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Abstract: This article develops a vanable-speed-of-light (VSL) cosmology model. VSL has been
used previously in cosmology models, in which either (1) the physical constants vary over ume or
{(ii) the Loreniz invariance is broken locally. VSL is also allowed in the relative-velocity-based
approach, which is used in the current article to propose a VSL-type cosmology model
Addinonally, the article evaluates the model’s potential to match current cosmological observa-

tions. © 2014 Physics Essays Publication. [http://dx.doi.org/10.4006/0836-1398-27 4.523]

Résumé: Cet article développe un modéle cosmologique basé sur une vitesse de la lumiére
variable (VSL). La VSL a été utilisée auparavant par des modéles cosmologiques, dans lesquels (i)
les constantes physiques vanent au cours du temps, ou (11) I'invanance de Lorentz est localement
violée. La VSL est également aotornisée dans 'approche basée sur une vitesse relative, gqui est
utilisée dans le présent article pour proposer un modéle cosmologique de type VSL. En outre, cet

article examine le potentiel du maodele pour égaler les observations cosmologiques actuelles,

kev words:

I. INTRODUCTION

The large namber of anomalies in cosmological observa-
tions has led to substantial interest in altematives to the
standard big-bang type cosmology, e.g.. Refs. 1-5. The
main coniribution of this article is to propose a Ritz-type,
variable-speed-of-light (VSL) cosmology model where the
velocity of light is dependent on source velocity. A recent
review of Ritz’s approach shows that the astronomical obser-
vations that were initially thought 1o be contradictory were
later found to be consistent.® It is noted that VSL has been
used, previously, in cosmology models,” where physical con-
stants (such as the gravitational constant) are allowed to vary
over time. The relationships between the temporal variations
of the different physical constants can be determined to
match physical observations such as relativistic electromag-
netism. The current article evaloates the potential for an
alternate (Ritz-type VSL) model to match cosmological
observations and explain current anomalies.

In Ritz-type models, VSL is assumed wherein the veloc-
ity of the source augments the speed of light. Several
researchers had suggested mvestigating astronomical data to
test Ritz-type models—such astronomical observations (e.g.,
irregularities in observations of double-star system) that
were initially thought to be contradictory were later found to
be consistent.® Nevertheless, there remained several chal-
lenges such as the inability to (i) explain Fresnel drag and
{(11) the lack of an accompanying electromagnetic theory,
which would require modification of Maxwell's equations.
These issues were recently addressed in Ref. 8, which
extends Maxwell's equations to enable a Ritz-type VSL.
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There are two main changes—1) the partial tme denvative
in Maxwell’s equations 1s replaced by the total tme denva-
tve and (1) the elecromagnetic force depends on the rela-
tive velocity between particles, which i1s a modification of
Weber’s appﬂ!ﬂch-ﬂ The resulting relative-velocity-based
model® not only captures relativity effects i optics (such as
the Fresnel drag and transverse Doppler effects) but also
explains apparent discrepancies between predicted and meas-
ured energy in: (i) the absorption of high-energy particles in
cloud chambers'” and (ii) the average energy determination
of the X-ray spectrum using magnetic fields."' Based on
these efforts, the current article proposes a Ritz-type V5L
cosmology model.

The article begins by showing (in Sec. II) that the
proposed model can be used to derive the standard Hubble
law, and 15 consistent with the time dilation $een 1n current
cosmological observations.'® Then, periodic photosphere
motions are investigated for its effect on VSL cosmology
and its ability to match stellar observations in Sec. IIL. Issues
in quasar observations such as the apparent lack of time dila-
tion in quasar light curves,'® even though time dilation has
been observed in supernovae (SNe) light curves,'” are stud-
ied in Sec. IV. The model is used to also investigate, in
Sec. IV, observations that (i) link some quasars with low red-
shift ga]a.xir:z-;”’" * and (ii) indicate the presence of superlumi-
nal ejecta.’® Consistency of the model
Farther-dimmer relation'” in SNe observations is shown in
Sec. V. The proposed model leads to temporal-and-spatial
distortions in cosmological observations—the impact of such
chstortions 15 discussed 1 Sec. VI Finally, potential large-
scale anisotropies, e.g., in the Hubble constant, are discussed
in Sec. VIL which is followed by the conclusions section.

with recent
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Il. DERIVATION OF THE HUBELE LAW
A. The model

The current article considers a big-bang-type model
where the umiverse (containing astrophysical objects) 1s a
umiformly expanding spherical shell (geometry axiom),
which is similar to Newtonian cosmology models, e.g.,
Ref. 18, However, in contrast to the Newtonian cosmology
made] where the expansion speed mereases linearly with the
distance from the center,'® the expansion speed is constant in
the current model. Nevertheless, 1t 15 shown that even with a
constant expansion speed, the Ritz-type VSL model 1s con-
sistent the farther—dimmer relation seen in recent SNe-based
observations,””’

Consider Lhight emitted in all directions at the standard
speed of light ¢ and frequency v, by an emitter ¢ when it is at
the location e, at ime f; as shown in Fig. 1. According to the
geomelry axiom, the emitter 15 moving at constant speed V,
i.e., velocity Vr, with respect to an inertial frame [, at a cen-
tral position ¢ as shown in Fig. I, where r_ 15 a fixed, unit
vECLor.

After time Ary 5, let the light reach an observer o at loca-
tion o, at ume & = f + Ar 2, where the observer is moving
at constant velocity Vi, with respect to the mertial frame [,
and r,, is a fixed, unit vector. With respect to the emitter iner-
tial frame [. (moving with the emitter as shown n Fig. 1),
during the time mterval Ar 2, hight has traveled a distance
dy = d{eg.0,) = eAiy 2, i.e., reached a shell of radius d, cen-
tered at e, at ime 75,

The speed ¢, of the light observed in an inertial frame [,
on the observer ¢ (at location o,) is given by

Coy = Vel +Cy —

Voo = V. + €y — V1, (1
where v 15 a hixed umit vector. As in Ritz-type models, the
velocity of light ¢ is added to the velocity of the source v,
ie., c+y, to find the propagation velocity (the wvelocity
axiomy) in the relative-velocity-based approach. Although the
proposed approach is different from the tired-light-tyvpe
hypothesis, e.g.. Ref. ', the current model also results in a
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distance-redshift relation that matches the Hubble law as
shown below.

