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ABSTRACT

One of the primary problems for Young-Universe Creationists (YUCs) is the question

of how light could have travelled from galaxies millions and billions of light years away

in the less than 10,000 year old Universe required in their cosmology. One solution

proposed by Barry Setter�eld is that the speed of light was much higher in the not-so-

distant past. In this paper, I will examine this hypothesis and demonstrate that it does

not match up with many cosmological observations as well as observations in our own

galaxy and even here on Earth.
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1. Introduction

The notion that fundamental physical constants have changed over cosmic history is not a new

hypothesis - P.A.M. Dirac (Dirac 1937, 1938) and others (Brans and Dicke 1961) have suggested it

on various grounds. Along with the theoretical interest, there have been a number of experimental

searches for evidence that some physical parameters which we consider as constant, might in fact

vary over the history of the cosmos. Taylor and Weisberg (1989) used changes in the orbits of binary

pulsars (due to gravitational radiation losses) to search for changes in G, placing a limit on j _G=Gj <

(1:2 � 1:3) � 10�11yr�1. There have been reports of a possible variation in the Fine Structure

constant, �, through observations of spectral lines in high-z quasars(Webb et al. 1998). Shlyakhter

(1976) used the �ssion reaction created in the Oklo uranium deposits to place limits on the variation

of the Fine Structure constant (j _�=�j < 10�17yr�1), the weak nuclear coupling constant (j _gw=gwj <
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2 � 10�12yr�1) and the strong nuclear coupling constant (j _gs=gsj < 5 � 10�19yr�1). Damour and

Dyson (1996) re-analyzed this data in more detail and revised the estimate of variation in the Fine

Structure constant to �6:7 � 10�17yr�1 < _�averaged=� < 5:0 � 10�17yr�1. A number of similar

tests are described and summarized in Sisterna and Vucetich (1990). Even the speculation that the

extragalactic redshifts could be due to a changing speed of light is not new, having been suggested

by Wold (1935). The possibility that the cosmological redshift was due to light losing energy, the

‘Tired Light’ hypothesis, was also suggested by Stewart (1931).

Since one goal of this document is to provide a resource for teachers (particularly in physics,

astronomy and perhaps mathematics), the treatment herein will be very pedagogical. Problems are

available at the end for students and those who wish to explore the issue further. This document will

be subject to periodic additions and revisions. The derivations within are my own work based on

descriptions by others in the talk.origins newsgroup and other sources. I’d appreciate information

on original work on some of these topics so they can be properly cited.

1.1. An Introduction to the Setter�eld Hypothesis

Setter�eld based his initial hypothesis on trends he claimed existed in early measurements

of the speed of light. Setter�eld has made much of this material available online (Setter�eld a).

Another site which seems to mirror some of Setter�eld’s site is Dolphin (2001). Many rebuttals

deal with Setter�eld’s interpretation of the measured values for the speed of light over the past 250

years and these rebuttals are dealt with in other sources.

� Strahler (1999, pp. 116-118) summarizes and describes a number of problems with how

Setter�eld collected his data.

� Excellent online resources on the fallacies in Setter�eld’s theory can be found on TalkOri-

gins(Day 1997).

We can summarize the main points of Setter�eld’s hypothesis:

1. Accept the cosmic distance estimates as valid.

2. The speed of light varies universally at the same time. This means that only time can appear

explicitly in the functional form for the speed of light.

3. Dynamical time, which we will designate with the letter � , is synchronized to gravitational

phenomena. Orbital periods are constant in this timescale. This is the ‘true’ timescale, or

what Setter�eld might call the ‘Biblical Timescale’.

4. Atomic time, which we will designate with the letter t, is synchronized to atomic phenomena.

Atomic and nuclear processes are keyed to this timescale.
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5. In the (not so distant) past, the atomic timescale was much faster than the dynamical

timescale. This allows radioisotopes to appear to have taken millions to billions of years

to decay when really only a few thousand years in dynamical time have passed. The ratio

of a unit of the atomic time to the dynamical time we’ll designate by �, so dt=d� / c or

dt=d� = �(�).

6. Today, a second of atomic time is indistinguishable from a second of gravitational time (�(�) =

1 and � no longer changes, so d �=d � = 0.). Setter�eld claims this phase begin in 1967.5.

7. Other physical quantities are allowed to vary so that certain other quantities remain constant

with time: E = mc2 = constant, Gm = constant (this is strange because Setter�eld initially

claims that G is the constant), and hc = constant. See Section 4.

