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Abstract: An investigation of the discussion published in Zygon on divine actide
characterization of quantum mechanics as deterministic, theofi¢he nature of
measurement and of Bohm'’s interpretation of quantum theory is dealaad compared
with recognized authorities on quantum mechanics. A simple thefodivine action
based on quantum collapse is proposed and found to be in harmdngheiconcepts of
guantum mechanics. The observation is made that there is a tgrdesoid the
consideration of the indeterministic nature in quantum mecbkaaitd to actually argue
for a deterministic nature of quantum mechanics despite a consnsugsics that
guantum mechanics is indeterministic.



1 Introduction
Nicholas Saunder’s article idlygonis a challenge to the proponents of divine

action through quantum indeterminacy. Saunders argues that theseffebvine action
based on quantum indeterminacy at the quantum level can only hayenwr@mal effects
that are not sufficient to allow God to effectively interveneaimanner required to
perform the actions wanted. Saunders claims that quantum divine @etimot fulfill the
hope that theologians have of having found a “loophole” (518) that waliddv them to
defend special divine action. Saunders doubts that the characjeanfum mechanics is
indeterministic, citing alternate interpretations of quantumhmeas. Science has given
us a highly deterministic precise picture of the world in quantum mech&523) that
theologians are trying to escape through theories of divine artiaiving quantum

indeterminacy (524).

Peter Hodgson’s contribution in the same volum&ydongoes even further in
guestioning indeterminacy. “We need to confirm that materialtseslindeed an
indeterministic system” (Hodgson, 2000, 506). The burden of proof restewida of
indeterminacy. It is natural to assume that the world is detastitn Hodgson claims that
indeterminacy was uncritically accepted based on James Cushingsonw the history of
Quantum Mechanics in 1994. History could have played out a differeptand we
would not have to discuss indeterminacy would it not have been liergersuasiveness

of Niels Bohr” (506).

Following Einstein’s argument Hodgson claims that quantum mechanics is

incomplete since it only results in a statistical description (50%g “inability to measure



any physical quantity with unlimited accuracy does not imply that ésdoot have a
precise value” (509). Measurements can be made to an arbitrary preifigie are
willing to accept that a particle has a history. We can measuredimplementary value
later and therefore be more accurate than Heisenbergs Umtggainciple permits
(509). Bell's theorem about hidden variables was based on incoratnasions and
therefore a deterministic theory of quantum mechanics is pog&blB. Hodgson

suggests that a “deterministic substratum to quantum mechanics” (6%&. e

Surprisingly Hodgson has no problems with God performing miracles. iGade
the laws and can also violate them as needed (514) and is not boundlbyith®f
guantum mechanics. Hodgson’s major ax to grind is the deternaimature of quantum
mechanics. The theological issues can be resolved in a rathelesivay. Hodgson’s
contribution to the discussion about divine action is his strofmensific background
(over 50 publications spread out over decades mostly in nuclear phyBiesproblem
with his expertise in a theological journal is that it is difficto find persons with enough
expertise to evaluate the contribution. Some of what | see in Hodlgaoguments is at
variance to major authorities and with the textbooks on tHd 6&équantum mechanics

that | have read. Hodgson wants to change the way quantum mechamceistood.

Jeff Koperski elaborates on the idea that theories of divine mtyoquantum
determination can only have very limited effect (Koperski, 2000, 546)I§asaagued by
Saunders) since the indeterminacies only come into play when messieare
performed and investigates how chaos could amplify the minusdtdet. Koperski

argues that random quantum events are washed out on a macrosedpin garticular



due to the nature of quantum mechanics to only interact by exchangitrgtgigjuantities
of energy (553). Quantum mechanics is not compatible with classicsdmwe know it
(555). Koperski's final judgment is that many issues need to be addresgarding the
idea chaos amplifying quantum events. Koperski's material is ordjulifor the special
situation where chaos theory is considered as an amplifier dhmalrquantum
fluctuations. There are other ways of amplification of quanturatfiations discussed by
Helrich (Helrich, 2000, 501). The approach presented here does not ralpplification

of quantum fluctuations by quantum chaos.

Gregory Peterson argues that quantum mechanics is ambiguous on the issue o
indeterminism (Peterson, 2000, 883). Indeterminism is a matter opnet@tion of
guantum mechanics. Peterson claims that in the past many philersdpdve accepted a
mechanical determinism of the world and struggled to reinterpesildbgy and
philosophy to be in conformity with determinism (884). It is wrong tiodeience have a
final say on the issue: “Science is not metaphysics, and to reifyparticular scientific
theory is to deny the empirical character of science itself” (884)the issue of God
being bound by the laws of nature Peterson observes that it depends mattine of the
laws of nature. “If the ‘laws’ of nature are statistical in cheter or are limit cases, the

issue of divine action becomes less acute, for the notion of “wlatlisappears” (885).

Thomas Tracy accepts Saunder’s critiqgue that what God can do thrieeigh t
determination of “indeterministic quantum transitions” (Tra2900, 893-895) could be
limited. But God'’s primary function is as the “creator of all thingSod is therefore at

the basis of all things. God not only has the potentialities avkgleo him but has created



the potentialities themselves. If God had created a determsinisiverse then all
processes in creation would have a fixed way of unrolling. God could Fervacted”
history but would not be acting within it. Proposals for how Godldaact in the world
might be theologically unnecessary (894). But such an approach wouald that God
would not be able to respond to human actions. God has to inteitéichis creatures
through some means and indeterminism would allow God to interalsbuti violating

the laws of nature. Tracy agrees with Koperski on the caution daggaguantum chaos,
but notes other mechanisms in nature that amplify results of enevents at the quantum

level (898).

Keith Ward sees quantum mechanics to be a “highly contested th€a0¥) and
objects to his theory of divine action as being characterized ttependent on
indeterminacies. Quantum mechanics could be replaced by a tettey that would
explain indeterminacies(902). Ward sees that any intentionalrabti an agent (such as
a person or God) must cause events to occur that the laws of nataeecnnot explain
(903). By necessity there are gaps between the physical explanatombeat happens in
a “purposive process” by an agent. Laws do not completely explaihekvents that
occur. “There must be gaps in physical causality if God is ever tangtthang” (903).
These gaps could be quantum indeterminacy but must not necessarily be.
“Indeterminacy” might exist at a macroscopic level as “insuéfitly determined physical
processes” (904). Ward'’s contribution is to show that some fornmnoligterminacy”
must exist for the exercise of free will. If the world were detenistic then free will
could not be exercised and a purposeful action as a result of thefwih agent would

not be possible.



