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Vacuum permittivity

Vacuum permeability

Modulus electric charge on fermion type i

Modulus of electron charge

Gravitational constant

Numerical density of virtual pair

Cross-section area for photon capture

Bare photon velocity c¢,>>c¢ (possibly very much greater than c)

abstract velocity of light infinitely far from all mass at 0 K, perhaps the same as ¢
Einstein limit — normally taken to be the free vacuum speed of light at 0 K
Maximum light-speed in context, as permitted by the Lorentz Transformation
Actual transmission velocity of light (non-theoretical) in some specific physical situation

> the Schwarzchild radius

C
generalized wavelength
wavelength in free vacuum
Hubble Constant (HC) in km/s/megaparsec
Hubble Uncertainty

H
VO Hubble Constant in m/s/m

Metres in a megaparsec 3.085677581 E+22 m
Hydrogen alpha wavelength

Hydrogen alpha frequency

Planck’s Constant

Reduced Planck Constant

rest mass of electron

refractive index

Radius of observable space

1. Introduction

1.1 Summary

This paper considers some aspects of the measurement of, and statements of the speed of light. It is

the second is a series of papers: see [KELL16] for the first of the series. This paper looks in more

detail at the effect of refractive index and gravitational potential upon light-speed measurement, and

it makes some suggestions as to further theoretical and practical, experimental work.
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1.2 Hypotheses

Some of these hypotheses and conclusions will be explained in the body of this paper (and were
discussed in [KELL16]), but they are all — more or less — heretical in the standard interpretation.

* ¢ (actual light speed) is always less than c (Einstein’s Limit) [KELL16];

* actual light-speed ¢ being less than the limit ¢ does not affect the bulk of existing
theories over short distances and across short times [KELL16];

* Light-Speed is measured in co-moving distance, but is often (incompatibly) stated in
proper distance [KELL16];

* There is nowhere in the observable universe any location with refractive equal to,
and not greater than, one';

* There is nowhere in the observable universe that is truly empty (devoid of all
matter);

* There is nowhere in the observable universe that is gravitationally flat, and is not
within gravitational visibility of some other matter.

2. Refractive Index
2.1 Definition

The refractive index of a medium is normally defined as the relationship of the velocity of light
passing through that medium, and the fastest possible speed of light in free vacuum, Einstein’s
Limit, c. Thus if v is the phase velocity of light passing through some given medium, then its
refractive index n is given by

n=—

1%

The refractive index is a dimensionless number. It can never be less than one, as that would imply a
transfer at faster than c, Einstein’s Limit?

Let the refractive index n be represented by n=(1+p) where p is the deviation from unity
being considered. We discuss here the value of p arising from (i) the presence of matter interact-
ing directly with the photons of the light (e.g. electron absorption and re-emission), and (ii) the
gravitational effect upon the structure of the environment, even in the absence of direct interaction
of a photon with absorbing matter, and (iii) the frequency A of the light. We start with the stand-
ard absorption-emission [not by ephemeral fermions] part of the refractive under under considera-
tion.

2.2 Dependence Upon Wavelength

Refractive index depends upon the frequency of the electromagnetic radiation being refracted. Note
the formula [FIBE17]:

1 subject to certain caveats

2 Note that there are situations in which it is convenient to use in computation a refractive index
less than one, but these situations do not imply the possible transfer of information between the
source and destination of the light at faster than c, and these are situations which are not in fact
relevant to the free transmission of light in space.
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n(A)=== {2.1}
which relates refractive index with the wavelength of the light in the medium, A , and with the
free vacuum wavelength A, . This formula applies across the full frequency range of electromag-
netic radiation, and not just across some limited range.

When considering the refractive index for visible light, only one tiny part of the whole possible
spectrum is being looked at. When the global speed of electromagnetic radiation is being measured
then the refractive index for all of the relevant frequencies / wavelengths must be considered. There
is one range of wavelengths that is of particular interest here, which are those waves of the longest
frequency and longest wavelengths, for it is in this range that the CMWRB lies, and what may come
beyond it, as time passes. The name for that range given in the following table, Maximally Low
Frequency, is not to be taken as an assertion that no lower frequencies are possible, but merely as
the name of a range.

