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Einstein’s theory of relativity means, among other things, that a modified version

of Tycho Brahe’s earth-centered model of the planetary system is, in principle, as good

as Copernicus’ sun-centered model. The question of whether the earth or the sun

“really” moves is meaningless in this theory. After dealing with challenges to this

claim, implications of relativity for understanding biblical texts that were involved

in historical debates about the planetary system, as well as some further theological

issues, are considered. An appendix provides some mathematical details.

Why This Topic Again?
I have gotten strange looks or emails

when I have suggested that the answer

to the title question is not simply “Yes,”

but “It depends.” It is not hard to guess

why. Copernicus’ theory that the earth

and other planets orbit the sun was

a major factor in the development of

science, and opposition to it in some

parts of the church helped to create the

“warfare model” of the science-religion

relationship. Many scientifically literate

people today “know” that the earth goes

around the sun, not the sun around the

earth, and any qualification of that claim

by appeal to Einstein’s relativity theory

may seem reactionary. That concern is

not entirely baseless, for at least one theo-

logian thought, hopefully, that Einstein’s

theory might “give the death blow to

Copernicanism.”1

Nevertheless, general relativity really

is general. One of its basic principles is

that the laws of physics have the same

form in all space-time reference frames—

i.e., systems of spatial and temporal co-

ordinates. A reference frame fixed with

respect to the sun’s center is no better

in principle than one fixed with respect

to the earth or, for that matter, with re-

spect to Halley’s Comet.

One might think that since relativity

theory has been studied well and widely

enough, these results would be generally

known, at least among physicists, so that

further discussion would be unneces-

sary. This would be too optimistic, for

there has been disagreement on the

question, even among experts.2 Einstein

and Infeld said that if physics is fully

relativistic, the struggle “between the

views of Ptolemy and Copernicus would

then be quite meaningless,” and Born

agreed that “from Einstein’s point of

view Ptolemy and Copernicus are

equally right,” though the latter view is

“certainly more convenient.” However,

Whittaker called the idea that “the

Copernican conception of the universe”

is “not preferable to the Aristotelian con-

ception” a misunderstanding, while Fock

argued against “the inadmissible view

that the heliocentric Copernican system

and the geocentric Ptolemaic system are

equivalent.” Physicist and philosopher

Mario Bunge summoned up the shades

of “the enemies of Galileo” to support

his argument against the possible equiv-

alence of geocentric and heliocentric
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coordinate systems. As surprising as their disagree-

ment is the fact that all these writers mentioned only

the Ptolemaic (or Aristotelian) system as an alterna-

tive to the Copernican one, with no reference to the

system of Tycho Brahe.

There is even less general agreement on this

matter among those without training in physics,

as informal conversations will show. Among physics

students and others interested in the field, there is

also misunderstanding. We may note, for example,

recent statements on two websites. On “Physics

Forums,” where we can probably assume that par-

ticipants are either students of physics or at least

interested in the field, “a copernicus/relativity ques-

tion” was posted in 2009.3 Some of the responses

to this question are satisfactory, but numbers 9, 10,

and 20 employ different incorrect arguments against

the equivalence of earth-centered and sun-centered

frames.

Then, in a discussion of geocentrism by “Answers

in Genesis,” it is said that “common misconceptions

include the beliefs that general relativity does not

allow for a preferred standard of rest and that gen-

eral relativity leads to moral relativism.”4 Linkage

of Einstein’s theory with moral relativism is indeed

a misconception, but the claim that it allows a pre-

ferred reference frame is (in spite of an appeal to

Mach’s principle) wrong.

The historical controversy about the Copernican

system strongly influenced religion-science relations

in the past and continues to do so today. Thus it

seems wise for people interested in those relations,

and not just those trained in physics, to understand

how matters stand in the light of modern science.

Of course, it would be anachronistic to judge Galileo

and his contemporaries in terms of a theory that

lay three centuries in their future, and in any case,

this article will not detail the history of the sixteenth-

and seventeenth-century debates. But discussions

about the truth of astronomical statements in the

Bible continue in the Christian community, and it

would also be anachronistic to talk about relation-

ships between biblical texts and science with only

the physics of 1600. Our study will not rehabilitate

“enemies of Galileo,” but it will suggest that our

conclusions be more nuanced than many popular

accounts suggest.

Ptolemy, Copernicus—and Tycho
The historical debate is often pictured as one between

the earth-centered system of Ptolemy and the sun-

centered view of Copernicus, but there was a third

contender. The greatest observational astronomer of

the time, Tycho Brahe, proposed that the earth was at

rest, the sun orbited the earth, and the other planets

orbited the sun.5

Ptolemy’s system conflicts with observations.

