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1 Introduction 

 Discussions of the problem of natural evil often focus on the issue of whether or 

not God can rightly be said to allow the occurrence of natural evil for the sake of some 

greater good. If natural evil is not to be made the direct result of God’s creative act, on 

the one hand, or left completely unexplained, on the other, then something like this 

strategy appears to be an unavoidable if perilous endeavor.
1
 Peril notwithstanding, I think 

there is a good case to be made that, precisely as a theological strategy, it does not go far 

enough. Any theological account of natural evil will need to consider not only the 

relation between natural evil and the divine will but also the relation between natural evil 

and the mode(s) of God’s presence in creation; explanations of why God allows natural 

evil will need to be supplemented by corresponding accounts of how God allows natural 

evil to occur. Without this additional explanatory dimension, one is left to puzzle the 

relation between what God desires for creation and what God actually does in and with 

the particular world God has created. More importantly, one is left to wonder whether or 

not affirmations of God’s active presence in creation can be maintained in the face of 

such evils. 

 In this essay I attempt to fill out this additional explanatory dimension by offering 

one possible way of describing God’s relation to physical processes through an extended 

analogy drawn from quantum physics. I suggest that God can be helpfully envisioned as 

1 It is possible, of course, to refuse to be led out of the dilemma and to grasp one of its horns instead. 

Wesley Wildman grasps the first (see his contribution to this volume) by making good and evil 

coprimordial aspects of the divine nature, whereas Karl Barth grasped the second by insisting that evil is 

ultimately not our problem to solve but God’s; Karl Barth, The Doctrine of Creation, vol. 3.1, Church 

Dogmatics, ed. G. W. Bromiley and T. F. Torrance, trans. Harold Knight, et al. (Edinburgh: T. & T. Clark, 

1958), 381. 
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“entangled” with the physical world after the manner in which quantum physicists speak 

of electrons or photons being entangled with one another. While this remarkable 

phenomenon is open to competing philosophical interpretations, it suggests to many 

physicists and philosophers of science a kind of relative autonomy buoyed up by a deeper 

unity, a mode of relationality in which the presence of the relation is hidden within the 

apparently independent existence and behavior of the relata. In this essay I wish to 

uncover the logic of this concept for the sake of positing an analogous theological idea, 

namely, that the relation between God and the world is effective in such a way that the 

presence of this relation hidden within the world’s relative autonomy. 

 The significance of this analogy for a discussion of natural evil is that it provides 

an account of God’s relation to physical processes whereby the efficacy of the divine 

presence in these processes can be understood as coalescing entirely on the relation 

between creation and God. In other words, the locus of God’s action vis-à-vis physical 

processes is best thought of as residing in the relation itself, not in the actual processes. In 

this analogy with quantum entanglement, the divine act of establishing and maintaining a 

relation with the physical world can be understood, counterintuitively, as the very basis 

for the relative causal independence of physical processes. And it is the independence if 

these processes which, in turn, manifests itself in the real possibility of the kind of 

physical events that typically warrant the title “natural evil.” 

 In section 2 I locate my own thought within some contemporary currents of 

trinitarian thought and discussions of the problem of evil. I also argue for the importance 

of drawing theological images and concepts analogically from the natural sciences. 

Section 3 begins with brief overviews of quantum entanglement and spin-½ systems. 

These two subsections are intended to introduce a nonscientific audience to the relevant 

history and concepts and require only a basic grasp of algebra and trigonometry. Those 

already familiar with this history and the formalism of quantum theory can safely proceed 

to the latter two subsections—which lie at the constructive center of the overall 

argument—where I present, first, a quantum thought experiment bringing to light some of 

the possibilities for developing a theological analogy of the God–world relation and, 

second, a discussion of the analogy itself. I conclude the essay by assessing the value of 

this quantum-inspired construal of the God–world relation for making theological sense 

out of how such violent and destructive natural processes could possibly exist within a 

world understood to be both the product of God’s loving act and the locus of God’s 

continued supportive presence. 

2 Some Background on God and Natural Evil 

2.1 Divine and Creaturely Relationality

 A good deal of recent theological conversation on the nature of creation has 

emphasized the concepts of relationality, interconnectedness, and wholeness.
2
 This 

emphasis comes from a wide variety of concerns—for the environment, social justice, 

2 See, for example, David Ray Griffin, ed., Sacred Interconnections: Postmodern Spirituality, Political 
Economy, and Art (Albany, N.Y.: SUNY, 1990); John A. Jungerman, World in Process: Creativity and 

Interconnection in the New Physics (Albany, N.Y.: SUNY Press, 2000); Diarmuid O'Murchu, Quantum 

Theology: Spiritual Implications of the New Physics (New York: Crossroad, 1997); Carl G. Vaught, The
Quest for Wholeness (Albany: Suny, 1982). 
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and gender equality, to name only a few—but the revival of trinitarian language in 

twentieth-century theology surely counts as one of the most important and invigorating 

factors, having played a surprisingly crucial and common role in multiple threads of the 

conversation.
3
 I do not think it is too much to say that many now perceive the lasting 

central insight of the long tradition of trinitarian God-language to be that God’s being is 

characterized essentially by relationality and that God remains faithful to who God is by 

choosing to be in relation to a world other than Godself. As one theologian recently put it, 

“far from being irrelevant, [the Trinity] is central to Christian faith: it expresses the entire 

God–world dynamic.”
4

 Among those who have written extensively on the topics of divine and created 

relationality, Wolfhart Pannenberg has developed a powerful synthesis of these themes in 

his explicitly trinitarian doctrine of creation. With respect to the divine nature, he argues 

that the theological task is to envision the divine unity as it manifests itself in the concrete 

and differentiated life of the Trinity, which “requires a concept of essence that is not 

external to the category of relations.”
5
 It is this trinitarian God, Pannenberg urges, that we 

must think of as Creator. Thus he imagines the second person of the Trinity as the 

principle of distinction and the third person of the Trinity as the principle of unity, both 

within God and within the divine act of creation.
6
 Seeing this act of creation as an 

outward expression of the inwardly relational life of god, he argues, provides a stronger 

connection between God and the world than is possible from the perspective of an 

undifferentiated (nontrinitarian) monotheism. 

 At the same time, Pannenberg also thinks a trinitarian account of creation can 

provide a robust view of the world’s relative independence (i.e., causal integrity), since it 

is understood to be the product of a God who is active and complete in God’s own being 

and thus who has no need of creation.
7
 Pannenberg locates the unity and completeness of 

3 See, for example, Leonardo Boff, Trinity and Society, trans. Paul Burns (Maryknoll, N.Y.: Orbis, 1988); 

David S. Cunningham, These Three Are One: The Practice of Trinitarian Theology (Oxford: Blackwell, 

1998); Elizabeth A. Johnson, She Who Is: The Mystery of God in Feminist Theological Discourse (New 

York: Crossroad, 1995); Catherine Mowry LaCugna, God for Us: The Trinity and Christian Life (San 

Francisco, Calif.: HarperSanFrancisco, 1991); Jürgen Moltmann, The Trinity and the Kingdom: The 

Doctrine of God, trans. Margaret Kohl (New York: Harper & Row, 1981); Ted Peters, God as Trinity: 

Relationality and Temporality in the Divine Life (Louisville, Ky.: Westminster/John Knox Press, 1993). 
4 Sallie McFague, Life Abundant: Rethinking Theology and Economy for a Planet in Peril (Minneapolis, 

Minn.: Fortress, 2000), 143–4, esp. fn. 17. According to McFague, what lies beneath theology’s central aim 

of expanding models conceptually to provide an ever more coherent and comprehensive account of belief 

lies what she calls a “root metaphor,” which in the Christian tradition she identifies as the “kingdom of 

God.” This notion, referred to in Jesus’ parables and pointed to by Jesus himself, suggests to McFague that 

relationality is the defining feature of the Christian view of God and the world; Sallie McFague, 

Metaphorical Theology: Models of God in Religious Language (Philadelphia, Pa.: Fortress, 1982), 108-11. 
5 Wolfhart Pannenberg, Systematic Theology, vol. 1, trans. G. W. Bromiley (Grand Rapids, Mich.: 

