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Do physical influences occasionally travel from future to past? How should this be tested experi-
mentally? (We restrict ourselves to time-travel of the second kind.) Partridge-type experiments lack
a clear interpretation, since the Wheeler-Feynman theory is circular, and even alternative absorber
theories involve complex hypotheses. The desirable theoretical starting point is a mathematical
model obtained by dropping just the one hypothesis of “causality”. Functional differential equations
(FDEs) are a necessary though neglected consequence of relativity. Dropping “causality”, or admit-
ting a “tilt”, makes these FDEs of mixed-type—the required mathematical model. (These equations
imply phenomena such as quantum interference, though we do not discuss that here.) Retarded
FDEs cleanly resolve the classical recurrence and reversibility paradoxes of thermodynamics, and
explain entropy increase. Mixed-type FDEs imply also occasional spontaneous decrease of entropy.
It is mathematically impossible to replicate this mechanically—thus avoiding perpetual motion ma-
chines. On mundane observation, living organisms do exhibit occasional non-mechanical behaviour.
The value of experimentation, itself, rests on this belief. We conclude that a tilt is consistent with
empirical observations, and provides a non-mechanistic physics better suited to model life. This
conclusion may be further tested by applying this model to biological macromolecules.

I. INTRODUCTION

Do physical influences occasionally travel from future
to past? How should this be tested experimentally?

There are various models of how the future might “in-
fluence” the past. A time machine using traversable
wormholes in spacetime[1–4] has been suggested as a
way to travel into the past, and perhaps tinker with it.
Called “time travel of the first kind”, or “time travel with
machines”,[5] this model will not be considered further,
for reasons that will soon become clear.

The other possibility is that of simple information ex-
change with the past, not involving any machines (“time
travel of the second kind”). This article will focus on this
possibility, which exists even in classical electrodynam-
ics but relates also to a fresh understanding of quantum
mechanics.

A. Advanced, retarded and mixed radiation

Briefly, Maxwell’s equations admit two types of so-
lutions: retarded and advanced, corresponding to the
well-known retarded and advanced Lienard-Wiechert
potentials.[6] Retarded electromagnetic waves have been
likened to the ripples that spread out when a stone is
dropped into a pond. Advanced waves correspond to
the time reversed situation and propagate into the past:
in the pond analogy, seen in the forward direction in
time, ripples would seem to converge onto the centre of
the pond, and throw the stone out. This is not nor-
mally observed. Moreover, since advanced radiation can
be regarded as propagating from future into present (or
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present into the past), it conflicts with “causality”, which
some people regard as essential to physics. For these rea-
sons, advanced radiation is often rejected as “unphysical”.

However, the appeal to “causality” begs the question,
for our aim is precisely to design experiments to test
whether the world is fully causal, or only partly so. Fur-
ther, the pond analogy may not be a reliable way to un-
derstand the behaviour of individual charged particles.
Unlike the case of a pond, thermodynamic considerations
are unimportant for individual charged particles.

The general solution for the radiation emitted by a
charged particle is a mixture of both retarded and ad-
vanced radiation. In terms of fields F , this general solu-
tion may be written (in self-explanatory notation) as

F = αFadv + (1− α)Fret, 0 ≤ α ≤ 1. (1)

Experience does not rule out the possibility that α 6=
0 may be a small number, say of the order of 10−9 or
10−12. this situation—where a small amount of advanced
radiation exists—has been called a “tilt in the arrow of
time”.[7]

The possible existence of small amounts of advanced
radiation (α 6= 0) has been discussed extensively in the
physics literature, and even put to experimental test by
Partridge.[8]

B. Partridge’s experiment

Partridge’s experiment was based on the Wheeler-
Feynman absorber theory of radiation.[9] We present only
a brief account, since neither Partridge’s experiment nor
the Wheeler-Feynman absorber theory is critical to this
article.

