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The various Bell Inequalities used to interpret the results of EPR-Bohm experiments are shown4

to be inappropriate for such experiments. The inequalities do not allow for correlation between5

the particles, which is the basis for such experiments, and therefore are irrelevant. Claims that the6

results of such experiments, because they violate the inequalities, require the conclusion that the7

measurement of one particle in an “entangled” pair can instantly affect the state of its partner, even8

at great distances, are untrue and need to be modified.9

I. BACKGROUND10

In 1935 Einstein, Poldolsky and Rosen[1] (EPR) pre-11

sented a paper in which they concluded that the quan-12

tum mechanical description of reality given by wave me-13

chanics is not complete. They did this by first showing14

that either (1) the wave function description is not com-15

plete or (2) physical quantities corresponding to two non-16

commuting operators cannot have simultaneous reality.17

They described a thought experiment in which two sys-18

tems start out with interactions between them, but sub-19

sequently can no longer interact. Then, starting with the20

assumption that the wave function does give a complete21

description, they showed that the two physical quanti-22

ties of non-commuting operators can have simultaneous23

reality. The negation of alternative (1) leads to the nega-24

tion of alternative (2), and thus their stated conclusion.25

They stressed the fact that by simultaneously real they26

are referring to quantities that either one or the other,27

but not not both simultaneously, of the two quantities28

can be predicted. They expressly exclude the case where29

both quantities can be simultaneously measured or pre-30

dicted, because that would make the reality of the physi-31

cal quantities “depend upon the process of measurement32

carried out on the first system, which does not disturb33

the second system in any way.”34

It is difficult to carry out such experiments, but in35

1957 Bohm and Aharonov[2] described experiments that36

can be performed that test the concept of the EPR para-37

dox. In one case, two electrons in a singlet spin state38

are separated by a method that does not alter the total39

spin and, when they are sufficiently far apart, measure-40

ments are made on the two systems. In another case,41

two photons are created with opposite momentum and42

with each photon in a polarization state that is orthog-43

onal to the other. The experiments were still difficult44

to carry out with the technology available at that time,45

but preliminary results appeared to favor the view that46

measurements on one system affected measurements on47

the correlated system that was spatially distant from the48

first. They did allow for the possibility that quantum49

theory is not complete and may be an approximation50

arising from “a deeper subquantum-mechanical level”.51

In 1964 Bell[3] derived a set of inequalities that he52

claimed must apply to any system, even with hidden vari-53

ables, if that system were to meet the requirements of lo-54

cality (i.e., measurements on one system can not affect,55

nor be affected by measurements on the other). Using56

the example of of an experiment based on the Bohm-57

Aharonov experiment[2] (EPR-Bohm experiments), and58

imposing his locality requirement, Bell developed in-59

equalities that were incompatible with the statistical pre-60

dictions of quantum mechanics.61

Subsequent experiments, such as those using an op-62

tical analog of the Stern-Gerlach filters of Bell’s paper,63

have shown dramatic violations of variations of Bell’s in-64

equalities, while being in good agreement with quantum65

mechanical predictions.[4] This has led to the conclu-66

sion that experiments show that a measurement on either67

member of an “entangled” pair has an instantaneous ef-68

fect on on the state of the other, regardless of the distance69

between them (spooky action-at-a-distance). That view70

is reflected in college textbooks and material intended71

to educate and inform the general public.[5] In the next72

section we show that view to be incorrect, because in-73

appropriate localization requirements were used in the74

development of the inequalities.75

II. CRITIQUE OF THE BELL INEQUALITIES76

In this paper it is shown that violation of the Bell77

Inequalities does not prove non-local, action at a dis-78

tance behavior for “entangled” particles. The criteria79

used to impose locality in the development of the in-80

equalities make them meaningless in the interpretation81

of the experimental results of EPR-Bohm experiments.82

There are several variations of inequalities used to test83

the EPR-Bohm experiments, all of which are referred to84

generically as Bell Inequalities. In this section it is shown85

that they all use localization criteria that are incorrect86