Carl Helrich’s contribution titled Measurement and Indeterminacgéscribes
the basic concepts involved in thinking about quantum mechanics arglire@@ent and
the nature of indeterminacy (Helrich, 2000, 489-498) thereby correatimg ®f the
issues in the other responses. Helrich conceptualizes thet aspkdane action by
thinking as if the brain would be performing a measurement (490). Tdia Is a “large
composite quantum system” (490) that is now performing like a measunteapparatus

in a laboratory.

Helrich is very aware of the difficulties of such an approachase:

1. There is a difficulty in defining the boundaries of measuren®®). What
exactly is the extent of the quantum mechanical system that isumeg3

2. We do not understand the connection between the neural net anibceness
(500). Potentially the conscious state of the individual (maybe as@fs
supervening states in the brain) could cause the measurement.

3. How do we comprehend “self-measurement” and the consequendés heural
net (500)?

4. Inaregular application of quantum mechanics a relation is esheolibetween
the quantum mechanical system and some microscopic quantity. Wt do n

understand the “quantities” that might be relevant for our canstiess (500).

Helrich suggests that the study of quantum indeterminacy in order to fwwd ho
God interacts with us is to look at the wrong level of nature. filgder levels, such as

consciousness, will be key to solving the issue. Large composterss are involved.



Therefore the solution of how God interacts with us needs t@bed at a higher level

(503).

Helrich’s way of reasoning is very conscious of the limitatiomattour lack of
knowledge imposes on the discussion. He is right in that the ultis@teion to how
divine interaction works in the human sphere must also include tleehigvels of
consciousness. The discussion here tries to limit theories/imiedaction only to the
basic level of quantum mechanics and does not attempt to discuss keghls in order

to focus the argument.

Given quantum mechanics, could God work through indeterminacy?ig hdiat
Saunders is discussing. Helrich does not address Saunder’s contbatiordeterminacy
only allows God to do minimal things. The question is: Does quantum amecfigive an
openness so that God’s action at higher levels will be possiblacH&hplicitly
suggests that by entertaining the possibility that God could comnterticeough the

guantum system of the brain.

This article is an attempt to respond to Saunders and the otherzdats in
Zygonwith a proposal of how divine action could work. A key to the propaddow
divine action could work lies in the nature of the laws of nature téwedhature of

guantum mechanics. The following pages wrestle with that issue.

2 The People of London and the Laws of Nature

Saunders uses an analogy to quantum mechanics first proposed by&8ertra

Russell to illustrate some of the basic issues in quantum mech@aasders, 2000,



519). That analogy is also useful in this article to clarify whadaty is being proposed
as to how divine action could work. The analogy is developed here witiesadditional

explanations and comments.

A giant is observing London and can only perceive people in millionssbme
reason the giant is limited in his perceptual ability. The giantdramability to discern
individual movements of persons (519). The giant notices large qigsnit people
moving into and out of London and observes regularities. Oneasithegularities is, for

example, that there are more people in London during the day thantt nig

Quantum mechanics is like this giant observing London. Classic empats in
physics usually involve large quantities of quantum particles. The gesd quantities of
people moving around and can describe those movements through laavgiafbmight
conclude that these aseientific laws of natursince the movements happen with a
regularity that (almost) never changes. On a larger scale thigslaery accurate but if
the giant chooses to reduce the number of people under investigatorthnlaw
develops an inaccuracy and the challenge to the giant’s percapdabitities surface. If
applied to the individual it can only describe a probability that aqessill go to London

but it cannot be used to predict if an individual will go to London on a paldr day.

A similar analogy is used by Bohm to introduce his interpretatioguaintum
mechanics (Bohm, 1981, 68). Concrete factors (such as health) detehmimevement
of individuals. But there are also different factors at work thaédwaine the movement
of people viewed in millions. London contains more people by day thandiyt ecause

people work in the city. An individual might stay home because oflaess. Such an



event would not be visible at the higher statistical level beeat®ther days other
people would be ill. The illness might not be recognizable becatigedimitation in the
giant’s observational abilities. The assumption of a coisi@kness rate is necessary

that would be most likely expressed in the percent of the populagorgtsick each day.

The analogy is useful to exemplify how divine action could work. Siggpone
day there is royal wedding of the successor to the throne of Edglhe Prince of Wales.
Suddenly the movement patterns of the population would drasticallygeh&ince the
giant can observe bulk movement the change would be obvioushsidered to be
irregular. The giant would have grave difficulty determining whatiged this change.
The pattern of the population’s behavior would soon revert backtmal. A one-time
event has occurred. The giant cannot compare this incident with amygwents or
correlate what happened to regularities he has observed beforev@hiewould cause
great amazement to the giant. He could dismiss the change as a fukiering about
the accuracy of his measurement devices. Any further investigatiomebyiant would be
fruitless since the giant does not have the ability to produce anaiiialwedding nor
investigate on the level of individuals what happened. The giant couldieraabout this
event and try to investigate and experiment in a variety of waysvould be unable to

repeat the same event again.

When we talk about divine action we mean that something like an epidemic
happens at the quantum level affecting large quantities of particldgmsthe commonly
observed regularities at a higher level seem to change andaktrary things happen. A

royal wedding is rare, though, and not reproducible. It is rare gngelquantities of



guantum particles act together. The situation is not repeatabldarefdare cannot be

scientifically investigated.

Given this scenario Bohm sees the necessity to develop methadalyze sub-
guantum behavior to explain the reasons for the behavior of the wugrdrticles (the
individuals) (Bohm, 1981, 69). Bohm essentially wants to equip the giahtthe ability
to observe the individuals and has the giant build theoriehemtovement of
individuals. The dispute in science is about the possibility of taatgdeing able to

observe individuals in London by some tricky means despite the pigvoal challenge.

The search for a way to measure or access the sub-quantum levslifject to
Heisenberg’s Uncertainty Principle) (Bohm, 1981, 106) has so far beenagssicl. The
validity of the Heisenberg Uncertainty Principle (the peregaml disability of the giant),
which states that there is a fundamental limit to what we caermvies has been well
established in countless experiments. Since limitations awgsamce to scientific
investigation strategies were developed by leading scientistsasU€mstein over
decades to prove the Heisenberg Uncertainty Principle wrong, idubut success

(Greenstein and Zajonc, 1997, 51).