The Wheeler-Feynman theory started with the premise
that α = 1

2 for individual charged particles. When
a charged particle a is disturbed, it radiates time-
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symmetrically. The retarded part of this radiation trav-
els into the future and disturbs other particles, which too
radiate time-symmetrically. The advanced component of
this secondary radiation arrives at a simultaneously with
the original disturbance. Similarly, the advanced “stim-
ulus” field would generate a retarded “response” field.
Thus, the observed value of α was regarded as the ele-
mentary time symmetric radiation from the particle plus
the response of the rest of the cosmos—called the “ab-
sorber”. On the Wheeler-Feynman theory, if the cosmos
is fully absorbing then the net or observed α = 0, and
the observed radiation would be fully retarded.

Partridge’s experiment put this theory to test. If the
cosmos is not fully absorbing, then some advanced radi-
ation would be present. The amount of radiation damp-
ing experienced by a charged particle depends upon the
value of α. Because of radiation damping, an antenna
consumes power which can be measured. Though the
exact value of radiation damping for individual charged
particles is very hard to measure (and there are difficul-
ties even in calculating it accurately) Partridge’s experi-
ment relied on measuring the difference in the power con-
sumed by an antenna in two cases in which the Wheeler-
Feynman theory suggested such a difference might arise.
If the cosmos is not fully absorbing, we should normally
have α 6= 0; however, when the radiating charged parti-
cles (or antenna) were placed in a totally absorbing en-
closure we should have α = 0 (or closer to 0).

Partridge assumed a linear relation Pf = (1 − δ)Pa,
where Pf is the power consumed by the antenna while
radiating into free space, Pa is the power it consumes
when radiating into a locally absorbing enclosure, and δ
is a small number. However, apart from the Wheeler-
Feynman theory, there are other absorber theories,[10,
11]. The one by this author[12] predicts the existence of
small amounts of advanced radiation under all circum-
stances. For the value of δ observed in Partridge’s experi-
ment, we should have δ ≤ 0 this author’s absorber theory,
while δ ≥ 0 on the Wheeler-Feynman and Hoyle-Narlikar
theories. Further, all these absorber theories involve a
complex set of assumptions. So, the null-result (δ = 0)
obtained in Partridge’s experiment does not enable us to
rule out any of these theories.

More problematically, even a positive result in Par-
tridge’s experiment would not establish the Wheeler-
Feynman theory, which rests on a circular argument, and
can lead to varied conclusions.[12] Unfortunately, even
three decades after this circularity was pointed out, peo-
ple have continued to use the Wheeler-Feynman theory
without addressing its circularity. In recent times, there
is an increasing tendency to judge the truth of a physi-
cal theory by social indicators—an unreliable methodol-
ogy. Wheeler and Feynman were both highly respected
members of the physics community, and quite rightly so.
However, neglecting the criticism of their theory on such
social considerations is a methodology detrimental to sci-
ence. Truth in physics must be decided by experiment,

and a good experiment cannot be devised using a defec-
tive theory.

II. THE TILT IN THE ARROW OF TIME

A. Need for a mathematical model

To design an appropriate test, one first needs to deter-
mine the consequences here and now of the existence of
small amounts of advanced radiation (α 6= 0).

Verbal reasoning concerning novel notions of time can
be particularly tricky for that involves the simultaneous
use of the implicit and possibly-incompatible notion of
time already present in the tense structure of the lan-
guage. As is well known, from contradictory hypotheses
any desired conclusion whatsoever may be drawn. Since
intuition tends to be built around verbal thinking, one
has to be careful about intuitive thinking here.

Therefore, a mathematical model is a must to work
out the empirical consequences, in a rigorous and robust
way. This model should not add any hypotheses, and it
should drop just the hypothesis of causality. To this end,
we focus on the system of equations obtained by allowing
small amounts of advanced radiation to be present.

This simple and robust approach does not require any
complex absorber theory. The case α 6= 0 (a tilt in the
arrow of time) is simply seen as the general solution of
Maxwell’s equations. Instead of just assuming α = 0, as
is usually done, or justifying this with lengthy and po-
tentially erroneous philosophical arguments, the correct
scientific procedure is to work out the empirical conse-
quences of the situation α 6= 0, and only then fix the
value of α by comparison with experiment. This simple
procedure was not followed by anyone else so far. We will
explain how to do so here.

Although this is a problem of classical physics, to work
out the consequences of α 6= 0 we first need to under-
stand the peculiar mathematics of a tilt in the arrow
of time. In the case of two or more charged particles,
a tilt changes the equations of motion even if we ne-
glect radiation damping altogether. (This is in contrast
to Partridge’s experiment which relied solely on changes
in radiation damping.) This new system of equations has
some startling properties; let us try to understand them.