The magnitude ¢, of the observed light velocity can be
found using the similar triangles A{ae.0.) and A{aeqo,), 1o
obtain the following relationship between: (i) the distance
R = dla,e,) = dla,o,) from the center a to the observer and
emitter at observation time ry and (ii) d. = d{e.,0.) the dis-
tance between observer and emitter at the emission time
instant fy

de ety co R-VAn, R- V(&)
d, chhs ¢ R R
V
=1 =—d,, (2)
[y

where d, = ¢,y 2 since this initial distance at time #; 15 cov-
ered at speed o, in the observer frame [,. Note that the
observed light speed ¢, is less than the standard speed of
light ¢ from Eq. (2) since d. <d,, i.e.,

Co % € (3}
B. Time dilation, red shift, and energy reduction
The cosmological expansion and the reduction

observed light speed result in three effects discussed below:
(i) perceived time dilation; (ii) redshift; and (iii) energy
reduction.

1. Perceived time dilation

The emitier 15 seen o move away from the observer (in
the observer frame of reference f,) at a speed V., described
by, from Eq. (1),

Veod = Ve, = Vi, = (e =)y, ()
Consider two photons emitted at time instants £, and # + 1.,
which move toward the observer at speed ¢, in the observer
frame of reference /. During the time interval r., the dis-
tance d, = d{e.,o.) between the emitter and the observer

Vo

FIG. 1.
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reference frame associated with the observer. Light emitted from point e, at time #; reaches observer at o at time fa, after time Afja = &2 — #;. Distances at
observation time £; of the emitter and observer from the center a are d{a, ¢,) = K and d{a,0,) = R, respectively. Both emitter and observer are moving away

from the center g at constant speed V, = V,

d(eq, 0,) = dj.
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has increased by V. . r.. Hence the time interval r, between
the observations of the two photons {in the observer frame
I5) 15 given by, from Eq. (4),

( 'ﬂrr HLE 1";4: |:|Ir) f:lre
b=l +——————} ——
{:U

Ca
=5 2
- {r, plie—alh ‘ B )
Co Ca

Therefore, a tme interval f, In the emitter frame appears
(optically) as a dilated time interval 7, in the observer frame
with

L

Iy __.“'ri: > fe s '[m
i

since ¢ = ¢, by Eq. (3). Consequently, events in the emitter
frame I, appear {optically) to occur at a slower rate in the
observer frame [, leading to a perceived time dilation.

2. Redshift

The observed frequency v, is reduced with respect to the
emitted frequency v, due to the Doppler effect. For example,
N, = vt pulses sent at frequency v, in time f. from the
emitter are received at the observer in time 7, as in Eqg. (6).
Therefore, the observed frequency v, 15, by using Eq. (6)

NI.: IC‘ ‘:.l:l
En____ug_?ur-. {Tj

o o

which corresponds to a redshift z > 0 given by

=t 3%, (8)

[, (9)

Moreover, the distance d, in Eq. (2) can be rewrnitten in terms
of the redshift z as

Re Co Re 1
0 T | =—] =—|1-—
. I-f( ¢ F( 1--:)

Re z
_F([+zj’ (19)

and the observed frequency in Eq. (7) can be rewritten as

Co 1
Do = =l = P - 11}
e e ° 14z (

Note that the time dilation expression can be written in terms
of the red shift from Eqgs. (6) and (Y) as

[y
fa = (!‘_)It = (1 +E}I|_-- (12}

- £}

The time dilation of 1 + z is consistent with cosmological
observations such as the tme broadening of SNe lhght

12
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3. Energy reduction

The energy of a photon is reduced in the observer inertial
frame f, when compared to the emitter mertial frame [/, due
to the reduction in the photon frequency between the two
frames, from v, to v, given by Eq. (11). The ratio of per-
celved energy £, (of photons) in the observer frame to the
energy E. {of the comresponding photons) m the emitter
frame is given by

E, hy, |

- = : 13
E. hy. l + = (13)

where h is the Planck constant. Note that in addition to the
change n the observed energy of the hight-quanta due to a
reduction of the observed frequency, as in Eq. (13), the
observed energy is reduced by the perceived time dilation, as
in Eq. (12}, since 1t leads to a change in the arrival rate of
light-quanta. Hubble suggested both these effects as correc-
tions in Ref. 19.

C. Luminosity distance and red shift

Let L. be the total energy of photons emitted from e, per
unit time. Then, the energy L Az, emitted in a small time
interval Az, 15 spread over a shell of radius 4, centered at
point ¢, after time Ar 2 as in the middle plot of Fig. 1. The
resulting energy per unit surface area £, of this shell (in the
emitter inertial frame 1.} is given by, from Eq. (10),

; ! Lo

Lt_‘lmﬁmf_q RENET & AR
“(7) (=)

In this same situation, the energy per umit surface area £,
observed at o+ In the dilated-time nterval Ar, (n the
observer inertial frame /,,) is, from Egs. (12}-(14),

£
Ey = —— = Le At,

1+:z RN/ 22
dn| —
V 1 42

0 L At i LAt _ (15)

4 Ra)i 7t )1+I , Re \*
i F (1*: "E(?E

Then, the observed bnightness B, (1.e., energy per umit
area per unit time in the observer inertial frame [, at 1) is
given by
.2y
B, == _ Sne ffl, (16)
lo & (R{‘ ) daidy)

ﬂff. |:.1'1}

——
- =

where the observed luminosity distance dp, increases linearly
with the redshift z as

R
dy, =pez= (H~")ez, (17}

which can be rewritten as (the Hubble law)



526

I[‘;:a|::q:ua_'n:r.1 = ¢z = Hdy, (18)

with Viypperen being the apparent speed away from the
observer (based on the redshift z) and
V
H=—, 19}
R {

15 the Hubble constant.

