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Abstract

Steadily increasing time is involved in most scientific analyses. Like other di-
mensions in spacetime we suggest that there can be a variation rate of time’s
progress or speed of time in the time dimension. We study speed-of-time
variation observational data in three processes: muon decay, galaxy rotation
(related to dark matter) and the separation speed of celestial objects as our
Universe progresses (related to dark energy). Each of these processes will
have an “observed value” of their time of completion 2, from an observation
of the process at time # and an “expected value” P. of that time at time &.
Their difference is attributed to the variation of the speed of time. We provide
a possible explanation for the anomalous separation of the observed and the
expected galactic velocity curves. Our conclusion is that it is unnecessary to
introduce dark matter or dark energy.
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1. Introduction

We believe that although time, as a steadily increasing independent variable, is
involved in almost all scientific analyses, time’s rate of change (speed of time)
and the variation of that speed should also be involved. We suggest that time,
like the motion of objects moving in the three space dimensions, can increase or
decrease at a variable rate. Similar to the hands of a watch moving fast or slow,

this change in the speed of time could be almost trivially small or very large. In
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the standard cosmological model, the early universe was very smooth (homoge-
neous), but we suggest that since the beginning of our Universe entropy’s evolu-
tion should be inhomogeneous, that is the rate of entropy increase cannot be
uniform. Because the direction of the time arrow depends on the “direction” of
entropy increase, the speed of time should also depend on the “speed” of entropy
increase. In this case, if the entropy of the whole Universe has been increasing
and entropy’s speed is slowing down, then the speed of time is also slowing
down! Here we apply the speed-of-time concept to observational data concern-
ing three different physical processes: muon decay time, the rotational speed of
the observable portions of a galaxy (related to dark matter) and the separation
speed of celestial-objects as our Universe progresses (related to dark energy).

We also suggest that the detection of High-Frequency Gravitational Waves
(HFGWs) is an essential observational tool for examining the speed-of-time concept:

1) Unlike the low-frequency gravitational waves (e.g., the gravitational waves
generated by the merger of black holes or neutron stars) HFGWs are generated
less than a nanosecond after the beginning of our Universe. We believe these
primordial or relic HFGWs were generated by processes occurring when the speed
of time in our early Universe was extremely fast.

2) Today almost all mainstream cosmological inflation models expect that the
upper limit of the frequencies of primordial HFGWs should be GHz or higher.
This means that the period of the primordial HFGWs is about 10 ~° seconds or
less. That time may be about the time necessary to complete an oscillation or es-
sentially the time to complete some activity or process in our early Universe.

3) We contend that primordial or relic HFGWs were propagated before our
Universe became transparent to electromagnetic radiation. If such primordial
HFGWs can be detected by the HFGW detector, discussed in connection with
our analyses of Muon decay, then their observations may not only contain in-
formation on the speed of time, but information, gained by means of the analys-
es of the HFGW frequency spectrum produced by the processes themselves.

4) In the future detection of primordial high-frequency gravitational waves, it
seems necessary to distinguish what is the increase of the wavelength of the pri-
mordial gravitational waves due to the possible expansion of the Universe (ie, the
decrease of the frequency), and what is the decrease of the frequency due to the
decrease of the speed of time, as our Universe ages. This determination may not
only be a challenge, but also an important opportunity in the study of cosmology.

5) The observed speed of the stars comprising the periphery of nearby galaxies
can be overestimated. Such an overestimates may be caused by the Doppler obser-
vation of stars beyond in spacetime the galaxy being miss-associated to be an ac-
tual peripheral galactic star. Since a star beyond the nearby galaxy would be further
from the Earth than the galaxy and closer to the beginning of our Universe, they
would be in a spacetime region of higher time speed and therefore higher apparent
star speed relative to the observer on our Earth. Thus we may be fooled into asso-
ciating them with the galactic stars and thereby overestimating the observational

average speed of the peripheral galactic stars.
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We will also discuss processes that do not depend internally on the three space
dimensions and are independent of the time-varying flow of time in our Un-
iverse. We call them Non-Varying-Rate-of-Time (NVRT) processes and suggest
muon decay as an example of a NVRT process.

Most processes depend upon various parameters and variables, such as a, b,
c... and time, but here we single out time as the variable of interest. We propose
that the best way to determine the speed of time is to compare the same physical
process at two different times. Each process, 2, will have an “observed value” of
the process’ time of completion, 2, from an observation of the process at time
and an “expected value” of P, as the process time is expected to be at another
time %. Time % is usually considered in this discussion to be a time in the past
when the photons left the process P. Or in the case of muon decay, when the
process time, P, was obtained and recorded in the past at a time t;. If time is not
progressing steadily and uniformly, then we attribute any variation of the ex-
pected Process PA%) time from the Process time we actually observe or actually
record, P,(4), to a variation of the speed of time. The fundamental equation re-

lating P,(#) and P %) to determine the variation of the speed of time, Vi, is:
Vst:[Po(ti)_Pe(tz)]/(ti_tz)~ (1)

If the observed time for a single cycle or for the completion of a Process, 2, is ex-
actly the same as the expected time for such a process, P. then time running smoo-
thly with no variation, in which case is the Variation of the Speed of time is zero.

The Processes of interest and our expectations for them are:

1) The expected duration of muon decay at &, P.5), is equal to the last meas-
ured value of muon decay time in picoseconds, at 4.

2) The inverse of the expected speed of a portion of the visible disk of a galaxy
at &, P %), in seconds as based upon conventional Astrodynamics [1] [2].

