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Abstract 
Up to the present time gravitational-wave detectors, such as LIGO and Virgo, 
have been sensitive to frequencies on the order of a few thousand to a small 
fraction of an Hz. They have been most effective in the study of black-hole 
mergers. We suggest that high-frequency relic gravitational wave (HFRGW) 
detectors be developed, especially the Li-Baker HFRGW detector, in the gi-
gahertz and higher frequency range. We believe collecting cosmological, pri-
mordial observational data especially generated during the first few seconds 
after the beginning of our Universe is extremely important. One motivation 
for this paper is, therefore, that we are confident that observation of relic 
gravitational waves will provide vital information about the birth of our Un-
iverse and its early dynamical evolution. Other astrophysical applications of 
HFRGW detectors involve the entropy growth of the early Universe, an abili-
ty to study alternatives to inflation and to provide clues about the symmetries 
underlying new physics at the highest energies. A working hypothesis or 
theory, based upon the rollout of our Universe from infinitesimal Planck 
Length and Planck Time is presented. This theory involves the rapid motion 
of time and matter during that early time having frequencies on the order of 
trillions of cycles per second or more. Several alternative HFRGW detectors 
are described and the proposed Li-Baker HFRGW detector, which is theoret-
ically sensitive to GW amplitudes, A, as small as 10−32, is discussed in detail. 
Such sensitivity may provide a means for verifying or falsifying the rollout of 
our Universe working hypothesis. Essentially a combination of theory and 
experimentation is presented. It is recommended that plans and detailed spe-
cifications for the Li-Baker HFRGW detector be prepared in order to expedite 
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1. Introduction 

A detection of the special pattern produced by gravitational waves would be not 
only an unprecedented discovery, “… but also a direct probe of physics at the 
earliest observable instants of our Universe”—from The Origin of the Universe 
as Revealed Through the Polarization of the Cosmic Microwave Background [1]. 
This is the traditional treatment but Grishchuk (2006) [2] found the energy den-
sity of relic gravitational waves is given by 

( ) ( ) ( )( )223gw Hhν ν ν νΩ = π                   (1) 

where ( )gw νΩ  is the energy density, h(ν) is the amplitude of the gravitational 
wave having frequency ν and (ν/νH) is the ratio of that frequency to a specific 
gravitational-wave frequency νH. 

Shown in Figure 1 and Figure 2, is the detection sensitivity required, hrms, as a 
function of HFRGW frequency. The parameter n in Figure 1 and Figure 2 is de-
fined as the slope of the primordial GW spectrum. In addition, we have that 
Figure 3 defines a change in times slope which is important and can be investigated 
by high frequency GW data sets, whereas Figure 4 is that of the Birmingham 

 

 
Figure 1. Predicted relic gravitational wave energy density as a function of frequency 
(Grishchuk, 2008) [3]. 
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Figure 2. Spectrum of relic gravitational wave amplitudes as a function frequency (Grish-
chuk, 2008). 

 
GW detector which is yet another way to obtain HFGW. In addition, the para-
meter n, as stated in relevance to Figure 1 and Figure 2 is accessible for mea-
surement directly in Figure 5 and Figure 6, i.e. see (Grishchuk, 2008) [3] with n 
having a value whose exact value is currently unknown but which is thought to 
be between 1.0 and 1.2. Measuring the HFRGW spectrum would allow its value 
to be evaluated much more accurately. Grishchuk (2007) [4] showed that obser-
vation of relic gravitational waves to measure this parameter will enable signifi-
cant direct inferences to be drawn about the value of the Hubble parameter (es-
sentially the separation speed of cosmic objects, possibly due to the speed of 
time) of the early universe and the cosmological scale factor, both of which pro-
vide vital information about the birth of the Universe and its early dynamical 
evolution. 