8. The speed of light is linearly proportional to the observed redshift, or

c = k z (1-1)

where k is a constant of proportionality whose actual value is strangely di�cult to discern

from Setter�eld’s writing(Setter�eld 2001, Equation 109).

In this work, I will address implications of Setter�eld’s claims that don’t seem to get much treatment

in the literature but which are just as, if not more, important in determining if the value of the speed

of light has changed substantially in historical times. Legitimate science builds on the work done

before and there are strong observational arguments for why the speed of light has not undergone

signi�cant change (within a factor of 2?) in the past approximately 14 billion years of the Universe’s

history. In addition to direct measurement of the speed of light (which Setter�eld uses), there are

numerous other predictions which can be made by this hypothesis alone. It is often complained

by Creationists that quantities such as the speed of light are assumed constant over the history

of the cosmos. However, just because it is an assumption does not mean that it is an untested

assumption, as the number of references in Section 1 attest. This constancy is just the simplest

assumption that �ts the available data. This exercise also enables us to see just how science can

actually test these assumptions.

2. Kinematic Implications of a Changing Speed of Light

While Setter�eld goes into great detail on alleged quantum mechanical issues with his hypothe-

sis (see Section 5.5), he fails to consider the fatal 
aws in his arguments on kinematic considerations

alone that can be addressed by anyone with a competent background in calculus-based physics, a

course which is occasionally taught at the high-school level. These arguments are based on one of

the oldest physical principles, that distance traveled is velocity multiplied by the travel time, or in

calculus terms, that distance is the integral of velocity over time:

s =

Z t2

t1

v(t) dt (2-1)
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or, inversely,

v(t) =
ds(t)

dt
(2-2)

This is one of the founding equations of kinematics to compute the distance, s, travelled by an

object moving at a non-constant velocity v(t) at time t during the interval t1 to t2. It is basically

the de�nition of velocity. In this section, I’ll address many predictions about c-decay based on this

concept alone.

We’ll start this description with a simple, down-to-Earth example. Consider drivers in two cars

want to travel from Spring�eld to Palmdale, two (�ctitious) towns 100 miles apart. Driver A leaves

Spring�eld at noon, travelling at an average speed of 50 miles per hour (MPH). Note this is his

average speed - they start out travelling 51 mph and uniformly decelerate during the trip, arriving

in Palmdale at a speed 49 MPH, so that their average speed is 50 MPH. Driver B leaves at 1PM,

one hour later than Driver A, and starts out travelling at 50 MPH, uniformly decelerating during

the trip so that two hours later, they are travelling at 48 MPH. While Driver B left Spring�eld

an hour after Driver A, Driver B will arrive in Palmdale over an hour after Driver B. Knowing

the velocity as a function of time along the trip, and some integral calculus, we can determine

precisely what this time di�erence is. This holds true in all cases where velocity is de�ned, whether

the objects making the trip are two cars, two aircraft, two groups of electrons or photons, or the

wavecrests of photons. This is the fundamental exercise that is covered in this section.

Next, let’s establish a few conventions to ensure we develop the concepts in a self-consistent

fashion. One of Setter�eld’s base assumptions is that there are two timescales: an atomic time

scale that is synchronized to atomic interactions, and a dynamical time scale that is synchronized

with gravitational phenomena. According to Setter�eld’s hypothesis, in our modern day, a second

of atomic time is indistinguishable from a second of dynamical time, but just a few thousand years

ago, a second of dynamical time could correspond to several months of atomic time. This allegedly

enables radioisotopes to appear to have taken millions or billions of years to decay in modern

measurements while only a few thousand years have passed in the dynamical time scale. It also lets

the speed of light appear constant when measured against the atomic time scale but varies when

measured against the gravitational time scale.

For the purpose of our analysis and to ensure consistency throughout, we’ll use t to designate

measurements on the atomic time scale and � to designate measurements made on the dynamical

time scale. Setter�eld claims the dynamical time scale is the ‘true’ or uniform time so we’ll perform

our analyses using this time tag and translate to the atomic time scale when necessary. The key

component of Setter�eld’s theory is that the aforementioned changing time scales are linked to

changes in the speed of light (measured in a vacuum). To guarantee consistency, we’ll separate our

equation for the speed of light into a dimensional component, �c, which will be equal to the speed of

light in the modern era (2:99792458 � 1010cm=sec), and a dimensionless component, �, which will

contain all the time variability (measured in dynamical time, �). This separation makes it easier to

identify just how the time varying component a�ects other observables. Changing the c to �c when
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we mean the constant speed of light helps keep track of which speed of light is being used in our

equations. So our equation for the time variable speed of light becomes

c(�) = �c �(�) (2-3)

where � is time from the instant of creation measured on the dynamical time scale. Therefore,

Setter�eld’s hypothesis can be reduced to the idea that �(�) is much greater than one in the

distant past and generally decreases towards a value of unity in the modern age.