Class Frequency f Wavelength A Energy
y Gamma rays 300 EHz 1 pm 1.24 MeV
HX Hard X-rays 30 EHz 10 pm 124 keV
j;’;‘{iztll‘;i o ot Xrays 3 EHz 100 pm 12.4 keV
300 PHz 1 nm 1.24 keV
EUV Extreme ultraviolet 30 PHz 10 nm 124 eV
Ultraviolet NUV Near ultraviolet 3 PHz 100 nm 12.4 eV
Visible NIR Near infrared 300 THz 1 pm 1.24 eV
MIR Mid infrared 30 THz 10 pm 124 meV
Infrared
FIR Far infrared 3THz 100 pm 12.4 meV
EHF | Extremely high frequency 300 GHz 1 mm 1.24 meV
SHF Super high frequency 30 GHz 1cm 124 peV
Micro- UHF Ultra high frequency 3 GHz 1 dm 12.4 peV
W;r:,g ° VHF Very high frequency 300 MHz 1m 1.24 peV
radio HF High frequency 30 MHz 10 m 124 neV
waves MF Medium frequency 3 MHz 100 m 12.4 neV
LF Low frequency 300 kHz 1 km 1.24 neV
VLF Very low frequency 30 kHz 10 km 124 peV
ULF Ultra low frequency 3 kHz 100 km 12.4 peV
SLF Super low frequency 300 Hz 1 Mm 1.24 peV
30 Hz 10 Mm 124 feV
ELF Extremely low frequency
3Hz 100 Mm 12.4 fev
Cosmic GLF Giga low frequency 0.3 Hz 1 Gm 1.24 feV
Background | Cosmic low frequency 0.03 Hz 10 Gm 0.124 feV
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MLF | Maximally low frequency 0.003 Hz 100 Gm 0.0124 fev

Frequency and wavelength are normally expressed as being related by

_f
=%

Note that there are two representations of this formula: the usual one being in terms of the free
vacuum frequency f, and the free vacuum wavelength A,

o to
L

and and the other in terms of the local actual speed of light transmission, ¢ where ¢<c ,and
the local frequency, f ,and the local wavelength, A4

¢:f

A

The refractive indices of a number of free space environments need to be considered, covering all
the classes from y to MLF — and possibly beyond at each end. There is no need to consider here in
detail local planetary environments, where the refractive indexes are directly observable. The envir-
onments that must be considered here must include:

* free space close to stars

* free space within a planetary system

» free space between stars, within a galaxy

» free space between galaxies in the same group

» free space between galaxy groups.
For some of these it is easy to accept, without further examination, a non-zero value for n(A) for
all values of A :these are already known about, for example, for the atmosphere (and general
environment) of the Sun, and the presence of interplanetary gas. Each of these has a perceptible
refractive index greater than one. In subsequent sections wavelengths will be brought into the calcu-
lations.

2.3 Dependence Upon Temperature & Pressure

Refractive index through a gas is related to both the temperature and pressure of that gas. Necessary
considerations include the substance of a gas (“what form of gas it is” — diatomic hydrogen,
deuterium, helium, free particles, etc.), S, and the Temperature, T in Kelvin, the pressure, p in
Pascals, and the wavelength, A in metres, giving an abstract formula for refractive index:

anf(S,T,p,k)
This formula is not a simple one, and will depend upon many characteristics of the gas. Its value
gives the increment up one of the refractive index upon the given parameters. If only one sort of
matter (for example, monatomic hydrogen) is being considered, where S is fixed, then a simplified
formula can be used:

nSf:f(T: p:)\')

(Note that this is not a simplification we can use in the full calculation, and we do eventually need
to consider the full 7, .) This function ng is a function over three variables, and can be
empirically researched plane by plane — for constant pressure, for constant temperature and for
constant wavelength.

Here we consider just three environments from our list: between stars, between galaxies, and
between groups. For each of these environments we must to consider temperature, pressure and
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substances present, and estimate the refractive indexes over a range of wavelengths.
A base formula, from [FIBE17] gives a relation between the light frequency within the medium,

A, with the base frequency in vacuum A4,

n(A)==> {2.1}

which implies that the phase velocity of a burst of light containing just a narrow range of frequen-
cies is

A {2.2}

There are several formulae which attempt to relate refractive index with specific gravity?, but these
are not used here, as we are considering a very tenuous gas.