Eerdmans, 1991), 335. 
6 Wolfhart Pannenberg, "The Creation of the World," in Systematic Theology, Vol. 2 (Grand Rapids, Mich.: 

Eerdmans, 1994), 20-35. It is interesting to note in this regard that McFague has suggested replacing the 

traditional language of “Father, Son, and Holy Spirit” with “mystery, physicality, and mediation.” It is 

telling, I think, that someone as far removed theologically from Pannenberg as McFague is can describe the 

creative life of the Trinity in such similar terms; Sallie McFague, The Body of God: An Ecological 
Theology (Minneapolis, Minn.: Fortress, 1993), 193. 
7 As Pannenberg points out, to say that the world is the outward product of a divine act is to assert that it is 

not God—that it is not an emanation from God which is in any way necessary—and thus that its being is 

contingent. Pannenberg argues that Christian theology found in the doctrine of the Trinity a way of 
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the triune God in the divine love, which manifests itself internally in terms of mutual self-

distinction and interdependence and externally in the creation of the world. He 

characterizes the unity externally in terms of “the divine love eternally affirm[ing] the 

creature in its distinctiveness and thus set[ting] aside its separation from God but not its 

difference from him.”
8
 In this unity of the divine love created plurality does not 

disappear, but is affirmed and sustained by its dynamically and eternally relational divine 

source.

 In what follows, I assume a broadly trinitarian stance consonant with 

Pannenberg’s notion of divine relationality as the source and pattern of created 

relationality. One benefit of such a perspective is that it can serve as a starting point for 

the mutual affirmation of the world’s radical dependence on God and its relative 

independence from God. The analogy I develop here for the God–world relation on the 

basis of quantum entanglement is intended to provide a way of sustaining this mutual 

truth so that it does not collapse into contradiction. It is worth noting, in this regard, that 

the traditional characterization of the trinitarian relations in terms of perichoresis, or 

mutual indwelling, suggests close conceptual proximity between the theological notion of 

trinitarian relationality and the scientific notion of entanglement. On the perichoretic 

model, the three divine persons exist as distinct persons because of (on the basis of) their 

relationships to one another, not unlike two entangled photons can be said to exist as 

individual photons only insofar as they exist as a single entangled reality. If Pannenberg 

is right to insist that we think of creation in explicitly trinitarian terms, then constructing 

a view of the God–world relation on the basis of an analogy with quantum entanglement 

may open up interesting new paths for reflecting further on what it means for an 

essentially relational God to be in relation with this physical world, with all its richly 

relational features. 

2.2 The Problem of Natural Evil 

 The presence of natural evil in the world raises the following important question 

for theologians engaged in the difficult task of reframing God’s relationship to humanity 

by the lights of contemporary science and in terms of God’s broader relation to all 

creation: Is there continued theological wisdom in thinking of death-dealing events such 

as earthquakes, tornadoes, and hurricanes as somehow covered or explained generally by 

the presence of life in the universe, if not more specifically—as with older theologies—

by the fact of human sin? Those wishing to bring new clarity and force to this argument 

in conversation with contemporary science will need to specify not just the why but also 

the how of this connection, which is what this essay aims to do. 

 Providing a cogent theological account of natural evil is an important part of the 

larger contemporary theology-and-science agenda, but it is important to say at the outset 

that I am not interested in showing natural evil to be ultimately something less than 

evil—the aim, I take it, of traditional theodicy. The theodicist who wants to make evil 

asserting that God is essentially active, and thus that God does not need the world to be active. The 

trinitarian relations are themselves rightly understood as inward acts of God. Pannenberg, "The Creation of 

the World," 1. 
8 Pannenberg, Systematic Theology, Vol. 1, 446. For his early thoughts on the nature of the unity of the 

Trinity, see Wolfhart Pannenberg, Jesus—God and Man, trans. Lewis Wilkins and Duane Priebe, 2nd ed. 

(Philadelphia, Pa.: Westminster Press, 1977), 179–83. 
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something less than its appearance misses the deep theological point that natural evil, like 

moral evil, is evil precisely in the sense of being that which mysteriously opposes the will 

of the Creator. And perhaps equally problematic, lessening the evilness of evil risks 

portraying the need for redemption as less than urgent—since one can infer that God is 

presently doing the best that can be done. Such are the perils I alluded to earlier in the 

introduction, and about which I will have more to say below. 

 Terrence Tilley has argued forcefully in his Evils of Theodicy that theodicies are 

themselves to be judged a moral evil for the ways in which they have misportrayed and 

effaced the depths of evil.
9
 With Tilley, I do not think God is to be released from 

responsibility for evil through a demonstration of its inevitability or ultimate 

nonexistence. Freeing God from this responsibility, however accomplished, takes too 

lightly the real horror and devastation buried beneath abstract references to “evil.” 

Consider the massive loss of life and culture that occurred as a result of the 2004 tsunami 

in Southeast Asia. Entire communities were destroyed by this cataclysm. The overall 

human death toll climbed to nearly 200,000 (with approximately 1.5 million more people 

displaced from their homes), making it the most destructive tsunami in recorded history.
10

An event such as this cannot be tamed theologically by pointing out, for example, the 

inevitability of tectonic shifting in a dynamic world with the capacity to produce life. 

Explaining the relation between natural evil and God’s will and mode of activity in 

creation cannot be allowed to lessen the evilness of evil, which is tantamount, in Thomas 

Tracy’s phrase (in this volume), to siding with God against the victims of suffering. 

 But where does this leave us? I do not think that it follows from my (or Tilley’s) 

critique of theodicy that our only remaining option is to sit silently in the face of natural 

evil. On the contrary, I believe we can and must echo the psalmist’s frequent complaints 

against God for failing to uphold justice or bring an end to suffering, complaints echoed 

by Jesus himself when he cried out from the cross, “My God, my God, why have you 

forsaken me?” The real challenge for theologians, I believe, is to be ever attentive to this 

cry while engaging in the difficult work of countering the claim that the existence of 

natural evil contradicts the presence of a loving, powerful, and active God. We need to be 

about the business of bolstering those who have been harmed by natural processes in their 

hope that God will put an end to their suffering and make their wounds whole, not 

engaged in the attempt to lessen the evilness of natural evil. What I take to be within the 

scope of theological acceptability is something less than full-blown theodicy, a kind of 

response Tilley labels a “defense” because it aims only to defend the compatibility—or 

more precisely, the “compossibility”
11

—of natural evil and God’s active presence in the 

world.

 The particular approach to defense I adopt here is to show that the reality of 

natural evil does not contradict God’s active presence in physical processes but, in fact, 

actually follows from the specific character of this presence. Clearly, this kind of 

approach can provide no leverage against the larger question of why natural evil exists. It 

9 Terrence W. Tilley, The Evils of Theodicy (Washington, D.C.: Georgetown University Press, 1991; 

reprint, Eugene, Ore.: Wipf and Stock, 2000), esp. chap. 9. See also his essay in this volume. 
10 "2004 Indian Ocean Earthquake,"  Wikipedia: The Free Encyclopedia, (accessed 19 October, 2005); 

available at http://en.wikipedia.org/wiki/2004_Indian_Ocean_earthquake. 
11 I take compatibility to mean “capable of being together in harmony” and compossibility to mean 

“possibly co-existing.” With compatibility, the existence of the referents is taken for granted. With 

compossibility, the existence of one or more referent (e.g., God) is in dispute. 
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does not attempt to explain why God acts as God does. But it can do what a defense aims 

to do, which is to provide leverage against the charge of incoherence, i.e., of 

incompossibility. It should be noted that showing compossibility is crucially different 

from establishing necessity, which for just this reason makes it a potentially fruitful 

means of defense. In fact, it seems to me that the compossibility argument, despite its 

being unsatisfactory from the theodicist’s point of view, is really the theologian’s only 

inhabitable middle ground—the “theologian’s doom,” J.R.R. Tolkien might have called 

it—between the theodicist’s overreaching attempt to take the evilness out of natural evil 

and Job’s surrender into silence (all of whose afflictions, it might be pointed out, could 

aptly be described as instances of natural evil). 

