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I
n reply to my recent criticism of his

work, Robert Gentry has composed a

long and energetic reply. Unfortunately

he maintains the key erroneous claims that

Big Bang cosmology violates energy conser-

vation and that it relies on a confused notion

of cosmic expansion. He also raises some

additional matters, a few of which I will

address. In particular, the issue of cosmol-

ogy and young earth views will be discussed

briefly.

Energy Conservation
While by now Gentry is acquainted with the

claim that the energy lost by photons is

gained by the gravitational field, he mistak-

enly believes that this claim needs inde-

pendent testing and that it could be refuted

independently from the rest of Einstein’s

theory of gravity. The fact that Gentry

appeals to experiments in deciding whether

a solution of the Einstein-Maxwell equations

conserves energy indicates a failure to

understand classical field theories such as

Einstein’s and Maxwell’s. On the contrary,

local energy conservation follows with math-

ematical necessity from the Einstein-Maxwell

equations, for every solution of those equa-

tions. Experiments help to decide whether

the Einstein-Maxwell equations describe the

world accurately, but they do not decide

whether a given solution of those equations

also conserves energy. Gentry is confused in

taking gravitational redshift experiments to

have any relevance to energy conservation,

and yet confidently relying on the Einstein-

Maxwell equations as he appears to do.

To dispel these errors, it is necessary to

review some classical field theory. Previously

I observed that Gentry not only neglected to

account for gravitational energy, but also

neglected to address the literature on the

subject. In that literature, one finds a wide

variety of mathematical treatments of gravi-

tational energy. When these treatments are

applied to the issue of energy conservation

for gravitation and electromagnetism com-

bined, the result is that the combined energy

of the gravitational and electromagnetic

fields is conserved, but neither is conserved

separately.

Perhaps the simplest and most familiar

method for deriving the conservation laws is

by deriving the densitized stress-energy-

momentum tensor T���–g (t, xi) for electro-

magnetism and corresponding densitized

pseudotensor t���–g (t, xi) for gravitation,

which together form the stress-energy-

momentum complex

T
�� (t, xi) = (T�� + t��) �–g.1

(Each of these quantities forms symmetric

4x4 matrix of numbers at every point in space

and moment of time. The indices � and � each

take on all the values of 0, 1, 2, 3, where 0 rep-

resents time and 1, 2, 3 represent space. The

coordinate x0 is the time t.) Using the tech-

niques of classical field theory, which have

had a recognizably modern form for more

than eighty years, there is a mathematical rec-

ipe for constructing tensors (with respect at

least to Lorentz boosts and rigid translations)

that represents the energy and momentum

densities and flux densities. Making the stan-

dard assumptions that the laws of physics are

the same everywhere and always,2 and that

these laws can be derived from a Lagrangian

density function L, one can readily derive the

form of the conserved quantities like energy

and momentum using Noether’s first theo-

rem.3 The sameness of physical laws at every
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moment implies that the Lagrangian density L is independ-

ent of time and leads to conservation of energy. The same-

ness of physical laws in every place implies that the

Lagrangian density is independent of location and leads to

conservation of momentum. The resulting energy and

momentum are locally conserved as a consequence of the

dynamical equations—in this case, the combined equations

of Einstein’s gravity and Maxwell’s electromagnetism—for

every solution of those equations, including the Robertson-

Walker cosmological models used in Big Bang cosmology.

One can write the local conservation of energy and momen-

tum as �T
��/�x� = �T

0�/�t + �T
i�/�xi = 0. Setting � = 0 gives

the equation for local energy conservation alone:

�T
00/�t + �T

i0/�xi = 0.

