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Distant starlight
and Genesis: con-
ventions of time
measurement

Robert Newton

There are two useful conventions to define the time
an event occurs: calculated time and observed time.
Although calculated time has become the standard
convention, it may not be the convention used in
Scripture. This paper serves not to introduce any
new astrophysical ideas, but rather to clear up a
common misconception—a mismatch of conven-
tions of measurement. Once this misunderstand-
ing is eliminated, it becomes obvious that distant
starlight does not prove that the universe is billions
of years old, and neither is it a legitimate argument
against the Genesis account of Creation.

In 1987, astronomers discovered a new point of light
on an image of the Large Magellanic Cloud. This was a
supernova—an exploding star—and was given the name
‘1987A’ (Figure 1). If someone were to ask a professional
astronomer when this event occurred, the astronomer might
reply, ‘It occurred in 1987 of course’. But the person would
explain, ‘No, I mean when did it really happen?’ To this
the astronomer would say, ‘Oh, about 200,000 years ago’.
By this, the astronomer means that the supernova is so in-
credibly far away, that its light must have left 200,000 years
ago to reach Earth in 1987. Light travels at the incredible
velocity of 1,079 million km/hr. This is why it is able to
travel from the supernova to Earth (a distance of 1,600
billion km) in ‘only’ 200,000 years.

So, when dealing with the time of an astronomical
event, there are two logical questions: ‘When did we see it
happen?’ and ‘When did it really happen?’ The first is an
observational question. It can be answered by looking at a
clock when the event occurs. The second question requires
a simple mathematical operation: the distance to the object
is divided by the speed of light, and this quantity is sub-
tracted from the time the event was observed. Both ques-
tions ask a specific, quantifiable question regarding the time
of the event. Therefore, we see that there are two possible
definitions of time. We shall call the first ‘observed time’,
in which the time of an event is described as when we see
the event occur. The second definition we call ‘calculated
time’, in which the time of an event is calculated by sub-
tracting the light travel-time (distance to the event divided
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by the speed of light) from the observed time. Calculated
time is usually considered the ‘true’ time.

This immediately presents an apparent problem for
Biblical creationists. The Bible states in the first chapter
of Genesis that God made the stars on Day 4 of Creation
Week. A straightforward reading of Scripture shows that
Creation must have happened about 6,000 years ago. This
means that the light from distant stars should not yet have
reached the Earth. Yet clearly it has, because we do see
very distant stars. This is no small problem, for we are able
to observe galaxies of stars that are so far away that their
light should have taken billions of years to reach Earth.
Some people claim that this disproves the Genesis account
of Creation, and proves that the universe is billions of years
old, not thousands.

Previous attempts at reconciliation

Christians have had difficulty reconciling these ideas
with Scripture. Many explanations have been proposed,
but none of them prove completely satisfactory. Some
have claimed that the days in Genesis were not literal 24-
hour days but could have been long periods of time, but
this is not warranted by the context. Others have claimed
that God created the light en route, but this would mean
that supernova 1987A never actually happened, but rather
that God created the image of the exploding star en route
to Earth. Moreover, it would mean that the progenitor star
never actually existed even though we have been able to
see its image throughout time. While some ‘appearance of
age’ is essential in a supernaturally created universe where
things were created functionally mature, would God create
the image of a star that never actually existed, or a supernova

Figure 1. Supernova 19874 which was discovered within the Large
Magellanic Cloud.
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that never happened? Perhaps we cannot completely elimi-
nate this possibility, but it nonetheless seems a remarkably
uncharacteristic act for the God of the Bible.

Some have claimed that light may have travelled faster
in the past. This idea is intriguing, but the speed of light
is not an arbitrary ‘free’ parameter. A change in the speed
of light would have profound consequences for the rest of
physics, and these are not observed. Others have proposed
that gravitational time-dilation may cause different parts of
the universe to age at different rates (so the universe really
could be billions of years old from some points of view, but
only thousands of years old as measured by an observer on
Earth).! This theory is ingenious, and the premise is sound.
But the model may have fatal quantitative problems, and
may fail to produce the degree of time-dilation required
for starlight billions of light years away to reach Earth in
6,000 years.

Perhaps the answer is much simpler. Perhaps the defini-
tion of time that God uses in Genesis 1 is observed time, not
calculated time. In other words, had there been an observer
standing on Earth on Day 4 of the Creation Week, he or
she would have seen the stars being created on that day.
This is certainly the impression we get from a straightfor-
ward reading of Genesis. The insightful reader will at this
point realize that this view implies that the stars observed
on Day 4 were ‘actually’ created years—even billions of
years—before Day 1, according to calculated time. This
view suggests that God created stars ‘before’ the beginning
of time (if such an idea is meaningful) in such a way that
their light would reach Earth on Day 4. This idea will be
addressed in detail later.