2. Value of HFRGW Detection to Astrophysics 

Grishchuk (2007) [4] showed that the energy density of the relic HFGW is 
greatest at around 10 GHz and the amplitude sensitivity required for detection at 
that frequency is about A ~10–30. The problem is that HFGWs at such a high 
frequency cannot be detected by the existing low-frequency gravitational wave 
detectors such as LIGO, GEO600 and Virgo or the planned Advanced LIGO, Big 
Bang Observer and LISA detectors, which are limited to a maximum frequency 
of a few kHz. For example, the advertised “high-frequency” range for maximum 
sensitivity of the Laser Interferometer Gravitational Observatory (LIGO) is 40 
Hz to 2000 Hz (Shawhan, 2004 [5]; Shoemaker, 2008 [6]). The problem with 
higher frequencies is that the interference pattern between the LIGO legs, which 
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is caused by the passage of a gravitational wave, must be observed. However, “… 
at higher frequencies, the quantum nature of the laser beam (made of discrete 
photons, albeit a large number of them) limits the precision of the measurement. 
Increased laser power would reduce the problem of quantum noise, but ulti-
mately the LIGO (and other) interferometers (such as the Advanced LIGO and 
the proposed Laser Interferometer Space Antenna or LISA) are not suited to 
measuring gravitational waves that stretch or shrink the detector’s arms much 
more rapidly than the time a photon typically remains in the optical cavity, 
which is roughly a millisecond for these interferometers (thus about a one kilo-
cycle frequency upper limit)” (Shawhan, 2004) [5]. 

Another motivation for this paper is the analysis of entropy by means of 
high-frequency gravitational-wave detection. With regards to entropy, as a 
generalized astrophysical application, it can be thought of as “… due to ‘ig-
nored’ degrees of freedom, classically, and is generalized in general relativity 
by appealing to extreme entropy for all the null surfaces of space time.” This 
last quote is from Thanu Padamanadan’s address on this topic in the 25th 
IAGRG meeting in the Saha Institute in Calcutta, India, as brought up in Beck-
with (2009a [7], 2009b [8] and 2009c [9]). Also, we should note that the entropy 
creation due to the possible presence of Dark Matter (DM) is different from 
accelerated entropy growth created by “relic gravitons” which is discussed in 
Beckwith (2008) [10] and DM entropy is meant as an initial entropy back-
ground prior to the Cosmic Microwave Background or CMBR barrier, i.e., 
graviton entropy generation is due to relic conditions, and should be thought 
of in line with a refinement of Jack Ng’s work on DM entropy [11]. Beckwith 
earlier on, used Ngs infinite quantum statistics, [12] [13] Furthermore, as 
mentioned in Beckwith (2008) [10] there is a short-hand way to reference 
comparing graviton production via relic conditions, and neutrino physics, of 
the sort which can be measured in ICE CUBE data sets. As mentioned by Dr. 
Steinhardt of Princeton, to Beckwith (2008) [10] for relic gravitons, there are 
105 times more relic neutrinos one can expect to observe in data sets as op-
posed to an individual relic graviton. A further review of some of these topics is 
in Beckwith’s (2007) arXIV paper [14]. 

3. Value of HFRGW Detection to Cosmology 

The Li-Baker detector (Baker et al., 2008 [15] and Li et al. 2008 [16]), especially 
due to its HFRGW sensitivity, would be a way to help establish a linkage to early 
universe theories, and neutrino physics. The importance of such a linkage can-
not be over stated. And we have a chance with application of the Li-Baker de-
tector to study challenges to the theory of cosmological inflation such as the rol-
lout of spacetime. Cosmic microwave background polarization offers an ex-
traordinary opportunity to gain a first glimpse into the physics that shaped our 
Universe. Experimentalists have demonstrated that a coordinated attack on this 
problem over the coming decade will likely require the detection of primordial 
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gravitational waves—thereby providing extensive information about new physics 
at ultra-high energy scales. 

The theory of how to obtain such gravitational wave/graviton “signatures” in 
the CMBR itself has been worked out in minute detail. Fangyu Li of Chongqing 
University (Li and Nan, 2009) [17] has the following abstract quote we cite due 
to its cogency as to presenting how to measure HFRGW signatures: 

The displaying condition of strength, phase and polarization states of the 
high-frequency relic gravitational waves (HFRGWs) in the electromagnetic 
(EM) detecting systems is studied. It is shown that the displaying condition 
depends not only on sensitivity of the EM detecting systems and the ampli-
tudes of the HFRGWs, but also on the phase, the polarization states of the 
HFRGWs and their matching to the EM detecting systems. In order to dis-
play simultaneously the strength, phase and polarization states of the reso-
nant “monochromatic component” of the HFRGWs, an important necessary 
condition would be utilization of two or multiple different EM detectors. 

