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Abstract: The present paper discusses processes in our world em-
bedded in a dense net of causes and effects. The role of laws of
nature is discussed using classical mechanics as an example to
demonstrate that the behavior of objects is not determined by laws
of nature on their own. Natural processes rather depend on the
environment that implies forces and conditions under which these
processes occur. These conditions are usually described in mathe-
matical terms using suitable initial or boundary conditions or fur-
ther constrains. This analysis may seem trivial but has an im-
portant consequence. Divine intervention appears not to violate
natural laws, rather, new causes are introduced that lead to results
that otherwise would not have occurred. A further consequence
arises from the complexity of causal nets and the presence of prob-
abilistic processes in our world as one may not be able to determine
the causes that led to a certain effect.
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1. Introduction: the claim of causal closure

Many contemporary physicists, philosophers and theologians would ar-
gue that a God or other transcendent entities, given such entities exist,
would not be able to intervene in the physical world, because every event
is determined by physical processes that are governed by the laws of na-
ture. Although this thinking has a long tradition, the meaning, the basis
and the consequences of this statement, often referred to as causal closure,
are often rather diffuse and widely differ amongst and within various dis-
ciplines. If this reasoning was correct, there would be no room for divine
intervention of whatever kind. Most obviously, there would be no room
for miracles.

The protestant theologian Friedrich Schleiermacher (1768-1834) rede-
fined the term miracle as a mere description of events that have a somehow
religious relevance, however common the event may appear.' Ludwig Feu-
erbach (1804-1872) well known for his critique on religion, describes the
term miracle as something that is unthinkable and is in the end a meaning-
less concept (Feuerbach 2016, 125). Feuerbach’s statement is, however, an
a priori assumption rather than an argument. Perhaps one of the most in-
fluential modern protestant theologians arguing on the matter is Rudolf
Bultmann (1884-1976). Although his viewpoint and that of his followers
was never undisputed,? his views are still quite influential and widespread
and offer a reasonably clear, though weak reasoning for his case (Bultmann
1960). In his famous essay entitled “Neues Testament und Mythologie”
(New Testament and Mythology) he expresses the idea, that the miracles
described in the New Testament cannot be taken as reports of historic
events, “because experience and application of science and technology have
progressed so far, that no man can and does seriously stick to the world view
of the New Testament.”?® He concludes that by the knowledge of the powers

! For a compact source see (Schleiermacher 1969, 79), as reference for theologians

(von Meckenstock 2011) is usually employed.
2 See e.g. (C.S. Lewis 1947) for a popular version of criticism or (Wilckens 2017)
for a theologically based criticism of Bultmann’s approach.

3 Translation of the author from (Bultmann 1960). A slightly shortened but easier

accessible source of his paper is (Harle 2007, 174-88).
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and laws of nature there is no room left for transcendent intervention and
that humans are not open to the influence of “foreign” powers. Due to the
philosophical and theological significance of causal closure implied by the
statements of Bultmann and others and the claim of the impossibility of
divine intervention, there was and is a longstanding and controversial
debate [see e.g. (Mackie 1982)] that presently seems to undergo a revival
[see e.g. (Keener 2011), (Larmer 2014) and (von Wachter 2015)]. For a phil-
osophic discussion of various views on divine agency and definitions of mir-
acles see e.g. (Larmer 2014, 7-52).

In this paper I will argue, that causal closure does not follow from phys-
ics but rather is a metaphysical principle. I will then investigate the nature
of laws of physics and argue, that these laws in themselves do not determine
physical processes. In what follows, classical mechanics serves as an example
to demonstrate that the equations of motion describing the actual move-
ment of a body are determined not only by natural laws but also by initial
and boundary conditions or further constraints. This observation, although
clear to every physicist, has a profound impact on the question, whether
divine intervention violates laws of nature.

2. Causal networks and laws of nature

2.1. The clockwork universe

Before the arrival of quantum mechanics in the beginning of the 20"
century, the universe was frequently conceived as of a kind of clockwork:
The history of the universe and all its parts correspond to the functioning
of a perfect clockwork. The development of the world is fully determined
and can thus—at least in principle—be fully calculated once one knows the
laws of nature and the state of the universe at one time. Past and future of
the universe can be exactly calculated. For an imaginary being, the so called
“Laplacian Demon” (Laplace 1814), capable of knowing and calculating all
these details, nothing would come as a surprise.