 A number of participants at this conference have explored an approach to the 

problem of natural evil that attempts to establish, either physically or metaphysically, that 

the conditions leading to the possibility of natural evil are necessary for the emergence of 

life as we know it. According to this argument, which is sometimes called the “by-

product” argument, natural evil is the unwanted but unavoidable concomitant of life: 

because some of the natural conditions or processes giving rise to specific natural evils 

are demonstrably necessary for life’s emergence, a world that includes life cannot but be 

a place in which natural processes lead to suffering. God does not desire natural evil, so 

the argument goes, but God’s desire to create a world that includes life leads inevitably, 

and thus through no fault of God’s own, to its presence. 

 If one makes the by-product argument by appealing to the laws of physics or 

biology, then one must presuppose both that the natural sciences give us a sufficiently 

broad understanding of the interrelation of physical processes for distinguishing between 

instances of evil which are inevitable, given the existence of some particular good, and 

those which are not and that God can rightly be thought of as choosing to create life by 

working through natural processes rather than by abrogating them. If one makes the 

argument on the basis of metaphysical constraints, then one must presuppose instead that 

God is bound by what is logically possible. In either case, one must presuppose that 

humans have at their disposal both a sufficiently robust moral calculus for distinguishing 

genuine from counterfeit evils—all of which are certainly questionable presuppositions. 

 Is the by-products argument a theodicy or a defense? I think the answer to this 

question depends upon how one construes the force of the argument. If it is truly meant to 

demonstrate the (physical or metaphysical) inevitability of natural evil, given some set of 

divinely desired goods, then the argument appears to slip into theodicy. Nancey Murphy 

develops the argument along these lines in her contribution to this volume, where she 

examines and attempts to refute all possible objections to the by-products line of 

reasoning. If, on the other hand, one accepts the possibility that humans lack either a 

sufficiently robust moral calculus or a sufficiently broad understanding of the 

interrelatedness of physical processes to see the argument through, and then deploys 

these insufficiencies to argue that the atheist is in no better position than the theist to 

make judgments regarding the inevitability of nature of natural evils, then the argument 

can be made to serve the purposes of a defense. Thomas Tracy construes the argument 

more along this line in his contribution to this volume. In my judgment, Murphy’s 

“maximalist” use of the by-products argument does indeed let God off the hook with 

respect to natural evil, even if it does not take the evilness out of evil, whereas Tracy’s 

more “minimalist” use of the argument allows him to acknowledge that God may have 
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God’s reasons for allowing evil without further claiming that we will ever be in a position 

to understand these reasons. In Tracy’s defense version of the argument there is still 

room, it seems to me, for the psalmist’s complaint against God, whereas in Murphy’s 

theodicy version this room as all but disappeared. 

 In light of this discussion, and in what I take to be the spirit of Tracy’s defense 

against the problem of natural evil, I wish to supplement a minimalist why response to the 

problem of evil (i.e., why cannot say why with any certainty, but neither can the atheist 

appeal to natural evil as evidence against belief in God) with a similarly minimalist (i.e., 

analogical) how account of the relation between the God’s presence in the world and 

natural evil. 

2.3 Reasoning Analogically from Physics 

 As a theologian working within the Reformed tradition of “reformata et semper 

reformanda,” I see my task as one of drawing from contemporary and historical 

theological reflections on God, humanity, and the world while reformulating them in light 

of a critical assessment of the implications of the sciences for the sake of a more adequate 

theological understanding of the world as God’s creation. This perspective finds its 

raison d’etre in articulating the coherence of a human experience of God’s presence in 

history through Christ, rather than in the apologetic task of proving the reasonableness of 

belief in God according to some allegedly general standard of rationality. 

 Augustine famously asked whether any vestiges of God’s triune character were to 

be found within creation itself.
12

 Theologians throughout the ages have seen traces of the 

Trinity in the world, whether in the external world of nature or the internal world of the 

human psyche. This line of thought came in for withering critique in the early twentieth

century in the writing of Karl Barth, who, in the face of dire political circumstances, 

resolutely rejected any attempt to argue for knowledge of God apart from the revelation 

of Jesus Christ. Barth refused to accept the possibility of vestigia trinitatis in the world 

that would point to the existence and nature of God.
13

 The biblical concept of revelation, 

he argued, is the only root of the doctrine of the Trinity. 

 Although there is much of value to be gleaned from Barth’s thought on this 

matter, there must still be a way of making legitimate connections between our 

knowledge of the world and our understanding of God. As Colin Gunton puts it, Barth’s 

rejection of natural theology must still leave room for the idea that “the world in some 

way speaks of the being of the one who made it.”
14

 Gunton rightly judges, in my 

estimation, that this can only take place effectively on the basis prior belief, and not 

solely on the basis of science. Accordingly, my general mode of engagement with the 

sciences is not one of moving from scientific description to theological affirmation, but 

rather one of illuminating and reshaping the Christian tradition on the basis of interaction 

with the sciences. This, I believe, is in line with Barth’s more positive assessment of the 

12 See, for example Augustine, The City of God against the Pagans, Cambridge Texts in the History of 

Political Thought Series, trans. R. W. Dyson (Cambridge: Cambridge University Press, 1998), bk. XI, 

chap. 24ff. 
13 Karl Barth, The Doctrine of the Word of God, vol. 1.1, Church Dogmatics, ed. G. W. Bromiley and T. F. 

Torrance, trans. G. T. Thomson and Harold Knight, 2nd ed. (Edinburgh: T. & T. Clark, 1975), 333–47. 
14 Colin E. Gunton, The Triune Creator: A Historical and Systematic Study (Grand Rapids, Mich.: 

Eerdmans, 1998), 144. 
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early meaning of the vestigium argument.
15

 James Loder and James Neidhardt have 

eloquently expressed this positive dynamic between theological and scientific 

knowledge:

...the inner nature of God cannot be pursued extrinsically, abstractly and 

deductively, as if we could deduce from an analysis of the physical universe the 

nature of God. However, this does not mean that theology must reject the 

sciences. Rather, it means that scientific investigation of the natural or the human 

order must be brought within the body of positive theology, and pursued in 

indissoluble unity with it. The sciences must become natural to the fundamental 

subject matter of theology; they will provide the inner material logic that arises in 

our inquiry and understanding of God.
16

One way of achieving this kind of dynamic unity, which I pursue in this paper, is to allow 

physics to function as a storehouse of concepts and images that can be put to service in 

the construction of theological analogies (though I fully recognize and appreciate the role 

modern physics has played in increasing our knowledge of the physical world). This is 

certainly not the only way in which one might bring the two into contact—and certainly 

not the most daring—but it should not be overlooked as a potentially fruitful mode of 

interaction.

 My attempt at a defense of the compossibility of natural evil and God’s active 

presence in the natural world takes the form of an extended analogy. Analogies, however, 

prove nothing—as is often said. To suggest, for example, that God’s wrath can be 

understood as the anger of a loving mother toward a child who is engaged in self-

destructive behavior does not prove that God’s wrath has this particular quality, or even 

that God actually “gets angry.”  Analogies like this one, however, can help bridge the 

divide between biblical accounts of divine wrath and a theological account of a God who 

is understood to be neither spiteful nor abusive but whose anger at sin is taken to be a 

reflection of God’s loving desire for human flourishing. Analogies also open up personal 

intuitions and viewpoints for public exploration and debate. They place our hunches out 

on the table for inspection, so to speak. Their power lies not in their ability to establish 

truth but in their capacity to reorient a community’s efforts at making meaning out of its 

texts and traditions. “It’s like this,” we say, as we seek to convey our sense of what is 

being obscured or misunderstood in the present moment. 