D. Relation between the different distances

The model vields the expected relation between angular
distance, proper distance and the observed luminosity dis-
tance d; , as described below. In the observer inertial frame
f,. the emission is initiated at distance d.—althoough the
emitter is then seen to move away at speed (¢ — ¢, ). There-
fore, the angle 0, of the emitter in the sky and the perceived
size S are related to the angular distance d. as 5. = 0.d..
The distance , between the emitter and observer at the
observation time is considered as the proper distance at
the time of observation. The luminosity distance dp, and the
proper distance d, are related from Eqs. (10) and (17},

Re 1 e
d, =—1z = —. 20
I (l + zj 1+= ()

The angular distance d. and the proper distance d, are
related from Eqs. (2) and (9),

';'rr _E_ﬂdu — dﬂ )
c l +:z

(21

resulting in the following relation between the luminosity
distance 4y, the proper distance &,, and the angular distance
iy

di = (1 +2)ds = {1 +2)*d,. (22)

ll. EFFECT OF VSL ON STELLAR OBSERVATIONS

The time dilation is affected by the speed and radius of

the photosphere; the associated distortion of the light curves
from nearby stars is studied in this section.

A. Periodic photosphere motion

Consider a nearby star at distance d, ,, for which cosmo-
logical expansion effects (such as time dilation) are negligi-
ble. This allows the following analysis to focus on just the
effect of the velocity addition on the speed of hght. Let the
motion of the photosphere be periodic and continuous, and
consider one ume period, e, Ume nterval |h-,='1f=.|' -—T],|,
where T, is time period of the photosphere motion. For
any time instant t = fe; + o € [tej,tes + Tp|. ie.. for the
shifted emission u:mr: e {r — r,l.-] e~ g[], T],] let the acceler-
ation apir.) = cfi (1.} of the photosphere be given by
folte) = folte) + C, where fylr.) is a periodic function with
time period T, in the emitter frame f,.. Note that the functions
are described in terms of the shifted, emission time r.. The
constant C; is chosen such that the speed w, = cff, of the
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photosphere 15 periodic, and continuous at the endpoints of
the time interval 1, € [0,T,], e.g.,

vp(Te) _ ¥pl0)

L [y

i|.||'I .
Bo(To) = Bp(0) = | " Byltehn
I
= Tpcn = J _ﬂll.r'rr:lli'rr = 0. (23)
0

Moreover, the initial velocity v,(0) is chosen to ensure that
the radial photosphere position {1, ) is periodic, and contin-
uous at the endpomts of the time imterval 1, £ [{],T,l.I , B,

p (TF' ) rpi0) JTP [
- - =3 t.)dt, = 0. 24
o e L ﬁp-'. :l ':. }

An example photosphere trajectory 1s shown in Fig, 2,

B. Observation and emission time intervals

Consider two photons emitted at tme nstants ¢ =
and ¢ = £, + 1., which move toward the observer at speeds
¢ + cfiy(0) and ¢ + ¢ff (1), respectively, in the emitter frame
f.. Let the photons reach an observer o {at a distance . ,) at
the two time Instants f = #,; and ¢ = 1,; + 1, Tespectively,
where

f:'rr-,n - F'F{ﬂ:l
¢+ cfi,(0) '

llfc-_.:. e rp ::I:-j
c+ cff,(t.)

foj = loji + (25)

EIr:-.z' + fa = 'rE.é =+ fa + I:Eﬁ}

and the shifted observer time i, = {r — rn.;] can be found by
subtracting the above two expressions as

£ i ___‘-";E.u 1 _ 1
©F T e |14 8,(k) 1+ E,(0)
_1 o mplee) rpl0)

e |1+ By{r) 1+ B,(0)

(27)
d{*.n ﬁpi’t] T Jﬁp[:u]

e [T+ By()] 1+ £,(0)]
1[ plte) __rp(0) ]

le

r l+ﬂp{'re:] 1-—_&1{[':]
For periodic emissions {(with period T, which is assumed to
be large compared to the time for light to travel across the
photosphere radius, i.e.. rp/c) and for small photosphere
speeds (i.e., small f), Eq. (27) can be simplified to

TN (ﬂp_mu_df,ﬁ) [ﬁpm - §, m]] |

ﬁp Jna%

! {0
3 .L_. _ TPI : ﬂ]:-[: L‘:I ﬁp'-. 'Jll : ':.!H}
ﬁ]:,mﬂ.t
where cﬁ],m“ corresponds to the maximum absolute value of

the photosphere speed. Without photosphere motion, the
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observation and emission time intervals would be equal, i.e.,
fa = t,. However, for the same emission tme mterval f,, the
observation tme mterval 1, 15 smaller 1f the photosphere
speed, fi, is larger since it takes less time for the emission to
travel the distance d, .

For example, the observation and emission time intervals
1, and ¢, as in Eq. (28), are compared in Fig. 3 for the photo-
sphere motion in Fig. 2. The parameter ' in Eq. (28) is cho-
sentobel, =4 x 10 4 which corresponds to a time period
Ty, of 10 days, distance d of 100 parsecs, and maximum
(absolute) photosphere speed of v, = 10 m/s. Note that other
combinations of these terms can also lead to the same param-
eter I'y value. The observation and emission time intervals 7,
and 1. are similar. Therefore, for clarnty, one of the curves
I':rl,,."'T],:I 15 dhsplaced upward in the top plot of Fig. 3. More-
over, the difference (¢, — 1)/} is shown in the bottom plot
in Fig. 3.

C. Brightness variation follows photosphere
acceleration

If the energy-emission rate from the star were constant,
then without photosphere motion, the observed brightness
B, would be uniform, i.e., B,{1,) = B". However, with pho-
tosphere motion, photons that are emitted n evenly spaced
intervals of time will not be observed in evenly spaced inter-
vals of time due to changes in the time r, between observa-
tions as quantified in Eq. (28). The vanation in the observed
brightness is numerically evalvated by discretizing the
emission times into small intervals, and mapping the emitted
photons into discretized observation time intervals. The
resulting observed brighiness B,, with and without photo-
sphere motion, is compared in Fig. 4.

