸式给出如下操作定义： 

Pr (σa = x, σb = y, σc = z) ≡ Pr (σa = x)·Pr (σc = z |σa = x)·Pr (σb = y |σc = z)。 

由于(1)式给出的 Pr (σa = x, σb = y) 的操作定义与量子力学相容，上面给出的

Pr (σa = x, σb = y, σc = z) 的操作定义也不会与量子力学相矛盾。但是，对于这一操作定义，(8)

式显然不成立。 

现在考虑另一过程：还是考虑上面的三个斯特恩 - 革拉赫装置，其中Ga打开一个通道，通

过它的诸电子获得自旋 σa = 1，Gb也打开一个通道，通过它诸电子获得自旋 σb = 1，Gc则同时

打开两个通道。设有N个电子进入Ga，其中有N1 个电子在Gc中获得 σc = 1并逸出Gb，有N2 个电

子在Gc中获得 σc = −1并逸出Gb。设e是进入Ga的N个电子之一，则按照概率的频率定义，当N足

够大时，e在三个斯特恩 - 革拉赫装置中依次获得自旋 σa = 1、 σc = 1、 σb = 1的概率为 

Pr (σa = 1, σb = 1, σc = 1) = N1/N； 

依次获得自旋 σa = 1、 σc = −1、 σb = 1的概率为 

Pr (σa = 1, σb = 1, σc = −1) = N2/N； 

另一方面，实验证明，如果上面的实验中的其他条件不变，只去掉斯特恩 - 革拉赫装置Gc，让

Gb直接连在Ga之后，则 e在Ga中获得自旋 σa = 1，在Gb中获得自旋 σb = 1的概率为 

Pr (σa = 1, σb = 1) = (N1 + N2)/N， 

从而有 

Pr (σa = 1, σb = 1) = Σz
Pr (σa = 1, σb = 1, σc = z)。 

一般地说，我们就得到(8)式。 

诚然，在 Pr (σa = x, σb = y, σc = z)的操作定义中，Gc的两个通道是轮流打开的，而(8)式右

边的同一概率表达式却要求Gc的两个通道同时打开，从而是不能测量的。尽管如此，它还是可

以算作是 Pr (σa = x, σb = y, σc = z) 的另一种定义。于是我们得出结论：“可以定义联合概率

Pr (σa = x, σb = y, σc = z)，使得(8)式成立。”这样，推导命题C的第一步与第二步就同时通过了。 

第三步也没有问题，(8)式是一个恒等式，在给定的交换之后确实仍然成立。 

然而，第四步就大错而特错了！无论采用 Pr (σa = x, σb = y, σc = z) 的操作定义还是(8)式所

要求的定义，(10)式都肯定不成立。为什么呢？ 

经典概率论立足于两大基石：概率的频率定义与事件运算的布尔代数规则。概率的频率定

义乃是概率这一概念所固有的，它被公认为对于微观过程仍然适用，但事件运算的布尔代数规

则却并非如此。 

对于经典概率论，事件乘法的交换律 
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A·B = B·A           (11) 

成立。但(11)式也适用于微观世界吗？ 

让我们考察(1)式的如下特例 

Pr (σa = 1, σb = 1) ≡ Pr (σa = 1)·Pr (σb = 1 |σa = 1)。       (12) 

适当改变其中的符号可以得到 

Pr (σb = 1, σa = 1) ≡ Pr (σb = 1)·Pr (σa = 1 |σb = 1)。       (13) 

用A表示 σa = 1，B表示 σb = 1，则事件运算规则A·B = B·A给出概率公式 

Pr (σb = 1, σa = 1) = Pr (σa = 1, σb = 1)。        (14) 