Divine action in the above scenario can violate common regulatidnigher
level. The traffic situation in London can be totally differemt @ very extraordinary day
but always be following certain patterns on other days. Sinyildittine action does not
violate laws of nature if they are seen as being of a statistataira (Peterson, 2000,
885). But such an understanding means that quantum events can vieléae/stof

nature if those laws are understood in an ontological way as beiagamate reflection
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of the nature of reality. Then such an event would require a suspeosibe
(ontologically seen) laws of nature. A freak incident like desadiabove can be tolerated

by a statistical law.

This kind of divine action is noninterventionistic because it afirthe
correctness of established scientific knowledge. A rare esdiia@ary quantum event
(even involving large quantities of quanta) does not change thets@tsverage.
Statistical averages are build over long periods of time usingge laumber of samples
whereas the extraordinary quantum event only occurs once. Thitudelbf normal
guantum events will cause normal statistics for large samBksnders concedes that
one possible view of the laws of nature is that they have a statistature. The
“founding fathers of quantum mechanics” recognized this (519) andytitdd character
is widely accepted (520). It should be added that even Bohm, one ofttie¥saof the
pilot-wave theory, accepted the conceptualization of laws tifreaas of a statistical

nature (Bohm, 1981, 68/ Bohm, 1957, 24).

Helrich discusses an experiment with photons (Helrich, 2000, 493itlual
measurements of the movement of the photons are indeterministid.|[Brge quantities
of these photons are observed and an average is calculatetthéhessults correspond to
the classic theory. The experiment verifies that a scierltifv is an emergent property
from the individual photon behavior and is a nice illustrationredf statistical character of
the laws of nature. The assumptions that these regularitieseal in terms of an

ontological existence that nature has to follow is therefoitaken and most likely a
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historically conditioned way of thinking. Statistical laws cahhe violated by isolated
events.
3 Indeterminism and determinism

3.1 A criterion for indeterminacy
The problem in particular in the philosophical and theologicalingg on divine

action, is that determinism is defined in a variety of ways. | Wédlmaking an attempt to
pin down a criterion to check for indeterminacy in the followingatission. This will

make it easier to check for determinism and indeterminism.

Indeterminacy and uncertainty are at the core of quantum mezhaifithout

both, quantum mechanics does not exist. Here is a quote from Feynmatniekeon
guantum mechanics, which is a classic treatment of the subjdadh ste as a textbook
for classes on quantum mechanics today:
The uncertainty principle “protects” quantum mechanics. Heisenberg recognized
that if it were possible to measure the momentum and the position
simultaneously with a greater accuracy, the[sic] quantum mechanics would
collapse. So he proposed that it must be impossible. (Feynman, 1965, 1-11)

Therefore the distinguishing mark of indeterminacy is the inatititpredict

certain variables at the same time. Heisenberg and Feynmanlaieneltat quantum

mechanics would not be possible without this core element.

A deterministic theorpf quantum mechanics would therefore have to be capable
of allowing the prediction of both momentum and position of aipketWe will only
accept a theory that satisfies this criterion as determinigtictheory defines
determinism in such a way as not allow the determination of positiwhvelocity at the

same time then we cannot label the theory as deterministic.
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If a theory is indeterministic then it needs to be establish#tkiindeterminacy is
of anontologicalnature or a consequence of apistemologyOntological
indeterminacywould mean that the indeterminacy is a fundamental charadatesfst
matter itself. If the indeterminacy is of apistemic naturéhen quantum mechanics
might be deterministic. We are just incapable of determining thecon¢ because of our
human limitations. We might be able to give a theoretical acthaw the outcome can

be determined.

The distinction between epistemic and ontological indeterayitannot be
established by experiment because both are evident in experimargbamg unable to

predict the outcome. Fundamentally the distinction is of atéical nature.

3.2 Common Quantum Mechanics
Common Quantum mechanics simply affirms that uncertainty eastscore

characteristic of quantum theory. It is not possible to predietabsition and the velocity
of a particle. Bohr’'s and Heisenberg’s understanding of Quantuohiiacs (which is
frequently referred to as t@openhagen Interpretatigraffirms that this is indeed the
case and that this uncertainty is a reflection of the nature ¢ttema here iontological
indeterminacyin quantum mechanics. There is no trick to go beyond indeterminaty a
find regularities behind indeterminacy since there is nothing behiriché search for

regularities to explain indeterminacy is useless.

Indeterminacy is useful for the explanation of core features afenal he

stability of atoms is explained, for example, by quantum mechamdsseems to be
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made possible by uncertainty (Penrose, 1997, 54). Quantum theorydrawioely

successful and has been experimentally verified over and over.

Saunders is wrestling with the nature of quantum theory and triesamacterize
guantum theory as being deterministic: “The key point is that otirgaantum mechanics
is both extremely deterministic and potentially indetermihé&aunders, 2000, 524). But
still “It is not unreasonable to assert that quantum mechanics aogitally
indeterminate” (536) thereby characterizing the view of quantum mechasibeing
indeterministic as a minority opinion whereas just the oppositaue. Quantum theory is
generally accepted to be indeterministic without qualificatieeyfiman, 1965; Dirac,

1958; Penrose, 1997; Weinberg, 1994; Peebles, 1992).

Saunder’s view of guantum mechanics as being deterministic is badexhest
Nagel's evaluation of the equations of quantum mechanics (525). Bul Nagg not
claim that quantum theory is deterministic. The only claim madkasthe equations of
guantum mechanics (such as the Schroedinger equation) are ohtbebkaracter as in
classical theories (Helrich, 2000, 497). The notion of state in guantechanics
includes indeterminacy. State vectors are usually sums over podsitde and wave
functions consequently result in sums over probabilities o$itdes measurement

outcomes (Helrich, 2000, 496).

Classic theories can start with determining an initial statetx and then
calculate future states based on the initial state. In quanturhaness the initial state

itself is not determinable since any attempt to determine the statévés/measurement,

14



which is limited by the Heisenberg Uncertainty Principle (Eighband Resnick, 1974,

152).