Given that E and B field modes are used already to mimic GW in the first 
place, what Li and Yang Nan (Li and Nan, 2009) [17] are offering is an analytical 
blueprint as to making precise detection for HFRGW by noting that “Since the 
frequencies (109 - 1012 Hz) of HFRGW in the microwave band are much higher 
than that of the usual celestial GWs, and their dimensionless amplitudes may be 
only 10−34 - 10−10 /rms h Hz, thus suitable detecting scheme to the HFRGW 
would be special EM resonance systems and not usual GW detectors such as 
LIGO, Virgo et al.”. 

In addition to the development of a technique to develop a new GW detection 
tool, our motivation is to develop a theory for the growth of our Universe that 
may be simpler and not require the presence of dark matter or dark energy. A 
simpler theory that may not require “that the nascent universe passed through a 
phase of exponential expansion soon after the Big Bang, driven by a positive va-
cuum energy density” (Lemley, 2002) [18]. Contemporary theories of our Un-
iverse, such as the Friedmann-Lemaître-Robertson-Walker (FLRW) model of 
the cosmos (Brandenberger, 2011) [19], assume that time marches on at a uni-
form, constant pace. 

4. But What If That Is Not the Case? 

It is posited here that at the beginning of time, “Planck time” or “time zero” the 
speed of time was arbitrarily large according to our working hypothesis. One can 
imagine that the slowdown of time’s “speed” as similar to having a malfunction-
ing wristwatch that is getting slower and slower each day. Each day it is getting 
worse and worse (slower and slower) until at last it has slowed to a near stop, the 
second hand is almost fixed at the “end of time” in our Universe. A working hy-
pothesis [20] is defined as a hypothesis that is provisionally accepted as a basis 
for further research in the hope that a tenable theory will be produced, even if 
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the hypothesis ultimately fails or is significantly modified (Isaac Newton’s Prin-
cipia Mathematica [21] [22], as significantly modified by Einstein [23], is an 
example). It is essentially an encouragement for further research and analyses. 

This leads up now for an expansion of preliminary work done by Dr. Baker, 
which started in the works given in [24] and [25]. 

Essentially, we express our working hypothesis or theory is that our Universe 
is a rollout in space and time, spacetime, from the shortest length, Planck Length, 
(the smallest measure of length because shorter than it, quantum effects domi-
nate) and the shortest meaningful measure of time, Planck Time (the time it 
would take a photon travelling at the speed of light to across a distance equal to 
the Planck Length). It is speculated that space dimensions grow very rapidly at 
first and that time also grows very rapidly at first. As time increases, the rate of 
its change could be erratic, that is although in general it slows (rate of time slows 
approaching zero at the end of time), its rate of change could decelerate, pause 
or perhaps accelerate for a while since there is no ap reason for constancy. Prior 
research includes course lectures by Baker in the 1970s through the early 1990s 
at UCLA, West Coast University and the United States Air Force Academy dur-
ing which the “rollout theory” was developed and presented. The first written 
publication is to be found on pages 89-91 and 229 of (Baker, 2017) [26] and the 
invited poster presentation at the 2018 Annual Meeting of the American Associ-
ation for the Advancement of Science or AAAS (Baker, 2018) [27]. José M. M. 
Senovilla, of the University of the Basque Country, Spain [28], theorized that the 
expansion of our Universe is an “illusion” and actually is the result of the higher 
speed of time during the period when the light left the stellar structures in the 
past,: “… we are fooled into thinking that the expansion of the Universe is acce-
lerating because time itself is slowing down” (Mars, et al. 2008) [29]. So that ac-
cording to Senovilla (2007) [28], the speed of time may be related to the “illu-
sions” of dark matter and dark energy estimates. The reason that we have not 
been able to detect dark matter may just be that it does not exist! 

The speed of time is essentially the independent, observable variable in our 
working hypothesis. A notional graph of the speed of time variation is shown in 
Figure 3. The relationship between the change in the speed of time and the 
change in the space dimensions is important since they rollout in concert—in 
fact, it is the fundamental equation of the working hypothesis! Its derivation 
comes directly from the previously presented and well-known definitions of 
Planck Length and Planck Time. At the beginning of our Universe, the (change 
in the space dimensions) divided by the (change in the speed of time) is equal to 
(zero to the Planck Length during Planck Time) divided by (zero to Planck Time 
during Planck Time), which equals the (speed of light). It is speculated that this 
relationship is correct and endures so that the fundamental equation is: 

( )
( ) ( )

change in the space dimensions

speed of light change in the speed of time dimension= ×
       (2) 

In essence, it is speculated that quantum mechanics is the boundary or initial 
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condition for our general-relativity behaving Universe of today. It is also specu-
lated that the beginning of our Universe could be the osculating point with other 
universes (Baker and Noble, 2000) [24]. 