但是，根据(1)式的操作定义，(12)式与(13)式表示迥然不同的过程，因此(14)式显然不成立，

在这种意义下，(11)式不成立。 

对于经典概率论，“积事件”A·B 表示“A 事件与 B 事件都发生”，而 B·A 表示“B 事

件与 A 事件都发生”，这两个命题等价。但是，如果定义“积事件”A·B 表示“A 事件先发生

而 B 事件后发生”，则 B·A 表示“B 事件先发生而 A 事件后发生”，这两个命题就不再等价。

我们满可以保留概率的频率定义而适当修改经典概率论的事件运算的规则来建立某种“非布尔

的”概率论，而把量子力学的概率运算规则看作其中的一种。 

诚然，这是一个离题太远的数学问题，我们只需记住如下要点就够了：在微观世界可以定

义(1)式那样的联合概率，并且允许各种概率运算，但不能任意应用布尔代数的事件运算规则。

特别是，(11)式不成立。同样，公式 

(A·B)·C = (A·C)·B。 

也不成立。导出(10)式时，刚好用到(11)式和上式。因此，(10)式肯定不成立。 

既然导出命题 B 的第四步曾用过(10)式，命题 B 的整个推导就是非法的，而贝尔不等式又

来自命题 B，可见贝尔不等式的推导也是非法的。这样，我们就不必惊讶贝尔不等式与量子力

学相矛盾，也不必惊讶它与实验结果不符了。 

一般地说，对于微观过程，事件运算不遵循布尔代数的规则，换句话说，微观事件的事件

空间是“非布尔的”。贝尔不等式的推导之所以非法，就是因为对“非布尔的”微观事件空间应

用了布尔代数的规则。 

5.  一个未证明的命题 

 由于量子力学的自旋相关公式与贝尔不等式都以引理 1 为前提，对于上世纪 70 年代的

那些检验贝尔不等式的实验来说，这个引理不是被检验的对象。另一方面，证明这个引理的关

键的前提是(4)式，而(4)式又容易被人认为是不证自明的：人们认为，根据实验事实 τb = −σb ，

我们可以在 Pr(σa = x, τb = y)中把 τb = y 换成 σb = −y，从而得到 

Pr (σa = x, τb = y) = Pr (σa = x, σb = −y)，    (15) 

于是立刻得到(4)式。 

但实际上问题不那么简单，(15)式的两边表示不同的过程：左边涉及两个电子；右边则只
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涉及一个电子。左边涉及同时发生的两个事件，其物理意义不容置疑；右边则涉及先后发生的

两个事件，我们仅能给出其操作定义。更糟糕的是：右边有一个隐蔽的初始条件而左边却没有。

对于这样含义迥然不同的两个概率表达式，像上面那样的“替换”运算是相当可疑的。 

可以证明，(15)式并不成立而(4)式却确实成立。在这里，我先不给出这一证明。原因有二：

第一，这一证明极为冗长而又曲折，远不是引人入胜的，我担心读者没有耐心读它；第二，由

于我对贝尔定理的看法冒犯权威，难免受到谴责。但是，如果有一天我的看法得到了公认，我

又免不了从另一方面受到谴责，人们会说我的看法“没有任何新内容，它的全部公式与命题都

只不过把别人的东西拿来改头换面而已。”明察秋毫的批评家们将揭露：文中有某一句话与张三

说过的话雷同（至于这句话与我的证明有没有关系，倒是不必深究的），或者，文中有三两句话

与李四说过的话意思相近，等等。由此就无情地得出结论：除了剽窃和故弄玄虚以外，我的看

法一无是处。与其到那时我走投无路，倒不如今天留一个心眼，把这个关键的证明先装在口袋

里，到时候我虽然铁定是剽窃者，但至少还拥有对于这个证明的优先权。 

6.  结束语 

我们已经看到，贝尔不等式起源于事件运算的布尔代数规则，它既与定域性原理无关，也

与隐变量理论无关。因此，上世纪 70 年代的那些检验贝尔不等式的实验，只不过再一次确认“微

观过程的事件空间是非布尔的”，这一工作似乎很难说是一个“物理学中最重要的进展”，更难

说是一个“科学中最深刻的发现”。 

Bell’s Inequality and Boolean algebra 
TAN Tianrong 

(Department of Physics, Qingdao University, Qingdao 266071, P. R. China.) 

ttr359@126.com 

Abstract: As it is known that classical probability theory is unnecessary for quantum mechanics, but 

another problem remains to be solved: how goes it if applying classical probability to micro proc-

esses. It is sure to obtain some conclusion in conflict with quantum mechanics; or quite the reverse, 

from classical probability we will reach the same goal herein as quantum mechanics? Up to now, this 

problem has never been examined, and thereby the field it concerning forms a blind area in micro physics. 