Raymond Chiao explains that the specification of a wave-fondid describe a
guantum state requires the description of the physical system evergahthe same
time (Chiao in Russell, 2001, 17-18). The physical system that influeneegudmtum
state can have a long reach in particular due to possible nohelffeats. The event
horizon (relativistic light-cone) limits what we can know aibdhe world which further

limits our ability to specify initial conditions.

Therefore a classic calculation of a deterministic resutnjgossible. But there is
a definite deterministic element in the wave function. Weinbergtiless the situation in
the following way:

During the times between the measurements the values of the wave
function evolve in a perfectly continuous and deterministic way, dictated by
some generalized version of the Schroedinger equation. While this is going
on the system cannot be said to be in any definite configuration. If we
measure the configuration of the system ... the system jumps into a state
that is definitely in one configuration or another, with probabilities given by
the squares of the values of the wave function for these configuration just
before the measurement” (Weinberg, 1994,75)

While the wave function might develop in a deterministic manher t
measurements are still not deterministic. During the “determing/olution” the
configuration of the whole system is not determined. The critbaawe have established
in 3.1 is that measurement for position and velocity of an edecare possible. Even with

the deterministic evolution of the wave function there is gl limitation on the

measurement of position and velocity.
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It is commonly known that the deterministic character of the wiawetion does
not imply a deterministic nature of quantum mechanics itself. Gy imagine that the
wave function is what is real and not our measurements thenheiliteory be

deterministic (Weinberg, 1994, 79).

Therefore the sense in which quantum theory is deterministisisicted to
looking at the equation and discarding the indeterminate naturedtate vectors and

wave functions used by these equations.

Scenarios of a single particle system where all elements otahe wectors are
known can be envisioned (Helrich 2000, 497) . But the usefulness of suclrissesa
very limited because such a single particle system cannot imt@idcanything. In
particular the interaction with a measurement device will cabbserteasurements to be
indeterministic. Such scenarios are therefore of a more hypedhaature. They can be
imagined but not verified since the scenario is not measurableréliigy of such a

single particle system might be assumed in the context of@yhe

Saunders argues that quantum mechanics is only indeterministic atith®po
measurement (Saunders, 2000, 525). Measurement is necessary to obtafaramgtion
at all. The effect of Saunders’ argument is that quantum mechanitterministic if we
have no information about the quantum mechanical system undewvatsa. Any
information obtained would require a measurement and therefoeuce
indeterminism. Like in Helrich’'s example of the single quantumesysbefore there is no
information obtainable from the system since it cannot intesatie measured without

risking indeterminacy.
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The “determinism” of Saunders et al. seems to be mainly a naitieordplay.
Helrich can claim quite to the contrary that measurement ipthet where quantum
mechanics is definite and accurate because any measuremeneuiilt‘in a specific
value for the parameter measured” (Helrich, 2000, 496). Indeterminacy niuqua
mechanics does not mean the inability to measure but expressesagidimon the
predictability of the outcome of that measurement. All quargtitieinterest can be
measured as in classical physics. There are limitations ontolity 40 determine
beforehand (in the sense of prediction) what the outcome adasurement would be. It
seems that the wordleterministids attached to various features of quantum theory to

create the impression that quantum mechanics is deterministic.

3.3 Bohm’s Interpretation of Quantum Mechanics
Saunders covers Bohmian quantum mechanics (also referred to abthegie

theory) with the claim that it is “a totally deterministic thgd (Saunders, 2000, 527).
Hodgson has the same expectations. Yet in Bohm’s own words indeteymsa
"reflection of the real behavior of matter in the atomic and eacldomains” (Bohm,

1981, 67).

These contradictory statements need an explanation. Whem Befers to
“indeterminacy” he refers to the behavior of matter observedliabaratory. Saunders
and Hodgson meaning of “determinism” hereigological determinismAll agree that

matter isindeterminateas a phenomenon encountered in the laboratory.

Bohm assumes that there is a quantum field Q that causes this indesenrby

having a seemingly random influence on particles traveling throughelde Bohm's
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interpretation of quantum mechanics is only deterministic if thentpua potential Q can
be calculated. The Q force is the highly non-local quantum fiettliesforce does not
diminish with increasing distance. Q is very peculiar becaudepends on a theoretical
force exerted by all particles of the universe on all possible locatio the universe. Q
can theoretically be calculated if all particles of the unieease factored in (Bohm, 1981,
80). For all practical purposes Q is not determinable and thereforeBxsem’s
interpretation of quantum mechanics is only deterministic inthe&ohm'’s theory
suggests that indeterminacy igpistemigroblem. We cannot calculate the outcome
because we are unable to factor in all particles in the universe enhisles the re-
labeling of indeterminacy to “unpredictability” and allows Saursd® claim a

deterministic quantum theory exists.

If we wanted to obtain the position and the velocity of our ef@etaccording to
the criteria established in 3.1 Bohm'’s theory would only be ableatoutate both if we
would assume the universe to be smaller. Typically calculaBo@snade with a
restricted environment where Bohms theory works. But the universeich bigger than

just a few patrticles.

Bohm'’s theory accurately reflects the observed indeterminaguantum theory.
The reason given why we cannot obtain the complementary measuatréifferent
though. In Bohm’s theory the particle travels on a trajectory imanterfered with by an
un-measurable undetectable non-local quantum field. This quantuhtéiekes a
disturbance that does not allow us to predict position and itglatthe same time. We

have no means of determining that quantum field in a satisfactoyy Weerefore
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Bohm’s theory does not allow the determination of position andar} of the electron
and consequently Bohmian quantum mechanics is not deterministicdiog to the
criteria of 3.1. What is claimed is that indeterminacy is obsefee epistemiaeasons

and not because ohtologicreasons.

Bohmian quantum mechanics becomes deterministic if the lowel l@yond
uncertainty would become accessible to us. If the giant would dpuék ability to
discern individuals then we would be able to resolve the riddle. Bahi@Quantum

mechanics has promised exactly that for a long time but has neveesli

Standard textbooks such as Peebles, 1992; Feynman 1965; Dirac 1958 affirm the
ontological indeterminate nature of quantum mechanics throughowtandt even
mention the pilot wave theory. Peebles affirms Bohm’s coatidns to quantum
mechanics through the restatement of the EPR paradox (Peebles, 199)@#8 a
discovery of the Bohm-Aharanov effect (Peebles, 1992, 155) but nevaromeBohm’s

Q potential.