0.5 0.6 0.7 0.8 0.9 1
Normalized Emitter time (te/ Tp)

{Color online) Example periodic photosphere motion for emitter time ¢, € [0, T, The acceleration varies linearly in the normalized time intervals
e/Tp € [0.28,0.3) and 1, /T; € [0.3,0.32), and is constant elsewhere. Specific values of the acceleration are a

24 %10 *m/fs® at /T, =0 and

With a small photosphere motion, the variation of the
observed brightness B, (in Fig. 4) has a similar trend as the
photosphere acceleration ap (in Fig. 2). To clarify this, pho-
tons observed during a small time interval Ar, around the
shifted, observation time r, could be related to those from
the associated emission time interval Ar., from Eq. (28),

d 7T, \ds
A= iYL = |1 e [ SR A
o= (Gt a T e |
=|1- FTPJP agite) | Ate (29)
PR

Hence, the observed brightness, with photosphere motion, is
related to the observed brightness B° without photosphere
motion through

Bu(1,) = B* 2 _ - (30)

At ds g '
0 ld(rl)ap{u}

where the shifted observation and emission times f, and 1.
are related by Eq. (28). In the logarithmic scale, for soffi-

ciently small photosphere motions, ie., sufficiently small
acceleration a

ps
o I53"1:.::- P
logo|Bolto)| = logg B — logye |1 — — dplte) | s

: 1 [(deo
mlngm[ﬂ |+ Lﬂflm (?)IHF{IEL (31)
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FIG. 3. (Color online) Comparison of normalized, observation time interval {r,/T;} in Eq, (28) with parameter I'; = 4 » 10 *, and normalized, emission

time interval {1,/T, } for the photosphere motion in Fig. 2.

which results in

[Bolto)] _ [ 1 (deoY
lﬂgmi B ]— lln“m(cz)Jap{r.:}-xap{r:}. (32)

Thus, the variation in the observed brightness log,,[B,(1,)|
(i.e., the light curve) reflects the photosphere acceleration
when the photosphere motion 1s small and slowly varying.
This similarity in the observed light curves is seen in Fig. 4,
which compares the numerically computed brightness (e.g.,
photosphere motion) and the limit case in Eq. (32) for small,
sufficiently slowly varying, photosphere motions.

Other types of photosphere acceleration (e.g., sinusoi-
dal) are possible. The possible set of acceleration time
patterns depends on the type of photosphere vibrations and
the stellar dynamics. The difference between the shifted
observation and emission times, f, and 7., increases with
the parameter 1, in Eq. (28). Hence, the brightness varia-
tion can change substantially from the limit case, in Eqg.
(32). To illustrate, the parameter I'p is increased from
[y =4 %107 to I'y = 4 and the resulting brightness varia-
tion (light curves) over a time period is shown in Fig. 5,
which has similar patterns to typical light curves of binary
slars.

0.5 | without photosphere I'llﬂ-tiun_
0
e =0.5} -
e e
of
—o X i e | : | . ; | .
g o } !
=51 11 } with photosphere motion -
-10} ] |
-151 v +++ limit case _
—numerical
0 o1 02 03 04 05 06 07 08B 09 l

FIG. 4. (Color online) Comparison of observed brightmess, without (top) and with (bottom) photosphere motion. The observed brightmess B, has a similar
trend as the photosphere acceleration 4, (in Fig. 2) even though the energy-emission rate is uniform. Moreover, the observed brightness is close to the limit
case for the example photosphere motion in Fig. 2.
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D. Photosphere vibration and apparent binaries

Different regions of the photosphere vibrations can have
out-of-phase radial velocities, e.g., v, and —v, at the same
time mnstant (say, f.;). Note that such out-of-phase, radial
velocities readily occur in flexural vibrational modes of thin
shells—these flexural modes can have lower associated
resonance frequencies than the totally symmetnic breathing
(fundamental) mode of vibration.”® Consequently, photons
emitted from these regions (at #, ;) will arrive at the observer
at different time instants, as in Egs. (25) and (26),

If:lr:-g - F-PIIL[]]
i+ = r""'l—;u 3
'ru } E'E. f+fﬁpi{]} 'l: 3:]
e g — ra-rile
foj— = lag s Pt 3 :I (34)

¢ = chylte)

Thas leads 1o a ume shift {7, — f544 ) between the observed
light from these two regions as illustrated in Fig. 6. The pho-
ton energy observed from each region can be different, and
depend on the relative size (and energy-emission rate) of
each region. Since light from both regions are observed
simultaneously, the total hght curve can show penodic
changes that appear like binary systems. Moreover, two peri-
odically varying, apparent velocities (red shifts) will be
observed as shown in Fig. 6 since the velocities (redshifts) of
each region will be different. Such effects could account for
large numbers of observed spectroscopic binaries with short
tme periods (associated with photosphere vibrations) even
though visual binaries tend to have substantally larger, tme
periods.

Intermediate regions between the major vibrational
regions will distort the simple addition of the two shifted
light curves in Fig. 6. This distortion will depend on the rela-
tive size {and energy-emission rate) of the major and inter-
mediate regions. Moreover, the spread of redshifis could
lead a time-varving thickening of the spectrum bands rather

0.5 06 07 08 09 |
to/ Ty

{Color online) Observed light curves for different values of the parameter I'; in Eq. (28).

than generating discrete values in the spectrum as in the
above example. Higher-order vibrational modes can lead to
multiple regions with substantially different phase. This can
lead to more than two, shifted, light curves being observed
simultaneously resulting in apparent multiple-star systems.
These 1ssues are not considered in thas study, for simplicity.
Nevertheless, the proposed Ritz-type model indicates that
photosphere vibration can lead to observations that appear to
be from binary or multistar systems.