Gentry casts his energy nonconservation objection in

terms of global rather than local conservation laws, so

let us consider the relationship between the two. Global

conservation laws say that the total amount of some physi-

cal quantity—energy, momentum, charge, or the like—

collected over the entire volume of space, is constant over

time. While such global laws are more familiar than local

laws, modern relativistic field theory takes local laws to

be more fundamental. A local conservation relation takes

the form

��/�t + �Ji/�xi = 0,

where �(t, xi) and Ji(t, xi) are the density (amount per unit

volume) and current density (amount flowing out through

the boundaries of a small directed surface surrounding the

little volume in question), respectively, for the energy,

momentum, charge, or the like. This equation is called the

continuity equation, and implies that energy (or momen-

tum or charge) can disappear from a small region of space

only by passing out through the surrounding imaginary

walls. The local conservation of energy equation above

takes the form of the continuity equation once one makes

the identifications T
00 = �, T

i0 = Ji. The requirement of local

conservation of energy is stricter than global conservation,

which by itself would permit energy to disappear in

Indiana and to reappear immediately in Georgia.4 Further-

more, local conservation laws always make sense, whereas

global conservations sometimes are meaningless, as will

now appear.

One can try to add up all the energy (or momentum or

charge) in the world by integrating the continuity equation

over all space to get the rate of change of the conserved

energy (or other conserved quantity) E = �dx�dy�dz �.

Using the divergence theorem, and letting the boundary

surface be removed far outside the matter distribution

gives

dE/dt + �dSi Ji = dE/dt = 0,

which shows that energy is conserved globally, if the

matter distribution is bounded and the manipulations

involving interchanges of mathematical limits hidden in

the above expressions permit. However, in the standard

cosmological models, matter is present everywhere, so the

various limits might behave badly. Thus the integral E

tends to diverge if there is nonzero energy density � every-

where throughout infinite space, as occurs in some of the

cosmological cases at hand. Relevant work was done in the

literature that my previous paper cited. Applying these les-

sons to cosmology, we find that Big Bang cosmologies

satisfy global energy conservation insofar as it is meaning-

ful—that is, as long as the mathematical limits behave

suitably. If global conservation is not meaningful, then

Gentry’s objection is meaningless. In no case does there

exist for Big Bang cosmology a meaningful notion of

energy conservation, local or global, that is violated. Should

Gentry venture to reject Einstein’s equations, his claim

would still be false, because any reasonable alternative

theory will also be derivable from a time-independent

Lagrangian density and so, like general relativity, it will

have a local energy conservation law that holds for every

solution of the field equations. The lack of novelty in my

first paper refuting Gentry’s claims is because the relevant

results implicitly refuting them are already present in the

specialist literature and disseminated in standard textbooks.

Although Gentry’s energy nonconservation claim is

demonstrably incorrect, the question of finite or infinite

energy remains unsettled. One difficulty is that the

energy-momentum complex T
�� is not uniquely defined, in

addition to worries about mathematical limits discussed

above. More specifically, the energy-momentum complex

suffers ambiguities from “superpotentials” or generalized

curls, which are quantities that by themselves automati-

cally satisfy the continuity equation.5 One can therefore

alter the distribution of energy and momentum in space

and time without altering the total amounts of energy and

momentum. This is a mathematical generalization of the

vector calculus result that the divergence of a curl is zero,

so specifying the divergence of a vector field leaves its curl

unspecified. This ambiguity explains why it is unclear

whether the energy for infinite-volume Big Bang solutions

is infinite or zero. With this fact in mind, one can consider

Gentry’s reply to my refutation of his objection.6 He writes

of my previous paper:

On one hand, he cites several GR authorities whose

results support the concept of the universe’s total en-

ergy being infinite. Then he cites other authorities in

support of the total energy being zero. He admits not

knowing which is true and is apparently not troubled

by the possibility that this infinite difference may

suggest a tremendous flaw in the underlying para-

digm he uses to arrive at these results.7

On this point Gentry is correct: I am not worried about

the status of classical field theory, Noether’s first theorem,

or tensor calculus. The only way that energy conservation

could be threatened in a classical field theory is if the laws
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of physics changed over time, but nothing of

the sort holds for the Einstein-Maxwell field

equations or any other plausible theory. The

fact remains that, whether the energy is 0

and stays constant, or is infinite and remains

infinite, Gentry’s claim of violation of

energy conservation is not true. In the first

case, the claim is false; in the second case, it

is meaningless.

Gentry comments:

I do not think these alternatives require

much comment from me except to say

that his proposed solutions are quite

imaginative and beyond the scope of

modern science to realistically test

them.8

It is disappointing that Gentry fails to notice

when his position suffers a mortal wound.