When the question involves the relation between classical physics and quantum physics, it is hard to avoid 

going astray in this blind area. Bell’s theorem is just a typical example herein. 

Despite for Bell’s theorem the proofs are varied, the same essential character remains. All of these proofs 

the laws of classical probability theory, specially, the laws of unite probabilities, has used. The question 

whether these laws suitable for the process that Bell consider exactly falls on the above blind area. Herein 

quantum physicists obey consciously the following norm: They tacitly approve that all these laws are un-

suitable for micro processes when starting from quantum mechanics, and acquiesce those are suitable 

when starting from local hidden variable theory. Bell’s theorem is just a product of such an absurd norm. 
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In the proof of Bell’s inequality, the theses, which characterize, as generally believed, local hidden vari-

able theory, can be summed up as a classical expression of the spin correlation function. But this expres-

sion never leads to Bell’s inequality for the following reasons: Firstly, from it we can derive the spin cor-

relation function expression in quantum mechanics. Secondly, in the course to derive Bell’s inequality, a 

proposition originating from Boolean algebra rules in classical probability theory is used unawarely. 

From the above two reasons it is concluded that Bell’s inequality originates from the step applying Boo-

lean algebra rules on the non-Boolean micro event space, and it is related neither to locality nor to hidden 

variables. 

 

Key words: Bell’s inequality; locality principle; hidden variable theory; spin correlation formula; classical 

probabilistic theory; probability operations; event operations; Boolean algebra; quantum mechanics 
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前人对贝尔不等式的误解 

谭天荣 

青岛大学 物理系 青岛 266071 

ttr359@126.com 

 

内容提要：贝尔对自己的工作有两点误解：第一，贝尔用以导出贝尔不等式的隐变量理论具有极为

特殊的性质：它原封不动地保留了全部经典概率论的运算规则，贝尔却把这种理论当成一般的“定

域隐变量理论”。第二，当贝尔从他的隐变量理论导出贝尔不等式时应用了两个命题，他把其中之

一理解为“定域隐变量理论”的特征，而实际上导出贝尔不等式的却是另一命题。 

维格纳在 1970 年曾给出对贝尔定理的“最简捷的”证明。他用一个“联合概率”的表达式取代了

贝尔的“自旋相关函数”。他的思路是：先导出两个关于该联合概率的命题，一个表现量子力学的

特征，另一个表现定域隐变量理论的特征，然后把贝尔定理的证明归结为证明这两个命题不能同时

成立。这个证明本来可以揭示贝尔定理的错误，可惜维格纳却以为自己通过另一途径证明了贝尔定

理。从物理的角度来看，维格纳只不过因为有贝尔定理先入为主，误解了自己所证明的结果。他的

证明之所以更简捷的，只不过应用了两个并不成立的前提，因此他的证明在数学方面也没有可取之

处。 

北京大学的张启仁教授为贝尔不等式给出了一种新的推导，完全去掉了过去那些推导中的多余环

节，并把贝尔的工作改写为如下命题：贝尔不等式表现了定域性原理；而与量子力学的自旋相关公

式则表现了“远距离相关”。这一命题已经使得贝尔不等式与“隐变量理论”脱钩。 

最先对贝尔的工作提出异议的是法国物理学家吉·洛查克。他最先指出“贝尔不等式是经典概率论

的结论，与定域性原理无关。”这是一个至关重要的结论。但是洛查克未能把经典概率论中的概率

运算规则与事件运算规则这两个组成部分区别开来。因此，虽然他正确地指出了推导贝尔不等式的

过程中用了经典概率论；但是他不曾指出这一过程的致命的一步是对非布尔的事件空间应用了布尔

代数的运算规则。 

  [New York Science Journal. 2008;1(4):47-56]. (ISSN: 1554-0200). 