IV. QUASAR DISTANCE AND TIME DILATION

In this section, the cosmological expansion effect (that
was neglected in Sec. I, which studied nearby stars) is
included when computing the time between emission and
observation. The results are vsed to generate potential
explanations for the apparent lack of time dilation in quasar
light curves,'® as well as the observational links between
guasars and nearby-galaxies. g

A. Time-dilation expression

Consider the case when a photon is emitted by a moving
photosphere, which 15 considered to be spherical about the
emitter ¢ as in Fig. 1. Let two photons be emitted at time
instants f,) = f.; and fep = t.; + 1., which reach the observer
o al me nstants fyy and ), respectively. Since the center of
the emitter is moving with speed (¢ — ¢,) away from the
observer due to cosmological expansion, in Eq. (4), during
the emission tme-mnterval f. = fs — £y, the imtal distance
die;, o) (between the centers of the emitter and the
observer) has increased by Veole = (¢ — ¢5)# to the final
distance d{es, 0:), as illustrated in Fig. 7. Moreover, let the
radius of the photosphere, at the two emission instants, be
rpt = rplter) and  rpa = rp(tea) with expansion rates
cfipy = chylta) and cfi, = cfi,{te2). Consequently, the
photons emitted at time instants 7,; and 7., move toward the
observer at speeds vy = ¢, + ¢ff; and v, = ¢, + ¢ff,,
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FIG. 6. (Color online) Apparent binaries: (Top three plots) Observed brighiness B,,. The observed time shift (from the original brightness plot in Fg. 4)isa
quarter of the time period (T /4) and the brightmess of the shifted light curve is 3/4th of the original brightness. (Bottom plot) Observed photosphere speed
{ﬁpl.’ﬁ#m]., wiere at the same (shifted observer) time instant ¢, two values of photosphere speed can be observed, which could appear similar to observations

from a spectroscopic binary,

J’]'I:i?‘]_,e‘.'.l]J — .F'I-,;

fal = fe1 + : 35
ol el ':'l:-""":'ﬁp] '[ :l
Hea, o) + (o= callp — Py
i D 2) + (€ — Colte — 1y (36)
co + P

Therefore, the time mterval 1, between observations 1s {(pro-
vided 1,2 > 1,1)

dley,01) + (e — Cole — 2
Ca +£-|Hp-2

folle) =tz —lo1 =1 +
ﬂr{ﬂh(}l] = p1
Co "fﬁpl

L (1=cofc)
I:.’f':'."if 25 ﬁ]:ﬁ!j

1{ey,
| (B p) P2
{f‘.‘,:,l,-'lf.' + ﬁp_:E] {ﬂ',:lllllrf.' - ﬁPLJ

(roz/c) (rp1/c)

B F[“”-'I"""' ﬁpﬁ] B (cafc + iII:"t&l] 1

-

= |1

-

(37)

which is similar to the expression in Eq. (27) for the case
without cosmological expansion in Sec. I The main differ-
ence between the two cases 15 in the first term, where an
additional expression is present in Eq. (37) for the case with
cosmological expansion. This additional term tends to zero
when the cosmological redshift 15 small. Moreover, the
observation interval f, becomes substantially large as the

distance d{ey, 0,) increases and the second term in Eq. (37)
dominates the expression—even for a small change mn the
photosphere speed over the emission interval r7,. Large
changes in the observation time mterval can lead to

C-Cq
[ﬂz
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Hqu : X
€ + i
i 4% 5 ":Bpl
: Lep :
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o ] = !
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FIG. 7. Light emitted from point ¢ at Gme 1, and from point ¢; af dme
L = Igy + 4y, The position of the photosphere is ry and re away from the
emitier center (foward the observer) ang the corresponding speeds of the
photosphers are r,!'ﬁpj and .;'ﬁFE. The relative speed V., of the emitter ¢ with
respect to the observer o is (¢ — ¢, ). In the reference frame of the observer
Iy, i which the location of the observer is fixed, L.e., o) = o9,
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redistnbutions of the hght curve over the time period that
can appear to be chaotic—similar advent of chaos has been
studied in stellar dynamics, e.g., Ref. 21.

The relation between emission and observation intervals
in Eq. (37) can be rewritten in terms of the cosmological
redshifi z using Eqgs. (2), (9), (10}, and (19} as

Fn'll.ftj = I 1‘—{1‘_'{; {1-—7']}]
h e s

= [ (Bo2 = B JH 'z :|
h{l+,ﬁ (1+2)){1 + B(1 +2))
[ (ra/e)(1 +32)

RiEEs

(rpafe)(1 +z2)
. (38)
I::l T ﬁp] {1 _'_;:I]

Note that the second term in Eq. (38) relates to the speed var-
iations in the photosphere and the third term includes radii
variations of the photosphere. The time dilation expression
m Eq. (38) collapses to the expression i, = 11-—'-':'1, mn
Eq. (12) if the photosphere radius is not wvarying, i

rp1 = rpz and the speeds f;; and f,, are zero.

B. Periodic pulse emissions

Consider the case, when emissions are periodic pulses
occurring when the photosphere has a specific speed ¢ ff, and
radius rp,. This could occur, for example, 1if the emission
accompanies (periodic) collapses of the stellar system. Then,
the relation in Eq. (38) between the emission and observation
time intervals f. and 1, reduces to

=

-

s =l |1+ 3 39

where z 15 the cosmologieal redshift. Note that this expres-
sion for time dilation in Eq. (39) is similar to that in
Eq. (12)}—the difference is the additional effect of the photo-
sphere speed (1.e., ﬁp} at the mstant the pulses are emitied in
Eq. (39).