For each of these densities, and the relevant mixtures of substances, we need the ability to calculate
and measure the corresponding refractive indices. Different regions of free space have different
proportions of molecular hydrogen, free protons and electrons and neutrons, molecular helium,
alpha particles, and (in small proportion) all the other elements, some of which will be as more
concentrated particulate fragments (gas in the ordinary sense, and dust). In the calculations here,
there is no consideration made of dark matter or dark energy — that is something to be done else-
where.

6.1 Sources and Magnitudes

Electromagnetic transmission through any medium other than a total vacuum will result in some
refraction. For regions of very sparse matter, this refraction is very small — but it is non-zero.

If we consider the distance between the Earth and the Andromeda Galaxy, which is about 2.5 E6
light years, or 778 kpc, then we have a distance of 3.08 6E16 * 7.78 E5 ~ 2.431 E22 metres. If the
average matter density over that distance is 1 E6 atoms per m’ then we have about 2.4 E28
atoms between the light source and us, the observer, if we consider a one metre square tunnel. In
air, on the Earth’s surface, there are (about) 1 E25 atoms per m® . Thus the refractive effect
between Andromeda and Earth should be about the same as 2.5 E3 metres of air. If we take the
refractive index of air to be 1.000293 (though I am not sure about the projection of this value into
the temperature / pressure conditions of interstellar space), then we have reduced the apparent speed
of the Andromeda light by 0.2% simply by refraction. <<<<CHECK THESE FIGURES<<<

Note that refraction has different effects on different wavelengths, hence there may be a (very
small) added redshift because red light is refracted less than blue light, and hence arrives faster®.
Different regions of space have different matter densities, with figures ranging from 0.1 cm™> to
1E3 cm™ ,and even more in gas clouds. Hence it is difficult to give a general figure for the
refraction effect from every point in space — and, in any case, those figures depend upon all of the
matter densities between the light source and us as observers.

3 For example, Gladstone and Dale, Lorentz-Lorenz, Lichtenecker, Clausius-Mossetti, et al.
4 Andromeda is, in intergalactic terms, a “close” galaxy, and happens to have a proper motion
towards the Milky Way, and hence has a blue shift — but it is used here just as an example.
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6.2 Observed Light-Speed

Using moderately local endpoints for our measurements, and being confident that we are using
comoving distance throughout, then we can state local light-speed with some confidence. Using
distant endpoints, however, without knowing the full gravitational potentials along the full path
length between the source and the observer — and what those potential were as the light signal
passed those points in the past — then we have speed measurement of poor quality.

Refraction (1) spoils light-speed measurement over long distances, and (2) refraction always slows
the light we observe to under the Einstein Limit ¢

NOTE:
5 Gravity

5.1 Sources of Gravity

All matter gives rise to gravity: this appears to be true in the whole observable universe. If, for the
mm,

>— giving
r

moment, we take Newton’s analysis then we have the inverse square rule of F=G

the Force, F , between two bodies of masses m, and m, atdistance r ,and the Gravita-
tional Constant G °. In the observable universe there are very many more bodies than just two,
and the consequent calculations can be done practically only by approximation, and not analytic-
ally.

When calculating within any subsystem we tend to use only the largest influences (relatively
massive bodies and close bodies) in performing our calculations. But ignoring other bodies (relat-
ively small ones and distant ones) and treating their influences as being zero, does not, in fact, make
those influences zero: the effect of the Moon upon the orbit of an artificial satellite has to be taken
into account — but the effect of the artificial satellite upon the orbit of the Moon is ignored.

Cancellation of all gravitational potential at any point is impossible. Even at distances of megapar-
secs there is still a force from all bodies visible to the observer. It is a philosophical question as to
whether at some very distant point in the future there will be locations for which there are no visible
bodies — that is, the density of the matter in the universe has been diluted to its extreme extent: it is
an interesting question, but not (for the moment) a scientific one.

5.2 Gravity and Light-Speed

In a field of gravity, or any other relative acceleration, the speed of light may be measured to be
different from the (SI) standard of 299792.458 km/s. This is not primarily because photons travel

mm, .

5 The generalised vector form of thisis F,,=—G | ‘2 r,
LSV
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any faster or slower, but because of the (relativistic) changes in lengths of rulers and speeds of
clocks. It has been suggested that the observed speed may be less than or greater than ¢ , but
having light travelling at more than ¢ would imply the ability to transfer information at a faster
rate than ¢ .>>>CHECK THIS>>> The only observed differences have all been to observe a
slower light-speed Einstein’s Limit has not been broken.