Figure 1 shows a simple scheme of cause and effect. For the sake of
simplicity, I will restrict the discussion at this point to processes related to

classical mechanics: The movement or the status of an object (circle) is
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changed by some effects (squares) at various points in time. The movement
or change of the object can be calculated if one knows the initial conditions
and the forces acting on the object, see Fig. 1la and b. Up to this point, the
scheme only shows the basic building blocks of the clockwork universe. But
there is already a problem at the first cause, see Fig. 1c: Every description
in terms of physics needs a starting point, from which the following process
can be calculated. The “first cause” is outside the realm of physics, see the
bright square at the far left of Fig. 1 c. There is, contrary to frequently
made claims even by physicists [see e.g. (Hawking 2010) and (Krauss 2012)],
no way to explain “something” from “nothing” [see e.g. (Craig 2002) or
(Bussey 2013)].

Figure 2 sketches a scenario that much more resembles the real world
than Figure 1: In the real world many processes happen simultaneously
and influence each other as indicated in Fig. 2a. Apart from the first
starting point (bright squares), we now have the deterministic picture of
a clockwork universe. But in the real world other factors enter in as de-
picted in Fig. 2b: Besides deterministic processes, there are processes that
bring in an element of chance (indicated by dices). These processes are
a consequence of quantum mechanics? and deterministic chaos.’ Quantum
mechanics only describes the probabilities that can be expected for the
outcome of an experiment and probabilistic behavior appears to be imma-
nent in nature.® Deterministic chaos, on the other hand, describes the

behavior of systems based on classical mechanics” that reacts strongly on

4

39).
> For an introduction on deterministic chaos see e.g. (Alligood 2009).
6

For a basic introduction to quantum mechanics see e.g. (Giancoli 2010, chap.

Although the formalism of quantum mechanics is extremely successful in pre-
cisely calculating observable phenomena, its very nature is still under heavy debate,
for details see e.g. (Ney 2013).

7 Apart from deterministic chaos, it has been debated that determinism fails in
classical mechanics anyway as argued e.g. by the example of Norton’s dome, see e.g.
(Norton 2008). Norton shows that a point mass located on the apex of a dome-like
surface in a gravitational field may either stay at rest or spontaneously move down
the surface after an undetermined amount of time. Due to its’ several idealizations—
especially that of a point mass—this case represents by far no realistic scenario and
the validity of the case has been heavily questioned and lead critics to the question
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Figure 1: An object (sphere) moves from left to right on the axis of
time. a) At time ¢, there is a cause (square) that changes the direction
of the object. b) At time #» another cause results in another change of
direction. ¢) At further points in time s ¢; etc. there are further effects
causing further changes of the movement of the object. The first cause
(bright square to the left), however, cannot be explained in terms of
physics, since a physical description requires initial and / or boundary
conditions and the existence of suitable laws to start with. © R. B. Berg-
mann, Bremen, 2018.

minute changes of initial or boundary conditions. A well-known example
is the daily weather pattern. The fact that weather cannot be predicted
reliably over longer periods of time (say more than two weeks) is due to

of the metaphysical implications of such idealizations (Laraudogoitia 2013). Dantas
just recently suggested a description that tries to adjust to a more realistic scenario.
However, she leaves open the question of “what constitutes the fundamental (not
only operational) conditions for establishing valid Newtonian systems, if there are
any such conditions at all” (Dantas 2018). Although Newtonian mechanics is in
many cases a good approximation for settings in the real world, the example makes
abundantly clear that it is only an idealization!
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Figure 2: In the real world many processes happen simultaneously and
interact with each other (for simplification, the objects which are influ-
enced are omitted in contrast to Fig. 1.) a) The clockwork universe: Dark
squares depict a network of processes interacting in a fully deterministic
way upon each other. Bright square: First cause. b) The dices indicate
the action of processes that incorporate probabilities c) Bright square at
the top in the center of the drawing indicates divine intervention that
changes or extends the existing net of causes and effects. © R. B. Berg-
mann, Bremen, 2018.