for such experiments.87

In 1978 Clauser and Shimony[6] provided an excellent88

review of the then current Bell Inequalities. This paper89

relies heavily on their review. In Section 3.3 of Clauser90

and Shimony they discuss the locality concept and pro-91

vide a very reasonable definition:92

Suppose a pair of correlated systems, which93

have a joint state λ, separate. They then94

continue to evolve perhaps in an inherently95

stochastic way, and given λ, a and b, one can96

define probabilities for any particular out-97

https://www.researchsquare.com/article/rs-94476/v1


2

come at either apparatus. We allow that,98

given λ, these two probabilities may each de-99

pend on the associated (local) apparatus pa-100

rameter, a or b respectively, and of course101

upon λ, but we assume that these probabili-102

ties are otherwise independent of each other.103

This definition of locality seems very104

common-sensical. It says that the outcome105

(or the probability of outcomes) of a measure-106

ment performed on one part of a composite107

system is independent of what aspects of the108

other component the experimenter chooses to109

measure. It by no means excludes the possi-110

bility of obtaining knowledge concerning sys-111

tem 2 from an examination of system 1. The112

state λ contains information common to both113

systems, and a measurement on one of these114

presumably reveals some of this. Nor does115

it prevent a measurement performed on one116

component of a composite system from lo-117

cally disturbing that component. What it118

does prescribe, in essence, is that the mea-119

sured value of a quantity on one system is120

not causally affected by what one chooses121

to measure on the other system, since the122

two systems are well separated (e.g. space-123

like separated) when the measurements are124

performed.[6]125

It is difficult to design experiments to test the original126

Bell Inequalities; so experiments have been designed to127

be interpreted by variations of the inequalities, many of128

which are discussed in the following subsections.129

A. Clauser and Horne130

We start with Clauser and Horne[7]. This is because it131

most simply demonstrates the localization problem with132

Bell Inequalities and because Clauser-Horne(CH) type133

Bell Inequalities are the ones commonly used for EPR-134

Bohm experiments. In this description of their develop-135

ment many of the details and explanations are glossed136

over, but much of it is straight from their paper.137

Clauser and Horne, describe a typical EPR-Bohm ex-138

periment, using an experimental arrangement in which a139

source of coincident two-particle emissions is viewed by140

two analyzer-detector assemblies, 1 and 2. Each appara-141

tus has an adjustable parameter, a at apparatus 1 and b142

at apparatus 2, where a and b are angles specifying the143

orientation of the analyzers, e.g., the axes of linear polar-144

izers for photons or the directions of the field gradients145

of Stern-Gerlach magnets for fermions.146

During a period of time, while the adjustable param-147

eters have the values a and b, the source may emit N of148

the two-particle systems of interest. Let N1(a) and N2(b)149

be the number of counts at at detectors 1 and 2, respec-150

tively, and let N12(a, b) be the number of simultaneous151

counts from the two detectors (coincident counts). When152

N is sufficiently large the ensemble probabilities are given153

by Clauser and Horne’s Equations (1):154

p1(a) = N1(a)/N
155

p2(b) = N2(b)/N
156

p12(a, b) = N12(a, b)/N

Consider one of the two-component emissions from the157

source and consider the state specification of that system158

at a time intermediate between its emission and its im-159

pingement on either apparatus, and denote that state by160

λ. Let the probabilities of a count being triggered at161

apparatus 1 and 2 be p1(λ, a) and p2(λ, b), respectively,162

and let p12(λ, a, b) be the probability that both counts163

are triggered. Then, since every system in the ensem-164

ble may not have the same initial state, let ρ(λ) be the165

normalized probability density characterizing the ensem-166

ble of emissions. Then the ensemble probabilities given167

in their Equations (1), above are Clauser and Horne’s168

Equations (2)169

p1(a) =

∫
Γ

dλρ(λ)p1(λ, a),

170

p2(b) =

∫
Γ

dλρ(λ)p2(λ, b),

171

p12(a, b) =

∫
Γ

dλρ(λ)p12(λ, a, b)

where Γ is the space of the states λ.172

**********************************************************************************173

This is where the crucial error in their development is174

made. In the equation for the ensemble probability for175

the coincident counts they make the substitution, their176

Equation (2′)177

p12(λ, a, b) = p1(λ, a)p2(λ, b) (1)

and they justify this as a reasonable locality condition,178

which leads to179

p12(a, b) =

∫
Γ

dλρ(λ)p1(λ, a)p2(λ, b) (2)