B. Lienard-Wiechert vs Coulomb

First, the customary way to do the electrodynamic n-
body problem is to use the Coulomb force between two
charges. However, this is an incorrect procedure since the
Coulomb force applies only to static charges. On classical
(Maxwellian) electrodynamics the correct way to calcu-
late the force between moving charges is to use the re-
tarded/advanced/mixed Lienard-Wiechert potentials.[6]

This makes a fundamental difference. The Coulomb
force acts instantaneously: if the position of a charge
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changes, then its Coulomb potential changes instanta-
neously even at arbitrarily large distances. With the
Lienard-Wiechert potential, however, changes in poten-
tial are propagated only at the finite speed of light.

In mathematical terms, the use of the Coulomb poten-
tial leads to a system of ordinary differential equations
(ODEs), that is, equations of the form ẋ = f(t, x(t)),
where ẋ denotes the derivative of x regarded as a (vec-
tor) function of time t, and f is some function. With
the Lienard-Wiechert potentials, the force at time t on a
charge e1 due to a charge e2 depends upon the position
of e2 at another time t′. So this leads to a system of func-
tional differential equations (FDEs), that is, equations of
the form ẋ = f(t′, x(t′)).

Even an elementary understanding of the mathemat-
ics of FDEs (also called differential equations with de-
viating arguments[13]) forewarns us to expect that the
differences with ODEs are fundamental.

We stress that these differences (elaborated below)
arise not from any new hypothesis, but only from a more
accurate and rigorous approach, which has been long
neglected in classical electrodynamics, perhaps because
physicists were uncomfortable with the mathematics of
FDEs, and preferred to work with ODEs.

Note further that FDEs arise even if we suppose all
radiation is purely retarded, and use only the retarded
Lienard-Wiechert potentials (α = 0). However, even for
this case, of retarded electrodynamics, the first solution
of the 2-body problem, in a physically realistic context,
was only published a few years ago.[14]

C. FDEs vs ODEs

One reason is that even retarded FDEs differ funda-
mentally from ODEs. A novel feature is that retarded
FDEs need past data compared to ODEs which need only
initial data.

As a simple example, consider the FDE

dx

dt
= x(t− π

2
). (2)

It is easy to verify that both cos t and sin t are solutions
of (2). Since the equation is linear, a cos t + b sin t is also
a solution of (2) for arbitrary constants a, b, and it is
clear that the values of both constants a and b cannot be
determined by a single initial condition x(0) = x0, say.
As shown in Fig. 1 there is an infinity of non-unique solu-
tions if we prescribe the initial state at only one instant
of time. To obtain a unique solution one must specify
the past history of the system. A system modeled by
retarded FDEs, in effect, has memory.

The question has been raised: why at all do we need
to explore this new mathematics of FDEs for classical
physics? Can’t we reason about charged particles in the
good-old classical way? The answer is not so obvious.
Classically, the equations of motion of a charged particle,
given by the Heaviside-Lorentz force law (usually called

FIG. 1: Insufficiency of initial data. The figure shows
three different solutions of a retarded FDE ẋ(t) = x(t − 1),
corresponding to three different past histories (prescribed for
t ≤ 0). All solutions have the same initial data (x(0)). The
solution of a retarded FDE cannot be determined uniquely
merely by prescribing initial data.

just the Lorentz force law), are ODEs. The fields acting
on charged particle are described by Maxwell’s equations,
which are partial differential equations (PDEs). For both
ODEs and PDEs a solution is determined if initial data
are prescribed. For ODEs the initial data are just the
initial position and momentum of the particles. To solve
Maxwell’s equations, we need to know the fields at one
instant of time, at all points in space. However, for inter-
acting particles, the particles themselves are the sources
of the fields. Therefore, in the retarded case, the fields at
one instant of time are decided by past particle motions.
So, to specify the fields at all points of space, at one in-
stant of time, we need to know the entire past history
of all the charges. To summarise, FDEs involve not any
new physical assumption, but only clearer mathematics.