Hence because of the universality of gravity (throughout the observable universe) there is nowhere
that we can actually observe the SI light speed.

4. Measurement of Light-Speed
4.1 Experimental Measurement

>>>>MORE HERE<<<

5. Photon Distribution
5.1 Photon Decay

Any given photon will, over time, lose energy. This energy is passed on to other entities in the
universe — to other subatomic particles. If this were not so, then the universal quantity of high-
energy photons — photons as, say, they are radiated from stars, as cosmic rays, X rays, light, etc. —
would continually increase. Such an increase is not observed, but we do observe the CMWB, which
has photons of very low frequency and very long wavelength — hence of low mass/energy. The
CMWRB appears to fill the whole of the observable universe [an experimental observation], and may
also be a weak example of the ultimate path of every photon [an illustrative supposition].

Each photon, therefore, gradually decreases in frequency and increases in wavelength. No photon
has yet been observed that has zero frequency and infinite wavelength: this may be because the
universe is not yet that old (no photon has decayed that far) or because there is some limit in the
universe which prevents that extreme of decay. Some possible hypotheses could be looked at — but
all of these are purely speculative — such as:

* The maximum wavelength is the current diameter of the universe (if that term has a
real meaning). Note that this is different from the observable diameter, 2R

* The minimum frequency is one cycle in the current age of the universe (which is
equally difficult to define)

e There is no maximum wavelength or minimum frequency, but the extreme case (infin-
ite wavelength, zero frequency) is approached asymptotically over the continued
existence of the universe, but has never yet actually been achieved

* There will be at some place and at some time at least one photon which has zero
energy. The consequences of this are difficult [for me!] to deduce.
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5.2 Number of Photons
How much light is there in the universe?

This is too imprecise a question to answer. Rather something much more detailed should be asked,
such as: for each electromagnetic frequency/wavelength, what is the universal quantity of that sort
of radiation, and how is that radiation distributed in both time and space?

The quantity of matter in the universe seems to be close to the critical density to make the overall
curvature of the universe zero. This density is given by
_3H/
PgnG
where H, isthe Hubble Constant, G is the Gravitational Constant, and p, is the critical density
[WIKI16E]. From the European Space Agency’s Planck Telescope results, this come to
8.5 E-26 kg/m?, which is commonly quoted as about 5 hydrogen atoms per cubic meter. This estim-
ate is then usually analysed as consisting of about 4.8% ordinary matter, 0.1% neutrinos (together
making just 4.9%), 26.8% cold dark matter, and 68.3% dark energy. Neutrinos are very difficult to
observe, and both their individual and total mass are extremely difficult to measure — thus there is a
strong possibility that the mass of the neutrinos is rather greater than 0.1%.

{5.1}

Dark Matter and Dark Energy are, outside of the scientific community, intuitively very non-obvious
— which does not, in any way, prove that they do not exist — but it raises questions as to whether the
analysis that requires them has missed some other sources of gravitational matter. If electromag-
netic radiation, in most of its forms, (1) can be seen to be expressing some of its mass/energy as
mass, and (2) there is sufficient electromagnetic radiation, and (3) the sum amount of this mass
(distributed according to the distribution of the radiation) is sufficient to cover the 26.8%+68.3% or
95.1% of the total mass, then it would be possible to remove these two non-obvious (and very large)
contributions to the apparent mass of the universe. This is a big “if”, and would have to be very
carefully justified.

>>>MORE HERE<<<
5.3 Total Photon Mass/Energy

>>>MORE HERE<<<

6. Units and Testing

6.1 Units

None of the arguments above depend deeply upon the type of definition being used for the metre
distance unit — if the arguments are changed back to using the current, SI, definition of the metre,
then, provided light has always travelled at its currently observed rate over proper distance, the
suggestions made here are not affected. The assumption is that the definition of the metre may be

projected back in time, right back to the Big Bang (or other stated base point).

None of the arguments above depend deeply upon the type of definition being used for the time
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second unit, provided that definition can be projected back in time, right back to the Big Bang (or
other stated base point).

The fundamental suggestion being made here is that the Hubble Expansion takes place between all
spatial points in the universe, whether or not there is bound matter between those points.