*****************************************************************************************180

However, this factorization is definitely not a reason-181

able locality condition. It is an unacceptable one, be-182

cause it assumes that there is no correlation between the183

two particles that were emitted. It defeats the whole184

purpose of the EPR-Bohm experiments. A great deal185

of time, effort and ingenuity is expended by the experi-186

menters to construct the sophisticated apparatus used to187
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create correlated particle pairs and to ensure that their188

spin or polarization states are not disturbed by exter-189

nal means until they encounter the detectors. EPR[1]190

in their thought experiment stake their claim of simulta-191

neous reality on the ability to obtain information about192

one system from measurements made on the other be-193

cause of the correlation between the two systems. If194

there were no correlations between the particles at the195

time that the measurements are made, then their thought196

experiment would indeed fail. Quantum mechanics also197

predicts that there are correlations between the systems.198

Fortunately, the results of the experiments that are able199

to be performed[4] indicate that both EPR and quantum200

mechanics are correct about that. EPR did not claim201

that quantum mechanics was wrong, just that its descrip-202

tion was incomplete.203

Note: It could be said that correlation be-204

tween the particles is included in Equation205

(2) through the use of λ, which can repre-206

sent shared variables. Each particle shares207

a common set of values or instructions and208

thus two particles effectively are correlated209

when each separately interacts with its de-210

tector. This position fails on several levels.211

(I) The correlations associated with the sin-212

glet state are specific for each separate pair of213

particles. The sum of the pairs of correlated214

values is not equal to the product of the sums215

of the individual values. (II) No use is made216

of any potential correlation in deriving the217

inequalities. (III) The correlation of inter-218

est is the fact that the spins or polarizations219

of the particles are complementary, because220

they were created in a singlet state. Hid-221

den variables may explain why each particle222

exhibits a certain value when measured, but223

are not the source of the correlation of inter-224

est. (IV) This factored probability is equiv-225

alent to deterministic models, such as those226

discussed in Section II.B, below, which make227

no use of hidden variables and yield precisely228

the same inequalities. Disjoint subspaces do229

not provide for complementarity in the mea-230

surements for each pair.231

Clauser and Shimony[6] in their Section 3.6 and Equa-232

tions (3.21) assume from symmetry considerations that233

p1(a) is independent of b234

p2(b) is independent of a235

and p12(a, b) ≡ p12(| a− b |)236

That is a much more reasonable expression for p12(a, b)237

than Equation (2) above, because it implies correlation238

between the particles. The correlated pair of particles239

was created in a singlet state. The spin/polarization240

state for the correlated system can be represented by the241

wave function242

Ψ =
1√
2

[ψ+(1)ψ−(2)− ψ−(1)ψ+(2)] (3)

This wave function describes the complementary rela-243

tionship between the spins of the two particles. If the par-244

ticles experience no interactions to disturb the spin state245

of either particle, that relationship should not change.246

Thus, because the particles are complementary, a mea-247

surement on one particle can provide information on the248

other at the time of the measurement, regardless of how249

far apart they are. EPR’s claim for simultaneous reality250

depends on that relationship. Quantum mechanics also251

supports that view, at least for a large enough ensem-252

ble of particles. The disagreement between Einstein and253

Bohr is whether that relationship implies simultaneous254

reality (Einstein) or that the spin state for each particle255

only obtains reality when one of them is disturbed and256

the wave function collapses (Bohr).257

[Note: Some would criticize this description258

as being too classical, because in quantum259

theory only one component of the spin of each260

particle can have a definite value at a given261

time. Quantum theory also says that no mat-262

ter which component of the spin of particle 1263

is measured at detector a, the same compo-264

nent of the spin of particle 2 will have a def-265

inite and opposite value when the measure-266

ment is over. But we are free to choose any267

direction as the one in which the spin of par-268

ticle 1 (and therefore of particle 2) will be-269

come definite; and therefore a measurement270

at one detector can influence the measure-271

ment at the other.][2]272

The problem with that criticism is that it presupposes273

that EPR are wrong when they assert simultaneous re-274

ality for the spins of the particles. The purpose of an275

EPR-Bohm experiment is to test that very issue.276

However, Clauser and Horne use Equation (2), which277

denies any correlation between the particles at the time of278

the measurement, to obtain their inequality. They prove279

a mathematical lemma and, using that lemma, establish280

the inequality281

−1 ≤ p1(λ, a)p2(λ, b)− p1(λ, a)p2(λ, b′) + p1(λ, a′)p2(λ, b)