Mathematically speaking, we need to solve a coupled
system of ODEs and PDEs. There is little theory regard-
ing such systems. The key observation[14] here is that
such a coupled system of particles and fields (or equiva-
lently a coupled system of ODEs and PDEs) is equivalent
to a system of FDEs. Briefly, ODEs + PDEs = FDEs.

To return to the consequences of this mathematics
of FDEs, the need to take past information into ac-
count means that the Newtonian paradigm is already de-
stroyed. On the Newtonian paradigm, the present state
of the cosmos decides its future (and past) states. On
retarded electrodynamics, however, to decide the future
states of an interacting system of charges, we need to
know their entire past.

D. Implications for thermodynamics

Another key difference is this: ODEs model a time-
symmetric situation, and can be solved either forward or
backward in time, but retarded FDEs model a history-
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dependent situation which is time asymmetric. With
retarded FDEs past decides future, but not vice versa
(Fig. 2).

FIG. 2: Time Asymmetry of Retarded FDEs. The
figure shows three different solutions of a retarded FDE
ẋ(t) = b(t)x(t−1), for a suitable function b(t), as described in
[15]. Three different past histories prescribed for t ≤ 0 lead to
three different solutions all of which coincide for t ≥ 1. Such
a phase collapse is impossible with ODEs where trajectories
in phase space can never intersect. Because of this phase col-
lapse, retarded FDEs, unlike ODEs, cannot, in general, be
solved backward, from prescribed future data.

This incidentally shows that the Coulomb potential
cannot correctly approximate the Lienard-Wiechert po-
tentials. Thus, the Coulomb potential leads to ODEs
which are time-symmetric while the retarded Lienard-
Wiechert potentials lead to a time-asymmetric situation.

The time asymmetry of retarded electrodynamics is of
tremendous importance. Our life depends upon the fact
that we receive heat from the sun, and the flow of heat
from hotter to cooler bodies is explained by the second
law of thermodynamics in the form that the entropy of
a system increases until it reaches its maximum value.
However, the law in this form is contrary to Newtonian
mechanics. The classical reversibility paradox of thermo-
dynamics is based on the fact that ODEs can be solved
in either direction in time (“molecular motions can be re-
versed”); therefore if (fine-grained) entropy increases, it
must increase in both directions. That is, entropy must
stay constant. But that means heat cannot flow from hot-
ter to cooler bodies. Complicated ways have been found
of getting around this difficulty. However, the above con-
siderations provide a clean resolution of this paradox. If
the interactions between molecules of a gas in box involve
electrodynamics (as they are bound to) then the thermo-
dynamic evolution of the gas must, in principle, involve
FDEs and will therefore be time-asymmetric.

Entropy can be understood as absence of
information.[16, 17] With retarded FDEs informa-
tion decreases towards the future, which is the same
thing as saying that entropy increases towards the
future. FDEs also destroy the hypothesis underlying the

classical recurrence paradox which depends critically on
the fact that the underlying system is reversible at the
micro-level.[17]

Thus, the above considerations about FDEs resolve the
century-old difficulty of whether entropy increase is con-
sistent with the rest of physics. They also resolve the
Einstein-Ritz controversy[18] in favour of Ritz: the ther-
modynamic arrow of time can be readily explained by
means of the electromagnetic arrow of time.

E. Advanced FDEs and Popper’s pond paradox

The qualitative features outlined above were specific
to retarded FDEs. The case of advanced FDEs is simi-
lar, being the exact time-reverse. Advanced FDEs can-
not be solved forward from past data, they can only be
solved backward from future data (Fig. 3). It is helpful
to translate this statement into English. Just as teleo-
logical explanations are impossible with retarded FDEs,
so also causal explanations are impossible with advanced
FDEs.

FIG. 3: Time Asymmetry of Advanced FDEs. The
figure shows three different solutions of an advanced FDE
ẋ(t) = b(t)x(t + 1), for a suitable function b(t), as described
in [15]. Three different future histories prescribed for t ≥ 1
lead to three different solutions all of which coincide for t ≤ 0.
Because of this future branching, advanced FDEs, cannot, in
general, be solved forward in time from prescribed past data.