3) The expected value of the speed of separation of a celestial object at &,
PAt), is established by a “proposed” expansion theory of our Universe, here taken
to be that the separation speed should be the same everywhere in our Universe
(also that the Hubble “constant” is approximately 70 km/s per Mpc or 2 x 107
[m/s per meter] or approximately 1/5 x 10" seconds) therefore we express the
expected cosmic object’s speed in fractions of the Hubble “constant” in seconds,
to be equal everywhere in our Universe.

2. Muon Decay Time to Measure the Variation of the Speed
of Time

The most accurate time measurements of Process time in a laboratory on Earth
were found to be the decay time of Muon’s as measured by atomic or nuclear
clocks. Muons are produced when cosmic rays strike atomic nuclei of molecules
in the air and quickly decay over a fixed time interval. Muons can also be pro-
duced in a two-step process at large research facilities. High energy protons
(>500 MeV) generated by a particle accelerator collide into a carbon or beryl-
lium target and generate Muons.
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The earliest measurement of muon decay time that we found was made in
1946 of 2,330,000 ps [3]. A more accurate measurement of muon-decay time
found was 2,202,000 picoseconds (ps) by Eckhause, et al in 1963 as part of the
Olive, Particle Data Group [4] findings. The most accurate muon-decay time found
so far was made by Webber and a group called the MuLan Collaboration in 2011
of 2,196,980 ps [5].

After further search of the literature a mysterious trend appeared: the dura-
tion of muon decay, which should be a constant, appears to shorten gradually,
perhaps irregularly (including pauses and acceleration or lengthening), from 1946
to 2017 from very roughly 2.330 microseconds (1946) to very roughly 2.202 mi-
croseconds (1962-1963) by Lindy [6] and could be a basis for the detection and
determination of the variation of the speed of time effect in laboratories on Earth
independent of relativistic effects, that is if it is found that the shortening of
muon decay time continues to be observed.

All of these observable data are exhibited in Table 1 and graphed in Figure 1.

The 1946 Conversi, et al. measurement’s estimated error was so large as to be
eliminated, except as Clive Woods suggested, “... that if outliers were eliminat-
ed, then any possible trend might be masked.” Therefore, if we include the 1946

Conversi, et al. measurement, we take the decay-time difference between both

Table 1. Review of length of apparent muon decay time versus time.

Apparent Muon . Muons at Rest or in

Date of . Estimated Error | |

Decay Time . high-speed Cosmic-ray Reference

Measurement ,__ (Picoseconds) K
(Picoseconds) generated Motion?
Conversi, Pancini,
1946.0 2,330,000 +£150,000 At Rest AR
Piccioni [3]
1962.0 2,203,000 +4000 At Rest Lindy [6]
1963.0 2,202,000 +3000 At Rest Eckhause, et al. [4]
1973.0 2,197,300 +300 At Rest Duclos in Olive. [4]
1974.0 2,197,110 +80 At Rest Balandin in Olive. [4]
1984.0 2,196,950 +60 At Rest Giovanetti in Olive. [4]
1984.0 2,197,078 +73 At Rest Bardin in Olive. [4]
2007.0 2,197,013 +21 At Rest Chitwood in Olive. [4]
2008.0 2,197,083 +32 At Rest Barczyk in Olive. [4]
2008.5 2,197,030 + 40 At Rest Coan & Ye in Olive [4]
2009.5 2,196,980.3 +2.2 At Rest Webber/MuLan [5]
At Rest; a copy of
2013.0 2,196,980.3 +2 Py Tischchenko [7]
2009.5 measurement

2015.0% 2,110,000 +70,000 Fast, Cosmic Ray Barazandeh [8]
2015.0° 2,165,000 +403,000 Fast, Cosmic Ray Barazandeh [8]
2016.0 2,078,000 +11,000 At Rest Physics OpenLab [9]
2017.0 2,080,000 + 11,000 At Rest Adams [10]
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Muon Decay Time

(Picoseconds)

2,197,300 © Duclos/Chin. Phys. (4)

2,197,275
2,197,250
2,197,225
2,197,200
2,197,175
2,197,150
2,197,125

2,197,100 © Balandin (4)
2,197,075 © Bardin (4)

2,197,050

2,197,025 °
2,197,000 Il Chitwood (4)

2,196,975 Webber/Mulan (6)

QO —eo —o

2,196,950 Giovanetti (4)

2,196,925

2,196,900

1970 1975 1980 1985 1990 1995 2000 2005 2010 2020 Year

Figure 1. Data from Table 1 and Fig. 1a, page 63 of [1]).

outliers, with 7. = 2,330,000 ps (we expect it to be exactly as measured most re-
cently) and P, = 2,080,000 ps (most recent 2017 measurement) over the time in-
terval of & — # = 2017 — 1946 = 71 years, then the variation of the speed of time

from Equation (1) would be

(2080000 — 2330000)/71 = ~3521 ps/year . (1a)

If the outliers are eliminated and only the more accurate MuLan data utilize,
then P. = 2,197,013 ps [4] and P, = 2,196,980.3 ps [5] over the time interval of
t, —t, =2009.5-2007 = 2.5 years, then the variation of the speed of time from
Equation (1) would be

(2196980.3 - 2197013)/2.5 =-13 ps/year . (1b)

In any event, the Table 1 exhibits most of the more accurate muon-decay times
found and their estimated error. We recognize that the slowdown of clocks in ps
per year, probably itself decreases or increases as time increases. Therefore, there
may have been an actual “accelerated or decelerated slowdown” after the begin-
ning of our Universe! However prior to this analysis, there was no a priori ob-
servational data of muon-decay time analyzed to indicate with certainty either a
constant or a varying slowdown or speedup of the rate of time.