+p1(λ, a′)p2(λ, b′)− p1(λ, a′)− p2(λ, b) ≤ 0

(4)

where a and a′ are two orientations of analyzer 1, and282

b and b′ are two orientations of analyzer 2. There is283

nothing wrong with this, but then they use Equation (2)284

to obtain their famous inequality285

−1 ≤ p12(a, b)− p12(a, b′) + p12(a′b) + p12(a′, b′)

−p1(a′)− p2(b) ≤ 0
(5)
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The use of this inequality to interpret the results of286

EPR-Bohm experiments is, for the reasons stated above,287

meaningless.288

B. Wigner, Belinfante and Holt289

Clauser and Shimony[6], in Section 3.7 discuss290

Bell Inequalities developed independently by Wigner[8],291

Belinfante[9], and Holt[10]. Their method consists of sub-292

dividing the space Λ of states of a two-component system293

into subspaces corresponding to various possible values of294

the observables of interest, and then performing calcula-295

tions on the measures of these subspaces. Clauser and296

Shimony show how their method can be used to derive297

the CH Inequality (Equation (5), above). That should298

be enough to disqualify them from being used for EPR-299

Bohm experiments, but it is instructive to see why they300

are equivalent, using Clauser and Shimony’s analysis.301

They start with the assumption that the detection or302

non-detection of component 1 is completely determined303

by the parameter a of the first analyzer and the state of304

the composite system, but is independent of the parame-305

ter b of the other analyzer, and likewise for component 2.306

They then assume that determinism applies and exhaus-307

tively subdivide the space Λ into 16 mutually disjoint308

subspaces Λ(ij; kl), where each letter can take the value309

0 or 1, with 1 denoting detection and 0 non-detection.;310

with i and j referring to the results if the parameter of311

the first analyzer is chosen respectively to be a or a′; and312

with k and l referring to the results if the parameter of313

the second analyzer is chosen respectively to be b or b′.314

If a probability measure ρ is assumed to be given on Λ,315

then ρ(ij; kl) is defined to be the probability that the316

composite state is in Λ(ij; kl). All the ρ(ij; kl) are non-317

negative, and because the 16 subspaces are disjoint and318

exhaustive, we have:319 ∑
ijkl

ρ(ij; kl) = 1

We now define p1(a) to be the probability that compo-320

nent 1 will be detected if the parameter is chosen to be a;321

p2(b) to be the probability that component 2 will be be322

detected if its parameter is chosen to be b; and p12(a, b)323

to be the probability of joint detection of both compo-324

nents if the two parameters are chosen respectively to be325

a and b. Analogous definitions are given for the values326

of the other parameters. Then, for example,327

p12(a, b) = ρ(11; 11) + ρ(11; 10) + ρ(10; 11) + ρ(10; 10)

328

p12(a, b′) = ρ(11; 11) + ρ(11; 01) + ρ(10; 11) + ρ(10; 01)

etc., and, for example,329

p2(b) = ρ(11; 11) + ρ(11; 10) + ρ(10; 11) + ρ(10; 10)

+ρ(01; 11) + ρ(01; 10) + ρ(00; 11) + ρ(00; 10)