>>>MORE HERE<<<<
6.2 Experimental Testing

None of these assumptions have been experimentally tested. How they can be tested is not some-
thing for which the experiments can be usefully outlined here — other workers in this field will need
to find experimental tests. Note, however, that entirely theoretical tests are insufficient: the sugges-
tions being made here are in minor contradiction to some of the base assumptions made in the
current theoretical analyses of Quantum and Astrophysical and Relativistic theories. This is not
saying that any of these branches of theoretical analysis are wrong — merely that they are currently
insufficient, and that a very few changes in base assumptions may be able to bring them closer
together.

Some theoretical questions can be posed and analyses can be made, however. These should include:

* Experimentation giving a more precise knowledge of the value of the Hubble Constant,
whose value is currently known with very limited precision

* Examination as to whether, and by how much, the Hubble Constant has changed over
time

* Examination of the theoretical consequences of a truly universal Hubble Expansion,
even when that takes place at a sub-atomic level

* Examination of what the number of neutrinos could be in various parts of space, and of
what their total mass could be

* Examination of what definition of distance (what type of distance) is actually used
when (a) measuring, and (b) stating the speed of light. These should be the same type
of distance in all cases, but currently may well not be

* Theoretical examination of what might be the actual speed of light, under varying
conditions within the universe (remembering that ¢ is always less than c), and of the
distribution of these various light speeds

* Theoretical examination of what “the speed of light” means in each place that it is used
in theory — whether it is Einstein’s Limit c or whether it is the actual local speed of
light ¢ which will always be different (by small or large amount) from c

* Theoretically estimating the total quantity of light in the universe, how that light is
distributed, and what the spread of frequencies is for that light. Note that some work
has already been done on this, when considering the CMWB, but it could be suggested
that there may be a lot more light that is currently allowed for, and that the consequent
gravitational effect of that light is not fully been taken into account (i.e. “dark matter”
and “dark energy” may actually be the electromagnetic radiation (light, etc.) that is
present)

* Theoretical estimation of the mass contribution required by all existing electromag-
netic radiation to allow for the combined masses of “dark matter” and “dark energy”,
and verification that this mass contribution could be distributed so that this could
provide all the extra apparent gravitational mass of galaxies.

Light Speed Uncertainty II 9 © 2017 Ian D K Kelly
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Some practical experimentation:

* Practical experiments would have to show whether or not the Hubble Expansion takes
place even for physically connected locations

* Practical, as well as theoretical, experiments are needed to give a more precise estim-
ate of the radius of the observable universe

* Practical experiments would have to show, with more certainty, both what is the
number and density of neutrinos in the universe, and also what is their individual and
total mass

* Practical, experimental evidence should give support for any improved theoretical
estimates of the total quantity of light in the universe.

One possible test for photons having mass might be to shine to light beams at right angles to each
other, so that they very nearly cross each other. Then if there is attraction of one beam to the other,
then the path of one beam will be affected by whether the second beam is on or not.

7. Possible Consequences

It seems that each individual photon both loses and gains energy, depending upon its trajectory, but
will in general, after an extremely long time, dissipate all of the energy that it can lose whilst still
remaining in existence. The CMWB shows how far this decay has gone for the vast number of
photons that fill the universe [FIXS09] [WIKI16].

If actual light speed, ¢, is always smaller than the Einstein Limit, c, then it would be possible for the
photon to have a rest mass. This would be possible only if (a) a photon, whilst still in existence, can
come to rest, and (b) the rest mass is small enough to avoid an impossibly large mass when travel-
ling at ¢, which is close in value to c. There is, however, no experimental evidence that a photon
can actually come to rest whilst still containing mass/energy. The current view of photons having no
rest mass is one which can still be maintained under the suggestions made in this paper. But the
mass/energy of such photons as do exist cannot be ignored in gravitational and density calculations.

There are several source of difference between the magnitudes of ¢ and c:
* Hubble Expansion being truly universal
* Non-zero gravitational state everywhere in the universe

* Refractive index always greater than one.

This paper has considered only the third of these. There should be consideration elsewhere of the
overall effect of the other two sources of difference.