That this conclusion is not obvious is made clear by
Popper’s pond paradox.[19, 20] Using the pond analogy
Popper argued that advanced radiation cannot possibly
exist, because one could not arrange for a convergent
circular ripple in a pond, except by a fantastic stroke
of luck. Popper is right that we cannot arrange for ad-
vanced radiation to happen. To arrange for something to
happen, one needs a causal explanation, and we have just
seen that causal explanations are, in general, impossible
with advanced radiation. However, Popper starts with
a metaphysical demand: that everything in the world
ought to admit a causal explanation or that the world
ought to be causal. He then converts this metaphysics
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into a fact: that the world is, in fact, causal, and that
advanced radiation does not exist just because it does
not admit a causal explanation. Popper is going from
a metaphysical postulate to facts, and this is obviously
a wrong procedure. The world is not obliged to follow
the metaphysical prejudices of philosophers, howsoever
celebrated. The correct procedure, as stated above, is to
first work out the consequences of a tilt, and then test
things experimentally.

F. Mixed type FDEs and spontaneity

So what are those experimental consequences? We
can now see them more easily with the help of Fig. 4.
With mixed-type FDEs neither past nor future data is
adequate to determine a unique solution. The absence
of a unique solution leads to a new way to understand
quantum interference as part of the structured-time in-
terpretation (STI) of quantum mechanics.[7] However, it
is impossible to explain all that within the size limits for
this article.

FIG. 4: Mixed-Type FDEs and Spontaneity The fig-
ure shows three different solutions of a mixed-type FDE
ẋ(t) = a(t)x(t− 1) + b(t)x(t + 1), for suitable functions a(t),
b(t), as described in [15]. Because of the branching+collapse,
non-uniqueness is intrinsic to a world modeled by mixed-type
FDEs. With mixed-type FDEs, past conditions future, but
does not determine it.

Instead, we explore another fundamental consequence.
Evolution according to mixed-type FDEs means that the
future is conditioned by the past, but not determined by
it.

This means we should expect to observe occasional
spontaneous events that are impossible to predict, even
if we know the entire past history of the cosmos. The
theory developed above tells us that such events would
decrease entropy.

This decrease of entropy does not contradict the en-
tropy law for two reasons. First, these entropy decreasing
processes would occur against a sea of entropy increasing

processes. Since α is a small number, the entropy in-
creasing processes predominate, so the net entropy of the
cosmos would still increase. Secondly, in the absence of a
causal explanation, as in Popper’s pond paradox above,
one cannot “arrange” for these spontaneous phenomena
to occur. Without a mechanism to replicate such phe-
nomena, one cannot decrease entropy unboundedly. So
there is no danger of perpetual motion machines.

[There is such a danger with time machines, and this
aspect of time machines—that they may involve nega-
tive entropy in addition to negative energy—seems not
to have been investigated. Thorne et al. use the general
theory of relativity, and classical statistical mechanics (as
distinct from thermodynamics) does not readily extend
to a general relativistic setting. The very idea of a gas as
a statistical aggregate of particles has no place in general
relativity which gives no proper account of particles.[21].
Therefore, also, general relativity involves only PDEs,
and not the PDEs + ODEs of a field + particle theory,
which could give us irreversible FDEs. For particle mo-
tion in general relativity, one has to make do with the
geodesic hypothesis, and the generalised recurrence and
reversibility paradoxes do apply to geodesic motion.[17]]

To summarise, mixed-type FDEs provide us with a
model of non-mechanistic physics, without introducing
any new hypothesis into current physics. (We have only
dropped the hypothesis of causality.) This model predicts
the occurrence of occasional event which spontaneously
decrease entropy.

The question now is how do we experimentally test the
occurrence of such occasional spontaneous events which
decrease entropy? As opposed to the idea of a grand
experiment (which is a source of livelihood for a large
number of physicists!) we have here the idea of mundane
observation, which is robust. Living organisms are rare—
for example, in the physical sense that, as a fraction of
the mass of the cosmos, the mass of living organisms is
quite insignificant (if the solar system is a representative
sample). And mundane observation suggests that living
organisms occasionally do exhibit spontaneous and cre-
ative behaviour.