 Personal analogies for the God–world relation are clearly central to the Christian 

tradition, historically speaking. However, there are several distinct advantages to 

diversifying the with nonpersonal analogies. Nonpersonal analogies can situate human 

existence within the wider context of the inorganic world and universe. Reestablishing 

the connection between life and nonlife with the help of an analogy with quantum 

entanglement can help fund a renewed vision of all reality, i.e., the entire universe, as 

God’s creation. Using physics as the source of analogies also lends plausibility to the 

view that the physical world’s existence is, theologically considered, more than a mere 

prerequisite for our own. And what’s more, there is no compelling reason to think that the 

most common starting point for analogical accounts of divine agency—i.e., human 

15 Barth, CD 1.1, 338ff. 
16 James Edwin Loder and Jim W. Neidhardt, "Barth, Bohr, and Dialectic," in Religion and Science: 

History, Method, Dialogue, ed. W. Mark Richardson and Wesley J. Wildman (New York: Routledge, 

1996), 283, emphasis original. 
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agency or intentionality—will be a reliable or even relevant source when it comes to 

characterizing God’s relation to natural processes or evil. Even on the presumption that 

God is appropriately described as personal, it seems a failure of imagination to suppose 

therefore that God cannot relate to the physical world in a manner consistent with its own 

mode of existence. The remarkable judgments of quantum physicists regarding the 

agency and relationality of the created order make their physical point of view a 

genuinely intriguing one to consider in the search for ways to articulate God’s relation to 

natural processes and the evils they produce. 

3 God–World Entanglement 

 I begin this section by reviewing the history of the concept of entanglement as it 

first appeared in early discussions of the meaning of quantum theory by its founders, then 

as it resurfaced in the 1960s with the work of John Bell, and finally as it has established 

itself as a central theoretical and experimental topic among contemporary phycisists and 

philosophers of science. I then provide a brief overview of those aspects of the 

mathematical formalism of quantum mechanics (using a simplified version of the so-

called Dirac notation) necessary for understanding the subsequent thought experiment. I 

conclude this section by presenting this thought experiment and the theological analogy 

emerging from it. As I mentioned in the introduction, the reader already familiar with the 

basic history and mathematical formalism of quantum theory can safely proceed to 

section 3.3. 

3.1 Brief History of Quantum Entanglement 

 In 1935, Albert Einstein and two of his colleagues at Princeton’s Institute for 

Advanced Studies, Boris Podolsky and Nathan Rosen, (EPR) published a now-classic 

paper arguing that quantum theory, on its own terms, implies a world in which causal 

influences can be transmitted “nonlocally.”
17

 Locality is the principle that physical 

influences can get from point A to point B only by traveling at some finite speed through 

every point in between and was one of the hallmarks of classical physics. Einstein posited 

a version of this principle, the so-called “light limit,” in his special theory of relativity 

(SR), according to which no causal influence (i.e., signal) can propagate through 

spacetime faster than the speed of light. This limit implies, counterintuitively perhaps, 

that there can be no causal connection whatsoever between certain events (quantum or 

otherwise) in the spacetime continuum, namely, those that are “space-like separated” 

from one another.
18

 However, according to EPR, the generally accepted view at the time (and today as 

well) that quantum theory provides a complete description of reality at the atomic and 

17 Albert Einstein, Boris Podolsky, and Nathan Rosen, "Can Quantum-Mechanical Description of Physical 

Reality Be Considered Complete," Physical Review 47 (1935): 777-80. 
18 Consider the following somewhat overly simplified example. The sun “right now” and the earth “right 

now” are two events in the spacetime continuum are “space-like separated” events, whereas the sun “right 

now” and the earth “ten minutes later” are “time-like separated” events. Time-like separation implies the 

possibility of a causal connection (signaling) between events, whereas space-like connection implies 

mutual causal isolation. According to SR, the speed of light, or light-limit, marks the “boundary” between 

time-like and space-like configurations of events. Hence, a photon emitted by the sun “right now” 

influences what happens on the earth as soon as any physical thing can, which is to say, not until “eight 

minutes later.” 
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subatomic level entails the possibility of influence between two events no matter how 

widely separated they might be (which would include, though EPR did not say so 

explicitly in their paper, space-like separated events). This would appear to violate any 

reasonable understanding of locality, although it has been shown that this influence does 

not strictly violate the light-limit imposed by SR (more on this in a moment). It appears 

that EPR meant their argument to be a reductio ad absurdum of quantum theory.
19

No

one could be expected to believe in a theory that implied the possibility of such “spooky 

action at a distance,” as Einstein later called it.
20

 In a subsequent published response to 

the EPR paper Erwin Schrödinger agreed that the formalism of quantum theory pointed 

to this strange and troubling reality, which he dubbed “Verschränkung.”
21

 One translation 

of this German word, “entanglement,” has become common usage among physicists, 

though the more technical term “nonlocality” still appears in the literature. 

 Unfortunately, Einstein’s well-known debates with Niels Bohr over the 

(in)adequacies of quantum theory—the EPR paper the last of a number of different 

arguments Einstein produced against the theory—managed to muddy the waters of 

entanglement more than it cleared them. Their exchanges led many in the next generation 

to dismiss entanglement as merely “philosophical” and therefore irresolvable or, among 

those more amenable to Bohr’s philosophizing, as having no interesting (i.e., testable) 

empirical consequences. In 1964, however, John Bell published a remarkable thought 

experiment extending the original EPR argument (as it had subsequently been modified 

by David Bohm
22

) uncovering a discrepancy between the empirical predictions of any 

theory based on the principle of locality and those generated by quantum theory.
23

 The 

first convincing laboratory demonstrations of Bell’s thought experiment yielding results 

in favor of the existence of entanglement in the natural world were reported in 1982.
24

The subsequent history of this topic can best be summarized as an explosion of 

theoretical and experimental interest among physicists, much of it now focused on the 

significance of this phenomenon for the emerging field of quantum computation.
25

19 Technically, if quantum theory implies nonlocality, it must be incomplete. 
20 In German, “spukhafte Fernwirkungen.” Albert Einstein, Max Born, and Hedwig Born, The Born-

Einstein Letters: Correspondence between Albert Einstein and Max and Hedwig Born from 1916 to 1955 

with Commentaries by Max Born, trans. Irene Born (New York: Walker and Co., 1971), 158. 
21 Erwin Schrödinger, "Discussion of Probability Relations between Separated Systems," Proceedings of 

the Cambridge Philosophical Society 31 (1935): 555-63. 
22 David Bohm, Quantum Theory (New York: Dover, 1989), 611-23. 
23 John S. Bell, "On the Einstein Podolsky Rosen Paradox," in Quantum Theory and Measurement, ed. J. A. 

Wheeler and W. H. Zurek (Princeton, N.J.: Princeton University, 1983), 403-8. In subsequent work, Bell 

strengthened his initial argument, which had considered only deterministic local theories, by showing that 

even explicitly indeterministic local theories could not match the predictions of quantum theory; see John 

S. Bell, "Introduction to the Hidden-Variable Question," in Speakable and Unspeakable in Quantum 
Mechanics: Collected Papers in Quantum Mechanics (Cambridge: Cambridge University, 1987), 29-39. 
24 Alain Aspect, Jean Dalibard, and Gérard Roger, "Experimental Test of Bell's Inequalities Using Time-

Varying Analyzers," Physical Review Letters 49, no. 25 (1982): 1804-7. For a more recent and rigorous 

demonstration of Bell’s argument, see Gregor Weihs et al., "Violation of Bell's Inequality under Strict 

Einstein Locality Conditions," Physical Review Letters 81, no. 23 (1998): 5039-43. 
25 See, for example, Adán Cabello, "Ladder Proof of Nonlocality without Inequalities and without 

Probabilities," Physical Review A 58, no. 3 (1998): 1687-93; George Greenstein and Arthur G. Zajonc, The

Quantum Challenge: Modern Research on the Foundations of Quantum Mechanics (Boston, Mass.: Jones 

& Bartlett, 1997); Wolfgang Tittel et al., "Experimental Demonstration of Quantum Correlations over More 

Than 10 Km," Physical Review A 57, no. 5 (1998): 3229-32; Justin Roald Torgerson et al., "Experimental 
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 Philosophers of physics have also taken a keen interest in entanglement, 

attempting to parse its meaning in hopes of gaining a clearer picture of the nature of 

causation and identity at the quantum level. Early debates centered on whether or not 

entanglement between space-like separated objects did in fact violate SR’s light-limit. 