Using these, and equivalent equations for the other prob-330

abilities, Clauser and Shimony show that Equation (5),331

above, is recovered. This deterministic approach, be-332

cause of its disjoint subspaces, also does not allow for333

correlation between the particles; so it is not surprising334

that it is equivalent to the CH Inequality, a fact that is335

supported by Fine[11] (see Section II.F below), and, thus336

is inappropriate for EPR-Bohm experiments337

C. Bell338

The concept of Bell Inequalities was introduced by339

Bell[3] in 1964. Bell’s paper dealt with an EPR-Bohm340

experiment using fermions in a singlet state moving in341

opposite directions. Measurements are made by Stern-342

Gerlach magnets on selected components of the spins ~σ1343

and ~σ2. If measurement of the component ~σ1 · ~a where344

~a is some unit vector, yields the value -1 then, accord-345

ing to quantum mechanics, measurement of ~σ2 · ~a must346

yield the value -1 and vice versa. Since this is true even347

when the measurements are made at places remote from348

one another, it implies the possibility of a more complete349

specification of the state, as proposed by EPR, which he350

denotes by λ, where λ is quite general, denoting whatever351

is needed for a complete specification.352

The result A of measuring ~σ1 ·~a is then determined by353

~a and λ, and the result B of measuring ~σ2 ·~b in the same354

instance is determined by ~b and λ; so355

A(~a, λ) = ±1 and B(~b, λ) = ±1 (6)

Then he states that if ρ(λ) is the probability distribution356

of λ, the expectation value of the product of the two357

components ~σ1 · ~a and ~σ2 ·~b is358

P (~a,~b) =

∫
dλρ(λ)A(~a, λ)B(~b, λ) (7)

which he states is equivalent to the quantum mechanical359

expectation value360

< ~σ1 · ~a ~σ2 ·~b > = − ~a ·~b

The factorization in Equation (7), as pointed out by361

Clauser and Shimony in their Section 3.1 Equation (3.4),362

is an expression of locality for a deterministic hidden-363

variables theory. As discussed in Section A, above, it is364

not an acceptable locality condition.365

Thus, there is no need to discuss Bell’s development366

further, because the inequalities are inappropriate, are367

never used anyway and the development contains some368

dubious steps. In 1971 Bell[12] offered an updated and369

improved proof, but it contains the same factorization as370

Equation (7) and thus also is inappropriate.371
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D. Stapp372

In a paper describing the “S-Matrix Interpretation of373

Quantum Theory” Stapp[13] discusses the completeness374

of quantum theory with the use of an EPR-Bohm exper-375

iment. Two fermions in a singlet spin state, traveling in376

opposite directions, each pass through a Stern-Gerlach377

type device. The axes of the two devices (A1 and A2)378

are denoted by D1 and D2. They are both normal to379

the c.m. line of flight, and θ(D1, D2) is the angle be-380

tween them. Two different settings, D′1 and D′′1 of D1381

are considered; and two different settings, D′2 and D′′2 of382

D2 are considered. Altogether four alternative combina-383

tions of settings are considered. Let j label the individ-384

ual experiment, i.e., a single pair of particles in a singlet385

state. Then let n1j(D1, D2) be defined to be +1 or -1,386

according to whether the theory predicts that the parti-387

cle from the jth pair that passes through A1 is deflected388

up or down, when the settings of the axes are D1 and D2.389

The numbers n2j(D1, D2) are defined analogously for the390

other particle. Based on the condition that the theory391

gives predictions for various possible alternative settings,392

for each individual pair j, the numbers nij(D1, D2) and393

n2j(D1, D2) are defined for all four of the arguments D1394

and D2.395

Stapp then discusses the fact that, based on his pre-396

dictability condition, the eight numbers nij(D1, D2) are397

defined for each experiment j. Of these eight num-398

bers only two can be compared to experiment. The399

other six correspond to the three alternative experiments400

that could have been performed but were not. He then401

states that if the experimenters had actually adjusted402

the mechanical devices to give the alternative experi-403

mental setup, then the alternative experiments would404

have had certain definite results. Then the numbers405

n1j(D1, D2) and n2j(D1, D2) can be defined by the re-406

sults that the experiments would have had if they had ac-407

tually been performed. (This is what is called “counter-408

factual definiteness” and Eberhard[14] refers to as “con-409

jugate events”.) This is an interesting concept and poten-410

tially could be used to introduce correlation into the the-411

ory, because there is a correlation between n1j(D1, D2)412

and n2j(D1, D2) for each j. It’s not clear how to do that,413

and there is no indication that Stapp attempted to do so.414

Stapp then states that the following relationship with415

quantum mechanics should hold with increasing accuracy416

as N increases:417

1

N

N∑
j=1

n1j(D1, D2)n2j(D1, D2) = −cosθ(D1, D2) (8)