The enormous number of photons in the universe contribute hugely to its mass/energy. What is not

clear is just how many photons there are in the universe, and what the distribution is for their
frequencies and wavelengths.
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8. Physical Values Used

Symbol Meaning Value
c Einstein’s Limit; the theoret- | 2.99792458 E+8 m/s [by SI definition]
ical upper limit for the speed
of light in vacuum
¢ Actual local speed of light Variable, according to local conditions
H, Hubble Constant 70 km/s/Mpc [approximate measurement — rather
uncertain]
H, Reduced Hubble Constant 2.2685 E-18 m/s/m [calculated from H, ]
H, Hubble Uncertainty 1.32154 in 1.0 E+26 [calculated from H, and c]
T Clock tick, caesium 133 9192 631 770 [by SI definition]
R Radius of observable space 4.4 E+26 m [estimate — very uncertain]

Note that, apart from those values set by definition, rather than observation, all of these values used
in our preliminary calculations here are rather uncertain. This means that most of these, and
subsequent, calculations are, themselves, uncertain.
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objects such that there is no cosmological expansion taking place. Once one goes beyond the Local
Group, the inertial expansion is measurable, though systematic gravitational effects imply that
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larger and larger parts of space will eventually fall out of the "Hubble Flow" and end up as bound,
non-expanding objects up to the scales of superclusters of galaxies. We can predict such future
events by knowing the precise way the Hubble Flow is changing as well as the masses of the objects
to which we are being gravitationally pulled. Currently, the Local Group is being gravitationally
pulled towards either the Shapley Supercluster or the "Great Attractor" with which, if dark energy
were not acting, we would eventually merge and no longer see expand away from us after such a
time.

Lineweaver, Charles; Davis, Tamara M. (2005). "Misconceptions about the Big Bang" (PDF).
Scientific American. Retrieved 2008-11-06.

https://www.physicsforums.com/insights/struggles-continuum-part-1/

There are many galaxies visible in telescopes with red shift numbers of 1.4 or higher. All of these
are currently traveling away from us at speeds greater than the speed of light. Because the Hubble
parameter is decreasing with time, there can actually be cases where a galaxy that is receding from

us faster than light does manage to emit a signal which reaches us eventually.

hhh http://refractiveindex.info/?shelf=main&book=N2&page=Peck-0C

http://refractiveindex.info/?shelf=main&book=N2&page=Peck-0C

Atomic Data and Nuclear Data Tables 14, 21-37 (1974)

Symbols Used

e

€, Vacuum permittivity

W, Vacuum permeability

u, Magnetic moment of pair type i

q; Modulus electric charge on fermion type i
Modulus of electron charge

Q,=q,le

E,  Average energy of fermion pair of type i

N, Vacuum density of fermion pairs of type i

A" Compton wavelength of fermion of type i

NS Kk
5,.=K, = 2’;[0 where K ~1
N i:é Vacuum density of fermion pairs of type i
=1/eyu,

N Numerical density of virtual pair

o  Cross-section area for photon capture

A=(oN)"' Mean free path between interactions

¢, Bare photon velocity c¢,>>c¢ (very much greater than c)
Alcy+ Mean time for a photon to cross length A
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= AA = I mean velocity for a photon

A 1
ot —+0N,
0 ¢,

as c¢,>o wehave v-

8w

o Thomson = 3

T

o’ (M) where A°=#/(m,c) the Compton wavelength of the electron

(But since we have o’=o,0, and o,=1 we can drop the squaring. This is the probability of
a photon being absorbed — its probability of being emitted is 1 — it will certainly be emitted.

thus oi:KcTaQiz(?\ic)z where K ~1

-= Z A Mean free path over all fermion types, thus:
k

3K, K.
K,32ma ). 0.
3K, K. KK

If summed over all charged fermions we have v= = £0.51¢
K256 K,

Average velocity of a photon in vacuum v=

therefore V:KLC so K,=1 iff v=c

If we have a mass M at distance r then the refractive index n, at that distance is given by

2GM _. R _2GM

—_ — S
n,=1+ —=1+— where R;=——
7 Co r C,

is the Schwarzchild radius

r

R
c,=5= =c,(1—=—2)  So the presence of matter changes the refractive index of empty space —
, r
provided we allow the appearance-disappearance of fermion pairs: “ephemeral particle pairs”
[URBA13].