According to Jon Jarrett’s widely discussed analysis, the “locality” of Bell’s local 

theories ought to be understood as the conjunction of two separate conditions: 1) that the 

outcome at one end of a so-called “Bell experiment”
26

 could not depend upon the specific 

outcome at the other end, and 2) that the outcome at one end could not depend upon the 

kind of measurement made at the other.
27

 Because these two conditions functioned 

jointly, a violation of just one of them would be enough to produce a contradiction with 

locality. Jarrett argued that if it could be shown, first, that quantum theory violated only 

one condition, and, second, that the condition it violated had no bearing on SR, then a 

détente with SR could be envisioned in spite of the generally nonlocal character of 

quantum entanglement. Jarrett’s central conclusion was that only condition (1) was 

violated by quantum theory and that this violation did not contradict the light-limit, 

thanks to the randomness of quantum outcomes, which made controlling them (and thus 

sending superluminal signals) impossible. Had quantum theory violated assumption (2) 

instead or as well, this would have caused a conflict with SR, since a superluminal could 

have been sent by inferring from the outcome at one end the kind of measurement being 

made at the other. Thus Jarrett appeared to have achieved something of a conceptual 

détente with SR. 

 Jarrett’s initial analysis has led to an ongoing debate over the best way to 

characterize the relation between entangled objects. Two options currently being debated 

emerged relatively early in the debate. Some philosophers, preferring the term 

“nonlocality,” have adopted a more classical and causally oriented view that sees a kind 

of uncontrollable (or at least humanly inaccessible) causal influence at work between 

separate and distinct entities across arbitrary distances; others, preferring the term 

“nonseparability,” have adopted a more ontologically holistic oriented view that sees a 

kind of physical holism at play, which would problematize talk of interaction between 

separate and distinct entities.
28

 Other explanations have been advanced more recently, 

Demonstration of the Violation of Local Realism without Inequalities," Physics Letters A 205 (1995): 323-

8; Hugo Zbinden et al., "Experimental Test of Nonlocal Quantum Correlation in Relativistic 

Configurations," Physical Review A 63, no. 2 (2001): article no. 022111, p 1-10. For a discussion of 

quantum computation, see Julian Brown, The Quest for the Quantum Computer (New York: Simon & 

Schuster, 2000). I have summarized the history of theoretical and experimental work on entanglement in 

Kirk Wegter-McNelly, "The World, Entanglement, and God: Quantum Theory and the Christian Doctrine 

of Creation" (Ph.D. Diss., Graduate Theological Union, 2003). 
26 Typically, the particles are made to fly out of an entangling source in opposite directions, so one speaks 

in terms of “either end” of the experiment. 
27 Jon P. Jarrett, "On the Physical Significance of the Locality Conditions in the Bell Arguments," Noûs 18 

(1984): 569-89. A refined version of the argument appears in Jon P. Jarrett, "Bell's Theorem: A Guide to 

the Implications," in Philosophical Consequences of Quantum Theory: Reflections on Bell's Theorem, vol. 

2, Studies in Science and the Humanities from the Reilly Center for Science, Technology, and Values, ed. 

James T. Cushing and Ernan McMullin (Notre Dame, Ind.: University of Notre Dame Press, 1989), 60-79. 
28 For early perspectives, see James T. Cushing and Ernan McMullin, eds., Philosophical Consequences of 
Quantum Theory: Reflections on Bell's Theorem, vol. 2, Studies in Science and the Humanities from the 

Reilly Center for Science, Technology, and Values (Notre Dame, Ind.: University of Notre Dame, 1989); 

Michael L. G. Redhead, Incompleteness, Nonlocality, and Realism: A Prolegomenon to the Philosophy of 
Quantum Mechanics (Oxford: Clarendon Press, 1987). For more recent perspectives, see David Z. Albert, 
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including scenarios involving tachyons, backward causation, and multiple worlds.
29

 It is 

interesting to note that the equally old and generally distinct debate over whether or not 

quantum theory implies causal indeterminism intersected with the history of 

entanglement at a crucial point, playing as it did an important role in Bell’s “rediscovery” 

of entanglement in the 1960s. It was Bell’s interest in David Bohm’s deterministic and 

“grossly nonlocal”
30

 version of the quantum theory, after all, that led him to write his 

seminal 1964 paper. I cannot address, let alone pretend to settle, any of these ongoing 

debates here; what is important in this context is that in the following sections I attend to 

the various ways in which these diverging views and interpretations of quantum 

entanglement have the potential to shape and inform the theological side of the analogy. 

3.2 Brief Overview of Spin-½ Quantum Systems 

 It has become increasingly common to present the basic mathematical principles 

of quantum theory through a discussion of spin-½ particles (such as electrons) using the 

relatively simple notation developed by Paul Dirac. Many of the central and 

counterintuitive features of quantum theory can quickly be introduced in this way without 

a fatal loss of rigor. In this section I will provide only a brief review of the concepts 

necessary for understanding the argument developed in the next section regarding the 

variety of possible causal relations among entangled objects.
31

 In Dirac’s representation of quantum theory, the outcome of any particular 

measurement on a quantum object can be represented by what I will call an “outcome 

state,”
32

 which is identified with the symbol . This symbol is meaningful only when it 

encloses another symbol representing some possible outcome of a measurement. In the 

case of spin-½ particles there are only two possible outcomes to any spin measurement, 

“spin-up” and “spin-down” (in units of /2), which are typically represented as  and 

Quantum Mechanics and Experience (Cambridge: Harvard University, 1992); Joseph Berkovitz, "The 

Nature of Causality in Quantum Phenomena," Theoria 15, no. 37 (2000): 87-122; Hasok Chang and Nancy 

Cartwright, "Causality and Realism in the EPR Experiment," Erkenntnis 38, no. 2 (1993): 169-90; William 

Michael Dickson, Quantum Chance and Non-Locality: Probability and Non-Locality in the Interpretations 

of Quantum Mechanics (Cambridge: Cambridge University, 1998); Richard A. Healey, "Holism and 

Nonseparability in Physics,"  Stanford University's Encyclopedia of Philosophy, (accessed 12 October, 

2002); available at http://plato.stanford.edu/entries/physics-holism; Tim Maudlin, Quantum Non-Locality 

and Relativity: Metaphysical Intimations of Modern Physics, 2nd ed. (Oxford: Blackwell, 2002). 
29 For a discussion of tachyon and many-worlds proposals, see Dickson, Quantum Chance and Non-

Locality: Probability and Non-Locality in the Interpretations of Quantum Mechanics, 51ff, 177; Maudlin, 

Quantum Non-Locality and Relativity, 76ff, 218ff. For a well-known advocate of backward causation, see 

John G. Cramer, "The Transactional Interpretation of Quantum Mechanics," Reviews of Modern Physics 58 

(1986): 647-87. 
30 This was Bell’s own judgment; Bell, "On the Einstein Podolsky Rosen Paradox," 404. Bohm’s 

modification can be found in David Bohm, "A Suggested Interpretation of the Quantum Theory in Terms 

of 'Hidden Variables' I," in Quantum Theory and Measurement, ed. J. A. Wheeler and W. H. Zurek 

(Princeton, N.J.: Princeton University, 1983), 369-82. 
31 A basic introduction to Dirac’s system of notation can be found in his own classic text, Paul A. M. Dirac, 

The Principles of Quantum Mechanics, 4th ed. (Oxford: Oxford Clarendon Press, 1958). For a recent 

general introduction to quantum theory that begins with a discussion of spin-½ systems and employs 

Dirac’s formalism, see J. J. Sakurai and San Fu Tuan, Modern Quantum Mechanics, Revised ed. (Reading, 

Mass.: Addison-Wesley Pub. Co., 1995). 
32 The traditional term is “eigenket.”



Wegter-McNelly Natural Evil in a Divinely Entangled World p. 13 

.
33

 According to quantum theory, the state of any spin-½ particle after being measured 

will always correspond to one of these two outcome states, i.e., it will always be 

or  (quantum states, generally, are designated “ ”). A remarkable 

consequence of one of the central principles of quantum theory—the principle of linear 

superposition—is that any linear combination
34

 of these two outcome states is itself a 

physically realizable state for a spin-½ particle. This idea, though deeply counterintuitive 

and a serious stumbling block to the visualization of quantum processes, can be 

represented straightforwardly with following expression: 

baS , (1) 

where a and b are simply numbers called “probability amplitudes” and the subscript S

indicates generic combination or “superposition.” 