Be that as it may, my imagination plays little

role in the argument. Rather, the relevant

well-publicized mathematics, which Gentry

persistently ignores, does all the work. Liter-

ature contrary to Gentry’s claims continues

to appear. Another paper that calculates the

energy of some Big Bang models has recently

appeared, with the conclusion that four dif-

ferent pseudotensor calculations give zero

total energy.9 Also a careful treatment of the

Hamiltonian formalism for Big Bang space-

times more realistic than the typical homo-

geneous toy models has been provided,

according to which at least in some cases the

energy is zero.10

Gentry cites four texts in defense of his

claim of energy nonconservation in Big Bang

cosmology,11 but closer inspection shows

that none of them provides a serious argu-

ment for such a claim. The case of Peebles’

cosmology text was addressed in my earlier

paper. The cited pages 423–5 of Silk’s book

say nothing about energy conservation, but

when Silk discusses energy conservation on

pages 100, 101 (albeit in a simplified way),

he affirms it.12 While Alpher and Herman do

seem to assert that energy is not conserved

in relevant cosmological models, this asser-

tion is quite devoid of relevant argumenta-

tion, which would have to consider and

refute the possibility that a gravitational

contribution restores conservation.13 Finally,

Gentry cites Edward Harrison’s generally

admirable undergraduate cosmology text,14

which indeed does assert that energy con-

servation is violated in cosmology.

Decisive justification for Harrison’s claims

must come from technical mathematics that

accounts for possible gravitational energy

contributions. But as we have seen, the

detailed mathematics shows that energy

conservation is satisfied in Big Bang cosmo-

logical models locally and, insofar as global

conservation is meaningful, globally as well.

Disappointing as it is for a fine undergradu-

ate cosmology text to contain such an error,

nevertheless it hardly suffices for Gentry to

depend on a weakly argued claim in an

undergraduate text in the face of detailed

mathematical refutation in many journal

articles and implicit refutation in standard

graduate texts. Such a move is a bit like

ignoring an atomic clock in favor of data

from the telephone number for the time

and temperature in running NASA’s space

program. Continued reliance on Harrison’s

authority would make sense if he were

divinely inspired, if he were giving eyewit-

ness testimony, or if he were blowing the lid

on some conspiracy to which he was a party.

But on this issue that is publicly understood

in terms of rather technical mathematics, it

does not make sense. Perhaps one problem

is Harrison’s effort to make thermodynamic

arguments without including gravitational

thermodynamics, a subject which has

approached a mature form only in the last

few years.15

The work of Vera in no way refutes the

account given above of energy conservation.16

Vera considers nonlocal situations with mac-

roscopic rods and clocks of finite size. But

the Noether field theoretic derivation of

local energy and momentum conservation

discussed above is more exact and funda-

mental: Noether’s theorem is purely local

(involving infinitesimal coordinate distances

only), and uses an exact microscopic

description in terms of classical field theory,

not an approximate macroscopic description

using rods and clocks which ought some-

how to be built out of fields. (To be truly

exact, one should of course use quantum

rather than classical field theory, but that is

beyond the call of duty.) Should any conflict

arise between Vera’s work and Noether’s

first theorem applied to classical field theory,

the nonfundamental nature of the former

implies that it, not the Noether field theo-

retic account, would have to give way.
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Cosmic Expansion
Gentry’s claim that the cosmic redshift is an arbitrary pos-

tulate is incorrect, because in fact the cosmic redshift (like

energy conservation) is a consequence of the gravitational

and electromagnetic field equations, in much the way that

the Schwarzschild solution’s terrestrial gravitational red-

shift follows.17 Therefore the cosmic redshift also neither

needs nor admits experimental testing in isolation from

the rest of the theory and the assumed matter distribution.

Gentry makes various obscure claims regarding the Big

Bang’s cosmic expansion. For example, he claims that the

cosmic expansion factor �(t) is never measurable, and

concludes that the equation involving the expansion factor

and the wavelength of photons has no predictive value.