just this type of behavior and cannot be overcome even by the most pow-
erful computers (or more powerful computers to come). I leave a discus-
sion on the conditions and details of these phenomena to the literature,
as the mechanisms described above suffice for the purpose of the present
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paper. Consequently, the clockwork universe is a fiction and the Laplacian
demon is dead!®

Finally, T will extend the view developed so far by taking into account
divine intervention, see Fig. 2c. In this simple picture, divine intervention
introduces another cause into the causal network that alters the previously
existing flow of cause and effects or brings about new effects (see the bright

square in the upper middle).

2.2. Natural laws and equations of motion

Is divine intervention in contradiction with laws of nature? In order to
answer this question, we will have to have a look as to what we call a law
of nature and what these laws can predict. It is obvious that we would like
a law of nature to be valid in a large variety of situations. As we do not
have a “theory of everything” with the one law that describes all aspects of
physics, we must content ourselves with the most general laws valid for
a broad range of situations. In addition, there is usually not just one single
law but a set of laws that is needed to describe a certain physical context,
e.g. Newton’s laws for classical mechanics or Maxwell’s equations for clas-
sical electrodynamics.®

For the sake of intuitive clarity and simplicity, I will use classical me-
chanics as it was established by Isaac Newton and others as an example
here. Take the law that states the gravitational force between two masses
M and m (say the mass of the earth M and the mass of a satellite m) given
by

Fo =—=Mm Eq. (1)

8 It wouldn’t help trying to keep the Laplacian Demon alive by arguing that he

would know all the initial conditions exactly and has unlimited computational
power, since the accuracy of the knowledge of initial conditions is finally limited
by Heisenberg’s uncertainty principle.

9 The basics of classical mechanics are described e.g. in (Giancoli 2010, chaps. 4—
8) and the Maxwell equations as the basis for classical electrodynamics are e.g. de-
scribed in (Giancoli 2010, chap. 32).
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with the gravitational constant G and the distance r between them.
Whether we obtain a movement of the satellite e.g. revolving around the
earth or falling on the earth, depends on the initial condition of the problem.
Here, the initial condition describes the final velocity and direction the sat-
ellite is given by his propulsion system at the end of its launch. For other
problems, imagine a vibrating string of a musical instrument, we further
need boundary conditions, e.g. given by the fact that the string is tightly
fastened at both ends.

To calculate the movement of a body with mass m under the influence
of a force F one uses the well-known equation

F =ma Eq. (2)

from classical mechanics. The first step to determine the acceleration a of
the body is to determine, which force F acts on it. It may be the gravita-
tional force of Eq. (1), but it may also be another force or a superposition
of several forces. Once we know all forces, and thus the resulting force F,
we can write down the equation of motion. In a second step we need to
know the initial conditions and for problems with two or three dimensions
we also need to know the boundary conditions employed. Thus, natural
laws don’t come on their own but always need a context!

As a first result, we can state that the question whether a natural law
on its own determines the motion of a body is “no.” This result is in accord
for example with much of the reasoning of von Wachter (2015) and will be
further developed here.

To illustrate the situation, let us look at a very simple situation: If you
drop an apple from a certain height one can calculate how it moves towards
the ground and what speed it will reach, when it touches the ground. To
solve this problem, we first have to determine the equation of motion. For

10" Equation (1) is, however, only an idealized case for two point-masses and their

gravitational attraction. For maximum simplification, I have also only introduced
the scalar expression here in order to avoid further complications by using a vector
notation. I also assume the masses not to be too small or two large and moving with
a relative speed much smaller than the speed of light in order to avoid quantum
mechanical or relativistic effects.
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this purpose, we need to know the force that acts on the apple. This force
is, close to the surface of the earth, given by

F =—mg Eq. (3)

g
with the earth’s acceleration constant g = 9.81 m/s’. (The minus sign is
only a technical detail arising from the force being directed towards the
ground.) To obtain the equation of motion, we equate the forces in Eq. (2)

and Eq. (3) and obtain ma = —mg or simply
which results in the equation of motion represented by the ordinary differ-
ential equation
d?z(t)
dt?