Under the supposition or working hypothesis that the aforementioned de-

crease in muon-decay time shortens as time increases, an interesting conjecture

DOI: 10.4236/jmp.2021.126049

765 Journal of Modern Physics


https://doi.org/10.4236/jmp.2021.126049

R. M. L. Baker et al.

immerges: that the muon-decay process operates with a different “clock” or
change in the speed of time, compared with the clock with which the rest of our
Universe operates! Is there a possibility that muon decay has a clock that runs
without variation at a fast or slower pace as time progresses? Under this assump-
tion or working hypothesis the rate of slowdown of the time in our Universe is
computed to be very roughly (not enough data to support a valid estimate of er-
ror) of between very approximately —13 ps per year (or —4.1 x 107" s/s) and
—3500 ps per year (or —1.1 x 107'¢ s/s) during the 71 year period between 1946
and 2017. Since we have no other muon-decay times to analyze, we will make
the provisional assumption that the muon-decay rate of time change in our Un-
iverse does not remain a constant, but becomes smaller as the time in our Un-
iverse increases! There are 2.2 x 10° seconds in 71 years so the rate of the as-
sumed rate of change is ([3500 — 13] x1072 seconds)/2.2 x 10° seconds = —1.6 x
107" s/s. Therefore in this case, with the 71 years centered about 1981, or ap-
proximately 4.32 x 10" seconds since the beginning of our Universe. These slow-
downs per second over 71 years are very approximate and call for more Muon-
decay measurements having higher accuracy as well as more data on muon-de-
cay-time found from other past times.

Figure 2 is a Notional plot of the change in the speed of time variation as a

CHANGE IN
SPEED OF TIME
(Seconds per second)

_1010

-7.6"°x10°
(s/s)

=107 (s/s)

_1 0 -20

216 eanG: 10°  10® 10™ 1.00 10" 10° [ -

. . “BIG ROLLOUT”
BIG ROLLOUT: 10 4.321x10™

Seconds Relic HFGWs Relic Neutrinos Seconds

NOW

Figure 2. Notional graph from Fig. 3 of [11] of the change-of-speed-of-time variation
with today’s time dimension. The Figure is only a schematic and not intended for detailed
analyses. Notice different slopes (tangents) and irregularities and the current time rate of
about 1077 seconds per second between 107'* and 1072 seconds per second shown by the
expanded graduation scale on the ordinate near the “BIG BANG” or “BIG ROLLOUT”.
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function of the time since the “Big Bang” or “Big Rollout” taken from Fig. 3 of
[11]. It is only schematic and not intended for detailed analyses. The substantial
increase in the speed of time value in the Notional and schematic graph of Fig-
ure 2, a nanosecond or less after the beginning of our Universe, is based upon
our Rollout Theory of the beginning of our Universe and the high speed of time
near the beginng of our Universe proposed by Baker [12]. The detection of
High-Frequency Gravitational Waves (HFGWs) generated by processes occur-
ring less than a nanosecond after the beginning of our Universe would provide
the most important fundamental data for the formulation of a theory on the
variation of the speed of time! The specific data points on the very approximate
curve, quite close in time to our Universe’s beginning would be disclosed by a study
of the HFGWs emanating from the early Universe. Such a study could be ob-
tained through utilization of the effect found by Li [13] and the Li-Baker HFGW
Detector [14] as well as the analysis of the sensitivity and utilization of that De-
tector [15] [16] [17].

We assert that the Rollout Theory for our Universe [12] is simpler than some

«

portions of the conventional Theory for the Big Bang: such as “...that the nascent
Universe passed through a phase of exponential expansion soon after the Big
Bang, driven by a positive vacuum energy density” (see Fig. 1 of [12]). Whereas
the proposed Rollout Theory depends upon the simple concept that our Un-
iverse is similar to an ordinary clock or wristwatch that is slowing down as it
ages, therefore by Occam’s razor the Rollout Theory is preferable.

Although it would not affect the correctness of the theorized Theory of our
Universe [12], more accurate measurements of muon decay time are needed in
order to actually calculate an accurate local variation of the speed of time on
Earth or indicate that muon decay time does not change with time and does not
have its own “clock.” The speed of time and/or the speed of time’s variation may
well depend upon “where” one measures the variation on the fabric of spacetime
and/or the local mass distribution of matter or some other feature of our Un-
iverse! There may be a number of alternatives to this slowing-of-time analysis,
but since time slowing in our Universe has some bearing on two other processes

to be considered in this study, we will continue with it.

3. Rotational Speed of a Portion of the Visible Disk of a
Galaxy to Measure the Variation of the Speed of Time

If the rate of time was greater in the past (these observations come from photons
produced by galaxies millions or billions of years ago), then galaxies would ap-
pear to us today, with our slower clocks, to be rotating faster just as a watch in
the past, if seen today, would appear to be moving its hands faster than our
slower clocks as seen today as in Figure 3.

As discussed on pages 71-72 of [11] the galaxies do not rotate like a solid top.
Rather the galactic stellar material rotates at different rates depending primarily

upon their radial distance from the galaxy’s center. In Figure 4 the grey dashed
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Galaxies APPEAR to rotate faster in the past if time was moving faster then.
Astronomers have attributed this to a lot more mass or matter in them that holds
them together so they can rotate fast and not pull apart. They call it “dark matter”

Time Faster SN\ \\ Early Universe Today’s Time
.
U
‘-

f

Today’s Universe

Figure 3. Rotational rate of galaxies.