 Although S is a physically realizable state for spin-½ particles, it is not a 

possible outcome state; i.e., according to quantum theory, superpositions like S can 

never be the outcome of a measurement.
35

 (Obtaining S as the outcome of a 

measurement would be like walking into a room and finding the light both on and off at 

the same time, which does not accord well with experience.) But if S is forbidden as an 

outcome state, what does happen when a spin-½ particle in state S is measured? 

According to the theory, its state “jumps” into one of the two outcome states. Although it 

is impossible to predict which one will turn up, we can predict the probability of finding 

either outcome with the help of its corresponding probability amplitude. The rules of 

quantum theory dictate that the probability of a particular outcome state is the square of 

the absolute value of its probability amplitude, so for S the probability of finding is

33 Quantum spin, or intrinsic angular momentum, is a property of subatomic particles loosely analogous to 

the classical property of angular momentum which is a measure of rotational motion. This quantum 

property was postulated in order to explain the subtle behavior of spectral lines of radiation produced by 

atoms in a magnetic field. An atomic behavior called the normal Zeeman effect could be accounted for by 

applying the classical notion of angular momentum to electrons orbiting the nucleus, but a complication of 

this behavior known as the anomalous Zeeman effect could only be explained by applying the notion of 

angular momentum to electrons themselves, as if, in addition to orbiting the nucleus, they were also 

rotating about their own axis. David Bohm notes that early attempts to describe quantum spin as the actual 

rotation of electrons failed to provide a satisfying explanation of this phenomenon. (Given the observed 

momentum and the postulated radius of an electron, calculations showed the surface of the electron 

spinning at many times the speed of light!) Only later with the advent of Dirac’s relativistic wave equation 

was spin “explained” as a requirement of relativistic invariance. But even in a nonrelativistic treatment of 

quantum mechanics reference to spin is not illegitimate. As Bohm puts it, “the electron still acts [in the 

nonrelativistic limit] as if it had an intrinsic angular momentum of /2.” Bohm, Quantum Theory, 387. 

James Cushing suggests that for the purposes of understanding Bohm’s version of the EPR experiment, it 

does no real harm to imagine the spin of an atomic system as the spin of a ball or planet rotating about its 

axis; James T. Cushing, "A Background Essay," in Philosophical Consequences of Quantum Theory: 
Reflections on Bell's Theorem, vol. 2, Studies in Science and the Humanities from the Reilly Center for 

Science, Technology, and Values, ed. James T. Cushing and Ernan McMullin (Notre Dame, Ind.: 

University of Notre Dame Press, 1989), 3. However, this property must be understood as only “loosely” 

analogous to the classical property because, among other reasons, measurements of quantum spin yield 

discrete rather than continuous values. Regardless of the axis chosen for measurement, one always finds /2 

or /2 and never any intermediate value. Spin is thus said to be “quantized.” 
34 A linear combination of states includes only the states themselves, never their squares, cubes, etc. 
35 This is one way of expressing so-called “collapse of the wavefunction” or “projection postulate.” 
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|a|
2
 and the probability of finding  is |b|

2
.
36

 Here the random and statistical nature of 

quantum theory becomes readily apparent. Whether any given measurement will produce 

 or  cannot be known because each result is random. Furthermore, if we find the 

outcome to be  in some particular measurement, the only way to establish that the 

particle was initially in state S rather than in state  is to repeat the same 

measurement on a large number of identically prepared particles (called an “ensemble”) 

and then examine the long-term (i.e., statistical) results. If it turns out that  occurs 100 

percent of the time, then we were mistaken about the particle(s) being in state S.

However, if  occurs |a|
2
 percent of the time and  occurs |b|

2
 percent of the time, 

then we were right after all. 

 Things become slightly more complicated when we allow for the fact that spin 

measurements always occur along some particular direction or axis. To avoid confusion 

in our earlier formulation of the basic superposition state, we should also have identified 

the particular axis of measurement inside the symbol for each outcome state as well. 

Choosing an arbitrary axis as the axis of eq. (1), we can rewrite it as 

baS . (2) 

But now we encounter a surprising twist, and one that can be difficult to grasp at first. It 

is possible, using the rules of quantum theory, to rewrite eq. (2) in terms of any other axis 

of measurement. What is crucial to understand here is that rewriting eq. (2) in this way 

does not constitute a change in the particle’s state, only its representation! To understand 

what this means, one must recognize that the quantum state of an object is always 

expressed in terms of some kind of measurement to be made. There is, so to speak, no 

naked represention of a quantum state. Any particular representation of a state is just that, 

a representation in terms of some measurement relevant to the object’s properties (spin 

along , energy, momentum, position, etc.—all of which are commonly referred to as 

“observables”). So a transformation from one representation to another corresponds not 

to a change in the particle’s own state but to a change in what we want to find out about 

the particle. This turns out to be important when we have a spin-½ particle in a state 

whose representation we know in terms of one axis but whose spin we want to measure 

along a different axis.
37

 Given two arbitrary axes, and , the rules of quantum theory 

dictate that the transformation from the set of spin-½ outcome states for to the set for

can be expressed in terms of the following relations: 

)sin()cos(
22

 (3) 

and

)cos()sin(
22

, (4) 

                                                
36 Taking the absolute value is necessary because probability amplitudes, in a complication irrelevant to our 

discussion, can be complex numbers. 
37 Yes, spin is spin, but technically, spins along different axes count as different “observables.” 
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where  is the angle between  and . As an example, we can use these transformations to 

rewrite S in terms of -axis outcome states. Substituting eqs. (3) and (4) into eq. (2), 

we obtain 

)cos()sin()sin()cos(
2222

bbaaS ,

which, after combining terms, simplifies to 

)cos()sin()sin()cos(
22.22

babaS .

So the probability of finding the outcome, say, . , when performing a -axis

measurement on a particle whose state we knew, initially, in terms of the -representation 

(eq. 2) is given by the more complicated expression, 

2

22

222

22
sincossin2cos bbaa , which is just the square of the probability 

amplitude associated with this outcome. 

 Now we are ready to encounter entanglement in Dirac’s notation. Entanglement 

occurs when the superposition of each particle of a multi-particle system is inextricably 

linked to the superpositions of the other particles in the system. In brief, entanglement is 

“linked multi-particle superposition.” The classic example of entanglement is the so-

called “spin-singlet” state, which is a particular state of a system composed of two spin-½ 

particles. Written in terms of -axis measurements for both particles, this state is 

represented as follows (dropping the superposition subscript “S” from here on): 

212

1

212

1 .
38

 (5) 

For the sake of clarity, a new subscript appears to the right of each individual outcome 

state indicating whether it refers to particle 1 or 2 (pairs are always ordered from left to 

right). A number of important features of this representation of the singlet state should be 

noted. First, because the quantum object now under consideration is a two-particle 

system, a complete measurement of the system will involve two separate measurements, 

one on each particle. This corresponds to the fact that in eq. (5) it is now pairs of 

outcome states, rather than individual outcome states, that are the basic terms of the 

equation. Second, the basic terms 
21
and

21
are missing from this 

superposition. Though there is nothing logically impossible about these outcomes, the 

probability of actually finding either given this particular initial state is zero—both are 

physically impossible in this situation. One important implication of physical 

impossibility is that same-axis measurements of spin-singlet systems will always yield 

anti-correlated outcomes; if one measurement leads to  then the other must give 

and vice versa. And finally, although the spin-singlet state in eq. (5) is represented in 

terms of -axis measurements for both particles, it need not be. In fact, it was Bell’s 

genius to realize that although quantum theory’s same-axis predictions for the spin-

singlet state did not produce an empirical violation of the locality principle, different-axis 

predictions did. (EPR and Bohm had only considered the equivalent of same-axis 

measurements.) Taking our cue from Bell, we can construct a general representation of 

the spin-singlet state for different-axis measurements by substituting eqs. (3) and (4) into 

                                                
38 The minus sign makes the spin of the overall system equal to zero, which is one of the reasons for special 

properties of this state. 
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just those individual outcome states associated with particle 2 in eq. (5). This leads to the 

following lengthy but in fact rather simple expression: 

2122122122122

1 sincoscossin .