The pilot-wave theory is not scientifically acceptable. Utaiety is
overwhelmingly affirmed in the field of quantum mechanics. Peghkgues that local
hidden variable theories must be wrong according to Bell's Thmofa assumption of a
non-local hidden variable theory (such as Bohmian quantum mechasizsqcceptably
contrived and therefore the common conclusion of physicsstisat “there is not a non-

statistical theory underlying quantum physics” (Peebles, 1992, 244).
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Saunders and others express the hope that Bohmian quantum mech#nics wi
finally overcome common quantum mechanics (Saunders, 2000, 524). Treeofdd|
indeterminacy will be solved shortly through such approaches as Badrtheough the

Grand Unified Theory (GUT).

Weinberg is one of the proponents of the Grand Unified Theory asdamitten a
book titledDreams of a Final Theoryl®93 where the history of the search for the GUT
is presented. Weinberg then makes some statements regarding quaethanics and

how he expects it to relate to the GUT.

All the fancy mathematical theories that physicists have pursued in recent
years — quantum field theories, gauge theories, superstring theories — are
formulated within the framework of quantum mechanics. If there is anything
in our present understanding of matter likely to survive in a final theory, it is
guantum mechanics. (Weinberg, 1993, 65-66)

Weinberg was not referring to Bohm’s theory but to the standard quant

mechanics that we know and that is taught from the textbooks | haméoned. Further:
Quantum mechanics may survive not merely as an approximation to a
deeper truth, in the way that Newton’s theory of gravitation survives as an
approximation to Einstein’s general theory of relativity, but as a precisely
valid feature of the final theory. (Weinberg, 1993, 89)

For Einstein indeterminacy was an offense to science and he neseptad
guantum theory. But he still had the following to say regarding Baimnquantum
mechanics:

| reject ... the assumption that a rigid coupling exists between parts of a
system spatially arbitrarily far apart from each other (instantaneous action at

a distance, which does not decrease with increasing distance) (In Cushing,
1994, 147)
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It is also noteworthy that Weinberg nowhere mentions Bohm'srher the pilot
wave in the discussion about the future GUT which leads one to wda¢hat Bohm is
irrelevant for GUT research today. The battle over whetherterd@nacy exists or not
was fought and decided 50 years ago and the understanding of indeteyinasabeen
refined in the years since. If there was hope that Bohmian quanturanies would
solve the problem of indeterminacy then that hope has been given upabytne not up
to theologians and philosophers to decide about the nature of quamtonytThe
discussion about the exact deterministic nature of quantum mechee@ds to be fought

in the journals of physics and not in philosophy and theology.

Hodgson argues that quantum mechanics could have been established as a
deterministic theory based on the pilot wave theory of Beoghd Bohm. But Niels Bohr
singlehandedly convinced physicists to accept indeterminacy (Hodge6a, 506) and
as a consequence the Copenhagen interpretation was “uncriticediptad by most

physicists” (506).

The history shows that there has been controversial diseuesithe subject of
indeterminacy as mentioned above and as also evident even froes Zaushing’s (1994)
book on the history of the debate. There is no question that the Gagen interpretation
has been the subject of a critical evaluation over and over agaien@at Bohmian
guantum mechanics cannot solve the problem of determining theqroaitd the
velocity of the electron (Hodgson, 2000, 510) it is not clear what Bahmuantum
mechanics would add except the idea that in theory we have detemmifiige fact that it

is widely ignored by scientists (see also Cushing) means that tleeptsnof Bohmian
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guantum mechanics are irrelevant to quantum mechanics. If thengle had added to
our understanding then it would have been used and been mentionedefsla
alternative in textbooks such as Peebles or mentioned as possiittéation to a Grand
Unified Theory. Quantum mechanics is well established and tekibon the basics of
guantum mechanics from 40 years ago are still usable today. The thiegugntum
mechanics is stable. The 50-year history of unfruitful resear@udwebcates of the pilot
wave theory on the sidelines is evidence that leads one to theéabk/conclusion that

Bohmian qguantum mechanics is only of historical interest.

It is simply not credible today to use a deterministic nature of quamhechanics
as a basis for a scientific discussion. The publication of Petelgldon’s argument
arguing physics favoring Bohmian concepts and understanding in @gbairtheology
instead of physics is also an indicator of the credibility isshes the theory faces among
scientists. | am not a physicist and so | will only pick up one isswaipht up by
Hodgson on page 509. Hodgson argues essentially that the position antyhafiac
particle can be established more accurately than allowed by heEsg’'s uncertainty
principle if one allows assumptions about the past history of agarEssentially two
measurements are performed on the same particle at two potmseimand space. Such
assumptions are problematic since one is neither assured to leasa@ntie particle
(particles are indistinguishable see Eisberg and Resnick 1974, 32%valiability of
information about the path taken will influence the very outcornigne experiment
(Grangier, Roger and Aspect experiment see Greenstein andcZafe4?2). These
problems are not discussed by Hodgson but the inference is drawn thedwmestablish

the position and momentum to a degree violating Heisenberg's Unagrtelation.
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3.4 Indeterminism and Classic Physics
In classical physics we can determine accurately the position@odity of a

billiard ball, for example. But our control over matter is Isairly limited:
Classical physics is also indeterminate in a sense. ... If we knew the position and
the velocity of every particle in the world, ... we could predict exactly what would
happen. .... Suppose, however, that we have a finite accuracy and do not know
exactly where just one atom is say to one part in a billion. Then as it goes along it
hits another atom, and because we did not know the position better than to one
part in a billion, we find an even larger error in the position after the collision. And
that is amplified of course, in the next collision, so that if we start with only a tiny
error it rapidly magnifies to a very great uncertainty. ... Given an arbitrary
accuracy, no matter how precise, one can find a time long enough that we cannot
make predictions valid for that long a time. ... Already in classical mechanics
there was indeterminability from a practical point of view.” (Feynman, 1965, 2-10)
The indeterminability here seems to be a epistemological probldinstatVould
we know the accurate details on all those billiard balls to an antyitlegree then we
would just face the computational challenge of computing the futuie gfahe billiard
ball. But then all those billiard balls are composed of quanturtesys that are
fluctuating. Maybe these fluctuations are only extremely malibut the collisions will
vastly amplify these minor fluctuations. Ultimately we havectmsider the basic nature
of matter. All authors state that there are indeterminacieamtom fluctuations
introduced by the Q potential in Bohmian mechanics. Given indetebityeof this
form it is easy to move from epistemological indeterminacy ttotmgical determinacy or
the Q potential determined form of randomness according to onefsiel the
indeterministic nature of Quantum mechanics. There is no differanthe effect that
this state of affairs has on the reality we experience whateeazal it. Since | am a

pragmatist | frequently have difficulties discerning betweenttho forms of

indeterminacy. For all practical purpose they are the same.
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Determinism can only be exercised in a very limited real. &nsdealization that
is helpful to model behavior of controlled system and mattes.&4n abstraction and
therefore a simplification necessary to be able to gain théyatm predict future events.