Similar to other cosmological theories, especially of the early universe, they 
should agree with observations, especially agree with new HFRGW observations 
yet to be taken. Since our working hypothesis suggests that the pace of time was 
faster in the past, galaxies would appear to rotate faster and stellar material 
would vary their rate of separation, the Hubble number (both essentially mea-
surable observables of the speed of time). Therefore our working hypothesis 
must be shown to be compatible with both of these observations as it is with ob-
servations of a relationship between redshift and the inferred distance of faraway 
galaxies, the existence of a microwave background with a blackbody spectrum, 
etc. Most importantly, there would be no reason to introduce extraneous fea-
tures to our Universe such as dark matter (DM) and/or dark energy, both of 
which have defied detection. Our working hypothesis must be shown by new 
HFRGW observations and resulting new theory also to be compatible with the 
assumption of homogeneity and isotropy of space and primarily relates to phe-
nomena occurring less than a second after the beginning of time. Specifically, we 
are interested in time increasing from Planck Time (about 5.39 × 10−44 seconds), 
the rollout speed of space dimensions (slowing from near the speed of light, 
about 3 × 108 meters per second), but increasing from Planck Length (about 1.6 
× 10−35 m) and the speed of time consequently, approaching 1.0 seconds per 
second. The situation with regard to the speed of time is described in the no-
tional Figure 3, page 71 of Baker, 2019 [30] repeated here as Figure 3. To be  

 

 
Figure 3. Notional graph of the change-of-speed-of-time variation with today’s time di-
mension. Notice different slopes (tangents) and irregularities [30]. 

https://doi.org/10.4236/jhepgc.2020.61010


A. W. Beckwith, R. M. L. Baker Jr 
 

 

DOI: 10.4236/jhepgc.2020.61010 110 Journal of High Energy Physics, Gravitation and Cosmology 
 

sure theoretical mathematical rigor must await such observations obtained less 
than a second or so after the beginning of our Universe, for example from ob-
servational data expected to be obtained from the Li-Baker HFRGW detector. 
That is, rigorous theory must await observations that show the actual variation 
of the speed of time to replace the notional graph of Figure 3. 

According to the working hypothesis, in all frames of reference the speed of 
light is constant and the “laws of Physics” apply—a second is a second and a year 
is a year, (Baker, 2019, p. 71) [30] but as we look back in time through a tele-
scope a second and a year, as well as distance measurements, appear shorter! 
(Baker and Baker, 2019 [31] for a video that includes the working hypothesis). In 
order to verify or falsify the working hypothesis, it would be useful to make ob-
servations at very short times, even a picosecond or less after “time zero”. For 
that reason, Terahertz or even higher frequency HFRGW observations would be 
extremely valuable. 