2.1. Physical Model of Photon Propagation

Over the past 300 years of the development of physics, from the discovery of the wave nature

of light in the 17th century, to the discovery of light’s wave/particle duality nature in the 20th

century, a physical model of photon propagation has been developed. This model is well established

experimentally and is an integral component of all technologies relying on radio wave, photon and

light travel time, including technologies such as radar, LIDAR, and the GPS (Global Positioning

System). This propagation model consists of three components:

1. Photons are emitted from some source at a location (xe; ye; ze) at some time te and some

wave speed, ce, and wavelength, such that �e = ce=�e.

2. The photon travels through some medium or geometry that can alter the photon’s character-

istics as it travels.

3. The photons are detected at the observer at a location (xo; yo; zo) at some time to and some

wave speed, co, and wavelength, such that �o = co=�o.

Examples of implementing this model for the Doppler e�ect and the Hubble expansion are

given in Appendix A.

2.2. First-Order Implications on Dynamical Periodic Phenomenon

if c is Changing

The universe is full of convenient ‘clocks’: spectral lines, binary stars, pulsars and variable stars

which provide ready methods for measuring cosmological changes. Since Setter�eld de�nes two

di�erent timescales in his hypothesis, we’ll want to examine phenomena which would be constant

in both of these timescales. We’ll �rst examine the case of phenomena which would be periodic in

Setter�eld’s dynamical timescale.

Consider an object at some distance, s, that emits pulses of light at regular intervals, P

(measured in dynamical time). In Figure 1 we use a binary star system. When the blue companion
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Fig. 1.| Analysis of light travel from a binary star. (a) At time �e a photon, A, is emitted from one

companion of a binary star. (b) After the companion has completed one orbit, in a time P , a second photon,

B, is emitted at time �e + P . (c) Photon A arrives at the observer at time �r and (d) photon B arrives at

the observer at a later time, �r + P 0.
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star emits a photon which we will label as ‘A’, at a time, �e, and travels the distance, s, then it will

be received at a time �r (Figure 1c). After the companion has completed one orbit with a period

P , a photon which we will label ‘B’ is emitted at time, �e + P (Figure 1b), travels over that same

distance, s, at a di�erent speed, and arrives at the observer at the time �r +P 0 (Figure 1d), where P

is not necessarily equal to P 0. From the basic kinematics of Equation 2-1, we can write (assuming

that the distance of the object is �xed between time �e and �e + P ) a relationship equating the

distance travelled by the two photons as

s =

Z �r

�e

c(�) d� =

Z �r+P 0

�e+P

c(�) d� (2-4)

or, inserting our Equation 2-3 for c(�), we get

s = �c

Z �r

�e

�(�) d� = �c

Z �r+P 0

�e+P

�(�) d� (2-5)

To keep our initial results as general as possible, we’ll avoid setting a speci�c functional form for

�(�). At present, lets just say that the inde�nite integral of �(�) is some function Z(�) or:

Z(�) =

Z

�(�) d� + C (2-6)

With this rede�nition, Equation 2-5 becomes

s = �c (Z (�r) � Z (�e)) = �c
�

Z
�

�r + P 0
�

� Z (�r + P )
�

(2-7)

In most of our cases of interest, P and P 0 will correspond to time intervals on the order of radio and

gamma-ray oscillations, binary star orbits and pulsar periods. These intervals are much smaller

than the time intervals on the dynamical scale, � , which will generally be the total travel time of

the light across the cosmos. Therefore, we can expand Z (�r + P 0) and Z (�r + P ) using a Taylor

expansion:

Z (�e + P ) � Z (�e) + P
dZ (�e)

d �e

(2-8)

� Z (�e) + P � (�e) (2-9)

Z
�

�r + P 0
�

� Z (�r) + P 0
dZ (�r)

d �r

(2-10)

� Z (�r) + P 0 � (�r) (2-11)

We then incorporate these expansions into Equation 2-7. Cancelling the common Z(�) components,

we get the relationship:

P � (�e) = P 0 � (�r) (2-12)

which can be manipulated to

P 0 = P
� (�e)