Determinism is elusive even in classic mechanics.

4 Collapse and Measurement

4.1 What is measurement or quantum collapse?
John Polkinghorne has written a short bookTdre Quantum Worl{1984), which

has been widely used in the area of divine action, and his views onuquanechanics

have set the tone in the field. Chapter 6 discusses wave furatitapse.

Collapse happens when one of multiple potentialities (represgdaytenultiple
components of the wave functions) in a quantum system is actuafitédat point the
multiple potentialities vanish and one potentiality is selecRadkinghorne refers to this
event as “fixing” (Polkinghorne, 1984, 60). Commonly “fixing” takes @achen a
measurement is performed. Measurement is when an instrumenb@uoapic) interacts
with a quantum system in order to quantify a value. Typically themedial on the
instrument that shows the quantity measured. In measurement deledisult is obtained
for a value. Therefore multiple potentialities vanish and apéaced with the obtained

result.

Saunders develops a similar notion ofeuentin quantum mechanics as the
selection of one result from among multiple potentialitiesatded by the wave function

for a quantum system (Saunders, 2000, 528), which is simply the same d®tieebat
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without a measurement device. An event happens if one potentiatiéglized by

collapse.

The problem with collapse is that it is not clear when this happens iéwentry
to “measure” a single quantum (Tracy in Russell 2001, 254 / Greensteidagonc,
1997, 190). The individual quantum that is supposed to be measured is in agledta
state with the quantum particles of the measurement device. Thaune@aent device
itself is in a quantum-entangled state with the optical nerveése§cientist observing the
instrument and so on. The wave function gets more and more déatlangh other
components as we try to describe more of the measurement appaiatuguantum
theory. We can only be sure that collapse has happened when ogiozmmess
recognizes an event (Polkinghorne, 1984, 62). Collapse could happeneneywithe

chain. This also begs the question if collapse can happen without uviigse

4.2 Locating Collapse
Polkinghorne describes 4 solutions to the problem of how a quantstarayis

getting in to a definite state.

The first possibility is to assume that the wave function i$ gudescription of the
knowledge of the observer of the situation. Through measuremekinthwledge of the
guantum system has changed. More is known about the system aefbtbehe
description of the system is different. Collapse is about a ahafigny knowledge about
the system. But taking such an approach would mean to demote physibsatioch of
psychology and deny the physical reality of the chain of conseqsdimtgng the

quantum under observation to the observer (63).
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The second possibility is that collapse happens when the systenaggss |
Classic measurement instruments are large compared to the gqusydgtem under
investigation. Those instruments have been designed to act withddian dependability
and are therefore subject to classical physics. In our expertéedastrument registers a
distinct value and not a probability. The classic understandimgiantum mechanics is

that collapse must have happened at this stage.

The question arises what constitutes a measurement device. Holwdsgt have
to be? It is not clear how large would be sufficient for collapstake place. Somewhere

it seems classical behavior has to set in though (63).

The measurement instrument itself ultimately consists of quantuticiea that
are governed by quantum mechanics. The measurement instrument cougtbeatkby
a wave function and seen to be in entanglement with the quantstens under
investigation. So the conceptualization of the measurement appastlassic seems to
be arbitrary. The boundary between classic and quantum behaddherefore also the

place where collapse happens in the chain seems to be artificrgdysed (64).

The third possibility is that the observer causes collapse We khatv
measurement/collapse has happened when we consciously recageizena. At that
point or before the wave function describing multiple potenteditinust have collapsed
into one outcome otherwise we would need to have the ability togreize potentialities
instead of actual collapsed systems as we know we do. One appmadibe to see

collapse happen at the very end of the chain. The human mind cosledoeas an agent
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that causes collapse of the wave function (Polkinghorne, 1984, 6terBeld in Russell

2001, 122).

There is something very unattractive about this solution becaistighly
anthropocentric (Polkinghorne, 1984, 65). Do only humans have theyabicause

collapse? And what happened before humans were around to doltdgesag jobs?

The last possibility is a many-worlds scenario. The many-worngis@ach simply
affirms that all potentialities are realized. The universe bhas into as many distinct
realities as necessary to realize all of the possibilitieg diktinct realities cannot
communicate with one another after the branching. Polkinghajeets the many-worlds

approach on the grounds that it is an uneconomical explanation (67-68)

In my opinion the major issue with the many-worlds theory is thedb®s not
solve the problem of quantum collapse. The observer will end uperobthese
universes and still has a unique history that can be traced back antedusg an
explanation. The question where in the chain the collapse happenetiresolved by the

many-worlds approach.

4.3 “Picking” one possibility of how and when collapse
happens

Polkinghorne resolves the question about when collapse occtirs following

way:

Does the fixity on a particular occasion set in as a purely mental act of
knowledge? At a transition from small to large physical systems? At the
interface of matter and mind that we call consciousness? In one of the many
subsequent worlds into which the universe has divided itself? Of the
suggestions that we have canvassed the one that seems to be the most
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promising is that which points to the emergence of the classical measuring
instruments from a quantum mechanical substrate, even if the mode and
consistency of this happening is harder to comprehend that Copenhagen
orthodoxy is willing to recognize.” (Polkinghorne, 1984, 68).
The choice of what measurement is and where collapse happens &r¢ea |
extent a metaphysical non-scientific choice. Polkinghorre sentist decides to define
measurement and collapse in terms of his instruments in thealedsgr What we know is

that collapse has taken place when it arrives at the level of@ansaousness because we

only know of one outcome and not of multiple (62).