 (6) 

This powerful representation of the spin-singlet state can be used to generate predictions 

for an experimental setup in which the measurement for each particle in the pair occurs 

along a different axis. As one example of this kind of prediction, the probability of 

finding the outcome 
21
is just 

2

2

2
1 sin .

 At this point our brief tour of spin-½ systems can come to a close, for we already 

have at our disposal all the concepts that will be needed to understand the thought 

experiment presented in the next section. 

3.3 A Quantum Thought Experiment 

 John Bell showed that local theories could not account for the “global” behavior 

predicted by quantum theory for a pair of particles in a spin-singlet state. More 

technically, he showed that the statistical “correlation” pattern
39

 predicted by quantum 

theory for different-axis measurements could not be explained by appealing to any sort of 

“common cause.”
40

 Entanglement, then, sometimes makes an empirical difference to 

outcomes at the “global” level. But does it also alter the individual or “local” behavior of 

an entangled particle? This is the question I wish to explore through the following 

thought experiment. 

 We can begin by imagining a simple situation in which we have a spin-½ particle 

prepared in the basic superposition of eq. (2), but along some arbitrary axis  and with the 

probability amplitudes 21ba  (the reason for designating the axis as  will 

become apparent below): 

2

1

2

1
S . (7) 

For this particle the probability of finding  is ½ and the probability of finding 

is ½. Thus a measurement of this particle will lead either to  or to ; we can’t say 

which outcome state will occur, but we can say that each has an equal chance of 

appearing. Now we ask ourselves the following question: Would our prediction have 

                                                
39 Mathematically speaking, the act of correlating results means assigning them numbers and then adding 

them together. For example, if I assign +1 to  and -1 to , then the correlated result of any 

experimental trial might be +2, 0, or -2. A long-term average of such trials approaching, say, -2 would 

indicate that 1 2 pairs predominate from trial to trial. 

40 Imagine that I tear a playing card in half, give one half to you, and keep the other for myself. You look at 

your piece and discover that you hold one half of the nine of diamonds. This means, of course, that I, too, 

will discover one half of the nine of diamonds when I look. Our outcomes are correlated, but does the 

outcome of your discovery “cause” the outcome of mine? No, for there is a “common cause” at work: the 

two halves were correlated at the start by virtue of belonging to the same card. One way of putting Bell’s 

result is to say that it establishes a limit to the degree of correlation that can be present in any such 

experiment on the assumption of a common cause. Quantum mechanics predicts a violation of this limit 

and thus quantum correlations cannot be accounted for by appealing to a common cause. 
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been different if, in fact, the particle had not been in the basic superposition of eq. (2) but 

instead had been entangled with another particles as described by the general (i.e., 

different-axis) spin-singlet state of eq. (6)? In other words, would the presence of 

entanglement have made any difference to our original prediction? 

 To answer to this question, we need to find a way of comparing the outcomes 

predicted in the entangled case with those that would have been predicted in the 

unentangled case. As we proceed, it will be important to be clear about which particle we 

are referring to when discussing a particular measurement event. I will employ the 

following designations for this purpose: e0 will refer to the original (unentangled) 

particle; e1 will refer to an additional (entangling) particle; and e2 will refer to the original 

(but now entangled) particle. It is important to keep in mind at all times that e0 and e2

refer to the same particle, the only difference being that e0 corresponds to the assumption 

of no entanglement while e2 corresponds to the assumption of entanglement. 

 With regard to the measurements that occur under the presumption of 

entanglement (i.e., of e1 and e2), I will stipulate that they are time-like separated rather 

than space-like separated, and that the measurement of e1 occurs before the measurement 

of e2. This stipulation does nothing to lessen the entanglement between e1 and e2, but it 

does allow us to clarify the direction of causal relation between the corresponding 

measurements by rendering their temporal order unambiguous.
 41

 This simplifies our task 

of assessing whether or not entanglement “makes a difference locally” by allowing us to 

invoke the notion of conditional probability and to pose the following question: “Given a 

particular measurement outcome for e1, what is the probability of some particular and 

subsequent measurement outcome for e2?”
42

 We can begin our examination of the predictions for the entanglement scenario by 

confirming that the existence of entanglement does not lead to a prediction (for e2) that 

diverges from that made under the assumption of no entanglement (i.e., for e0). We can 

use eq. (6) to calculate, for example, the “marginal probability”—the probability of an 

outcome independent of any other consideration—for 
2
 in the case of e2. We do this 

by summing over (ignoring) the particular possibilities for e1 in eq. (6) that include 

2
:

                                                
41 Space-like separation is the guarantor of true isolation between events (from the perspective of SR, at 

least), and it is one of the most difficult things to achieve in laboratory tests of Bell’s argument. It poses a 

difficulty for analyses of the causal relations present in entanglement, however, because space-like 

separated events have no definite temporal ordering: according to some inertial reference frames e1 occurs 

first; according to others e2 occurs first; and according to yet others they occur simultaneously. In the case 

of space-like separation between e1 and e2, then, the question “Given a particular outcome at e1, what is the 

probability of some particular outcome at e2?” cannot be answered unambiguously. 
42 Of course, a time-like scenario such the one I have proposed could not be used to prove the existence of 

entanglement. The point of this thought experiment is not to prove entanglement but to explore the 

difference entanglement does or does not make to the local behavior of entangled particles. I should also 

note that my way of laying things out here in terms of causal connection makes a nod toward “nonlocality” 

in nonlocality vs. nonseparability debate. The nonseparability perspective is rich with interpretive 

possibilities, and I have explored it appreciatively elsewhere; Wegter-McNelly, "The World, Entanglement, 

and God". Although the analogy developed here is easier to visualize in terms of the causal model, this is 

not to say that my presentation could not be recast, to good effect, from the perspective of nonseparability 

(I leave that to another time). 
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Earlier, we arrived at exactly the same result for for e0, confirming that the mere fact 

of entanglement makes no difference to local probability predictions.
43

 But what about the situation in which a measurement of e1 has already taken 

place? Does this fact make any difference to our prediction for e2? For the sake of 

analysis, we will make this question specific: Given the outcome 
1
 for e1, what is the 

probability of finding 
2
 for e2? The standard formula for calculating conditional 

probability, which can be brought into the quantum context without alteration, is: 

,
)(

)&(
)/(

YP

YXP
YXP

44

which can be read as: the probability of X given Y is the probability of X and Y occurring

together divided by the probability of Y. Looking back at eq. (6), we can locate each of 

the items needed to produce the relevant result: 
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By a similar calculation, the other “anti-parallel” (i.e., opposite spins) conditional 

probability,
12

P , is also )(cos
2

2 . The conditional probability of the two 

“parallel” conditional probabilities is just )(sin
2

2 .

 Intriguingly, this means that the conditional probabilities for the entanglement 

scenario (a specific outcome for e2 given a specific outcome for e1) are, in general, not 

equal to the probabilities for the no-entanglement scenario (e0) and depend crucially on ,

the angle between  and . In general, the different possible values for P can be divided 

into three distinct cases with respect to :

 Case 1 (  = 0°):
0)0(sin)(

1)0(cos

2

2

parallelP

elantiparallP
;

                                                
43 The same result occurs if instead we use the same-axis representation of the singlet state in eq. (5). This 

provides a nice illustration of Jarrett’s point that the kind of measurement made at the distant end of a Bell 

experiment has no bearing on the outcome at the near end. 
44 I am indebted to Abner Shimony and Alisa Bokulich for confirming the appropriateness of this method 

of calculating conditional probabilities in the quantum context (personal communication). 
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 Case 2 (0 >  > 90°):
21)(sin)(0

1)(cos21

2

2

2

2

parallelP

elantiparallP
;

 Case 3 (  = 90°):
21)45(sin

21)45(cos

2

2

parallelP

elantiparallP
.
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In the first case, our knowledge of an outcome for e1 allows us to do something we could 

not do in the absence of entanglement: it allows us to predict with certainty the 

corresponding outcome for e2. For example, if we find 
1
for e1 then we know we must 

find
2
for e2. In the second case, the outcome for e1 also leads to a prediction for e2

that differs from the one we would have made on the assumption of no entanglement, but 

here we cannot know for certain which outcome state will appear. In the third case, the 

outcome for e1 makes no difference at all to our ability to predict what will happen, since 

the prediction based on the assumption of entanglement matches exactly the prediction 

based on the assumption of no entanglement. To summarize, our prediction of the 

probabilities of 
2
 and 

2
 for e2 (i.e., under the assumption of entanglement) varies 

with  and disagrees with our prediction of these probabilities for e0 (i.e., under the 

assumption of no entanglement), except when  = 90°. 