It is clear that this suffers from the same factorization418

problem of Equation (1) in Section II.A, above. No pro-419

vision is made for a correlated n12j(D1, D2). Because420

there is no correlation between the particles, the method421

is meaningless for the interpretation of EPR-Bohm ex-422

periments. Clauser and Shimony point out that in 1978423

Stapp[15] responded to some critics of his earlier paper424

and also provided an equivalence theorem that shows his425

approach is, in fact, equivalent to Equation (2) in Sec-426

tion II.A, above, confirming that it is an inappropriate427

measure.428

E. Eberhard429

1. Eberhard 1977430

In 1977 Eberhard[16] published a paper purporting to431

derive Bell Inequalities without using the concept of hid-432

den variables. He considers an EPR-Bohm experiment433

with two measuring locations, A and B, at a distance434

from each other, with a knob, a, on apparatus A and a435

knob, b, on apparatus B. N events are recorded, with a436

measurement on both A and B. There are only two out-437

comes for each measurement, +1 or -1. The jth event438

corresponds to a response αj in A and βj in B. Each439

term αj and βj is either +1 or -1. He defines correlation440

by a statistical mean441

C =
1

N

∑
j

αjβj = < αjβj >

where the brackets around a quantity designates the sta-442

tistical mean of that quantity over j. C is equal to the443

fraction of events when αj and βj have the same signs mi-444

nus the fraction where they have opposite signs. There445

are two positions a(1) and a(2) of the knob a and two446

positions, b(1) and b(2) for the knob b. He defines:447

C(1,1) = < αjβj >, a = a(1), b = b(1)

448

C(2,1) = < αjβj >, a = a(2), b = b(1)

449

C(1,2) = < αjβj >, a = a(1), b = b(2)

450

C(2,2) = < αi|βj >, a = a(2), b = b(2)

and then defines for event j:451

γj = α
(1)
j β

(1)
j + α

(2)
j β

(1)
j + α

(1)
j β

(2)
j − α

(2)
j β

(2)
j (9)

Each product αjβj is equal to ±1; so therefore452

1

N

∑
j

γj = < γ > = < α
(1)
j β

(1)
j > + < α

(2)
j β

(1)
j >

+ < α
(1)
j β

(2)
J > − < α

(2)
j β

(2)
j > ≤ 2

(10)

and finally453

C(1,1) + C(2,1) + C(1,2) − C(2,2) ≤ 2 (11)

which is the famous CHSH[17] inequality.454
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[It should be noted that the CHSH Inequal-455