=g Eq. (5)

with the height of the apple z(f) as function of time ¢.

In the second step, we must apply the initial conditions of the movement
to Eq. (5) in order to calculate a specific solution and thus to obtain the
trajectory of the apple. Assume you drop the apple from a height h then
this is one of the initial conditions necessary to calculate the actual move-
ment. If you just dropped the apple without giving it an extra initial veloc-
ity, then the second initial condition is the starting velocity of v, = 0. If
you would, however, choose to throw the apple upwards with an initial
velocity of v, > 0, the movement of the apple will obviously be different.

Solving Eq. (5) for the first case with the starting velocity of v, = 0 at the
time t, = 0, the movement of the apple follows

w(t)=h—1/, gt? Eq. (6)

until it reaches the ground at z = 0. If you decide not just to drop the
apple, but toss it up with a velocity v, > 0, the solution is given by

w(t)=h—1/y gt*+ vyt Eq. (7)
until it touches the ground at z = 0.
The way the apple moves in a specific situation is therefore not only

determined by the corresponding natural laws, but also by the special con-

ditions applied.
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We now see that influencing natural (mechanical) processes does not
violate laws of nature but only change the corresponding equation of motion
or the solution of the corresponding equation of motion. At a later stage of
this paper, I will apply this concept—that appears to be quite natural in

the context of human action—to divine intervention.

2.3. Conservation of energy, invariance and symmetry

Before we come to the question of divine intervention, I want to discuss
a commonly raised objection: Does divine intervention contradict the prin-
ciple of energy conservation? In order to clarify this question, we need to
look a little bit deeper into the idea of energy conservation. As e.g. Larmer
(2009) points out, energy conservation can be defined in different ways. One
way is to state that “Energy can neither be created nor destroyed,” the
second way is to state that “in an isolated system the total amount of
energy remains constant.” These two statements are, however, not equiva-
lent, as the second can be deduced from the first, but the first cannot be
deduced from the second. The second statement can be empirically tested
and appears to be experimentally well justified. The first one cannot be
tested and appears to be a metaphysical principle. Therefore, it appears
reasonable to stick to the empirically well-established principle that the
total amount of energy in an isolated system remains constant.

How can we then deal with a situation in which an entity from outside
interacts with the system? In this case the system is obviously not isolated
(or closed) any more. Usually, one deals with non-isolated systems by equat-
ing the change of the energy within the system with the difference of the flow
of energy into or out of the system. Who or whatever interacts with a system
has somehow to supply the energy required to bring about the observed effect.
For the system or object to be influenced, it does not matter where the energy
is coming from. Nature just follows its laws in combination with the applied
forces, initial and boundary conditions or whatever constraints involved.'

Tt has frequently been speculated that biological systems and especially the hu-

man brain is susceptible to quantum mechanical influences involving only a minute
amount of energy or even zero energy. One of the earlier ideas were described by
Popper and Eccles, see e.g. (Eccles 1994). Such mechanisms may allow mind-body
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In order to gain a deeper understanding of the concept of energy con-
servation, I want to point out that energy conservation is not only an
empirically well-established concept, but is related to certain types of sym-
metries and invariances. To discover theses relations, one must use an al-
ternative approach to Newtonian mechanics, the so-called Hamilton-La-
grange-formalism.'? The interesting aspect of this approach is that it allows
in addition to the calculation of equations of motion also to determine which
quantities are conserved. Conservation is not limited to energy but may
also apply to other quantities and is related to corresponding symmetries
and invariances.

Table 1 gives the most prominent examples of the conservation of quan-
tities in the context of classical mechanics and their related symmetries and
invariances.'® The fact that, in the framework of classical mechanics, the
same experiment carried out under the same conditions at different times
t; and t leads to the same result reflects the homogeneity of time and there-
fore energy conservation. If, however, experimental conditions between
times ¢; and 2 change, e.g. by an external intervention, the situation is not
any more invariant against translation in time and the energy involved in
the experiment at the two points in time can of course well be different. As
can be seen from this simple example, conservation of energy as a conse-
quence of symmetries and invariances cannot safeguard against the possi-
bility of external intervention of whatever kind but rather relies on un-
changed experimental conditions between different points in time. This ar-
gument of course also holds for the other quantities stated in table 1.

interactions, but a discussion of these theories is certainly of interest not only for
dualists (Collins 2008). More recently such interactions are discussed in a more gen-
eral context of top-down causation (Ellis 2016). I will, however, leave this point
open, since this discussion is far beyond the scope of this paper.