Defining time

It is possible to define a variable # which records when
we detect a given event. If¢is a legitimate time coordinate
(if observed time is ‘real’), then events happen when we see
them happen. In this view, light travels instantaneously
from stars to Earth (though light travels at different speeds
in other directions). But keep in mind that this is due to
the way in which we have defined time, not the way that
light ‘actually’ travels. If the reader is comfortable with
this idea, he or she may skip to the section entitled ‘The
Biblical convention’. In the next four sections we will
explore the properties of light propagation as measured in
observed time rather than the more standard calculated time.
I will attempt to show that the unidirectional speed of light
is not a unique quantity, but depends on the convention of
synchronization chosen by the observer. The following
four sections argue that observed time is a fundamentally
true—not just phenomenological—language of appear-
ance. This argument is not essential to solve the starlight
problem, though it strengthens points made in the last sec-
tions of the paper.
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Relativity and time

First, we must understand that the measure of time is
not the rigid, objective quantity most people think it is.
Einstein’s well-tested theory of Special Relativity shows
that the motion of the observer affects the measurement of
time. Suppose that as an observer on Earth was watching
Supernova 1987A explode, a spaceship was flying by Earth
at very high speed, with a clock that was (instantaneously)
synchronized with a clock on Earth. Both the pilot in
the spaceship and the observer on Earth would observe
the light from the supernova at the same time. But, they
would disagree on when the supernova actually exploded
(according to the calculated time). We ask, ‘Who is cor-
rect—the observer on Earth or the pilot of the ship?” The
answer is: they both are! Each is correct according to his
or her reference frame. (Moreover, each observer could
compute the time the other observer would measure if
they knew their relative velocity.) This may seem bizarre
to those unfamiliar with Relativity, but it is a well-tested
principle of nature. A complete discussion of the implica-
tions of Special Relativity is beyond the scope of this paper,
but many good introductory books have been written on
Special Relativity.?

Implications of observed time

Using the calculated time definition, the speed of light
in vacuum is constant. It is found to be 1,079 million km/hr
in all directions regardless of the velocity of the observer.
(This is really a property of spacetime, and the way we have
chosen to measure time more than some peculiar property
of the light.)

However, using the observational definition of time, the
speed of light depends on its direction of propagation rela-
tive to the observer. (Again, this is a property of spacetime,
and not a property of light. All relativistic particles such as
neutrinos would also move at different speeds in different
directions.) Light travels at the canonical speed of 1,079
million km/hr only when moving tangentially relative to an
observer. It moves at halfthe canonical value when moving
directly away from the observer, and it moves infinitely fast
when travelling directly toward the observer—travelling
instantaneously from point A to point B.

This last implication is easy to understand. If we see the
supernova exactly when it ‘really’ happens, then the light
must have taken no time at all to traverse the intervening
space—its speed must be infinite. It may seem bizarre that
light should travel at a speed depending on its angle relative
to an observer. But is this any stranger than the canonical
idea of light being constant regardless of the motion of
the observer? Either way, light seems to ‘know’ how the
observer is moving and adjusts accordingly. We ask the
question, ‘Which definition of time is correct?’ If calcu-
lated time is the ‘correct’ definition, then light travels at the
same speed in all directions. If observed time is ‘correct,’
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light travels at different speeds in different directions. It
seems that it should be possible to determine which defini-
tion of time best describes when an event ‘really’ happens
by measuring the speed of light.

Which is correct?

We now consider an experiment to measure the speed
of light to help us determine which measurement of time is
correct. We construct a long hallway with a mirror at one
end. We stand at the other end and send a light pulse down
the hallway at a given time. The light beam propagates
down the hallway, strikes the mirror and is reflected back.
We subtract the time of departure from the arrival time.
We then divide the total distance (twice the length of the
hallway) by the total time to obtain the average velocity
of light = c¢. Normally, it is assumed that light travels at
the same speed in both directions (isotropic propagation).
What if, instead, light travelled anisotropically? What if
the light travelled at 0.5 ¢ down the hallway, and infinitely
fast back? We would get exactly the same answer. There
is no way to tell (from this experiment) if the speed of light
is isotropic, or anisotropic.