Though the expansion factor is defined only up to an arbi-

trary multiplicative constant, the equation relating the

expansion factor to photon wavelengths involves the ratio

of the expansion factor at two different times. The overall

multiplicative constant cancels out, so there is no difficulty

in getting a prediction for the influence on wavelengths.

Gentry’s mysterious claim that I disagree with Misner,

Thorne, and Wheeler’s text regarding photon redshifting

seems to be the result of his conjoining a statement of mine

with an error of his own.

While it is difficult to uncover which of Gentry’s errors

are foundational and which are derived, I will attempt to

do so. His older work makes a bogus distinction between

two descriptions of what are in fact the same process:

Was Einstein correct in postulating that different

gravitational potentials at source and observer meant

that clocks at these locations should run at intrinsi-

cally different rates, and hence that this was the ori-

gin of the gravitational redshift? Or did the measured

redshift instead have its origin in photons experienc-

ing an in-flight energy exchange with gravity as they

moved in a changing gravitational potential in their

transit from a star to the Earth?18

To Gentry, this distinction is an important physical

question. In reality he is setting at opposition two standard

alternative descriptions used for conservative forces in

sophomore vector calculus and mechanics, transposed

into a new context. For conservative forces, one can

describe a process either in terms of what happens during

the process, or in terms of the states before and after the

process. Having erected this bogus distinction, Gentry

deploys it so as to consider the possibility that these are

two distinct processes, both of which conceivably might

operate so as to give two gravitational redshifts. He writes

in his recent reply to me: “(1) The Pound-Snider results

show there is only one gravitational redshift between two

points at different potentials … and (2) this redshift does

not originate with photons exchanging energy with grav-

ity during transit through a potential gradient, but instead

originates …”19 in effects dependent upon the potentials at

the endpoints. Gentry’s bogus opposition between equiva-

lent descriptions of the same process encourages his

misplaced emphasis on the significance of what goes on

during photon emission and absorption processes.

To discuss the effect of the cosmic expansion on local-

ized objects, one would consider a solution of Einstein’s

field equations that is a standard Big Bang solution on

large scales, but with one or more local inhomogeneities.

Objects such as stars, planets, and human bodies naturally

violate homogeneity to some degree. One might use

numerical approximations to get realistic approximate

solutions, perturbation theory to get somewhat realistic

and mathematically cleaner solutions, or exact but rather

idealized solutions of Einstein’s equations. The standard

idealized model matches a Schwarzschild (uncharged,

nonrotating) interior to a Big Bang exterior solution, while

requiring the two solutions to match suitably at the

boundary. Works discussing this question and its general-

izations appeared in the 1930s and have continued to the

present day, in some cases discussing the (generally non-

existent or negligible) influence of cosmic expansion on

local systems.20 Gentry cites the Noerdlinger-Petrosian

paper, which is a good point of entry to the earlier litera-

ture, but rejects its relevance because “a close reading

shows it is ambiguous in addressing the question of galac-

tic expansion.”21 Presumably this ambiguity that Gentry

finds is between redshifts as being due to expansion or to

Doppler velocity effects. But as my previous paper dis-

cussed, this difference is merely conventional and linguis-

tic, not physical, so Gentry’s dismissal is unwarranted.

As it happens, this issue has been reconsidered by

those using correct methods, and it has appeared that

some of the earlier results are not as generally applicable

as had been believed.22 Some recent work found that there

is an expansion effect on all scales—even stars and planets

and trees—but it becomes negligible on small scales,23

much as Noerdlinger and Petrosian found some time ago.