� (�r)
(2-13)
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Since �(�e) is greater than �(�r) in Setter�eld’s model, then a phenomenon that has a constant

period, P at some location where the speed of light is �c �(�e) will appear to have a period of P 0

at the time of reception of the signal when the speed of light is �c �(�r) which will be greater than

the period at the time of emission. Bear in mind that this e�ect is only noticeable if you know the

period at the point of emission, P = P (�e). In the case of the orbital periods of binary stars and

the spin rates of pulsars, this is determined from observations, which would tell us P 0 = P (�r), but

not P . However, there is a second-order e�ect, which will be covered in Section 2.3. Also note that

this e�ect depends only on the speed of light at the point of emission and the point of reception. So

long as the speed of light is piecewise-continuous along it’s path (this even includes sudden ‘jumps’

in the speed, such as Setter�eld’s quantization claims which will be discussed in Section 5.5), the

speed at the endpoints will be the only factor determining the change in the observed periods.

While this may not seem that important at �rst glance, consider that Setter�eld’s model claims

that the speed of light has varied signi�cantly in the past 250 years.

One might argue that the period, P , could change relative to the dynamical time scale in such

a way that this e�ect vanishes. Yet Setter�eld has already claimed that orbital motion is a periodic

phenomena which is constant on a dynamical time scale. Setter�eld wants to keep orbital periods

constant. The Julian calender, adopted in 45 BC by Julius Caesar(T�ndering 2005), is based on

365.25 days per year, only slightly di�erent than our current year, therefore one should assume

orbital periods and the spin rate of the Earth’s rotation have not changed signi�cantly over this

time period.

Now let’s examine some special cases of this equation to understand some details of its behavior

before proceeding to the next step of the analysis.

Consider the case where we have a phenomenon that is constant in the dynamical time scale

so P (�e) = P0 is constant for all �e. The location of this object is still in a region of space where the

speed of light is decreasing so we write this mathematically as �(�e + ��) < �(�e) for some positive

time-step �� . Now consider an observer receiving photons from this object at some later time, �r

when the speed of light has decreased to its modern day value and undergoes no further decline

(� (�r) = 1). What can we say about the period observed at a later time? At �r, Equation 2-13 is

P (�r1) = P0
� (�e)

1
(2-14)

while at a later time

P (�r2) = P0
� (�e + ��)

1
: (2-15)

Since �(�e + ��) < �(�e), we see that

P (�r2) < P (�r1) (2-16)

so at later times, so long as the speed of light is decreasing at the point of emission, the observed

period at the point of reception will decrease (i.e. the frequency will increase). This might seem
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counterintuitive, considering our reasoning based on Figure 1. You’d think we would expect the

period to increase, since each photon takes longer to make the trip. This example illustrates how

easily our ‘physical intuition’ can mislead us.

In Section 2.3, we will place this behavior on a �rmer mathematical footing.

2.2.1. A Non-Calculus Method for Deriving Equation 2-13

There is a way to derive the above result without the use of the calculus. Our assumption

above, that the time interval between peaks in the oscillations or pulses are very small compared

to the light travel time between emitter and receiver is another way of saying that light speed

does not change signi�cantly between the �rst and second emitted peak. This means that, in this

approximation, the relative velocity of the two adjacent peaks remains essentially zero between

the points of emission and reception and the pulses arrive at the receiver separated by the same

physical distance, say d, as they were at the time of emission. However, because the two pulses

are travelling at di�erent speeds at emission and reception, the pulses are received with a di�erent

time interval between them compared to the point of emission.

d = P (�e) �c �(�e) = P (�r) �c �(�r) (2-17)

which after some basic algebra, becomes

P (�r) = P (�e)
� (�e)

� (�r)
(2-18)

The same as equation 2-13.

2.2.2. A Graphical Method for Deriving Equation 2-13

It turns out that there is also a very simple graphical method to derive Equation 2-13. This

explanation would be accessible to students without a strong mathematics background.

Consider a simple space-time diagram like Figure 2. We can choose our coordinate system so

we only need to examine motion in one spatial dimension, x, and dynamical time, � . If we consider

two di�erent observers at rest in this system, the Emitter and Receiver, their space-time trajectory

will be straight lines at some �xed position on the x-axis and running parallel to the � -axis.