We try another experiment. This time we will have a
clock at both ends of the hallway. We will send the light
pulse when the clock at our end reads exactly 12:00. The
clock at the end of the hallway is designed to stop when
the light hits it. We then read the time. This experiment
avoids a return trip altogether, and so should give us the
one-way propagation speed. But there is a problem. Before
we start this experiment, we must make certain the clocks
are synchronized. But how do we do this? We can ‘see’
the time on the other clock, but that is because light has
travelled from there to here. How long did it take to do
that? There is no way to determine whether or not the clock
at the end of the hallway is synchronized with the one at
our end without assuming how light propagates. So this
experiment must assume the answer to the question being
asked and so is of no use to us.

We make one final effort to try to determine the one-way
speed of light. This time we have two clocks at our end.
We can easily synchronize them since they are both in the
same place. We then move one clock to the end of the hall-
way—knowing that it has already been synchronized. But
there is again a problem. Einstein’s Relativity tells us that
the time measured by an object is affected by that object’s
motion. In other words, the very act of moving the clock
down the hall has caused it to become unsynchronized! But
perhaps all is not lost. We can calculate how much it is off
from our time using Relativity. But there is one fatal flaw:
Einstein’s Relativity is normally formulated in calculated
time—it assumes that the speed of light is isotropic. Again,
we must assume the question we are trying to answer. Al-
though many other one-way experiments can be conceived,
they all inevitably make an assumption which nullifies the
results. Often the assumption is very subtle and difficult
to detect (such as using an equation, which is only valid
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when light is isotropic*®).
Conventions of time measurement

There does not appear to be any empirical experiment
which can distinguish between isotropic and anisotropic
light propagation. Any such experiment would require
two time-measuring devices at different locations. There
is simply no way to synchronize these clocks without as-
suming a priori the one-way speed of light. Why is this?
It would seem that the question of the one-way speed of
light is not fundamentally meaningful. The answer depends
on a person’s chosen convention of time measurement.
A person can define time such that the speed of light is
isotropic and construct an experiment that will confirm
this. Another person can define time such that the speed
of light is anisotropic—and an experiment will confirm this
as well. As long as we are consistent, either definition of
time and light propagation is perfectly legitimate—neither
is fundamentally the ‘right’ one.

The reason that there is no fundamental way to syn-
chronize two clocks separated by a distance is because the
very idea of absolute synchronization is not meaningful in
a Relativistic universe. The concept of synchronization is
really a vestigial idea from the days of classical (non-relativ-
istic) physics. Synchronization means that two clocks read
the same time simultaneously. But, Einstein’s equations
show that the concept of simultaneity is a subjective one.
(Two observers in different reference frames might disagree
about whether two given events happened simultaneously,
yet both observers would be ‘correct’.)

Since simultaneity and synchronization are not fun-
damentally observable, we are free to choose a definition
of simultaneity. This means that either observed time or
calculated time may be used. Itis therefore valid to say that
supernova 1987A ‘actually’ happened in 1987, because its
light reached us instantaneously as measured by observed
time. This may go against our intuition, but from the ob-
served definition of time, it must be true.

Consider the following analogy. We have a one meter
long table and we ask: ‘Is this table 100 units long as meas-
ured in centimeters, or is it 1,000 units long as measured in
millimeters? Which is the correct answer?’ Of course, both
answers are correct, the table is both 100 units long, and
1,000 units long depending on the choice of units. Moreo-
ver, one unit of measurement is not superior to the other.
Both are legitimate, though one may be more useful than
the other depending on the circumstances. We can easily
convert from one unit to the other, but we cannot arbitrarily
interchange the units without converting.’

So the centimeters definition of a unit of length, and the
millimeters definition make different predictions about the
length of a table. (In other words, it is either 100 or 1,000
units long.) One might try to construct an experiment to
find out which definition is ‘right’. Is the table ‘really’
100 units long or is it ‘really’ 1000 units long? Such an
experiment could never work, because the experimenter
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2 t =4 ‘correct’ convention (implying that

light propagation really must be iso-
tropic), observed time is still a valid
phenomenological quantity. Lan-
guage of appearance is very useful;
C we speak of sunrise and sunset (from
Earth’s reference frame) when we
know that it is actually the Earth that
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Figure 2. A hypothetical sequence of events from the perspective of observed time (a) and
calculated time (b). First, a light beam (represented by segment A) is emitted from the nearby
star Alpha Centauri at the moment of its creation and directed toward Earth. As the beam
strikes Earth, another beam is emitted from Earth toward Alpha Centauri (B) and then reflected
back to Earth (C). The distance from Earth (r) is measured in light-years and time is meas-
ured in years. Time = 0 represents Day 4 of Creation Week. Shaded areas indicate sections
of spacetime where stars have not yet been created. In plot (a), lines of constant calculated
time are shown as light gray diagonal lines. In plot (b), lines of constant observed time are
shown as light gray diagonal lines. Clearly, any event can be ‘shifted’ from one co-ordinate