Depending on the size of the quantum system effects of collapskasae a
smaller or bigger impact on the environment. If a single quantum colidpgéself all
alone then the effect is minuscule. But if a quantum system thatamgled with a
measurement device collapses a macroscopic effect on the di@bimplished. The very
fact that we can measure singular quantum quantities means that evéneaabilities to
produce an entanglement to amply the effects so that they aff@atoscopic visible

things like a diaf*

Pokinghorne’s work is useful for the clarification of collaps®d measurement.
After we have clarified some issues involved with measuremashicallapse we can now

apply this to the discussion ifygon

4.4 God and collapse
Saunders proposes that God could be seen also as an agent cauapspcmi

measurement: “If God acts consistently with the principles ohtia mechanics, by

! See GFR Ellis work in Russell, 2001 for an overview of how quantuncesffean influence the macro
world.
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exploiting the indeterminism of the orthodox interpretatidmert these actions can take
place only by some type of measurement interaction” (530). Somedkinteasurement
needs to happen and God would need to have something to do with liajsseo
Measurement is understood here not as an instrument measuring arqupuantity but
as simply a collapse happening for some unknown reason. The quekibatinteracts
how is left up in the air. Implicit in Saunders description is alse assumption that God

is an external autonomous entity that interacts with the universe

Saunders then concludes that the Heisenberg Uncertainty priciciptenot
provide enough freedom to avoid a deterministic universe (530). A disgue$ihe
scope of quantum systems in particular entangled system is miSsngders seems to
believe that collapse happens on the scale of an individual quaamdrtherefore what
could be affected by measurement is a very minimal change. That the case as
discussed earlier. The measurement device itself is an amglrfgethe very fact that it
displays a measurement means that the value measured was df#etta pointer on a
dial. This means that the uncertainty princigdgesprovide enough freedom to have

macroscopic effects. Saunders argument is invalid.

Raymond Chiao discusses quantum entanglements of photons ehrimin-
local effects (Russel, 2001, 36). These quantum entanglements agseallby an
observer that is potentially billions of light-years away odistant planet. The quantum
entanglements mentioned not only span large distances butizdstke amounts of time

since light billions of light years away will take billions of ld years to get to the
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observer. The collapse of quantum system can involve large desascwell as large

time frames.

The wave functions can not only be used to describe individual quantttroles
but can also be applied to objects of a larger scale as done by Padkimgin the
previous section. Wojciech Zurek argues that there is “no indinaif a border between
guantum and classical behavior where equation 1 [the Schroedingeoed dials”
(Zureck, 1991, 36). Greenstein and Zajonc discuss examples of quantawidre
becoming evident at the macro level such as superconductivity, teplismn effect and

SQUIDS (Greenstein and Zajonc, 1997, 171-179).

Quantum effects are typically destroyed in macroscopic systarough random
influences from the environment termed decoherence (Zurek, 1991, 3MtuQua
systems need to be isolated to show quantum behavior. But thasenodés are
“random” and therefore indeterminate as well. It could just hagpanhthese influences
stop in a certain environment to allow a quantum effect to surfaderé/fthese quantum

effects stop cannot be accurately defined.

If we would take the extreme position that the human observectsfthe collapse
then observing a dial of a measurement apparatus and therefapsiod the finger on
the dial to a certain setting will determine the state of cousttpgnta. The conclusion

that there is not enough freedom is not warranted at all.

The paradox of Schroedinger’s cat is a classic example that veteddly show

the problem with Saunder’s line of reasoning. It is true that a singlatguaevent
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triggers the event. One interpretation of what happens would béabservation of
the cat will determine the status of the large set of quanta involrddtallapse them to a

definite state so that the cat is either alive or dead (see alsphyut995, 356-357).

4.5 Energy and Interaction in Collapse
The wave function, if seen as describing alternative outcoozsbe

conceptualized as a sum over wave functions describing one diftaeent outcomes
that could take place. The wave functions for each of the diftenges of outcome
describe all aspects of the scenario and therefore also incllidéoamation about

energy exchanges and other physical forces that matter foittiaicn.

The “decision” regarding which scenario is realized in cokapannot involve
any energies since these are already described by the wave fucctigponents.

Collapse does therefore not involve a need for energy or any physice.

5 Saunders Four possible means of divine action
Saunders discusses four potential possibilities of divine influemee @uantum

mechanics (Saunders, 2000).

5.1 God alters the wave function between measurements (536)
The wave function is used to deduce what the probabilities of aicertéacome

would be. Schroedinger’s equation does describe the wave funS@amders proposes
that God changes the wave function so that it includes “as a sugiggmoa new state that
God wishes to become a possible outcome of a measurement”(536uUAd& s notes
the change introduces an entirely new component and drastitahges the wave
function. Changes to the wave function would either be a viatatitthe laws of

quantum theory or it would require God to change reality itseldtild be
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interventionistand all the cited authors evaluated by Saunders explicitly demytba

proposals would change quantum theory.

Adding a new component to the wave function might not guarantee ticerme
wanted. It might just shift the potential of the outcome. For teason the approach is

not satisfactory for a theory of divine action.

5.2 God makes his own measurements on a given system (537)
God could use “measurements” on quantum systems to determine @s.cohis

means that before we get knowledge of the system it has alreadinadietitcome. God
collapses the potential. Saunders argues that God performing regenirwould change
the statistical distribution. The argument is that we typycgét a statistical distribution
when performing repeated measurements of the system. If God wdeldrige the

outcome then the statistics of the system would change.

It seems to me that Saunders ignores the fundamental charadigmefaction.
Divine action is not repeatable. Statistics are an average ovéiptauhcidents. If God
would act in a regular way with divine action then the statisticsild change. A singular
divine action in the midst of ideally unlimited measurements thaawerage about is not
noticeable. On the other hand if God would act in a regular way ardiSaation would
be repeatable and consistent in such situations then divine actiold \»e

indistinguishable from a law of physics. But that is not what we mean\igealaction.

The “experiment” that Saunders envisions is not repeatable nor idaion of
the statistical distribution over the long run possible. Godédseing” Schroedinger’s cat

and determining the outcome would be a single event. Divine actiats bery definition
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is special action and not repeatable and therefore also nounaddes as desired by

Saunders to cause a violation of quantum probabilities.