 From this analysis it is clear that, in general, entanglement does make a difference 

locally to the behavior of an individual particle, at least in the sense that we arrived at 

different probability predictions for each outcome state depending on whether or not we 

assumed entanglement. But prediction is an epistemic issue. The question we began this 

section with, “Does entanglement alter the individual or ‘local’ behavior of an entangled 

particle?” has to do with what actually happens, not with what we predict will happen. To 

get at this question more directly, we need to examine the actual impact that the switch 

from being unentangled to being entangled has on the behavior of our original particle. 

The ideal way to do this would be to compare e0 and e2 in light of some particular e1, but 

this simply can’t be done for a quantum particle. One could measure the spin of the 

unentangled particle, e0, reset the experiment, entangle the particle with e1, and measure 

it (now e2) a second time. But thanks to the randomness of quantum outcomes, there is no 

guarantee that the outcome of e2 would be identical to what it would have been if the 

particle had been entangled from the start. The best we can do (and it may be enough) is 

to compare our predictions for e0 and e2 in as much detail as we can. Let’s consider, then, 

the switch from e0 to e2 in light of some particular outcome, say 
1
, for e1.

 Turning first to our original particle, e0, what we can say on the assumption of no 

entanglement is simply that  and are equiprobable outcomes. This is as specific 

as we can be. Now, we need to identify the outcome for e2 that would obtain on the 

assumption of entanglement with e1, given our knowledge of the specific outcome 
1
.

The outcome for e2 will vary depending on , so we can again divide the result into three 

cases to obtain the following three “e0 vs. e2” comparisons: 

45 The pattern simply continues in sinusoidal fashion as  increases to 180° and then reverses itself. 
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 Case 1 (  = 0°):
0
,

0
 equiprobable vs. 

2
;

 Case 2 (0 >  > 90°):
0
,

0
 equiprobable vs.

2
,

2
 not 

equiprobable;

 Case 3 (  = 90°):
0
,

0
 equiprobable vs.

2
,

2
 equiprobable. 

In each of these cases, we want to make a judgment about whether e2 is the same as, or 

different from, e0. In the first case, the best we can do is to note that the difference, if 

there is one, is between either state occurring equiprobably and one of these states 

occurring with certainty (the set { , } includes ). This might or might not 

constitute an actual difference, depending on the specific outcome that would have 

appeared without entanglement. (The specific outcome that obtains in this case for e2

follows from the fact that when  = 0°, the outcome for e1 forces its the corresponding 

outcome for e2 into an antiparallel spin.) In the second case, it is not clear whether we can 

say that e2 is different from e0, since both outcomes are still possible although with 

different probabilities. Were we to repeat this entangled measurement a large number of 

times, would could at least say that e2 would necessarily be different from e0 at least once, 

since the overall statistics (as reflected in the probabilities) are different. (In this case, 

“
2

,
2

 not equiprobable” follows from the fact that the probabilities for 

antiparallel and parallel spins lie between 0 and ½, and between ½ and 1, respectively, ½ 

itself not included; given these ranges, the probabilities of  and  cannot be 

identical.) And what about the third case? Is e2 here the same as, or different from, what 

e0 would have been? All we can say is that e2 might be the same as, or it might be 

different from, what e0 would have been, and that the probabilities of either outcome 

occurring remain unchanged. (Here, “
2

,
2

 equiprobable” follows from the fact 

that the probability prediction is unchanged from e0.)

 It is difficult to know how best to interpret these results regarding the causal 

dependence of e2 on e1, but let me suggest a way forward. In the first and third cases 

quantum entanglement does not necessarily alter what happens at e2. In both cases, the 

specific outcome for e2 that obtains might be the very outcome that would have obtained 

for e0. What one cannot say, then, is that e2 would not have happened if e1 had not 

previously happened. Assuming for the sake of argument a simple counterfactual 

definition of causal dependence, this means that the outcome for e1 cannot be said to have 

caused the outcome for e2, despite the fact that the two particles were entangled. In other 

words, in these two cases entanglement does not lead to any “locally” identifiable causal 

relation between e1 and e2.
46

 In the second case, entanglement does alter what happens at e2, at least if one 

takes the long-run view (or if one takes probabilities to apply meaningfully to individual 

46 It is perhaps no coincidence that the global (correlation ) pattern produced when  = 0°, 90° in Bell 

experiments on spin-½ particles does not differ from the result predicted on the basis of the locality 

assumption. Entanglement does not disappear in these cases, but its global effect mimics the result that 

would obtain without entanglement. 
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events); so in this case entanglement arguably does manifest itself at the “local” level.47

The specific instances of e1-to-e2 causation cannot be pinned on any particular event, 
however, since as I mentioned above there is no way of performing an event-by-event 
comparison of what did actually happen at e2 with what would have happened at e0.
Summarizing my analysis of these three cases, we might say that there are two basic 
kinds of entanglement between two spin-½ particles in the spin-singlet state: one which 
includes causal dependence between e1 and e2 and one which does not. I will call these 
“directive” and “nondirective” entanglement, respectively. 
 One possible objection to my argument for the possibility of nondirective 
entanglement could arise with regard to my analysis of the first case. There I argued that 
the claim of counterfactual causation could not be sustained on the grounds that e2 is a 
member of the set { �E�n , �E�p }. Since e2 might have been the same as e0, I argued that 

one cannot make the counterfactual claim that it definitely “would have been” different. 
But the following objection might arise: since it is impossible to know what the actual e0

would have been, the claim that e2 and e0 could have been the same is an empty assertion. 
What really counts is the narrowing of possibilities that occurs in the shift from e0 to e2.
Both �E�n  and �E�p  were available to e0, but only �E�p  was available to e2. Thus, goes 

the argument, there is a significant difference in the first case that sustains the 
counterfactual claim, namely, the narrowing of possible outcomes from two to one; this 
difference means that entanglement in this case is directive rather than nondirective. I 
think it is sufficient to point out in response that this objection leads to the opposite result 
in the third case: there, the lack of any narrowing of the options forces the conclusion that 
no relevant difference exists between e0 and e2. So, in spite of this objection, the third 
case would still be an example of the lack a causal connection between e1 and e2, leaving 
my original distinction between directive and nondirective entanglement intact. 
 Is there a causal manifestation of spin-singlet entanglement at the “local” level in 
addition to the remarkable manifestation Bell discovered at the “global” level? Is there, to 
put the question more precisely after having worked through the details of the thought 
experiment, causal dependence of one outcome of an entangled pair on another, in 
addition to causal dependence of correlation patterns on joint outcomes? The answer 
would appear to be, in some instances, yes, though the causal connection cannot be 
pinned down to any specific e1-e2 pair (only to some pair in a larger sequence of identical 
pairs). In other instances, though, the answer appears be, no, there is no causal 
dependence that alters individual (i.e., local) outcomes. This particular aspect of my 
analysis is rather surprising. Who would have expected, prior to the advent of quantum 
physics and the subsequent discoveries of John Bell, to find an example in the physical 
world of an empirically identifiable causal relation between two physical objects that 
manifests itself relationally (i.e., globally) but not in the individual behavior of the related 
objects? 
 In presenting this thought experiment I have gone to some length to explore a 
particular aspect of quantum entanglement. The point of spending so much time working 
through this imaginary (but in principle experimentally realizable) scenario was to render 
credible the idea of a causal relation that can manifest itself relationally without also 

47 Of course, this instance of causal dependence cannot be exploited for superluminal signaling because of 
the inherent randomness of the outcome for e1, which prevents it from being controlled. 