In this diagram, we represent the trajectories of photons as the curved red lines. If the photons

traveled at a constant speed, these lines would be straight. However, we want to consider the case

where the speed of light decreases with time over all space so these lines are curved. In the case

of the speed of light decreasing with time, the photon trajectories will start with a higher speed (a

large amount of distance in x is covered for a �xed amount of time on the left side of the �gure so
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Fig. 2.| Graphical analysis of time dilation when the speed of light changes. The red lines represent the

paths of photon wavecrests. The blue lines represent the space-time path of emitters and receivers. Photons

emitted from the blue circles at (x; �) = (0; �e0;e1;e2;e3) propagate with time along the red curves to arrive

at the receiver at space-time coordinates (x; �) = (20; �r0;r1;r2;r3). See the text for details in interpretation.
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the slope of the blue curve is small) and decrease to a slower speed (a smaller amount of distance

in x is covered for the same amount of time on the right side of the �gure so the slope is steep).

The speed of the photons is represented by the slope of their trajectory in this diagram, with a

steeper slope representing a slower speed.

Consider a photon traveling from the Emitter to the Receiver. The �rst wave crest of the

photon is emitted at point �e0 on the emitter’s world-line with some velocity, �c�(�e0). The wave

travels out from the emitter at a decreasing speed, represented by the red curve. The next wave

crest leaves the emitter at time, �e1 = �e0 + Pe. At this point, we know the distance between the

wavecrests, by de�nition, is the wavelength, �e0. Now a key point: because in this model, we have

the speed of light changing to the same value over the entire universe, the velocity of the entire

segment of the wave is c�(�e0 + Pe) at that instant. And because the speed varies over the entire

universe by the same amount, the separation of these adjacent wavecrests will not change relative

to each other after emission. Their separation will remain a constant, so the wavelength, �e0, will

not change as the wave travels across the universe.

The �rst wavecrest arrives at the Receiver (located at a distance of 20 units in this diagram)

at the time, �r0 and the second at time �r1 = �r0 + Pr01. Now note the projections of the events

�e0, �e1, �r0, and �r0 on the � -axis. These tell use the time between the events. We immediately

notice that the arrival time between events �r0, and �r1, Pr01, is larger than the time between

emission events �e0, and �e1, Pe (which we choose to be constant). We’ve exaggerated the change in

the signal speed in Figure 2 to better illustrate the concepts, but in the practical application, the

wavelength, �, will be much smaller than the light travel distance and the travel intervals between

the wavecrests, Pe and Pr, are much smaller than the light travel time. Under these conditions,

the light-travel speed will not change signi�cantly during these intervals. Therefore, we can write

� = P (�e) �c �(�e) = P (�r) �c �(�r) (2-19)

which can also be manipulated to

P (�r) = P (�e)
� (�e)

� (�r)
(2-20)

as expected.

Note that as time progresses, the distance between wavecrests/pulses decreases, so �e0 > �e1 >

�e2. This decrease causes the time between successive pulse arrivals to decrease so Pr0 > Pr1 > Pr2

so phenomena which have a �xed period in the dynamical system will appear to have a decreasing

period (speed up) to a distant observer. This is consistent with Equation 2-16.

2.3. Second-Order Implications on Dynamical Periodic Phenomenon
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if c is Changing

In Section 2.2 we saw how a changing speed of light will impact the observations of periodic

phenomena. This is �ne when we can make a statement about the period of the phenomena at

the point of emission, but what about when we don’t know this period? Would there be any

other observations which might be useful for determining if the speed of light is undergoing a rapid

change?

Yes, there is.

Consider that as the speed of light changes, the travel time of photons from the source to the

observer changes. In the case of a monotonically decreasing speed of light and �xed emitters and

receivers, each photon will take a longer time to reach the observer so �r � �e will steadily increase.

Therefore the ratio � (�e) =� (�r) will change.

Let’s take a closer look. First, let’s recast Equation 2-13 to keep the time-dependencies appar-

ent:

P (�r) = P (�e)
� (�e)

� (�r)
(2-21)

Now let’s examine how the period at the location of the observer appears to change at that observer’s

location. With a couple of applications of the Chain Rule from calculus, we �nd

d P (�r)

d �r

= P (�e)
d

d �r

�

� (�e)

� (�r)

�

+
� (�e)

� (�r)

d P (�e)

d �e

d �e

d �r

(2-22)

=
P (�e)

�2 (�r)

�

� (�r)
d� (�e)

d �e

d�e

d �r

� � (�e)
d� (�r)

d �r

�

(2-23)

+
� (�e)

� (�r)

dP (�e)

d �e

d�e

d�r

(2-24)

Based on our model, all the quantities are known but for d �e=d �r. However we can determine this

term by applying the constraint that the distance between source and observer, s, is a constant (to

examine the case of relative motion between source and observer, see the problem sets in Section 8).