mation than calculated time. Anyone
can look at a clock when an astronomi-
cal event occurs and record the time.
However, to obtain the calculated time,
one must already know the observed
time, as well as the distance to the
object and the speed of light. The
distance to an object is often unknown,

system to the other.

would have to pick a convention of length (mm or cm) in
order to measure the table. Likewise, it seems impossible
to empirically determine which definition of time is ‘cor-
rect,” because in any attempt to answer the question one
must make a choice of convention.

So we see that clocks are normally synchronized, assum-
ing that light is isotropic (this is called ‘Einstein synchroni-
zation’). But the fact that other synchrony conventions are
possible is not a new idea. There are many documents on
this topic in secular literature.® In fact, Einstein’s Relativity
can be (and has been) formulated using alternate synchrony
conventions.”!® The reader is encouraged to consult the ex-
cellent article by Salmon!! on this subject, which offers very
clear explanations and debunks several experiments which
at first appear to measure the one-way speed of light.

So far we have explored arguments that strongly suggest
that synchronization is conventional—not fundamental,
and thus, the one-way speed of light is a quantity that is
chosen, not measured. However, I caution the reader that
not all agree that this is the case.!?> The topic is still debated
in the literature."* But even if it could be demonstrated
that Einstein synchronization is the only fundamentally
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or not known very accurately. This

is why astronomers record events ac-

cording to the observed time conven-
tion. Yet, astrophysical calculations are almost always done
in calculated time. Each convention is useful for certain
purposes. We now ask a critical question: Which definition
of time does God use in Genesis 1:14-19 when He creates
the stars? Are the stars created on the fourth day—observed
time, or the fourth day—calculated time?

Observed time is always useful, but for calculated time
to be meaningful we must know the distance to the object
and the speed of light. Did the ancient Hebrews know the
speed of light accurately? They probably did not. Did
they know the distance to the stars? Again, they probably
did not. In fact, only in modern times has calculated time
become meaningful; we have only recently known the speed
of light and the distance to the stars with any accuracy. So
the question now takes on a different form: Would God have
used a definition of time that would only become meaning-
ful thousands of years later? If God’s definition of time on
Day 4 of Genesis is calculated time, then it would have been
useless for ages. It would have been incomprehensible to
all humanity for thousands of years until technology had
developed to the level where we could measure the speed
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of light and the distance to the stars.

To be clear, both calculated and observed time conven-
tions are perfectly legitimate from a theoretical point of
view. (In fact, there are an infinite number of valid syn-
chrony conventions.) And calculated time is the preferred
choice for many situations. However, of all possible syn-
chrony conventions, only observed time does not require
knowledge of the distance to the source of an observed
astronomical event (such as a supernova). This makes it
the perfect choice for communicating to cultures that do
not know the distances to the stars.

Thus it seems logical that God’s definition of time would
be observed time. This definition has always been mean-
ingful and practical; it would have been understood by the
ancient Hebrews, and is still meaningful today. God would
want His words in Genesis to be understood by everyone
throughout time. Moreover, if God had created the stars on
Day 4 according to calculated time, Adam and Eve would
have seen no stars in the night sky for over four years! The
stars would appear to ‘blink on’ one at a time, year after year.
Adam and Eve would have had the impression that God was
still creating! This would be deceptive, so we conclude that
God created the stars on Day 4—observed time.

We now understand that the Bible must record events
according to the observed time definition. This means that
the beginning of the universe on Day 1 happened instanta-
neously everywhere at God’s command, as measured from
observed time. Further, it means that the stars were ‘really’
created on Day 4, and their light reached Earth instantly.
This is exactly the impression we get from a straightforward
reading of the text, and it seems quite consistent with the
nature of God.

An alternative perspective

Since both calculated and observed time are consistent
and meaningful measurements, it is always possible to
convert from one to the other (Figure 2). We have seen
that the Bible records events according to observed time;
we will now convert these events into calculated time. This
does not change what really happened, it just permits us
another perspective. (The procedure is similar to converting
cubits into feet in order get a feel for how big Noah’s Ark
was in units we are comfortable with. Obviously, such a
procedure would not actually change the size of the Ark.) If
the reader is not convinced that observed time is as ‘real’ as
calculated time, then he or she will consider this procedure
a transformation from the apparent language of the Bible
to a more physically objective reference frame.