Observations
.from starlight

Velocity
. (km s 1)

Expected from
the visible disk

10,000 - 20,000 30,000 40,000

Distance (light years)

Figure 4. Typical galactic velocity curves. The upper-solid white-line curve is the obser-
vational data from galactic starlight (yellow data points) and radio-astronomy spectral
analysis (blue data points) of the observed speed of galactic portions at various radial dis-
tances out from the galactic center of a typical galaxy such as Messier 33. The lower
dashed-grey-line (speed) curves exhibit the expected speed, at the same radial distances,
utilizing Astrodynamics [1] [2].

line exhibits the magnitude of the vector velocity in kilometers per second of
stars in the galactic disk. It is obtained by Astrodynamic analyses [1] [2] of vari-
ous galactic stars as a function of their radial distance in light years. The observed
speed from the portion of the visible disk of a galaxy as measured from the Dopp-
ler Effect utilizing spectral data is shown by the solid white curve in Figure 4.
Consider the observational data for the galaxy, Messier 33, about 2.73 million
light years away from the Earth as shown graphically in Figure 4. We will extract
approximate values of the pertinent data from measurements of the drawing.
This nearby galaxy is about the same distance from the beginning of our Un-
iverse as is the Earth. Consider a Doppler speed observation, P, of the luminous
matter that shows the observed (by Doppler spectral analyses) tangential speed

of “rotation” of a portion of the arms of the galaxy to be about 100 km/s at about
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10,000 light years distant from the center of that galaxy. We will initially consid-
er that distance from the galactic center for calculation since this observable part
of a galaxy is moving at the maximum speed of galactic material approximately
shown in Figure 4. The circumference of the assumed circular orbit of a galactic
star (turns out to be a very poor assumption as will be discussed) at this 10,000
light year distance or 9.46 x 10'¢ km radius, is 21 x 9.46 x 10" km = 5.94 x 10"
km. Therefore as observed, this requires 5.94 x 10" km/(100 km/s) = 5.94 x 10**
seconds to complete one revolution or one orbital period of a star’s circular or-
bit. The calculated and expected tangential speed, derived by applying conven-
tional gravitational or Astrodynamic theory, is

(65/100)x5.94x10" =3.86x10™ seconds to complete one revolution or one
orbital period. In order to compute Equation (1), we insert the difference be-
tween these two times and divide by the number of years for the photons to
reach the Earth, t, —t, =—2.73x10° years. Therefore the speed of time change
at this position on the galaxy is (5.94x1015 -3.86x10" ) / 2.73x10° = 6.52x10°
seconds per year! Compared to muon-decay computed speed of time on the
Earth, this is extremely large. As will be emphasized later, such an enormous
speed of time is based upon a completely erroneous, although interesting, as-
sumption of a circular galactic orbit and will be discarded. Furthermore, from
Figure 4, the speed of time would appear to increase in a very anomalistic fa-
shion, even more so out nearer the periphery of the Messier 33 galaxy! As will be
discussed, due to an increase in the speed of time in the past and miss-associated
“background” stars measured, there may well be an over estimate of the speed of
the galactic stars and especially miss association of these distant in spacetime
apparently fast-moving stars with the galactic stars. Therefore in Figure 4, the
upper solid line of observed Doppler-Effect observations could in actuality be
much slower and closer, but might not overlap the lower estimated value of ga-
lactic rotational speed based upon conventional gravitational or Astrodynamic
theory. The speed of stars beyond the 40,000 light-year radius are no doubt un-
related to Messier 33 and are observed from our Earth as having higher apparent
speeds as our universe rolls out. In this case, the actual 21-cm spectral-line-shift
observational data of Figure 4 show those apparent stellar speeds due to the pre-
dicated slowdown of time from very high speeds, on average approach about 150
km/s in the region of observable spacetime near Messier 33 and supports the new
Rollout Theory [12].

To measure the rotation of a galaxy, observations must take into consideration
the average shift of the spectrum of the galaxy. This will almost always result in a
net spectral redshift for galactic stars, since it includes the expansion of the un-
iverse, and also our solar system’s motion around the galaxy we are observing (the
rotation of our planet, our orbit around the Sun, the Sun’s motion around the ga-
laxy, and the galaxy moving through the universe). The more rapidly the galaxy
rotates the more the red shift. Distant stars in spacetime, further and older than a
given galaxy, show a larger red shift the faster time is moving in their spacetime

region. Therefore, if mistaken for galactic stars then an erroneous higher galactic
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rotational rate and “velocity curve” is mistakenly observed for the galaxy.
We must realize however, that the assumption of circular orbits for the ob-
served stars is incorrect! We have no good information about how those orbits
really are shaped. A far more fundamental concern is that “speed” is a scalar and
not dependent on the trajectory of the speeding object. An analogy is that a
4-minute-mile Track Runner’s speed at a given point is not measured by “dis-
tance per mile run per 240 seconds” or for a marathon runner not measured by
“26.2 miles in so many seconds” or for a galactic star not measured by “single
orbit distance per orbital period.”! No, it is actually based upon the inverse of the
time to move a given reference distance. In measuring the speed with which
stars move in a galaxy it is for example the number of seconds to move a kilo-
meter or a meter. Therefore, the P, observed process time shown in Figure 4 is
approximately 1/100 km/second or 0.01 seconds “per kilometer” and the 7. ex-
pected process time also roughly measured from Figure 4 is approximately 1/64
km/second or 0. 0156 seconds “per kilometer”. The expected process takes about
2.73 million years to reach the Earth, so tl - t, = 2.732.73x106 years and Equa-
tion (1) is
(0.010-0.0156)/2.732.73x10°

(1c)
=—-2.08x10seconds per year or —2.080 ps per year

A big difference from the orbital-period approach, but probably within the
possible error of the relatively nearby Earth’s muon decay speed-of-time deter-
mination of —13 ps/year to —3521 ps/year. Also this rate of time determined by
spectral analyses is possibly underestimated because of time dilation plus gravi-
tational potential!