C. Spectroscopic versus cosmological redshift

The time dilation can be expressed in terms of the meas-
ured spectroscopic redshift (that includes the effect of photo-
sphere maotion, l.e., ]ﬁp # ) rather than the cosmological
redshift = in Eq. (9) due to cosmological expansion alone
without photosphere motion, Le., fi, = 0. Toward this, the
cosmological redshuft z 15 compared with the spectroscopic
redshifi z. that 15 given by, similar to Eqg. (9),

iy

S g . (40}
3 i -vc?ﬁp
provided
co +cff, = 0, {(41)

which i1s mmportant to ensure that emitted photons have a
positive speed toward (and reach) the observer. The
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spectroscopic redshift z; can be related to the cosmological

redshift = by using Eq. (9) as
1

| + 2, = T : (42)
+ b
l +:z e
which can be rewritien as
(1+z)
(14+2) =— - . 43)
. ) 1= f,(1+z) (

The spectroscopic redshift z; approaches inhinity as the cos-
mological redshift = reaches a critical value z, and the net
speed of photons tends to zero. In particular, for photons to
reach an observer, Eq. (41) should be satushed, which also
implies that the denominator of Eq. (42) should remain posi-
tive, i.e.,

(1+2)f, > -1, (44)

vielding an expression for the critical redshift z,. for a col-
lapsing photosphere {,Ej’p < 0) as

< =——-1 if f,<0. (45)

D. Distance to gquasars

When the photosphere speed is small, i, — 0, the spec-
troscopic redshift z, approaches the cosmological redshifi z
as seen in Eq. (42). However, the spectroscopic redshift z;
can be large compared to the cosmological redshift = when
z — z. as llostrated in Fig. 8. Therefore, the Hubble law n
Eq. (18) would indicate that an object is substantially
further away if the spectroscopic redshift z, is used instead
of the cosmological redshift z. In other words, high
spectroscopically redshified quasars might be nearer than

100
a0t
80
TO¢
60k
S0t
40
304
20¢

Spectroscopic redshift z g

L)

0

0 0.02 0.04 0.06 0.08 0.1
Cosmological redshift z

FIG. 8. (Color online) Spectroscopic z, versus cosmological z redshift with
an example photosphere speed of v, = —0.4%¢ {ﬁF = —0.9), This ¢an lead to
erroneous distance (and apge) estimates from the Hubble law in Eg. (18) if
e speciroscopic redshift z; is used instead of the cosmological redshify z.
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previously thought, which could explain, e.g., the guasar
redshift-distance anomalies such as potential links between
high-{spectroscopic)-redshift quasars and lower-redshaft gal-
axies. "™ If the distance is not as large as thought, then it 15
possible that ejecta observations at superluminal speeds'®
might be traveling at much smaller speeds—although the
madde] presented here does not preclude superluminal speeds.

E. Quasar time dilation

The time-dilation relation in Eg. (39) between the emis-
sion and observation time intervals ¢, and r, can be expressed
in terms of the spectroscopic redshift z, as

[ + fp(1+ s:}
:_,:,_1_._ l_ﬁpf1+";)
fe [1“ Bl +2) ]

1= f,(1+z)

Therefore, the time dilation is different by (1+ £} when
compared to the standard expression obtained by replacing
the cosmological redshift z in Eq. {12) by the spectroscopic
redshift =, i.e..

F)

-

=(1+z){(1+4,). 46)

:—“—[].-I*::I. {47)

Thus, for a collapsing system, with large negative photo-
sphere speeds, e.g., ﬁp = —(1.9, the actual time dilation from
Eq. (46) can be substantially lower than the ume dilation
predicted by the standard expression in Eq. (47) as seen in
Fig. 9. This could explain recent analysis that appears o
mdicate that quasars do not show anticipated time dilation
effects even with substantial spectroscopic redshifts.'
Emissions from quasar can have time dependency,
which 1s different from the periodic pulses considered in the
above analysis. Additionally, variations in the photosphere
speeds can lead to more complex light curves (being
observed) due to variations in the time dilation as predicted

50 , ,
askl---- (1+z5)1+B)

(1+z5)

40}
35t
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25 ¢
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Time dilation
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FIG. 9. (Color online) Comparison of fime-dilation predictions, Time dila-
tion predictions (solid line) based on the spectroscopic redshift z, as in Eq.

(47} can be substantially lugher fhan the ime-dilation (dotted line) based on

the proposed model in Eq. (46). The difference depends on the photosphere
speed, which is v, 0.9 (B, (.9} for this plot.
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by Eq. (38)—these are not considered here for simplicity.
Nevertheless, the above analysis shows the potential of the
proposed model to account for the absence of time dilation
in guasar light curves.”” Moreover, the difference between
the spectroscopic redshift z; and cosmological redshift = in
the proposed model could explain the anomaly between
smaller apparent distance (due to potential links to low red-
shift galaxies as well as the presence of superluminal ejecta)
and large quasar (spectroscopic) redshifts.'*'°

V. CONSISTENCY WITH FARTHER-DIMMER EFFECT

The effect of photosphere-speed variation is evaluated as
a potential explanation of the farther-dimmer effect in SNe
observations."’

A. Effect of speed variation on time dilation

Consider the case when the photosphere speed r?ﬁp Vares
slightly over the time interval f.. Then, the observed time
dilation expression in Eq. (38) can be simplified by setting

Bo1r = By Bz = By + opte, and fip — iy = apfe, where a, is
the normalized photosphere acceleration. The overall photo-
sphere changes are assumed to be small, ie.,

1 + j’i'p_,_[l +z)ml+fu(l+2)=1+F(1+2), 48)
and ryz == rpy + cfiyfe, 10 obtain

-Gl
1 +z/ 1+ B,(1+2)
|1-—ﬂp{1+:]]

folfe) 2= ta1 + 2) ] . (49)

B. Modified Hubble law

Substituting the modified time-dilation expression in
Eq. {(49) into the dernivation of the observed brightness, 1.¢.,
in Eq. (15), the observed brightness of SNe Bgy, Le., B, in
Eq. (16), can be rewntien as

f
H — ¥
e i Rc)“ 2 j
YV 14z
5 1+EP{I+;:|
(142) l—( z ) a1
P L+z/ 1+ B(1+2)]]
_L:‘ (50}
4ﬂ{lf]__lﬁrq;]

with the following modified Hubble law in Eq. (18) for SNe
observations due to changes in the photosphere speed (repre-
sented by the term ap):