Starting with Equation 2-7

s = �c (Z (�r) � Z (�e)) (2-25)

we take derivatives with respect to the time the light is received

d

d �r

�s

�c

�

=
d Z (�r)

d �r

� d Z (�e)

d �e

d �e

d �r

(2-26)

which, since s is assumed constant, and dZ=d� = �, yields

0 = � (�r) � � (�e)
d �e

d �r

(2-27)

and reduces to
d �e

d �r

=
� (�r)

� (�e)
(2-28)
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This expression is basically the equation for the \slowing-down" e�ect referred in some c-decay

rebuttals. Processes in distant space would appear to run slower than the same process near Earth.

Installing this result into Equation 2-24 and performing some cancellation, we obtain:

d P (�r)

d �r

= P (�e)

�

1

� (�e)

d� (�e)

d �e

� � (�e)

�2 (�r)

d� (�r)

d �r

�

+
dP (�e)

d �e

(2-29)

We now have an expression for dP (�r)=d�r, the change in period as measured by the receiver of the

signal. We see that it has two components. One, dP (�e)=d�e, is the intrinsic change in the period

of the source, measured at the time of emission, �e. The other term is the apparent change in the

period of the source due to the change in speed of the signal travelling to the observer.

2.4. Why Supernovae Re
ections are Bad Diagnostics for the Value of c at Distant

Locations

Recently, the light from SN 1987A was observed after it excited gases near the remnant.

Knowing the angular distance on the sky and the time since the explosion was �rst observed,

along with some simple assumptions about the shape of the remnant, it is possible to obtain a

distance estimate to the supernova which turned out to be close to the result obtained by other

methods(Panagia et al. 1991; Gould 1994). In this calculation, the speed of light is used and one

might be tempted to regard this as additional evidence that the speed of light was the current value

100,000 years ago when the star originally exploded. Unfortunately, this is not the case. Consider

Fig. 3.| Geometry for the supernova re
ection analysis. Some photons emitted from the supernova (yellow)

travel a distance, s1 directly to the observer, while others are absorbed and re-emitted at the ring of material

from the stellar wind (red) before traveling to the observer, travelling a total distance a + s2.

Figure 3. Photons travel from from the original point of the supernova (the yellow dot on the left)

a distance s1 to the observer (the eye on the right). Other photons travel from the initial point of

the explosion to a ring of material around the supernova (the red ring) at a distance, a, around

the remnant. From there, they excite atoms to radiate (for this analysis we’ll assume this process

to be instantaneous) which sends their photons to the observer a distance s2 from the ring. By

comparing the time it takes for di�erent points on the ring to 
uoresce, one can obtain both the

size and orientation of the ring. Knowing the angular size of the ring on the sky, one can then

deduce the distance to the supernova.
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One would think that the assumption that the speed of light is the present day value at the

location of the supernova would be key in this calculation. However, consider photons emitted

from the explosion at (dynamical) time �e and arrive at the observer at time �r1 after travelling

the distance, s1. Mathematically:

s1 = �c

Z �r1

�e

�(�) d� (2-30)

Other photons strike the ring at some intermediate time, �r, (having travelled the distance a) and

are \re
ected" towards the observer to arrive at time �r2. We write this as:

a + s2 = �c

Z �r

�e

�(�) d� + �c

Z �r2

�r

�(�) d� (2-31)

= �c

Z �r2

�e

�(�) d� (2-32)

What is the time di�erence between the arrival of the direct and re
ected photons? Let’s

compute the di�erences in the distances that the two sets of photons must travel, a + s2 � s1:

a + s2 � s1 = �c

Z �r2

�e

�(�) d� � �c

Z �r1

�e

�(�) d� (2-33)

Again, using some basic rules for manipulating the limits in integral equations, we see:

a + s2 � s1 = �c

Z �r2

�e

�(�) d� + �c

Z �e

�r1

�(�) d� (2-34)

= �c

Z �r2

�r1

�(�) d� (2-35)

Here we see the (somewhat) counterintuitive result that the di�erences in arrival times of the

photons will depend only on the value of the speed of light at the observer between the two times

in question. Therefore, if, as Setter�eld claims, the speed of light has been constant since about

1967, any direct and re
ected photons received after that time will only indicate that the speed of

light is at its present day value.

We can see this result in an intuitive way, but we must consider the entire travel path of the

photons. The photons which travel directly to the observer travel a distance s1 in some time �d.