W, Average energy of pair of type i (contrast with &, )

W ,=K,2m.c,,~ where c,, isthe maximum velocity arising form the Lorentz transformation
c¢,, Iisnotnecessarily equalto ¢
- . . h 1 h
Lifetime of a pair of type iis T,=
2w, K 4m.c

i iel
One electron spin state occupies a hyper volume 4’
A x, is the spacing between identical i-type fermions, with p, being their average

momentum, then the one dimensional hyper volume is p,A x,
This gives p,Ax,/h=1 thus A x,=2nhk/p,
2nhc,, A

JW 2P —(me P Ky

where A, is the Compton length associated with fermion type i given by A=

If relativity holds for the ephemeral pairs then A x,=

m.c

i rel
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: o 1 K, -1
Pair density is NiNAxf_( ” )
th te }61
= 2m; 4n
KW 247k

Vacuum permeability |t,=

(K 3/2 ZZQ

Since for the three families of the standard model wehave Y, 0’=8 then

K, 37°h
(K, =1)" ¢, e’
calculated permeability is equal to observed permeability f,=u, when

K _ crele _4 o
(KW2_1>3/2 —H 3CH 3

we have W,=

which gives K, ~31.9

¢ 5 VO
vacuum permittivity é,= P Z,: W : and with quoted value for K, this gives
=885E—12F/m
mean free path of a photon between successive interactions Ai—LN
average photon velocity c¢= - which gives ¢= Ky Crol
ZoiN;c,./2 = 3/22 0/)»

From [MONI03] the optical path difference over length / , matter density N (molecules per
area, hence N/ is number of molecules between source an observer), and average polarizability
of a is 8=2mNla Fora gas made only of H2 molecules o=8.02E—25cm’ (from
CRC Handbook of Chemistry and Physics 79th Edition, 1988-1989)

N,
[URBAO03] Semi-classical formula for refractive index includes n°—1=4mr,(hc) Y, Wz—lEz
i iy

where z N.,=N,, where N is the number of valence electrons per unit volume, and

elec

r, is the classical radius of the electron 2.83 E-15 m, and this is the formula for a photon of

e

energy E, and the electrons in the molecule operate as discrete oscillators with energy W, ,
hc=197.3 MeVfim , the hydrogen atom has W =—13.6e) and W, ,=—3.5¢)/ Butthereis

an alternative, which is the Maxwell-quantum formula: n°—1= 4nr,N . (Hc) ZZ #

where Y. f,=1 If the ground state of the atomis W, then E,=W,—W, For the hydro-

gen atom we have E, =W ,—W  =10.2eV  Therefore the Maxwell-quantum formula differs mainly in
the characteristic energies E; which are smaller than the W; of the semi classical formula.

...But there are problems, as neither of these formulae have been properly checked against experimental
results. And there are other sources of formulae for refractive index:
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BN B
+
M—C, M-,

Meaay =A+ BA*+ CLY (1840), n&”mwr:\/ 1+ (1871), and

B .
M trimann — A+ 7\_—7% (1900). So we seem to have no agreed, and experimentally tested, formula so far.

Alternative formulation [URBAO7] is: photon borrows energy A E,=E ,=FE, to be stopped, stays inside
h

(the atom/electron) for time tl:ﬁ . Simplify this into a single average (A E) and time <tsmp>

and allow the re-emitted photon to travel to its next absorption-emmision at speed ¢ (the speed of light in

o 2 4 :
vacuum), then the stop time is roughly ¢ (7, :OOO—eV =200A4 (asmall number of Angstroms) If

aop) 10eV

we take the mean free path between collisions to be A then the total average tim to cross distance A
is <tsmp>+ Alc  which gives the average velocity tobe V' =A({¢,,, )+ A/ c)_' and hence the

stop

o ¢ (L)
refractivity is givenby n—1= A—‘p
[IDKK] Check what modifications are required to above formulae what the inter-absorption speed is not ¢
R 1
but some formula suchas ¢,= Lo =c,(1 ——S) or ¢=w———— which depend upon the gravit-
n, r 2 O N,T,/2

ational effects of nearby matter — and “nearby” here means all the matter within gravitational visibility of the

R
moving photon. In fact the formula ¢,= Co =c,(1— —S) could be expanded to
n r

,
R..

c lmlzcoo(l —Z %) to cover all gravitational bodies, each at distance 7, from the photon being
J J

considered
References from [MONIO3]
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