 

关键词：贝尔不等式；经典概率论；维格纳；张启仁；吉·洛查克；定域性原理；隐变量理论；布

尔代数；自旋相关公式；概率运算规则；事件运算规则 

1.  引言 

在《贝尔不等式与布尔代数》一文中，我们证明了如下两个定理， 

定理 1：借助于实验事实 

A： 对于任意单位向量a和b 及其夹角 γ = ∠(a,b)，有： 

Pr (σb = 1|σa = 1) = Pr (σb = −1|σa = −1) = cos2(γ /2)； 

Pr (σb = 1 |σa = −1) = Pr (σb = −1|σa = 1) = sin2(γ /2)， 
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以及如下联合概率的操作定义 

Pr (σa = x, σb = y) ≡ Pr (σa = x)·Pr (σb = y |σa = x)，    (1) 

可以从自旋相关函数的经典表达式 

P(a, b) = −Σxy
xy Pr(σa = x, σb = y)，     (2) 

得出量子力学的自旋相关公式 

P (a,b) = − a·b。 

定理 2：贝尔不等式 

|P(a, b) − P(a, c |) ≤ 1 + P(b, c)。 

可以追溯到(2)式和如下命题 

B： 任意给定单位矢量a,b,c和 x,y,z∈{1, −1}，存在函数 F (x,y,z)≥0，使得 

Pr (σa = x, σb = y) = Σz
F (x, y, z)； 

Pr (σa = x, σc = z) = Σy
F (x, y, z)； 

Pr (σb = y, σc = z) = Σx
F (x, y, z)。 

根据这两个定理我们得出结论：第一，在某些条件下，经典概率论可能与量子力学殊途同

归，例如应用经典概率论，可以从自旋相关函数的定义导出量子力学的自旋相关公式。第二，

贝尔不等式的破坏只不过表明经典概率论中的事件运算的布尔代数规则不适用于微观过程，既

与定域性原理无关，也与隐变量理论无关。 

本文将考察另一问题：为什么人们会得出贝尔定理。 

2.  贝尔的误解 

贝尔对贝尔定理的原始推导用到一种由一组公理来定义的隐变量理论。将这个理论应用于

处于单态的一对电子所组成的系统 S，可以得出如下结论： 

 I、在S的自旋态函数之上添加一组记作 λ 的隐变量，可以确定第一个电子的自旋在a方向的

投影 σa和第二个电子的自旋在b方向的投影 τb的单次测量的结果，即存在函数 

σa = A(a, λ)，   τb = B(b, λ)。 

 II、在隐变量的相空间（全体隐变量 λ 所成之集） Λ 中，可以定义概率分布函数 ρ(λ) ≥ 0，

使得： 

 第一， ∫Λ
ρ(λ) dλ = 1（归一化）； 

 第二，对于 Λ 的任意子集 Γ，有 Pr (λ ∈ Γ) = ∫Γ
ρ(λ) dλ。 

 III、处于单态的一对电子的“自旋相关函数”表成  
P(a, b) = ∫Λ

A(a,λ) B(b,λ) ρ(λ) dλ。 

下面，我们从 I、II 与 III 三个前提导出贝尔不等式，其方法与贝尔的推导略有不同。 
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首先，根据 I，实验事实 τb = −σb，可表成 

B(b, λ) = − A(b, λ)。 

于是前提 III 可以表成 
P(a, b) = − ∫Λ

A(a,λ) A(b,λ) ρ(λ) d 。 λ

 对于给定的 x,y ∈ {1, −1}，定义 Λ 的子集 

Γ (x, y) ≡ {λ ∈ Λ | A(a, λ) = x, A(b, λ) = }， y

则根据 II 可得到 

∫Γ (x, y)
ρ (λ)dλ = Pr (σa = x, σb = y)。 

和 

∫Γ (x, y)
A(a,λ) A(b,λ) ρ(λ) dλ = xy Pr (σa = x, σb = y)。 

再根据积分的性质，得到 

∫Λ
A(a,λ) A(b,λ) ρ(λ) dλ = Σxy ∫Γ (x, y)