Venus is never seen from Earth to be more than 40o

from the sun, and with the Ptolemaic arrangement of

orbits, could never appear fully illuminated to us.

In the Copernican system, however, Venus should

go through a full range of phases as the moon does.

Galileo could see with his telescopes that Venus does

imitate the moon in this regard.6 Tycho’s theory,

however, predicts the same apparent planetary

motions as that of Copernicus. Galileo’s observa-

tions of the phases of Venus show the theories of

Tycho and Copernicus to be superior to Ptolemy’s

to the same extent but do not decide between those

two theories.

The Tychonic theory has often been ignored or

treated as a historical footnote because of an impor-

tant idea that originated with Kepler and was given

definitive form by Newton, that the force respon-

sible for the planetary orbits comes from the sun.7

This suggests that the sun is really at rest and the

planets, including Earth, are in motion. Acceptance

of Newton’s ideas about absolute space reinforced

that idea. While velocity is a purely relative concept

in mechanics, Newton thought his experiment with

a rotating bucket of water showed that acceleration

has absolute significance: The acceleration in his

second law of motion is with respect to absolute

space.8 If that is so, and if the planets rather than

the sun are accelerated, then it is the planets that

really move.

Accelerated reference frames can be used in

Newtonian mechanics at the cost of introducing

“fictitious forces.” These are simply the negative of

“mass times acceleration” terms in Newton’s second

law moved to the other side of the equation and

called forces. Centrifugal and Coriolis forces are

examples. Planetary orbits can then be calculated

in a fixed-earth frame, but within the Newtonian

worldview, the earth is still thought of as “really”

moving.
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Some Things Really Are Relative
The popular notion that relativity theory says that

everything is relative is badly mistaken. In Einstein’s

theory, there are absolutes, things that will be ob-

served to be the same in all reference frames: The

local speed of light in a vacuum, space-time intervals,

and the electric charge of an isolated system are a

few examples. However, many things are relative.

The velocity of an object differs for observers moving

in different ways, and therefore only relative veloci-

ties are important. Einstein enshrined this idea in

his special theory of relativity, stating that all the

laws of physics (and not just mechanics, as in classi-

cal physics) are the same for observers in uniform

motion with respect to one another. There is no way

to tell which are “really” moving or at rest.9

Einstein then extended this idea to accelerated

reference frames and provided an explanation of

gravitation in his general theory. In special relativity,

there is no preferred reference frame for determina-

tion of velocities. In general relativity, there are no

preferred frames at all and no absolute space. Any

system of space-time coordinates is, in principle,

as good as another, though for a given problem

some systems will be more convenient than others.

Thus we can use a reference frame in which the

sun is stationary (Copernicus) or one in which the

earth is fixed (Tycho). Einstein’s equations for the

curvature of space-time due to the sun’s mass and

the geodesic equations for the worldlines of planets

have the same form in both frames and could,

in principle, be solved in either one.

Actually, there is not just one reference frame

with the sun stationary, but an infinite number of

them. We can, for example, rotate the spatial coordi-

nate system about the sun by various angles. The

coordinates that are most convenient for calculating

orbits around a star can be transformed in many

ways, such as to coordinates that are helpful in the

study of black holes. There is similar freedom in

choosing a fixed-earth frame.

It is also worth noting that use of a particular

reference frame does not require an observer to

adopt it as her or his rest frame. As Schrödinger put

it in making this point,

It is the very gist of relativity that anybody may

use any frame. We study, for example, particle

collisions alternately in the laboratory frame and

in the centre-of-mass frame without having to

board a supersonic aeroplane in the latter case.10

We do not have to be on the sun in order to use the

Copernican model, and an observer on Mars could

use a frame in which the earth is at rest.

Tycho wanted to have not only an earth whose

center was fixed but also a nonrotating one. The

“sphere of the fixed stars” was to turn around the

earth every twenty-four hours, just as in Ptolemy’s

model. This would require use of a co-rotating

frame, one that turns with the earth, so that in it,

the earth’s rotation has been eliminated. We usually

do adopt such a frame for everyday terrestrial

phenomena, tacitly ignoring the earth’s rotation.11

But the linear velocity across our line of sight of an

object in such a frame would increase in proportion

to its distance from the earth, and an object farther

than about 4 x 109 km (somewhat beyond the orbit

of Neptune) would be moving faster than light.

Thus a frame with a nonrotating earth cannot be

used for phenomena beyond a certain distance.