The photons along the other path will travel the same distance in the same time so at time �d,

they will be a distance a + s2 � s1 from the observer. How long will these photons take to cross

this last distance to the observer? It will be based on the speed of the photons after the time �d

which, in the case where the speed of light has dropped to a constant value in recent decades, will

take a time (a + s2 � s1)=�c - the same amount of time if the speed of light had been constant the

entire time.

While timing studies of re
ections will not reveal information about changes in the speed of

light at distant locations, studies of the spacing of spectral lines from these sources can reveal

changes in atomic properties which are dependent on the speed of light at the time of emission.
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2.5. c-Decay and Redshift Measurements I: The Dynamical Time Scale

The important issue to understand in computing frequency or wavelength changes in a signal

propagation problem is that it depends on the times of emission of wavecrests from the source

and the times of reception of those wavecrests by the receiver. For an introduction on how this is

computed for the classical and relativistic Doppler shifts, as well as the cosmological redshift, see

Appendix A.

Now let’s examine computing a frequency change in the Setter�eld hypothesis. We’ll start

with the case of light frequencies de�ned as constant in dynamical time. Setter�eld claims emission

mechanisms are de�ned in atomic time and we’ll treat that case in section 2.6.

We start with Equation 2-21. Let the periods, P, be the time between successive wavecrests

in an electromagnetic wave (so P = 1=�, where � is the frequency). The fundamental relation for

waves between frequency, wavelength, and wavespeed is

c = �� (2-36)

Using the speed of light at the points of emission and reception, respectively, we compute the

wavelengths at these two locations:

�e = P (�e) �c �(�e) (2-37)

�r = P (�r) �c �(�r) (2-38)

Now let’s compute the received wavelength, �r, in terms of the emitted wavelength, �e:

�r = P (�r) �c �(�r) (2-39)

=

�

P (�e)
� (�e)

� (�r)

�

�c �(�r) (2-40)

=

�

�e

�c � (�e)

� (�e)

� (�r)

�

�c �(�r) (2-41)

which, after some cancellation, generates the interesting result:

�r = �e (2-42)

Opps!! The received wavelength is the same as the emitted wavelength so there is no redshift!

This is not unexpected. After all, we previously determined that the distance between pulses (and

wavecrests), will not change during propagation in the case were the speed changes instantaneously

everywhere.

However, our convention of using wavelength for computing the redshift is based on the as-

sumption that the speed of light is a constant. If it is not, we need to also examine possible changes

in frequency between emission and reception.
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Since we know that there is a change in period between the emission and reception, let’s remap

the de�nition in terms of frequency. First, we must return to the fundamental de�nition of the

redshift, z

z =
�r � �e

�e

(2-43)

If we substitute in the de�nition of wavelength in terms of frequency (Equation 2-36) using the

speed of light today, �c, this becomes

z =
�c=�r � �c=�e

�c=�e

(2-44)

=
�e

�r

� 1 (2-45)

=
P (�r)

P (�e)
� 1 (2-46)

=
�(�e)

�(�r)
� 1 (2-47)

(2-48)

where we use the de�nition that frequency is the inverse of the period, � = 1=P . With this equation,

we can see that if the photons are emitted from a location where the speed of light is, say, 104 of

it’s present day value, then z = 9; 999. If we compare this result to Setter�eld’s graph at Dolphin

(1987), we immediately see a discrepancy. The right side of the graph displays z values less than

unity and the corresponding values of light-speed on the left side are measured in the millions of

times the current value.

How did Setter�eld get this result? Again, there is no consistent answer to this crucial part

of his model. We should note that at the time of this writing (May 2006), the highest con�rmed

quasar redshift is z = 6:4(Fan et al. 2003) and the highest galactic redshift is z � 7(Egami et al.

2005). The cosmic microwave background radiation corresponds to a redshift of z � 1100 (Kolb

and Turner 1990, p.14). In addition, we should examine whether the redshift would be observed to

undergo changes over time. By analogy with our analysis in Section 2.3, we compute dz(�r)=d�r

d z(�r)

d �r

=
d

d�r

�

�(�e)

�(�r)
� 1

�

(2-49)

=
1

�2 (�r)

�

� (�r)
d� (�e)

d �e

d�e

d �r

� � (�e)
d� (�r)

d �r

�

(2-50)

=
1

� (�e)

d� (�e)

d�e

� � (�e)