ity is obtained using a “correlation function”,456

P (a, b) =
∑

ΓA(a, λ)B(b, λ)ρ(λ)dλ which is457

a factored form that actually denies correla-458

tion of the particles. They don’t even refer459

to a quantity like AB(a, b, λ); so, clearly the460

CHSH Inequality suffers the same problem as461

the CH Inequality discussed in Section II.A,462

above, and is inappropriate for EPR-Bohm463

experiments.]464

The statistical means used in the development by Eber-465

hard also do not provide for correlation between the par-466

ticles, which is why he reaches the same inappropriate467

inequality.468

2. Eberhard 1992469

In 1992 Eberhard[14] presented an alternative inequal-470

ity based on an entirely different approach. The initial471

state is prepared as a superposition of two photons a and472

b, with correlated planes of polarization. One state is473

defined with photon a polarized vertically and photon b474

polarized horizontally while the other state has photon a475

polarized horizontally and photon b vertically. The an-476

gle of the detection device for photon a is denoted α and477

that of photon b as β.478

The Bell Inequalities are concerned with expectation479

values of quantities that can be measured in four different480

experimental setups defined by specific values α1, α2, β1481

and β2 of α and β. The setups are referred to by the sym-482

bols (α1, β1), (α1, β2), (α2, β1), and (α2, β2), where the483

first index designates the value of α and the second in-484

dex the value of β.485

In each setup, the “fate” of photon a and the “fate” of486

photon b is referred to by an index (o) for photons de-487

tected in the ordinary beam, (e) for photons detected in488

the extraordinary beam, or (u) for photons undetected..489

Therefore there are nine types of events: (o,o), (o,u),490

(o,e), (u,o), (u,u) (u,e), (e,o), (e,u) and (e,e), where the491

first index designates the fate of photon a and the second492

index the fate of photon b. He defines conditions:493

(i) The fate of photon a is independent of the value of β,494

i.e., is the same in an event of the sequence corresponding495

to setup (α1, β1) as in the event with the same event496

number k for (α1, β2); also same fate for a in (α2, β1)497

and (α2, β2); this is true for each k for these sequences.498

(ii) The fate of photon b is independent of the value of499

α, i.e., is the same in event k for sequences (α1, β1) and500

(α2, β1); also same fate for b in sequences (α1, β2) and501

(α2, β2).502

These are perfectly reasonable locality conditions, but503

they only apply for any given k, not for the sums over all504

k.505

Following an argument first used by Stapp[13], when506

four sequences are found satisfying conditions (i) and (ii),507

the four events with the same event number k in the four508

sequences are called “conjugate events”. He then uses509

the notation nf1f2(α, β), where f1 is the fate (o,e,or u) of510

photon a and f2 is the fate of photon b, for the number511

of events with that outcome. For example, noo(α1, β1) is512

the number of events with the outcome o for photon a513

and with the outcome o for photon b when α is α1 and514

β is β1.515

[Note: This is the number of events with that516

outcome, not an event for a single value of517

k, and that the concept of “conjugate event”518

does not really apply. Nevertheless, Eberhard519

proceeds to develop his inequality using these520

totals, which for notational purposes he calls521

boxes.]522

He starts by considering noo(α1, β1). He then subtracts523

from that total some of the boxes for which events, had524

they been for the same k, would have been conjugate to525

events that go into the box noo(α1, β1).526

noo(α1, β1)− nuo(α2, β1)− neo(α2, β1)

−nou(α1, β2)− noe(α1, β2)
(12)

It’s not immediately clear why he did not also consider527

the boxes, noo(α2, β1) and noo(α1, β2), which also meet528

the conditions (i) and (ii), though they are both conju-529

gate to the box that he then includes, noo(α2β2). Because530

the remainder shown in Expression(12), above must be531

less than or equal to the number in box noo(α2, β2), he532

obtains:533

noo(α1, β1)− nuo(α2, β1)− neo(α2, β1)− nou(α1, β2)

−noe(α1, β2) ≤ noo(α2, β2)

(13)

, or his inequality:534

noe(α1, β2) + nou(α1, β2) + neo(α2, β1) + nuo(α2, β1)

+noo(α2, β2)− noo(α1.β1) ≥ 0
(14)

He then claims that Equation (14) is equivalent to Equa-535

tion (5) of Section II.A, above. He also points out536

that if the o’s and e’s in Equation (14) are interchanged537

one obtains a similar inequality, which, if averaged with538

Equation (14) yields an inequality essentially identical to539

the CHSH Inequality mentioned in Section II.E.1,above.540

Clearly, this makes his inequality inappropriate for EPR-541

Bohm experiments for the reasons discussed above.542

3. Giustina et.al543

Another form of Eberhard’s inequality was devel-544

oped by Giustina, et.al.[18]. In an experiment, one545

records measurements of singles counts, S (number546

of detection events on one side), and C (number of547
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detected pairs), for the four combination of settings548

(α1, β1), (α1, β2), (α2, β1) and (α2, β2).549

The number of events for which one of the outcomes is550

undetected follows from the measured rates. For a given551

measurement length the measured coincident counts are552

Ckl(αi, βj) and the single counts are Sαk (αi) and Sβl (βj),553

where k and l are o or e. The terms in Eberhard’s inequal-554

ity, Equation (14) above, are then given by the following555

measured quantities:556

noo(α1, β1) = Coo(α1, β1)

557

noe(α1, β2) = Coe(α1, β2)

558

nou(α1, β2) = Sαo (α1)− Coo(α1, β2)− Coe(α1β2)

559

neo(α2, β1) = Ceo(α2, β1)

560

nuo(α2, β1) = Sβo (β1)− Coo(α2, β1)− Ceo(α2, β1)