However, what historians of science have called

a “semi-Tychonic” system, in which the earth rotates

but its center is at rest, is possible.12 Tycho’s contem-

porary Nicolaus Bär (who may have stolen the idea

of Tycho’s system from him), in fact, proposed such

a modification long ago.13

This type of limitation is not unique to rotating

frames. It is often the case that a single coordinate

system cannot cover an entire manifold. For ex-

ample, the coordinate system of latitude and longi-

tude on the surface of a sphere breaks down at the

poles, where longitude is undefined.

Stellar parallax, the possible shift in position of

stars over the course of a year, also has to be con-

sidered. In Ptolemy’s model, with the stars fixed

on a celestial sphere centered on the earth, there is

no annual parallax, whereas in Copernicus’ model,

with a celestial sphere centered on the sun, the

earth’s annual motion should result in shifts in

stellar positions. Stellar parallaxes are so small that

astronomers in 1600 were unable to detect them,

but when this became possible in the 1830s, it was

seen as another triumph of the Copernican theory

over the Ptolemaic.

How do things look with Tycho’s theory? That

depends on where the sphere of the fixed stars is
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centered. But just stating the matter in that way

should make us realize that our understanding of

the universe has now developed to a point where

some concepts common to all three original theories

are obsolete. There is no sphere of the fixed stars

and, in fact, there are no fixed stars. Stars move with

respect to the sun, and the motion of many across

our line of sight (their proper motion) is larger

than their annual parallax. If we adopt coordinates

moving with the earth, as a semi-Tychonic model

requires, there will be annual shifts in position after

proper motions and stellar aberration are subtracted,

just as in Copernicus’ theory. For Copernicus these

shifts are due to our change in position as the earth

orbits the sun; for Tycho they are due to an annual

back and forth motion of the stars themselves in the

coordinates we have adopted.

What was at issue in the historical debate is often

described as the question of whether a heliocentric

or a geocentric model was correct, but to put things

that way today really misses the point. Neither the

earth, the sun, nor the whole solar system is at the

center of the universe, a concept that does not even

have any meaning in modern cosmology. The real

issue is not “centricity” but whether we can adopt

a fixed-earth or a fixed-sun reference frame. The

answer relativity gives is that we can use either one.

Either type of reference frame, or in fact, a frame

moving in any way at all, is legitimate. And even

when we want to think of the sun at the “center” of

the solar system, we must recognize that it is acceler-

ated because of the gravitational influence of the

planets. It is actually the center of mass of the whole

system that is “at rest”—or, more precisely, that

moves under the influence of the rest of the galaxy

and ultimately the universe.

Earth and Sun in Biblical Texts
For readers of this journal, the implications of the

previous discussion for the interpretation of Scrip-

ture and the relationship between science and theol-

ogy will be important. Opponents of Copernicus and

Galileo could quote biblical passages in support of

their claim that the sun, not the earth, moved.

Does relativity’s validation of a semi-Tychonic model

mean that they were right?

It is important, first of all, to understand that

relativity does not say that one of these models,

the Copernican or semi-Tychonic, is right and the

other wrong. The whole thrust of the relativistic

argument is that both are valid. We can say that

the earth is stationary as long as we do not then

say that the sun cannot be considered stationary, or

vice versa. But we cannot say that both are stationary

in the same reference frame. In Einstein’s theory,

there are absolutes (i.e., things that are the same for

all observers) but there are no reference frames that

are, in principle, better than others. Relativity does

not deal a “death blow to Copernicanism.”

Most of the biblical material that has any rele-

vance to these issues has to do with diurnal rather

than annual motions. What would be in question

would be whether the earth turns on its axis every

twenty-four hours, not whether it goes around the

sun once a year. Biblical references to the sun rising

or setting (e.g., Eccles. 1:5) cannot be considered

“wrong.” Modern astronomers still use the same

language. We should remember that reference to a

diurnal motion of the sun implies use of a frame

in which the earth’s rotation has been eliminated,

and that, as we noted, such usage encounters prob-

lems for objects far from the earth. But the fact that

use of such a frame would imply a speed for the

sun of about 4% that of light does not mean that

there is any fundamental problem with it.

More to the present point is the fact that modern

astronomers can, if they need to, justify their use

of such language on the basis of Einstein’s theory.

But the fact that biblical writers spoke of the sun

rising and setting does not mean that they knew

anything about that theory, and they could have

argued in the same way. There is no hidden refer-

ence to modern science in such texts.14 The biblical

writers were simply using a common way of speak-

ing about the appearance of the phenomena from

the earth.