�2 (�r)

d� (�r)

d�r

(2-51)

where we’ve made use of Equation 2-28.
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2.6. c-Decay and Redshift Measurements II: The Atomic Time Scale

In Section 2.5 the calculations assume that spectral processes at the source point, frequencies

and wavelengths, are constant on the dynamical time scale. However, in Setter�eld’s model, he

assumes that atomic and nuclear processes operate on a faster timescale. Mathematically, we would

write this as

� (�) =
dt

d�
> 1: (2-52)

At the point of emission, �e, frequencies are higher than their value measured at �0, our current

time, �0 by a ratio written mathematically as

� (�e) =
� (�e)

� (�0)
�0 (2-53)

This tells us the frequency (measured in dynamical time) at the point of emission, � (�e). We

now recast Equation 2-13 into frequency measurements using P = 1=�:

1

� (�r)
=

� (�e)

� (�r)

1

� (�e)
(2-54)

Inserting our previous results for the frequency at the point of emission:

� (�r) =
� (�r)

� (�e)
� (�e) (2-55)

=
� (�r)

� (�e)

� (�e)

� (�0)
�0 (2-56)

=
� (�r)

� (�0)
�0 (2-57)

But since the time of reception, �r is the time of the rest measurement, �0, this expression reduces

to the not-so-surprising result

� (�r) = �0 (2-58)

so we measure no change in frequency from the distant source compared to measurements in Earth-

based laboratories.

In essence, Setter�eld’s separate atomic/dynamical time scales linked via the speed of light

cannot produce a frequency change for atomic processes at all!

Up to this point, the analyses performed in Sections 2.2, 2.3, and 2.4 have yielded results that

are independent of our choice of the functional form of �(�). If we want to proceed further into

making speci�c predictions, we must add more detail in specifying our model.
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3. Analysis of Simple c-Decay Models

Now that we have some generic expressions for phenomena that would be observed in a universe

with a variable speed-of-light, we perform some tests in the case of a simple variable-c model. This

gives us a chance to get a feel for the magnitude of the quantities we seek to measure and test the

computer software which will enable us to test a wider range of models.

3.1. A Class of Power-Law Decay Models

In this section, we’ll consider a more ‘realistic’ model for �(�) which possesses some of the

general characteristics of the Setter�eld model. As in the earlier analysis, we’ll let � designate the

dynamical time and we’ll look for a function such that �(�) can have a very large value at � = 0

and goes to unity at some future time, � = T . We’d also like the function to have a few ‘free’

parameters that we can adjust to examine a wider range of models. After some trial-and-error,

we’ll settle on

� (�) =

�

1 + A (T � �)�; � < T

1; � � T
(3-1)

which has a number of desirable characteristics. When the index � is unity, the speed-of-light will

decrease in a linear fashion - one of the simplest models we could choose. When � > 1 , the change

in the speed will be non-linear with the property that it is large, but �nite when � = 0 and gently

approaches unity as � ! T. The quantity A is a normalization factor.

We’d like to examine a series of models corresponding to a universe of a speci�c size and this

choice of model gives us some of this freedom. To determine this constraint, we want

D = c

Z T

0

� (�) d � (3-2)

where D is the distance to the most distant observable feature in our model cosmos and T is the

amount of dynamical time we want for the light from that object to reach the observer. Applying

to our Model (Equation 3-1), we �nd

D =

Z T

0
[1 + A(T � �)�] d �

=

�

� � A

� + 1
(T � �)�+1

�T

0

= T +
A

� + 1
T �+1

= T

�

1 +
A

� + 1
T �

�

: (3-3)

We would prefer to analyze a class of models with di�erent values of � subject to the constraint

that they correspond to a universe of the same size, D, and same dynamical age, T . To do this, we
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need to determine the normalization parameter, A. With some basic algebra, we solve equation 3-3

for A to �nd

A =
� + 1

T �

�

D

c T
� 1

�

(3-4)

Now we can generate some ‘model universes’ where D = 14:8�109 years and T = 7800 years.

Figures 4-5 show samples of these models.

Simple Power-Law c-decay Models

Dynamical Age: 7.800e+03 years, Apparent Age: 1.480e+10 years
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Fig. 4.| Plot of �(� ) vs. � for the simple power-law model for a set of values of the power-law index.

4. Dynamical Issues with Changing ‘Constants’

The speed of light is not an isolated physical constant, but is interlinked with many other

physical phenomena and variation of one ‘constant’ can have far-reaching implications. Setter�eld

attempts to deal with these issues by invoking variation in a host of other physical constants,
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