As already emphasized, the significant departure of the observed speed of ga-
lactic portions from the expected speed in Figure 4 is important and supports
the Rollout Theory of our Universe. The expected speed is based upon orbital
analyses. The motion of the stars in a galaxy is considered to be an n-body prob-
lem discussed, for example, in Section 2.1 of (2). There exist no general analyti-
cal solutions for n > 2, therefore General Perturbations do not apply and one
must utilize Special Perturbations or numerical integration as discussed in
Chapter 3 and Appendix D of (2). Presumably such techniques, including the
effects of special and general relativity, GS and GR, were employed in the gener-
ation of the expected curve in Figure 4. The observed curve in Figure 4 involves
the variation of the speed of time. We consider that curve at about a 40,000 light
year radial distance. We discussed the rather startling departure of the observed
speed and the “expected” speed for this very nearby Galaxy. Therefore, the PO
observed process time shown in Figure 4 for radial distances less than 30,000
light years is very approximately 1/120 km/second or 0.000,008,3 seconds “per
meter” and the P, expected process time also roughly measured from Figure 4 is
very approximately 1/40 km/second or roughly 0.000, 025 seconds “per meter”.
Note that in this case we use the standard meter not the kilometer for analysis!

Therefore, from Equation (1)
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(0.000,0083-0.000,025)/2.73x10°

. (1d)
=—6.12x10 " seconds per year = —6.12 ps/year

But, of course, we should not jump to conclusions since the speed of the stars
at the periphery of the Galaxy may include Doppler observations of those stars at
a greater distance OBSERVED THROUGH the periphery of the Galaxy and op-
erating in a higher-speed-of-time spacetime region of our Universe! However
also recall that possibly the variation of the speed of time may also be dependent
on the density of surrounding matter of the galaxy or other characteristics of the
nearby features of spacetime. Like calculations based upon other observational
data, this apparent increase the speed of time or cosmological effect (CE) must
be taken into account in any comprehensive Theory developed for the change in
the speed of time in our Universe. As has been pointed out, so far there is no a
priori means to establish the speed of time. Let the observational data be our guide

to a Theory of Time!

4. Separation Speed of Celestial Objects to Measure the
Speed of Time

The Hubble Space Telescope (HST) observations of the stellar-object-separation
speed of very distant supernovae showed that, a long time ago (billions of years
ago), the universe was actually expanding more slowly than today. So the expan-
sion of the universe apparently has not been slowing due to gravity, as it should!
The expansion has apparently been accelerating! No one expected this since gravi-
ty should be slowing speeds down. No one knew how to explain the situation ex-
cept to invent some invisible “dark energy” caused acceleration. So far no one has
been able to detect this dark energy-truly a mystery! But wait! How is the speed of
these very distant celestial objects’ relative to our Earth measured? Again, like the
speeds of portions of a galaxy, the speed is measured by the Doppler Effect!
According to our working hypothesis [12], the speed of time was greater in the
past. Since we can only see stars as they were in the past, we suggest that speed of
time was greater in the vicinity of those stars we observe and greater and greater
the farther away they are (their photons taking longer to reach us). The situation is
just like viewing a scene with a variable-rate movie projector. In an old movie pro-
jection suppose the film was moving faster through the movie projector than
usual, like the time moving faster. The situation is that the people on the movie
scene appeared to be moving fast, but their actual speed was the same, usual speed!
In order to illustrate this point, let’s consider another situation: From an observa-
tory here, violin strings in a billions of light-year distant place with time running
fast, would appear to vibrate faster and, if it were possible to hear the violin, then
the violin’s pitch would appear to be higher (like a spectrum showing a higher
frequency and being more blue and less red). However, inside that billions of
light-years away concert hall the violin strings would not appear to vibrate faster
and violin’s pitch would be unchanged! In fine, as we have just discussed, if time is

running faster in a receding star’s vicinity, then the reddening of stars will appear
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to be less since their spectra appears to move toward the bluer, higher frequency
end and diminishes the observed Doppler-Effect-determined speed (as already
noted, time dilation and gravitational potential have the opposite, ie, cause a
more reddening, effect). The situation would seem to a casual observer that the
higher speed of time in the past would make the receding speed of celestial objects
increased or seem faster. This is not the case, the receding speed appears decreased
as measured with a Doppler-measurement due to increased speed of time! That is,
due to an increased speed of time, the star’s receding speed is actually larger than
the spectral, Doppler-determined, receding speed shows! We will now explain in
more detail this situation by the following story: A scientist sits in a train station
and requests the station manager to tell him how fast the trains are moving when a
receding train reaches a mile-away point. Like the recessional speeds of celestial
objects, the scientist only considers the recessional speed of the trains. The first
train to pass is going at a 30 mph, recessional speed at the mile-away point down
the track. The scientist notes in his log book that the receding train’s-whistles fre-
quency drops a little from the whistle’s normal frequency at the one-mile distance
point. Of course this frequency drop seems reasonable, since the whistle’s sound
waves are stretched out a little as the train recedes. The second train to pass is
moving at 60 mph and the receding train’s whistles frequency drops at the mile
down-track point even more since the sound waves are stretched out even more
by the rapidly receding train’s whistle. The scientist records the whistle frequen-
cies in his log of train-whistle frequencies for train receding at different speeds.
He observes that receding train Whistle’s frequencies drop more for faster re-
ceding trains since the sound waves are even more stretched out. The next day
another train passes and the scientist wants to test out his work. The scientist
tells the station manager that according to his log he expected that, from the
frequency of the whistle, the currently receding train is going 30 mph. “No” says