12 As the derivation of this approach is too involved for the sake of this paper,
I refer to the literature. For the underlying concepts see e.g. (Lanczos 1986).

3 There are more of such relations beyond classical mechanics. These are, how-
ever, based on symmetries mathematically much more abstract than the ones
shown here.

14 The situation is further complicated by the fact that the concept of a well-defined

energy cannot be naively transferred beyond classical mechanics. Due to Heisenberg’s
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Table 1: Conserved quantities and related symmetries and invariances

required for their conservation.

conserved quantity symmetry invariance against

energy homogeneity of time translation in time

linear momentum homogeneity of space  translation in space
angular momentum isotropy in space rotation

3. How could divine intervention work?

3.1. Divine intervention

Looking at stories in the Old and New Testament of the Bible, there are
a great variety of examples for divine intervention. In order to relate to the
characteristics of mechanical systems described above, I will choose a very
simple example of transcendent intervention stated in the New Testament.
In the Gospel of Mathew there is a passage that relates to the situation
after the crucifixion of Jesus. It is reported that two women wanted to look
for the grave of Jesus and experienced an earthquake. This earthquake is
reported to be a result of an angel descending from heaven, who moved the
stone that was covering the entrance of the grave and sat on it, see Mathew
28, 2. The result of the intervention of the angel is that the women could

see that the grave was empty.

uncertainty principle there is an uncertainty in the energy involved in certain quan-
tum mechanical processes. As an example, consider a Laser that emits ultrashort
light pulses (e.g. of a duration of only several femtoseconds). In this case, an indi-
vidual photon can have a substantial uncertainty of its energy and thus wavelength
[see e.g. (Giancoli 2010, chap. 39)]. We also encounter a problem in general relativity.
Here the concept of energy must be extended and there seems to be no general
energy-momentum conservation equivalent to classical mechanics [see e.g. (Bondi
1990) and (Hoefer 2000)]. These findings may suffice to indicate that the naive pic-
ture of classical mechanics that deeply shapes our intuition about the world we live
in only represents a small fraction of how the world around and in us functions.
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At this point, I do not want to enter a theological debate about the
details or trustworthiness of this particular story, but rather consider how
such an event may have proceeded. If we assume that transcendent inter-
vention follows the same path as described above in chapter 2, then the
stone is moved by a force according to the laws of classical mechanics, no
matter where the force came from. Therefore, if God or angels intervene in
the world by applying forces or by changing certain conditions, it appears
not to be necessary to violate natural laws. Rather, in the sense described
in Fig. 2c, new causes are introduced that lead to results that otherwise
would not have happened.

In miracles exceeding effects such as those described above, God may
create new entities which he introduces into the world. The very act of
creating new entities appears to be outside the scope of natural science.
However, once such entities are introduced, everything follows natural pro-
cesses. ' Other kinds of miracles may also concern other domains of physics
and it would be interesting to see, whether there are typical patterns ac-
companying certain types of miracles. The fact that we can only see the
effect of divine intervention may feel uncomfortable or threatening. Never-
theless, claiming divine intervention to be unthinkable or impossible seems
to be unjustified.

In addition to the discussion above there are a huge number of observa-
tions that indicate that such interventions have really happened and are
still happening. Craig S. Keener published an extensive systematic investi-
gation of miracles throughout ancient and recent history in and outside
Christianity in his two volume book , Miracles* (Keener 2011) and also
discusses various explanations and criticism on reports of miracles. He con-
cludes: “Many healing claims involve blindness, inability to walk and even
raisings from the dead; other claims involve sudden changes in nature after
prayer. Despite some debatable instances, some other cases are fairly clearly
extraordinary. It seems to me that to dispute that such phenomena have
sometimes occurred is not really possible to open minded people” (Keener
2011, 599). His viewpoint is supported by other contemporary writers, see
e.g. Metaxas (2015), who points out, that miracles always have an element