561

noo(α2, β2) = Coo(α2, β2)

Inserting these expressions into Equation (14) above562

yields:563

−Coo(α1, β1) + Sαo (α!)− Coo(α1, β2)

+Sβo (β1)− Coo(α2, β1) + Coo(α2, β2) ≥ 0
(15)

,where the coincidence counts Coe(α1, β2) and564

Ceo(α2, β1) have dropped out. The resulting in-565

equality now contains only directly available detection566

events related to the ordinary beams of α and β. This567

inequality was used by Giustina, et. al., in their exper-568

iment and was used in the recent NIST experiment[4].569

Obviously it suffers from the same lack of correlation570

as the Eberhard[14] inequality above, upon which it is571

based.572

F. Summary573

The list of Bell Inequalities discussed above is not574

exhaustive and each is not dealt with rigorously, just575

enough to give a flavor of the development and to show576

that it does not provide for correlation between the cor-577

related particles. It also shows that it does not matter578

whether a deterministic hidden-variables model or a fac-579

torized stochastic model is used. They all preclude the580

correlation between the particles.581

This is not surprising in light of a 1982 paper by582

Fine[11] which proves that every deterministic hidden-583

variables model is equivalent to a factorizable stochas-584

tic model. (See also Appendix A of Hall[19].) It is the585

factorized probability that makes these models unsuited,586

even irrelevant, for use in interpreting the results of EPR-587

Bohm experiments. The probability for the factorized588

model589

p12(a, b) =

∫
Λ

dλρ(λ)p1(λ, a)p2(λ, b) (16)

correctly accounts for the locality of the measuring de-590

vices, but ignores the fact that each pair of parti-591

cles is correlated and that the measurements for each592

pair must correspondingly be correlated. (This is true593

whether one proposes, as the EPR view does, that594

the spin/polarization of the particles have simultane-595

ous reality or whether, instead, one contends that596

the spin/polarization of the particles only are realized597

at the time of the measurements.) For the EPR-598

Bohm experiments, p12(λ, a, b) is definitely not equal to599

p1(λ, a)p2(λ, b). Thus one must conclude, for the reasons600

expressed in the discussion of Equation(1) and Equa-601

tion(2) of Section II.A above, that the Bell Inequalities602

are inappropriate for use in interpreting the results of603

EPR-Bohm experiments.604

III. CONCLUSION605

It is shown that none of the Bell Inequalities have any606

relevance for EPR-Bohm experiments. The extreme lo-607

cality conditions they use do not account for, or even608

allow consideration of, the correlation between pairs of609

particles; but it is the correlation between a pair of par-610

ticles that is the characteristic feature of such experi-611

ments. The only locality condition required by EPR is612

that a measurement on one of the particles is not affected613

by and can not affect the measurement made on the sec-614

ond particle. There is therefore no reason why in an615

EPR-Bohm experiment that the inequalities should not616

be violated; in fact one should expect that they would be617

violated, because they express conditions that are decid-618

edly untrue if the experimenters did their jobs well.619

In light of this it would be incorrect to claim that vio-620

lation of Bell Inequalities requires the conclusion that the621

measurement of one particle in an “entangled” pair can622

instantly affect the state of its partner, even at a great623

distance. This action at a distance may be true, but that624

is not proved by the results of any EPR-Bohm exper-625

iments yet performed. It’s also possible that Einstein,626

Podolsky and Rosen are correct in claiming that there627

is simultaneous reality for the quantities being measured628

and thus quantum mechanics provides an incomplete de-629

scription.630

Because the experiments have been performed at631

space-like separations, there are really two possible in-632

terpretations: either633

(1) the spin/polarization state of each particle has si-634

multaneous reality, and a measurement on one, though635

related to, does not affect a measurement on the other,636

or637
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(2) contrary to all of our hard-earned current under-638

standing of space-time, the spin/polarization state of639

each particle only becomes real at the time of measure-640

ment and the measurement of one immediately deter-641

mines the state of the other, even when they are space-642

like separated.643

Although each interpretation is, perhaps, possible, it644

would be irresponsible to proclaim that violation of Bell645

Inequalities requires the second.646
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