A(a,λ) A(b,λ) ρ(λ) d 。 λ

上面诸式给出(2)式。 

其次，给定单位矢量c与变量z ∈ {1, −1}以及 Λ 的另一子集 

Γ (x, y, z) ≡ {λ ∈ Λ | A(a, λ) = x, A(b, λ) = , y A(c, λ) = z}， 

则 II 又给出： 
Pr (σa = x, σb = y, σc = z) = ∫Γ (x, y, z)

ρ (λ)dλ。 

根据积分的性质 

∫Γ (x, y)
ρ (λ)dλ = Σz ∫Γ (x, y, z)

ρ (λ)dλ， 

从上面诸式我们得到 

Pr (σa = x, σb = y) = Σz
Pr (σa = x, σb = y, σc = z)。     (3) 

同样，从 I 与 II 也可得到 

Pr (σa = x, σc = z) = Σy
Pr (σa = x, σb = y, σc = z)；    (4) 

Pr (σb = y, σc = z) = Σx
Pr (σa = x, σb = y, σc = z)。     (5) 

再考虑到 ρ (λ) ≥ 0，我们有 
Pr (σa = x, σb = y, σc = z) = ∫Γ (x, y, z)

ρ (λ)dλ ≥ 0。 

上面诸式给出命题 B。 

于是，从 I、II 和 III 可以导出了(2)式与命题 B。根据定理 2，从(2)式与命题 B 可以导出

贝尔不等式，于是我们从 I、II 和 III 导出了贝尔不等式。 

我们看到，所谓“定域隐变量理论”应用于贝尔所考察的问题，表现为前提I、II和III，而I、

II和III之所以能得出贝尔不等式，则是因为它蕴含(2)式与命题B。但是，为了得到(2)式与命题
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B，完全不需要“定域隐变量理论”这一深不可测而又富有哲理的前提，(2)式可从自旋相关函

数的原始定义与实验事实 τb = −σb 得到，而命题B则可以从经典概率论的运算公式得到。这样，

从贝尔证明的命题“贝尔不等式与量子力学不相容”得到的结论就不是贝尔定理，而是“(2)