Since the Bible indicates that the stars were visible on
Day 4, we now compute the (calculated) time at which
they were created. Alpha Centauri (a star 4.3 light years
away) must have been created about 4.3 years ‘before the
beginning’ (before Day 1) in order for its light to have
reached Earth on Day 4 of the Creation Week. Likewise,
a star 10 light years away must have been created about
10 years before Day 1. A star one billion light years away
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must have been created about one billion years ‘before the
beginning’ and so on. So, we see that more distant stars
were created earlier than nearby stars. The time of creation
depends on the distance from Earth. So what appears to
be simultaneous according to observed time, now appears
to be spread out over a long period of time. Which view
is the ‘correct’ picture? They both are—each according to
the chosen convention of time measurement.

But how can a star be created before the beginning? We
must remember that the Bible’s statement ‘In the beginning’
(Genesis 1:1) is a measure of time, and therefore must be
the ‘beginning’ as measured according to observed time.
So although the beginning of the universe occurs simultane-
ously everywhere on Day 1 according to observed time, the
beginning of the universe (just as with the stars) occurs at
different calculated times depending on the distance from
Earth. Day 1 occurs much earlier for places in the universe
that are more distant from Earth than nearby places.

So, we present the following picture of Creation as
described in Genesis, but converted from observed time to
calculated time—first, God creates the most distant sections
of ‘space’. This occurs billions of years ago. About'* four
days later, stars are created in those areas of space. Astime
passes, this creation process moves inward; space is cre-
ated nearer to Earth, and stars are created four days later.
About 4.3 years before Earth is created, ‘the beginning’
occurs for the space near Alpha Centauri. Four days later
Alpha Centauri is created. Finally the Earth is created,
but the starlight has not yet reached Earth; God provides
a temporary light source. Four days later, God creates the
Sun, the planets and the moon. At this point, (thanks to
God’s innovative method of creation) all the light from all
the stars reaches Earth at exactly the same time. This may
seem an unusual method by which to create a universe,
but then is there a ‘usual’ method by which universes are
created? This method is compatible with the Word of God;
and it is compatible with all astronomical observations of
which I am aware. The God who created space and time
should have no difficulty creating and placing the stars
where and when He desires.

Now that we have converted to calculated time (and its
consequent implication of ‘billions of years’), this view
of the universe may sound a bit like an old-Earth Creation
view or perhaps even similar to the big bang model. But
the details are not similar at all, and astronomers who be-
lieve the big bang would not accept this view as being even
remotely compatible with their ideas. Nor does this model
promote the anti-Biblical idea of millions of years of death
and bloodshed before Adam. The only similarity—this
idea of ‘billions of years’—merely comes from the way in
which we have chosen to define time, and does not reflect
the duration of any actual process. The light from every star
we see today should have been emitted when that star was
about 6,000 years of age'® (regardless of which definition
of time we use), and this is certainly not compatible with
the big bang or any ‘old-Earth’ theory.

However, big bang theorists were not around when the
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universe was created.'® They might create stories about
the past, but these speculations are beyond the scope of
science. Only God was there at Creation, and He has given
us some of the details of Creation in His Word. If we cor-
rectly understand His Word, and if our observations of the
universe and subsequent calculations are correct, then the
preceding model should be an accurate and truthful view
of the creation of the universe.

Summary and conclusions

We have seen that the measurement of the time of an
event is a subjective measure. We find that there are at least
two useful conventions by which to measure time; calcu-
lated time and observed time. As measured by observed
time, light travels instantaneously when moving toward an
observer, but at different speeds in other directions. There
does not appear to be any way to empirically test the uni-
directional speed of light. Thus, observed time may very
well be just as ‘true’ and fundamental as calculated time,
though at the very least, it is a practical phenomenological
measurement.

The Bible’s measurement of time must be observed time;
calculated time has only become meaningful recently, but
God would want His Word to be understood by everyone.
As measured according to observed time, stars were cre-
ated on Day 4—and their light reached Earth instantane-
ously—just as described in Genesis. The description of
Creation as recorded in Genesis can be converted into
calculated time if this is preferred. The claim that distant
starlight disproves the Bible is a fallacy stemming from a
mismatch of the definitions of time.
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