Consider the following thought experiment with
Laplace’s demon. I am seated on a table with a glass
in front of me. If my actions are decided by initial or
past conditions, Laplace’s demon, being a super-observer,
knows those conditions. Being a super-scientist, it knows
what equations to apply to calculate the consequences.
Since the demon is also a supercomputer, it can do this
calculation very fast. Since it is demon, after all, it would
tell me the result, just to taunt me about my delusions
of autonomy. But if I am told what the result is, I can
always contradict it. Whether or not I pick up the glass
is something I decide. The outcome is not certain, but I
can influence it.

Although most people live their lives on the belief
(“mundane time”) that one’s actions do influence the fu-
ture, one can nevertheless (hypocritically) deny this. The
assertion that human beings are intrinsically mechanical
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is usually not falsifiable, since it is averred, on grounds
of chance, chaos or complexity,[22] that the world (and
even the stock market) remains unpredictable.

Here a clarification is in order. It is one thing to say
that (a) the ambit of physics includes humans beings.
This is a statement with which I would agree. It is quite
another thing to say that (b) the physics best suited to
model human beings is necessarily mechanistic. This is
an ideological statement contrary to mundane observa-
tion. The idea that physics is mechanistic suited the
old physics based on ODEs (or PDEs). However, a non-
mechanistic physics, using FDEs, is possible and better
suited to describe living organisms. The two statements
(a) and (b) are distinct, but they have been conflated just
because it has not been clear till now how to construct a
truly non-mechanistic physics.

Can one settle the issue by experiment? There is a
critical difficulty here. The whole idea of experiments
as a source of valid knowledge is based on the belief that
human behaviour is non-mechanistic, so that experiments
allow one to explore the entire solution space. This is also
the idea underlying Popper’s criterion of refutability. If,
however, living organisms are purely mechanistic, it may
be that that we are in a trajectory which is destined to
perpetual ignorance because a certain critical experiment
would never be performed.

Although the logic is unassailable, some people may
nevertheless be uncomfortable with it because tradition-
ally physics has been concerned only with non-living
matter, and this argument transgresses that traditional
boundary. However, it is physics we are talking about,
and we do have a quantitative mathematical model. Re-
garding life as a continuum which stretches between the
two extremes of non-living matter (charged particles)
and living organisms (human beings), the mathemati-
cal model applies also to the intermediate level of “semi-
living matter” or biological macromolecules.

Currently, the structure and dynamics of protein mole-
cules is studied using the Coulomb potential, and by solv-
ing the resulting ODEs. This is implemented in computer
simulation packages such as amber, charmm, etc. If
the Coulomb potential is replaced by the more accurate

Lienard-Wiechert potential for molecular dynamics, as
proposed by this author,[23] then we would have to solve
the resulting FDEs. If we use only retarded Lienard-
Wiechert potentials, the resulting FDEs are retarded,
and the history-dependence of such FDEs has been pro-
posed as a way to explain the empirically observed re-
lation of proteins to memory. This explanation of the
origin of memory at the molecular level does not exclude
more holistic models of memory. However, it is one thing
to start with some rudimentary memory at the molecular
level and build it up by means of a holistic model, and
quite another to create memory ex nihilo exclusively at
the supra-molecular level. Similar arguments apply to
spontaneity, seen as the time-symmetric counterpart of
memory.

Of course, there are various technical difficulties here.
The first difficulty, already pointed out, is the difficulty
with radiation damping. The typical third-order ex-
pression for radiative damping leads to runaway solu-
tions. Various theoretical proposals such as preaccelera-
tion, made over the last century, are simply not feasible
for the practical purpose of obtaining a solution in the
above context. Obviously, no solutions of the classical
electrodynamic 2-body problem with radiation damping
have been found so far. It is not even clear that physi-
cists even understand the existence of a problem here,
or the need for some methods to obtain such solutions
as proposed in [24]. The second difficulty is obviously
how to solve mixed-type FDEs. This author has devel-
oped some general techniques for solving such equations,
although these have not been published so far.

III. CONCLUSIONS

A tilt in the arrow of time is consistent with empirical
observations. A tilt leads to mixed-type FDEs which
provide a non-mechanistic physics better suited to model
life. The existence of a tilt may be further tested by
applying these equations to biological macromolecules.
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