1 ( 7 ) u::F,H]
Re |7 \l+z/1+8(1+2)
o gy = — e ' 51
LN = 3% L+ By(1+2) : (L)
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where di sy 15 the luminosity distance for supemova obser-
vations. For small photosphere speeds (e.g.. fi, =0.033
(Ref. 22)), the above expression can be simplified, further, to

Re | Z
dy gy s —zy 1 — -1 52
LN & ‘llr‘ ([+z)»’tpf (32}

C. Farther dimmer with decelerating photosphere

If the photosphere acceleration is negative (a, < 0},
then the time dilation in Eq. (49) is increased—this results in
an increase in the luminosity distance, e.g., in Eq. (52). This
offers a potential explanation of the farther—dimmer effect,'”
as discussed below,

Based on the Hubble law in Eq. (18), the variation of the
observed (normalized) bloe-band maximum pp from super-
nova (Type la) observations as a function of the host-galaxy
redshift can be expressed in terms of the luminosity distance
dy, (or, rather, the redshift z) as

)

1
tg = Kp 4+ 5log,, [EJLJ = Kg + 5log,y[2], (53)

where Kg is a constant. This does not match the observed
data from the Supernova Cosmology Project (SCPY” as
shown in Fig. 10—leading to the possibility of an accelerat-
ing universe,

With the proposed model, the variation of observed
maximum light can be expressed in terms of the luminosity
distance dy_gy from Eq. (51)

v
-“ﬂ = Kﬂ + 5 J:[]gl.u Ed[ﬂﬁr{‘

[ : a Bl Y
1+z)1+8,(1+7)

T+ B, (1+2)

= Kg + 3logy,

L]

{34}

which reduces to, at small photosphere speeds, ﬂp — 0,

2 1/2
- apﬂ"l) } (55)

| =z

ttpiz) = Kg + 5log,, [:(1 -

The parameters Kg = 43.13 and ol ' = —3.18 were esti-
mated by minimizing the least square error between the
model’s prediction from Eq. (54) and the observed data
(Nscp = 307 pairs of blue-band maximum g ; and redshift z;
with index i = 1,...,Nscp) from the SCP* at an example
photosphere speed of fi, = 0.033.* The residual error Egcp;
between the observed blue-band maximum pg ; and the pre-
dictions up{z;) from Eq. (55) at the observed redshift z; is
defined as

Escei = pp; — uplzi)- (56)
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FIG. 10, {Color online) Hubble diagram (solid lise) with the phofosphers
motion model in Eq. (51) with §, = 0.033 captures the farther—dimmer rela-
tonship in supermova observations (circles) when compared to the predic-
tions in Eg. (53) (dashed line) from the standard Hubble law. The prediction
from the simplified model in Eq. (55) with ﬁp = [} is shown for compari-
son—ithe simplified prediction vames by less than 0.1 from the mode] with
the nominal pholosphere speed of f, = 0.033. The circles represem 307
ale data (that are not outhers) from the SCF [23].

The error norm Fsep,

Ny

Y [Esced]’ (57)

i—1

Egcp =

over all observations is plotted for different values of Kg and
apH ! in Fig. 11. The central ellipse in Fig. 11 represents the
minimum of the error norm Egep, which led to parameter
estimates of Kg = 43.13 and :zpﬂ“l = —3.18. The resulting
residual error Escp; as in Eq. (56), shown in Fig. 11, has low
correlation  with  the redshifi—the correlaton  Roeiaua
between the residuwal emor FEgep; and the redshift z
i5 Remigum = —0.0173 with a 95% confidence interval
(—0.1290,0.0948). Thus, the proposed model can account
for the farther—dimmer relationship in supernova observa-
tions,'” without an accelerating universe.

VI. TEMPORAL AND SPATIAL DISTORTIONS

Variations in the speed of photons can cause temporal
and spatial distortions in astronomical observations. Such
distortions are discussed below for two cases: (i) temporal
distortion in SNe light curves and (ii) spatial distortion of
mass distnbution in galaxies.

A. Temporal distortion in SNe light curves

An aspect of the proposed model is the potential for
apparent time reversal. In Sec. V C, deceleration of the pho-
tosphere was shown to result in different photon speeds,
which in tum, cavses additional time dilation. A similar
effect 15 possible, even with an accelerating photosphere due
to apparent time reversal. In particular, a photon emitted at
time f.p could be observed earlier than a photon emitted ear-
lier at time ) < feo. Let the commesponding observation times
be 1, (photon emitted earlier) and r, with 1,y >t as in
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FIG. 11.

Eq. (56) has low comelation, Rengn = —0.0173, with redshift z,.

Eq. (36). In this case, the time interval 1, between observa-
tions 1s, reversing the observation time intervals 1, and 7, 1n

Eq. (37),

?G{IB} = lIg] = g2
dley,01) +{c —co)te — fp2

g "."f:ﬁ;;l

—f —

diey,01) = rp
cotecfy

{Jﬁpl = plj
{fﬂs"' €T nﬁpi}{‘:m"' c+ ﬁpI}

+." (rpac) f’pufj ]

:i‘{:c‘,,,."lﬂ i ,EPE} {fu.-"lf ¥ ﬁpl]

(58)

which can be positive #,(t.) > 0 with an accelerating photo-
sphere provided the second term in Eq. (58) is positive and
dominates the other two terms in Eq. (58), i.e., the speed of
the later photon [, is greater than the speed f,; of the
earlier photon, there is sufficient travel distance d{e;,o,) for
the later photon to overtake the earlier photon, and there is
no interference between the photons.

The apparent time reversal can lead to SNe light with
the highest photosphere speeds to be observed first, with a
continuous decrease in the observed photosphere speed over
time—such a reduction in photosphere speed is present in
current SNe observations.” Moreover, if the photosphere
was accelerating during the explosion, the apparent time
reversal can lead to apparent reversal in the direction of the
observed shock waves, i.e., they might appear to propagate
backward toward the supernova center. Further study is
needed to evaluate if the reverse shock waves, seen in some
of the SNe remnants,” could be caused by such an effect.
Finally, apparent time reversal also implies that light from
the host galaxy (which might not have the large photosphere
velocities as SNe) travel at a slower speed when compared to
the associated SNe. Consequently, the light from the host
galaxy (observed at the same time as the SNe) can be much

43.13
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older than the SNe, This difference in age (between SNe and
their host galaxies) could account for the difficulty in identi-
fying SNe progenitors.”