式与命题B的合取与量子力学不相容”。我们知道，定理 1 可知(2)式与量子力学相容，因此，I、

II和III之所能导出贝尔不等式仅仅是因为它蕴含命题B，而不是因为它蕴含(2)式。由此我们得

出结论：贝尔的工作实际上只不过证明了 

C： 命题 B 与量子力学不相容。 

贝尔之所以得出贝尔定理，是因为他对自己的工作有两点误解： 

 第一，容易看出：I、II 和 III 之所以蕴含命题 B，是因为它原封不动地保留了整个经典概

率论。而一般地说，遵循经典概率论的运算规则既不是隐变量理论的特征，也不是定域性原理

的特征。因此，给出 I、II 和 III 的肯定不是一般意义下的“定域隐变量理论”，而是原封不动地

保留了整个经典概率论的一种特殊理论，而贝尔却把自己应用的这一特殊理论当成一般的“定

域隐变量理论”了。 

 第二，当贝尔从他的特殊理论导出贝尔不等式时，一方面用到了(2)式，另一方面用到了命

题 B。但他用到命题 B 是间接的，而且还是不自觉的，他完全没有意识到自己应用了这个致命

的命题。因此，他实际上把贝尔不等式追溯到(2)式，从而追溯到表达式 
P(a, b) = ∫Λ

A(a,λ) B(b,λ) ρ(λ) dλ， 

并且通过这个表达式，追溯到他认为表现了定域隐变量理论特征的 A(a, λ)、B(b, λ)和 ρ(λ) 三个

函数。 

 正是由于这两点误解，贝尔得出了贝尔定理。 

这两点误解也是量子物理学家们共同的误解。由于这两点误解，贝尔定理在物理学领域里

掀起了持续的热潮，有些人努力从贝尔不等式的破坏得出更加新颖、更加匪夷所思的哲学结论，

另一些人则在 A(a,λ)，B(b,λ)和 ρ(λ)三个函数的组合上绞尽脑汁，希望能找到某种隐蔽的假设，

以便同时“挽救”定域性原理与实在论。 

3.  维格纳对贝尔定理的证明 

匈牙利物理学家F. P. 维格纳在 1970 年曾给出对贝尔定理的“最简捷的”证明。他的思路

是：先导出两个关于 Pr (σa = x, τb = y)的命题，一个表现量子力学的特征，另一个表现定域隐变

量理论的特征，然后把贝尔定理的证明归结为证明这两个命题不能同时成立。这个证明本来可

以揭示贝尔定理的错误，可惜维格纳却以为自己通过另一途径证明了贝尔定理，原因之一是在

维格纳的原始论文中，往往用文字叙述来取代公式推导，从而有太多的含糊不清之处。迄今为

止，也没有人尽举手之劳来澄清它。为了阐明维格纳的证明的意义，我不得不把它从头改写如

下： 

首先，维格纳未加证明地给出如下两个公式： 

Pr (σa = x) = 1/2，             (6) 
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和 

Pr (σa = x, τb = y) = Pr (σa = x, σb = −y)。       (7) 

应用这两个公式，他从(1)式与命题 A 得出结论： 

D： 对于任意单位向量a和b 及其夹角 γ = ∠(a,b)，有： 

Pr (σa = 1, τb = 1) =
1
2 sin2 γ

−−
2
。 

这就是维格纳用以表现量子力学的特征的命题。 

 其次，维格纳认为，根据定域隐变量理论可得出结论：可以引进如下六个事件 

σa = x, σb = y, σc = z; τa = x’, τb = y’, τc = z’ 

的联合概率，维格纳把这个联合概率略写成 (x, y, z; x’, y’, z’)，并应用经典概率论给出： 

Pr (σa = x, τb = y’) = Σ
T

(x, y, z; x’, y’, z’ )。 

其中符号Σ
T
表示对y, z, x’, z’ ∈ {1, −1}求和。 

 根据实验事实 τb = −σb，只有当x’ = −x，y’ = −y，z’ = −z时，维格纳引进的 (x, y, z; x’, y’, 

z’) 才不为零。因此从上式可以得出： 

E： 对于任意单位向量 a 和 b，存在联合概率(x, y, z; x’, y’, z’)，使得 

Pr (σa = x, τb = −y) = Σz
(x, y, z; −x, −y, −z)。 

这就是维格纳用以表现定域隐变量理论的特征的命题。 

应用(7)式，可以把命题D中的 Pr (σa = 1, τb = 1) 改成 Pr (σa = 1, σb = −1)，再适当轮换a、b

和c，得到两个相似的等式，从而得到： 

F： 对于任意单位向量a,b,c及 α = ∠( b, c)， β = ∠(a, c)， γ = ∠(a, b)，有： 

Pr (σa = 1, σb = −1) = 1
2 sin2 γ

−−
2
； 

Pr (σb = 1, σc = −1) = 1
2 sin2 α

−−
2
； 

Pr (σa = 1, σc = −1) = 1
2 sin2 β

−−
2
。 

另一方面，考虑在命题 E 中， 

(x, y, z; −x, −y, −z) = Pr (σa = x, σb = y, σc = z)。 

再次应用(7)式，可以把命题E中的概率公式改写成(3)式。同样，也可得到(4)式与(5)式。考虑

到 Pr (σa = x, σb = y, σc = z) ≥ 0，我们得到命题B。而从命题B容易得出 

G： 对于任意单位向量a,b,c，有： 

Pr (σa = 1, σb = −1) = F (1, −1, 1) + F (1, −1, −1)； 

Pr (σa = 1, σc = −1) = F (1, 1, −1) + F (1, −1, −1)； 

Pr (σb = 1, σc = −1) = F (1, 1, −1) + F (−1, 1, −1)。 

注意到 F (x, y, z) ≥ 0，上面诸式给出不等式 

Pr (σa = 1, σb = −1) + Pr (σb = 1, σc = −1) ≥ Pr (σa = 1, σc = −1)。 
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