3

the station manager “...from my actual observations the train is moving at 60
mph mile at the down the track point from you.” The scientist exclaims “But the
sound waves are not stretched out as much and their frequency is not low
enough for 60 mph”. The station manager states that the actual pitch or fre-
quency of this train’s whistle had been changed by the Mechanics last night to a
much higher frequency so the sound waves seem STRETCHED OUT like a 30
mph train! In the case of a receding stellar object, the increase in frequency is
not accomplished by the Mechanics’ whistle-increase modification, BUT BY
THE INCREASED SPEED Of TIME INCREASING THE STELLAR OBJECTS
APPARENT FREQUENCY! Or in the other by the story, like the violin sound’s
apparent increased frequency when heard from a distance.

The apparent increase in recessional speed (acceleration) between the Cosmic
Microwave Background (CMB) very near the beginning of our Universe (at
about 380,000 “years” after our Universes’ beginning), of 6.75 + 0.05 x 10* m/s
per Mpc [18] and [19] to those of the Cepheid Variables (at about 163,000 light
years distant, of 7.4 + 1.5 x 10* m/s per Mpc (Table 5 of [18])) is simply due to
the possibly high speed of time back at the time of the CMB. The Doppler-de-
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termined speed would be less than the true higher recessional CMB speed (pro-
ducing a deceleration when compared to the Cepheid Variables speed) and agrees
with a slowing due to gravity! No dark energy need be assumed!

The Hubble constant, A, is approximately A, = 70 [km/sec/Mpc]. But can be
expressed as the inverse of the time, 7, in seconds for a celestial object to move
an Mpc or (3.09 x 102 [m/Mpc])/(70,000 [m/sec]) = 4.4 x 10" [seconds].

For calculations of the Process times, 7, of celestial objects given their speeds

of recession, we utilize the equation

T =4.4x10" x(S/70) (seconds) (2)

where Sis the recessional speed of the celestial object in [km/sec/Mpc].

The CMB has a Speed, S of 74 [km/sec/Mpc]. Therefore Time,
T =4.4x10" x(74/70) = 4.65x10" seconds  for celestial objects, such as the CMB
fairly near the beginning of our Universe, to separate a “given distance” of a
Megaparsec. Under a “popular” Theory of our Universe (not however, proposed
in [12]) that the separation speed of objects in our Universe should remain a
constant, this number of seconds would be expected everywhere in our Un-
iverse, therefore P, = 4.65 x 10" seconds.

Likewise for the more nearby Large Magellanic Cloud Cepheid’s, which have
an observed speed, S, of 67.5 [km/sec/Mpc] Time,
T =4.4x10" x(67.5/70) =4.24x10" seconds = P,. Of course, the reference or
“given distance” is huge as is the time interval between observations of the sepa-
ration speed of these celestial objects in our Universe. An alternative approach
would be to define the “given distance” as simply the MKS meter as was utilized
for the galactic measurements. Of course a kilometer could also have been cho-
sen as the “given distance”, so the choice is rather arbitrary. In the case of the
galactic star’s measurement, a galactic star’s orbital period was not a valid, con-
stant or unique “given distance”, therefore the meter was selected as the refer-
ence or “given distance.” In the case of the separation speed of celestial objects
the Megaparsec in meters is a definitive unit of distance in MKS units and the
same for all celestial objects under consideration. Also the assumption of a con-
stant speed of recession is simply a popular concept and not involved in the
working hypothesis Theory [12]. Therefore these calculations should be consi-
dered to be extremely provisional and needs to be examined very carefully!

Other “given distances” or “expected times” values for P. might in future be
realized better utilizing, Fast Radio Bursts (FRBs), Soft Gamma ray Repeaters
SGRs, pulsars, double star orbits, etc. If these measurements disclose that their
frequency or periodicity increase slightly as they or their sources are measured to
be further and further from our Earth, that is older and older, then their mea-
surements might provide good, more detailed data on our Universes’ variation
of the speed of time.

From Equation (1), the variation of the speed of time between the CMB and
the Large Magellanic Clouds, in which there are about 13 billion or 1.3 x 10"

years between these observations or t, —t, =1.3x10' years is:
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[P (t)-P(t)]/(t-t)

= [4.24 x10" seconds — 4.65x 10"’ seconds} /1.3 x10' years (1e)
=—-3.15x10°seconds per year

= —3.15 x 10" ps per year or about —0.1 s/s. Therefore over hundred trillion or
more times larger compared to the muon-decay-time derived variation of the
speed of time of —13 ps per year to —3500 ps per year values. This CMB value is
extremely large and subject to considerable scrutiny but is still in keeping with
our working hypothesis [12] that the speed of time was far greater in the distant
past near the beginning of our Universe than today! Essentially both time and
the space-dimension spacetime of our Universe commence expanding at the
speed of light according to [12].