Bonnor has considered a more general spherical scenario

and found that cosmic expansion has no effect,24 as well as

a model atom for which the effect is negligible.25 Mars and

others have shown that spherical symmetry is indeed

important in getting results along these lines, because they

do not generalize to nonspherical exact solutions.26 As

Mars notes, a satisfactory treatment involving nonspheri-

cal systems embedded in the cosmic expansion will likely

require techniques besides exact solutions. When proper

techniques are applied to Gentry’s question, it turns out

that the issue is less resolved than was once believed. But

many partial results, old and new, indicate that cosmic

expansion has little or no effect on small distance scales

and so support the conventional view, whereas Gentry

provides no good reasons to doubt it.
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Should There Be a
Distinctive
Young-Universe
Cosmology?
In his introduction, Gentry reveals some

important features of his theologically influ-

enced philosophy of science. But even grant-

ing Gentry’s literal six-day creation premise,

the existence of scientific flaws in Big Bang

cosmology as an evolutionary paradigm

does not follow. Given that literal six-day

creation should be manifest somehow or

other, why should it be through scientific

flaws in Big Bang cosmology? For example,

Big Bang cosmology might be empirically

adequate and internally consistent, but just

false as a history of the universe, as demon-

strated by comparison with the true literal

six-day story in Scripture. For Gentry to

demand that the falsehood of Big Bang cos-

mology be manifest by ordinary scientific

standards appears to be a form of scientism.

He neglects various philosophical issues,

such as the scientific realist vs. antirealist

controversy and the question of presupposi-

tionalist vs. evidentialist apologetics, and so

is forced to find nonexistent scientific flaws

in Big Bang cosmology.

Despite the tension between time scales,

there seems to be no compelling reason for

young-earth advocates to reject the bulk of

Big Bang cosmology, stellar evolution, and

the like. Instead it would be preferable to

make minor modifications to the orthodox

astrophysical theory to achieve consistency

with the interpretation of Scripture. In his

philosophically sophisticated defense of a

young-earth view,27 John Byl concludes that

young-earth cosmologies must include some

notion of mature creation, though such

might involve process rather than or in

addition to instantaneous fiat. Young-earth

advocates more given to scientific than

philosophical defenses are increasingly

coming to take orthodox astrophysics seri-

ously,28 at least in intent if not always execu-

tion.29 The respectful attitude of Faulkner

and DeYoung toward stellar evolution is

noteworthy in comparison to attitudes of a

previous generation.30 But what better alter-

native theory to stellar evolution could a

young-earth advocate find than stellar evo-

lution itself?

Probably the best bet for young-earth

advocates is to allow for an old universe

with the help of miraculous time dilation on

and near the earth, while the distant heav-

enly bodies behave much as standard cos-

mology asserts. This move combines types 3

and 5 in John Hartnett’s taxonomy for

addressing the problem of seeing distant

stars on a young earth.31 In that case, unlike

stories of light created in transit, the story

about the past given by the cosmological

model is largely true, not merely empirically

adequate. Such a view would largely demili-

tarize the field of astronomy, as far as issues

of Genesis chronology are concerned, to the

benefit of both Christianity and science.

Appendix
Returning to the case of electromagnetic and

gravitational fields, for some purposes it

might be useful to distinguish (somewhat

artificially) among pure gravitational energy,

an interaction term between gravitation and

electromagnetism, and pure electromagnetic

energy. The pure gravitational energy does

not depend explicitly on the electromagnetic

four-vector potential A�, and is represented

in the pseudotensor t���–g. The gravitational-

electromagnetic interaction energy and the

pure electromagnetic energy are both repre-

sented in T���–g. One could separate them

using an auxiliary background metric ���,

so that the purely electromagnetic piece

depends on ��� and A� but not the dynami-

cal curved metric g��, whereas the interaction

term depends on g��, ��� and A�. (It has been

argued that proper treatment of conserva-

tion laws requires a background metric.32)

In this way the gravitational-electromagnetic

system looks more like traditional systems

with an explicit interaction term between the

fields. Thus a Newtonian limit, giving pho-

tons kinetic and potential energies, such as

Silk uses, is facilitated. Moreover, a useful

distinction between the Schwarzschild and

cosmological redshift cases might be drawn

to nuance the statement that lost photon

energy is transferred to the gravitational

field. In the Schwarzschild case for the red-

shifting of light in the gravity of a localized

body, one expects the purely gravitational

energy in t���–g not to change over time

(there being a timelike Killing vector field);

then there should be only conversion

between the purely electromagnetic and the
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interaction energies within T���–g. By contrast, one

expects even the purely gravitational energy in t���–g to

change over time in the cosmological case. �
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