The language about the sun and moon standing

still at the Battle of Gibeon in Josh. 10:12–14 “for

about a whole day” (v. 13, NRSV) also involves diur-

nal rather than annual motions. Again the language

implies that the sun and moon normally move (and

that presumably the earth does not) but temporarily

stopped. One question we have to ask today about

this text is not whether it was those celestial bodies

or the earth that stopped moving, but whether there

was any actual stoppage of the relative motions of

these bodies. Are we to read this text as if it were

an account of an astronomer’s observations?
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The text as we have it in Joshua is a combination

of poetry (vv. 12b–13) from “the Book of Jasher” and

later prose interpretation. The very nature of poetry

suggests that we may not be required to understand

the language literally. If we were, then we would

have to insist that the stars really did fight from

heaven against Sisera, as the Song of Deborah says

in Judges 5:20. Since there are a number of ways

of understanding these lines, we are hardly com-

pelled to read them as an accurate scientific account

of astronomical events.15 Nevertheless, ancient

Israelites may indeed have thought that the sun

and moon temporarily stopped their motions across

the sky.

Then we should consider Ps. 93:1b and Ps. 104:5,

which speak of the earth as being immoveable.

This is a tautology in a fixed-earth frame, but again

it would be a mistake to see here an indication of

a knowledge of relativity. If these texts were anach-

ronistically thought to be claims about a preferred

physical reference frame, then we would have to

regard them, like the dome over the earth or the

cosmic ocean above it in Genesis 1, as accommoda-

tion to an ancient cultural understanding of the

world.16 But there is no reason to think that the

writer of the psalm was thinking in those terms.

The point of these texts is the praise of God, and the

emphasis is really on the durability of God’s reign.17

Further Implications of Relativity
It has sometimes been suggested that the microwave

background provides a preferred reference frame

(or more precisely, a set of such frames). A frame

in which this radiation is uniform over the sky (aver-

aging over small temperature fluctuations) is the

most convenient one for discussion of cosmological

phenomena and is tacitly used when we say that the

elapsed time since the big bang is about 13.7 billion

years. In answer to our title question, the earth and

sun are both moving with respect to this preferred

frame.

Polkinghorne has made use of this reference

frame to deal with a question raised by his theologi-

cal approach.18 Having said that “God knows now

all that can be known now, but God does not yet

know all that will eventually become knowable,” he

confronts the question of which “now” defines the

boundary of divine knowledge. A basic result of

relativity is that observers in relative motion keep

time differently and generally do not agree on

whether two events are simultaneous, so that the

sets of events they judge to be “now” differ.

Polkinghorne suggests that “it would not be surpris-

ing” if the Creator chose to use the reference frame

defined by the microwave background.

Polkinghorne’s suggestion should not be mis-

understood. He knows that the microwave back-

ground does not define a preferred reference frame

in contradiction to the ideas of relativity theory.

While such a frame is very useful, it is not privileged

in the sense that the form of basic laws of physics

is valid only in it (as was the case with the aether

before Einstein). Polkinghorne says explicitly that

God has chosen a limitation on divine knowledge

and thus of a particular reference frame in which

that limit is specified. What is at issue here is the

concept of kenosis, divine self-limitation, which

has to be considered on its theological merits, not

a matter of some external necessity imposed upon

God.19 The point here, however, is simply to be

clear about the physics.

Finally, we should note that the way in which

the structure of relativity theory enables us to relate

the appearance of the physical world in different

reference frames might provide some guidance for

dealing with the variety of Christian theologies

that arise from different historical traditions and

various social, economic, racial, and gender contexts.

An earlier article dealt with this possibility.20

Conclusions
Controversies about the Copernican system played

an important role in the development of attitudes

about science and religion, and the results of those

historical debates continue to influence such atti-

tudes today. While nothing really new has been said

here, an accurate statement of the implications of

relativity theory for celestial mechanics should con-

tribute to a better understanding. As we have seen,

these implications have not been appreciated by all

physicists, let alone by non-experts. And while there

is no need to think that biblical writers were aware

of concepts of modern science, it is helpful to see

what the differences really are between their picture

of the world and current scientific views.
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Appendix: Details of a
Semi-Tychonic Model
The idea of a fixed-earth reference frame in general

relativity is not new but the mathematical details

supporting it are not easily available, so it may be

helpful to sketch them here. In principle, the equa-

tions of the theory could be solved in such a frame

to begin with, but that would be difficult. It suffices

here to show that we can transform from a fixed-sun

frame to a fixed-earth one in the Newtonian limit

of general relativity.