Saunders envisions that something would be needed to cause a colldpgbatan
something would need to cause an interaction. Saunders prapasé&od
fundamentally interacts via ‘tentacles’ in creation whichiarprinciple fully observable”
(538). If collapse is understood as happening through an instrument agesadoes
here then that is true. We would have to assume that God would aded¢ a lab,
collect the quantum particles whose attitudes need adjustmesuaiett the quantum

particles to his measurement device.

Collapse as understood by Butterfield (in Russell, 2001, 122) and otheid) is
the selection of one state of a series of possible quantum meehanicomes, is not
something that requires interaction. The interactions innglVsomething” that
exchanges energy etc are described by the wave function (sesbaige). One of the
options would be that a human consciousness causes one ofsiblpdanteractions to
materialize. Collapse occurs without any discernable physicaeéfinvolved in the
choice of the quantum outcome. Collapse also “does not meanotmat [ghysical entity

has discontinuously changed” (Peebles, 1992, 236).

God collapsing quantum systems is not really useful, as noteddnyd®es (537),
since a measurement would not allow God to determine a specificrnatd®@od would
have to take whatever the outcome would be. But that is not wipabgosed by the
proponents of quantum divine action. What is proposed is that Godet@rmine the

outcome. See the fourth possibility for a working approach.
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5.3 God alters the probability of obtaining a particular res ult
(538)
God alters the probability of the outcome. Ideally God would geaone outcome

to a certainty. The problem with Saunders third option is thababdities are calculated
based on the wave function. Therefore, this proposal approacbrdg be different from
the first scenario, if we can separate the probabilities fraenthve function. God must
have the ability to ignore the wave function and set a probalidityhe outcome. This

would be God simply ignoring the regularities of quantum theohe Tomments for the

first scenario apply.

5.4 God controls the outcome of measurement (539)
God not only causes measurement but also controls the outcon of th

measurement. One of the deficiencies of the earlier proposdid®n that the outcome is

not guaranteed.

Saunders objects that this would require a revision of the “ontcddgiature of
the measurement probabilities” (539). The conception of measutgr@mabilities as
being of an ontological nature is something that | have diftieglwith. Probabilities only
give likelihoods. | am not sure how | would understand likelihoad$iaving a reality of

their own.

As noted earlier measurement (collapse) can be understood tobaweed in a
variety of ways. One is when a human consciousness recognates tlertain event has
taken place. No physical effort is required for that. God’s canssess could work in a

similar way. We are here in the area of indeterminacy and psdlaneasurement.
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My theory is that God’s superior consciousness can determine theroe of a
collapse. Human consciousness can just cause one out of maoyn@stto happen
without the human having the ability to select an outcome. God dantsene that he

likes.

Saunders agrees that such an approach does not present any specifimproble
(539). The issues that Saunders has with such a conception are langespphic. We
need to accept that God’s action is intermittent and that Ged dot influence every
guantum event. That is just what is needed because it allows makiistjrection

between divine action and the regular operation of matter in theets®g.

If we accept the intermittent nature of God'’s action then “[Goxdkdy
determining certain quantum measurements, and the probabilitiéstect by the theory
include these divinely determined quantum measurements” (539). Sauladers that
God has to preserve the quantum statistics. Statistics are pmggcobabilities and if
one series of measurement is untypical then a statisticaigbiedfor a situation has not

been violated. Nothing is wrong with such an event.

Later Saunders again claims that divine action has to “remain wtilkeimegularity
of physics” (540). Quantum mechanics has shown that the higher physiczablf
physics are of a statistical nature (see above and Tracy, 2000, 890nd\ad the
fundamental laws of quantum mechanics are adhered to, the highecdavioe violated

without being scientifically incorrect.
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The fourth option by Saunders is the only one that preserves tliellaw

relationships that are described in quantum mechanics (Tracy, 2000, 897)

6 Conclusion
The idea that God causes collapse has been expressed elsewbezeahdfthat

proposal seems to be a very promising approach to divine action. S&auad&ile is very

helpful to clarify possible approaches to divine action given itslchavaluations.

The idea of quantum divine action through God performing collapse is in
harmony with what we know about quantum mechanics. It is possible becaosir
inability to describe when exactly the collapse of the wave fondbhappens. If we would
know and determine what a quantum event is then there would not lak freenymore
for God to collapse when he likes. The analogy to human conswesssdoing the
collapse is another nice feature of this solution. One could specthat God has a
consciousness so he is like us and is also collapsing as he lothlesuativerse. This is of
course a very anthropocentric view. One could even fantasizesfuaitid take the leap to
assume that God has a superior consciousness and can actigetyose of the potential

outcomes, which makes him divine compared to us.

All the ways of trying to prove that quantum theory is determinigtuch as
Bohm'’s interpretation of quantum mechanics) are not credible to wendhe consensus
in physics about the indeterminate nature of quantum mechanics @nddstlse of the
pilot wave or Bohmian theory. The proof for the ontological natfrendeterminism as
implied by the Copenhagen interpretation (no regularity) is ngsjixde since this would

be proving a negative: Bohmian quantum theory is consistent withlmaergations in
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guantum mechanics but cannot be proven since it assumes the quantutiapQtémat is
influence in a non-local way by all particles of the universe. Tineasion would change
for me if | would see a discussion or adoption of leading phgtsodf Bohmian quantum
mechanics. My impression is that Bohmian quantum mechanics iskest &arnest by
physicists. The use of Bohmian quantum mechanics in an argument owres dction is
therefore counterproductive and might cause scientists nobkoabthe work of
theologians and philosophers in science and religion. Thenaggtiof Bohm vs.

Copenhagen would better be settled in physics rather than in pphgsor theology.

The speculation here about how God could act is scientificalbravable since it
sneaks intoan area of quantum mechanics not accessible to us, svimdeterminacy
and how and when wave function collapse. Both of these are fundahfeatures of
guantum mechanics that are not likely to change and which have bélesstablished.
Weinberg even expects quantum mechanics to be a corner stone of aGudinck

Unified Theory should it come to pass.

It is sufficient for theology because it allows large-scalaaactThe scientific
unprovability moves the acceptance of this idea into the areatbf fAlhat is behind
indeterminacy and quantum collapse? For the some there is God. Fagrtbstic like

Monod there is just chance.

Saunders asks the question “Does God Cheat at Dice?” We shoulthtddbe
that to a not so provocative question: Can God determine the outcbitneowing a

dice? The answer is: Yes, of course he can.
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