1 The classical example from the New Testament would be the pregnancy of Mary,

see Math. 2, 18f.
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of message or relation to the individuals experiencing them. As a physicist
I would like to add that observations have to be taken seriously and should
not be discarded without good reason. This does not mean to discard careful
investigation in the trustworthiness of reports on miracles or not to inves-
tigate the risk of delusion or fraud. However, a general denial of the occur-
rence of miracles appears unjustified and unscientific and impedes the open-
ness for new scientific hypotheses and the cross-fertilization of different dis-
ciplines of science.

3.2. The role of probabilistic processes

Until now I have made no use of probabilistic processes such as quantum
mechanics or deterministic chaos with respect to divine intervention. I do
not assume that God “hides” behind or depends on quantum indeterminacy
or the like. However, chance plays an important role with respect to another
aspect: The picture I have developed in the last chapter has significant
consequences for the possibility to determine possible causes that led to
certain observations. In a purely deterministic world the Laplacian demon
described above must be able to derive any previous or future state of af-
fairs. That is, however, not the case in our real world. Take an everyday
example: There are many board games that depend on a dice to determine
the progress of a player. Suppose you have a documentation of the sequence
of each dice thrown, you will be able to reconstruct the course of the game
(given that everybody sticks to the rules). If you, however, only see the
status of the game at a certain point, you will, in many situations, not be
able to reconstruct the sequence of events that led to the current situation.
As we do not live in a clockwork universe, it is in many cases not possible,
to determine what sequence of events has brought about the result that
we now see as an observer. This does not mean that the outcome of pro-
cesses that include probabilistic mechanisms is always open. The interplay
of deterministic and probabilistic mechanisms may well lead to a definite
result, as you may observe by playing certain board games right to the
end.

As a consequence it may be difficult or even impossible to determine
whether a certain event was caused by divine intervention or just by natural
processes! Here, the influence of probabilistic processes as described above
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indeed become important. A general discussion of this problem, e.g. includ-
ing theological arguments, would be far beyond the scope of this paper.
However, sometimes an answer may be at hand, as can be seen from the
following illustration: Imagine, you believe in God and believe that he can
intervene in the world and have (foolish enough) engaged yourself in Rus-
sian roulette. If you win, you’ll have no financial trouble any more, if you
lose, the same is true, but under fairly different circumstances. The other
players in the game are atheists who only believe in blind chance. You
desperately pray that you will survive, and you do survive and attribute
your survival to God’s intervention. The others around you believe that
this outcome is just good luck. Are you able to decide who is right? But
imagine, you prayed—say in the presence of the people who joined you for
Russian roulette—that a man who just fell victim to Russian roulette rises
from the dead. If this were indeed to happen, could one reasonably assume
that this just happened by chance?

As a further result, I conclude therefore that based on the complexity
of the causal net described above and the presence of probabilistic pro-
cesses, the causes that led to a certain effect can often not be uniquely
determined. A clear distinction between the effect of transcendent inter-
vention and mere chance may therefore not be possible in many cases of
interest.

4. Conclusions

The discussion of laws of nature using the framework of classical me-
chanics shows that the motion of objects is not determined by these laws
on their own. To derive equations of motion and their solutions, the forces
involved as well as initial and boundary conditions need to be known. In-
fluencing natural (mechanical) processes therefore does not violate laws of
nature but only changes the corresponding equations of motion and their
solutions by introducing further forces or altering initial or boundary con-
ditions or introducing new entities in the process. Therefore, if God inter-
venes in the world, new causes are introduced that lead to results that
otherwise would not have happened. Further, the objection of energy con-
servation against divine intervention is not valid, since the total amount of
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energy remains constant only in an isolated system, not in a system that is
subject to external influences.

Processes in the world are embedded in a dense net of causes and effects
that incorporates deterministic as well as probabilistic mechanisms, the lat-
ter being influenced by quantum mechanics and deterministic chaos. In
many cases, it may not be possible to uniquely determine the events that

caused a certain effect or to identify divine intervention.
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