B. Spatial distortion of astronomical structures

Variations in the arrival speed (of photons) can lead to
distortions in the observed mass distribution of astronomical
structures such as galaxies. If not accounted for, apparent
spatial distortions can raise challenges in modeling the
dynamics of observed physical phenomena such as the rota-
tional dynamics of galaxies, which are dependent on the
mass distmbution. To illustrate, consider an astronomical
structure, illostrated by the disk in Fig. 12 that is rotating
about an axis £Q that passes through the disk center £ and is
perpendicular to the disk. Consider light emitted from a point
A on the disk, which is at a distance r = Jd{E,A) from the
disk center E with tangential speed Vi(r) = cfi,(r). Let the
observer be at location ¢, where the distance d = d{E, () is
large compared to the radius r, which allows the approxima-
tion d{A, ) = d. Then, the time t{r) for a photon to travel 1o
the observer at € is given by

(A, 0)
Cg
dfA,0) d

g ,f1 = [ﬂg{r}r ch’rf = [ﬁg{r]]z

where cosmological expansion effects are neglected in the
relative speed of light ¢,. The difference between the travel
times for emission from the center £ and the emission from
the point A is given by

tlr) =

, (35)

Ai(r) = 1{r) = 1{0)
d d

I__'—_-n—.—-

R [Egir}]z .

"1 ) \/,rI B [ﬁgfr]r
Ji- [l

(60)

R
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Observed spiral {(dotted)

FIG. 12, (Color online) Spiral spatial distortion. Travel times for emissions from A on a disk af radial distance r from the disk center E can vary with the ra-
dial distance d as in Eq,. (59)—this can lead to the straight sepment E4 appearing as a spiral when observed at 0,

The above expression can be simplified, for small tangential
speeds (fi.(r) — 0}, as

ey

At(r) _g M . (61)

Mote that the travel-time difference can be a function of

the rachal distance r from the center £, which can imply dif-
ferent angular rotations £{r) before an emission reaches the
observer. In particular, if the angular rotation rate wmir) at
each radius r 15 assumed to remam constant, then the tme
difference in Eq. (61) corresponds to a rotation angle 0{r)

given by
B{r) = elr)Aeir)

g 2 :
_efiyir) Z_f[ﬁ*::l] s g [ﬁﬁ':":'J.;' (62

¥

If, for example, the disk rotates as a ngid body at a constant
angular rate o, then the tangential speed is given by

cfigir) = rom, (63)

and the corresponding angular rotation &{r) during the travel
time difference Ar{r) is given by

a{r) —;—‘L [?] o . (64)
Therefore, a straight hine along the radius of the disk {e.g.,
EA) will appear to be a spiral due to inereasing travel times
for emissions along the length £4—as illustrated in Fig. 12.
Such spatial distortion in observations needs to be corrected
before studying the rotational dynamics since 1t can affect
the mass distribution in the disk, and therefore, can affect the
gravitational analysis. Similar spatial distortion can also
occur along other directions such as the radial direction, e.g.,
in the presence of varying radial speeds if the disk collapses
or expands, which will require further investigation.

Vil. THE GEOMETRY AXIOM

The spherical-shell geometry axiom allows for the total
kKinetic energy to be constant whale satisfying momentum

conservation. The implications and potential relaxation of
this axiom are discussed below,

A. Peculiar velocities

The expansion rate is simplified to be a constant V
{which mamtains a constant kinetic energy) in the proposed
cosmology model in contrast to a radial-distance-dependent
speed vanation as in Newionian cosmology, e.g., Ref. 1%,
Nevertheless, a small expansion-rate variation across the
thickness of the shell could be mcluded in the proposed
cosmology model. For example, components on the outside
of the shell will have a net gravitational force toward the
center of the shell—in contrast, there would be no such force
on components on the inside of the shell. Therefore the speed
V" of the outer components 1n the shell (farther away from
the center) 15 expected to reduce with respect to the inner
components in the shell that are nearer to its center. There-
fore, the inner components of the shell might appear to be
attracted toward the outside components, which could
explain observations such as peculiar velocities of galaxy
clusters.”®

B. Anisotropy in cosmic microwave background
radiation

The sphencal shell geometry leads to vanation between
the radial and tangential directions. Moreover, even within
the radial direction, there is anisotropy between the directions
toward the center and away from the center. This should lead
to anisotropy in observations such as the measured Hubble
constant i different directions and in observatons of the cos-
mic microwave background (CMB) radiation. Although
some anisotropies have been reported in measurements of: (i)
the Hubble constant (e.g.., Ref. 27) and (ii) CMB radiation
{e.g., quadrupole and octopole alignmu_.‘mm'zgﬁ further study
is needed to check if such anisotropies are consistent with the
proposed cosmology model.

C. Other geometries

If anisotropies in cosmological observations are not
observed, then the proposed cosmology model can be con-
sidered without the sphencal-shell geometry axiom. In this
case, the Hubble law cannot be derived as m Sec. II under
the proposed model. Therefore, the expansion of the cosmos
should be considered as an axiom, as in current cosmology
models. Nevertheless, the other results of the model, such
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as the explanation of apparent binaries in Sec. III, the
farther—dimmer effect in Sec. V, and the temporal-and-
spatial distortions in Sec. VI, would still be viable,

Vill. CONCLUSIONS

This article developed a Ritz-type, VSL cosmology
maodel, and evaluated 1ts potential 10 match current cosmo-
logical observations. It was shown that the proposed model
could explain some of the anomalies in current cosmological
observations. Additional work is needed to evaloate potential
variations in the Hubble constant and anisotropies in the
CMB radiation due to differences between the radial and tan-
gential directions in the spherical shell geometry to, both,
test and potentially refine the model.
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