We put M = Gm/c2, with m the sun’s mass, G

the gravitational constant and c the speed of light,

and omit terms beyond those needed to calculate

Newtonian orbits. The approximate Schwarzschild

metric of general relativity in a coordinate system

with the sun at rest at the origin (x = y = z = 0) can

then be written

ds2 = – (1 – 2M/r)c2dt2 + (dx2 + dy2 + dz2),

where r = (x2 + y2 + z2)1/2.21 The earth’s orbit in the

x-y plane can be approximated by a circle with ra-

dius a, angular velocity �, and equations x = acos�t,

y = asin�t. (Elliptical orbits can be defined with

more general parametric equations.22) In space-time,

this describes a helical worldline about the straight

worldline of the stationary sun.

We transform to a frame whose origin moves with

the earth by writing

X = x – acos�t , Y = y – asin�t , Z = z, T = t.

(This is not a rotating frame, which would give

superluminal speeds to distant objects.23) The line

element is then

ds2 = –[1 – 2M/D – (a�/c)2]c2dT2 + (dX2 + dY2 +

dZ2) + 2(a�/c)(cos�TdY – sin�TdX)cdT,

where D = [X2 + Y2 + Z2+ a 2+ 2a(Xcos�T + Ysin�T)]1/2.

This has no coordinate singularity at large distances,

as for a rotating frame, but ds2 does not have the

Minowski form at spatial infinity.

The geodesic equations for motion in the X-Y

plane give approximately

d2X/dT2 = –GmX/D3 + acos�T(�2 – Gm/D3) and

d2Y/dT2 = –GmY/D3 + asin�T(�2 – Gm/D3).

The curve X = Y = Z = 0 (so that D = a) satisfies these

equations with d2X/dT2 = d2Y/dT2 = 0 if �2 = Gm/a3,

which is Kepler’s third law.

Another planet with an orbit given by x = a’cos�’t,

y = a’sin�’t in the fixed-sun frame (so that the planet,

the earth, and the sun are aligned at t = 0) will have

a path in the X-Y plane defined by X = a’cos�’T –

acos�T, Y = a’sin�’T – asin�T. These satisfy the

geodesic equations if �’2 = Gm/a’3—i.e., if Kepler’s

law holds for this planet also. �
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www.asa3online.org/Voices. It is a general forum

for thoughtful discussion of various issues in sci-

ence and faith. The public can read all posts and

comments, but only ASA members have permission

to write comments.

The ASA Voices home page also contains links to

two other discussion groups. ASA Book Discussion

hosts a series of discussions on various seminal

books on science and faith. ASA PSCF Discussion

entertains discussions of articles published in our

journal.

Check them out and submit your comments.

www.asa3online.org/Voices
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Perspectives on Science and Christian Faith

special issue on

Responsible Technology and Issues of Faith

Perspectives on Science and Christian Faith announces a forthcoming special issue

on “Responsible Technology and Issues of Faith” to be co-edited by Arie Leegwater and

Jack C. Swearengen. We favor having a balance of theoretical-reflective articles, weighing

normative principles which should guide sustainable technological development, with

a number of case studies in which responsible technology is practiced.

Manuscripts that address the following topics are especially welcome:

• Broad themes: Responsibility and sustainability in technological practice

• Case Studies (for example)

–Biotechnology

–Computer and communications technologies (e.g., video games, networking,

Internet impacts)

–Development technologies, disruptive technology

–Sustainability, including green design and manufacturing

–Transportation and land use

Both original research reports and relevant literature reviews will be included.

Manuscripts should be 20 to 30 double-spaced typewritten pages and comply with the

reference style of the 16
th

edition of the Chicago Manual of Style. Style requirements

can be found in a recent copy of the journal, on the web at www.asa3.org, or can be

obtained via direct communication with any of the journal’s editors. Submissions are due

by September 30, 2011.

To expedite processing, submit the manuscripts electronically. Authors should use e-mail

attachments, with the manuscripts readable in Windows-based MS Word or WordPerfect

formats. If using postal mail, submit manuscripts in triplicate, with two copies prepared for

blind review, to either of the special issue editors.

Arie Leegwater, PhD or Jack C. Swearengen, PhD

Calvin College Emeritus Professor of Engineering

DeVries Hall Washington State University

1726 Knollcrest Circle SE 3324 Parker Hill Rd

Grand Rapids, MI 49546-4403 Santa Rosa, CA 95404-1733

E-mail: leeg@calvin.edu E-mail: jcswear@sbcglobal.net

Please copy and post on notice boards and forward to anyone who might be interested.
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