The CMB is close to the beginning of our Universe, nevertheless the CMB is not
close enough to be particularly useful in developing a Theory for the variation of
the speed of time. For that we require information from the HFGWs created at
least a nanosecond nearer in time to the beginning of our Universe. What really
happens at the “point” where time and space commence must await the analysis of
the HFGW spectrum of the early Universe. But recall that the variation of the
speed of time after that commencement “point” may well also depend upon
“where” one measures the variation of time on the fabric of spacetime, the local

mass distribution of matter or some other feature of our Universe!

5. Muon-Decay Time Revisited and Non-Varying Rate
of-Time (NVRT) Processes

Is there something more fundamental going on concerning muon-decay time?
Not just “muon decay operates with a different ‘clock’ or time than the clock the
rest of us and our Universe uses.” As discussed in Section 4 of [20], perhaps
muon-decay time is a different kind of process. Let us explain the situation with
another story: We will utilize the fictitious tale of a tribe called the “Muons” who
originated billions of years ago near the beginning of time and exist even today.
The Muons all have the unique capability to consistently run a mile in exactly
four minutes. Recently a Muon runner came to my mile-long track. She asked if
she could borrow my watch since she had misplaced hers. I agreed and handed
over my watch with the admonition that my watch only showed the correct
speed of time in my location at this specific local time. She looked at the watch
and exclaimed: “...it is absolutely identical to the watch that I and my entire
Muon tribe had used for billions of years ... my watches’ rate of time is exactly
the same, not too fast and not too slow, as the watch I had always had and lost!”
If there is one thing these Muons know about, it is time!

The Muon runner ran my mile-long track and at the track’s end, while looking at
her “new” watch, she exclaimed “Perfect! My wristwatch shows exactly four mi-
nutes!” She told me that the Muons could not actually “see” the track - as a matter
of fact, they could not judge or “see” any distance! “We Muons cannot recognize or

even comprehend the three dimensions of space—we only recognize the time di-
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mension.” Also she stated that I should be careful using the wristwatch that I re-
placed the one I had given her. “Perhaps your replacement wristwatch was not per-
fect!” She said: “After looking at your replacement wristwatch I discovered it is
flawed in that it seems to slow down with time, whereas the one you gave does not!”

What else does this story apply to? Let us suppose that, say, Nucleosynthesis is
similar to muon decay and is a Non-Varying Rate of-Time (NVRT) Process and
marches to the Nucleosynthesis own drum as it were. We make the very provi-
sional assumption that there is no actual motion of the nuclei in space; that these
high-energy collisions among nucleons only occur with a certain process-duration
time just like muon decay! If we were able to observe this Nucleosynthesis
process in operation today, then the process like muon decay would appear to
take less and less time to be completed as our Universe’s time slows down as
measured by a Timer’s stopwatch. Like the 4-minute-mile Muon runner, whose
inherent “wristwatch time” seems moving faster than the current Universe time
of a Timer. She stops her mile run before the Timer’s stopwatch of today reaches
the 4-minute point. Therefore, the Timer believes that she has run for a shorter
time to complete the mile run (that is, to complete her “process”)! In a sense we
are observing compressed time from a vantage point of uncompressed time. So
as we might observe Nucleosynthesis from afar through our telescopes today, the
process would appear to occur more and more quickly over the years of observa-
tion just like the process of muon decay! If that does not occur, then Nucleosynthe-
sis is not a NVRT process otherwise the process is a NVRT process!

There may be other transient processes or subsystems that involve one or
more quantum-mechanical sub-reactions, some well understood and some not
well understood, that in total comprise a complete, possibly multiple-step process
having a well-defined beginning and end. This is the proposition:

Proposition (page 65 of [11]) that some complex processes or sub systems are
“marching” to their own intrinsic” time” or timeframe that is independent of
the flow of “time” in our Universe. (We call them Non-Varying Rate of-Time
(NVRT) Processes.)

That is, besides muon decay there may be other such process that we define as
the Non-Varying Rate of-Time (NVRT) Processes. Such processes do not “go
with flow” of time slowing in our Universe. Such NVRT processes, according to
our working hypothesis, may include those that generate Big-Bang Nucleosyn-
thesis (BBNs) generation of Oh My God (OMG) very high-speed particles, Fast
Radio Bursts (FRBs), Soft Gamma ray Repeaters SGRs (the latter two possibly
from Magnetars) and perhaps weak nuclear reactions of proton-proton chain
(affecting stellar luminosity but far more likely not to be NVRT processes since
they probably are “space-coordinate” dependent in their operation). We will con-
centrate the following analyses on muon decay since we have studied that process
in some detail. By the way, galactic motion, black-hole mergers, Nova and other
more extensive in motion in the three space coordinates and less quantum-me-
chanical in operation are not NVRT processes. Unlike the hypothetical Muon

runners they recognize the three space dimensions. Also their time varies as time
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mainly does in our Universe—they “go with the flow!”

It is important to understand that the Non-Varying Rate of-Time (NVRT)
Processes working hypothesis or concept is not directly related to the Rollout of
the Universe Theory [12], multiuniverses, special or general relativity, hyperspace,
parallel universes, etc. the NVRT process is a very new and different concept!

Let us continue the discussion by using a standard muon-decay illustration as
shown in Figure 5.

The very most important property of this standard diagram of muon decay

j——

==
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L

Figure 5. Standard diagram of muon decay.
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Figure 6. Standard diagram of proton-proton chain reaction.
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shown in Figure 5, is that there is only one dimension involved: T or time. No
space dimensions at all!l We contrast this with the standard diagram of pro-
ton-proton chain reaction, which generates stellar luminosity, shown in Figure
6.

In this case an “alarm clock” that signals the beginning (when the alarm clock
is set off by an experience e.g., a collision with a cosmic ray) and simply signals
the end of the muon decay process when the alarm clock “rings”! Hydrogen and
helium atoms move and physically collide with each other. They actually move
through the dimensions of space! The idea is that NVRT processes, such as
muon decay, are in a sense not actually a part of the spacetime continuum! Spe-
cifically, they have their own clock, that alarm clock time interval is completely
independent of where in space the collision occurs or especially any “space
change” in the Muon’s decay process during that process!

Do the Non-Variable Time Rate (NVRT) processes, like muon decay processes,
relate to processes such as production of new elements and those that are in-
volved in the mysterious core-collapse of supernova [21] happening billions of

years ago? If such is the case, then we may have another mysteries solved!

6. Conclusions

An equation is presented involving the observed time for a process to be com-
pleted and the expected time for the process to be completed. The difference
between these two times is attributed to a change in the speed of time. For the
Process of muon decay the speed of time is found to decrease at the rate of be-
tween —13 picoseconds, ps, per year and —3521 ps/year at about the date of 1981
on Earth. Although it would not affect the correctness of the theorized Theory of
our Universe [12], more accurate measurements of muon decay time are needed
in order to actually calculate an accurate local speed of time on Earth or indicate
that muon decay time does not change with time and is not a NVRT process. For
a galaxy, such as Messier 33, the variation of the speed of time appears there to
be —6.12 ps/year to at most —2080 ps/year (at the galaxies’ outskirts) as a very
provisional determination. However this speed of time for Messier 33 may ac-
tually be caused, at least in part, by the Doppler shift of stars observed beyond
the Galaxy in spacetime regions of higher speed of time and apparent higher
speed or some other effect. However, no dark matter need be assumed. From the
speed of separation of celestial object as our Universe progresses, we find that in
the time between the observations of the receding speeds of the CMB and the
Large Magellanic Cloud Cepheid’s of approximately thirteen billion year, there is
a speed of time change of —3.15 x 108 ps per year or about —0.1 s/s. This calcula-
tion is in keeping with the theorized very much higher speed of time in the past
of the CMB near the beginning of our Universe, predicted by [12] and the much
slower speed of time in our current observations of the relatively nearby (in time
and distance) Large Magellanic Cloud Cepheid speed. There is no acceleration of

the speeds of these celestial objects speed of separation. Those separation speeds
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are decreasing as usually predicted by gravity and by using our speed-of-time
theory, so that dark energy is not required!

Other determinations of the variation of the speed of time, and independent
of special and general relativistic effects, might be by utilizing the Processes in-
volving Fast Radio Bursts (FRBs), Soft Gamma ray Repeaters (SGRs), pulsars,
double star orbital periods, etc.; of course only if these measurements are precise
enough to disclose that their frequencies or rates appear to increase slightly as
they or their sources are measured to be further and further from our Earth.

Other possible indicators of the variation in the speed of time besides muon
decay time, quite valuable because they are independent of special and general
relativity effects, might be found in meteoritic composition change over hun-
dreds of thousands or millions of years. The research by Turner, et al [22] found
time differences in meteoritic-composition analyses that might relate to the
speed of time: They found ... that the fluid-mobile uranium ion U% moved
within the past few 100,000 years ... This time scale is less than the cosmic-ray
exposure age... when they were ejected into space. Fluid flow occurred after
melting of ice” by impact heating (ablation) or solar heating. Or possibly, the ef-
fect was the result of the change in the speed of time right after the Earth was
formed and today. The process here is the melting of the ice, the time it would
be expected to occur and the time when it actually occurred.

With regard to galactic data to be utilized to compute the speed of time; in
Section 3 we have computed the difference between the velocity curves in Figure
4 of the nearby Messier 33 galaxy would lead to a speed of time between about
-2 and -2,000 ps/year. However, galaxies closer to the beginning of our Un-
iverse might also lead to estimates of the speed of time. As summarized by War-
dlow [23] “... key features of a mature galaxy arose more rapidly than has been
thought.” Lelli, et al [24] state “We conclude that massive bulges and regularly
rotating disks can form more rapidly in the early Universe than predicted by of
galaxy formation.” Therefore the speed of time may be roughly computed by
differencing the expected time and the observed time that features of galaxy
formation appear.

We concluded with a study of Processes like muon decay, which may operate
with a “different clock,” a clock that does not participate in the variation in the
speed of time that the rest of our Universe does—we call these Processes Non-
Varying Rate of Time or NVRT processes.

The speed of time and/or the speed of time’s variation may well depend upon
“where” one measures the variation on the fabric of spacetime and/or the local
mass distribution of matter or some other feature of our Universe.

In order to establish a Theory for the origin and variation of the speed of time,
we conclude that HFGW detection is required to understand the activity of
Processes at a nanosecond or less after the beginning of our Universe [16]. We
contend that primordial or relic HFGW's were propagated before our Universe

became transparent to electromagnetic radiation. If such primordial HFGWs
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can be detected by the Li-Baker HFGW detector, discussed in connection with
our analyses of Muon decay, then their observations may not only contain in-
formation on the speed of time, but information, gained by means of the analys-

es of their frequency spectrum, concerning the processes themselves.
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