Viewing processes at past times today would see them moving with different 
rates depending upon the speed of time “back then.” For example, if the Cosmic 
Microwave Background (CMB) occurred about 400,000 years (in length of to-
day’s years) after the beginning of our Universe, then we would see separation 
motion of the cosmos commensurate with the speed of time then, specifically, 
(6.75 ± 0.05) × 104 m/s per Mpc (Alam, 2017) [32]. According to our working 
hypothesis, this separation speed (essentially the Hubble “constant”) would be 
far smaller than separation speeds and, hence the speed of time far smaller than 
at a time closer to the beginning of our Universe. This speculation is to be tested 
by the measurement of HFRGWs. We also speculate that although the speed of 
time slows down tremendously after the beginning of our Universe, it could 
pause or even increase later on. Specifically, several billion years (today’s years) 
after the beginning of our Universe (please see Figure 3) could have increased 
somewhat to (7.4 ± 1.5) × 104 m/s per Mpc (Riess, 2019) [33]. Therefore, re-
flecting a slight increase in the speed of time. No “Dark Energy” needs to be as-
sumed. Samuel Herrick back in the 1950s had an idea. He effectively incorpo-
rated the mass of an orbiting object, the mass of the object that is being orbited 
about and the Universal constant of gravity, G, into the time he often called “Tau 
Time” (Herrick, 1971) [34]. For this reason, whether the mass is associated with 
regular or Dark Matter is not of consequence. Of course, Herrick had no know-
ledge of “Dark Matter.” As far as galactic motion is concerned, if one can incor-
porate the concept of “matter” or “mass” into a two-body orbital relationship, 
then multi-body or “n-body” motion, such as a galaxy would follow. The “Tau 
Time” for geocentric, heliocentric and planetocentric motion can be found in 
Table 1.1, page 24 of (Baker and Makemson, 1967) [35] along the row for 
“Time.” In the working hypothesis on time, galactic motion can be predicted 
utilizing a speed of time local to a galaxy (like “Tau Time”) without the need for 
Dark Matter (DM). That is, you determine the speed of time as the indepen-
dent-variable observable as fitted to the measurements of the galactic motion 
using differential correction (Baker, 1967) [36]. 
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As questioned on pages 68 and 69 of Baker (2019) [30]: How does the speed of 
time vary with time itself and is there a detailed structure to that change? Does 
the speed of time change depend upon location and “surroundings” in our Un-
iverse e.g., is it unique to the Earth (that is, change depending on location), 
change with the density of local matter, etc. and if so what is the relationship? 
What is the actual theory for the change of the speed of time, that is, what is its 
cause? Is there a starting point for time? Why is the direction of the time arrow 
in a single direction? Are there two opposite directions of time flow? Questions 
seeking answers that maybe be obtained from HFRGW-detector observations. 

5. Alternative HFRGW Detectors 

Let us consider alternative HFRGW detectors. One of the first suggested means 
for the detection of HFRGWs concerns electromagnetic detectors (Braginsky, et 
al. 1974) [37]. Then Pegoraro, et al. (1978) [38] suggested the use of tuned reso-
nant chamber HFGW detectors. Rudenko and Sazhin in 1980 [39] proposed a 
Laser interferometer as a gravitational wave detector (somewhat similar to the 
current Japanese approach). In 1995 Tobar characterized multi-mode reso-
nant-mass HFGW detectors [40] and three years later in 1998 Ottawa, et al. 
proposed a compact injection-locked Nd:YAG laser for HFGW detection. And 
in 1999 Tobar suggested, microwave parametric transducers for the next genera-
tion of resonant-mass gravitational wave HFRGW detectors [41]. 

In the past several years, HFRGW detectors have been fabricated at Birming-
ham University, England, INFN Genoa, Italy and in Japan. These types of de-
tectors may be promising for the detection of the HFRGWs in the GHz band 
(MHz band for the Japanese) in the future, but currently, their sensitivities are 
orders of magnitude less than what is required for the detection of HFRGWs 
from the” big bang” or “big rollout”. 

The Birmingham HFRGW detector shown in Figure 4 measures changes in the 
polarization state of a microwave beam (indicating the presence of a GW) mov-
ing in a waveguide about one meter across as shown in Figure 4. Please see Cruise 

 

 
Figure 4. Birmingham University HFRGW Detector. 
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(2000) [42]; Ingley and Cruise (2001) [43] and Ingley (2005) [44]. It is expected to 
be sensitive to HFRGWs having spacetime strains of A ~2 × 10−13 / Hz , where 
Hz is the GW frequency, and as usual, A is a measure of the strain or fractional 
deformation in the spacetime continuum (again dimensionless m/m). 

The INFN Genoa HFRGW resonant antenna consists of two coupled, super-
conducting, spherical, harmonic oscillators a few centimeters in diameter. Please 
see Figure 5. The oscillators are designed to have (when uncoupled) almost 
equal resonant frequencies. In theory, the system is expected to have a sensitivity 
to HFRGWs with size (fractional deformations) of about ~2 × 10−17 / Hz  with 
an expectation to reach a sensitivity of ~2 × 10−20 / Hz . (Bernard, Gemme, Pa-
rodi, and Picasso’ (2001) [45]; and Ballantini, R, Bernard, Ph, Chiaveri E., Chin-
carini A., Gemme G., Losito R., Parodi R. and Picasso E. (2003) [46]). As of this 
date, however, there is no further development of the INFN Genoa HFRGW de-
tector. 

The Kawamura 100 MHz HFRGW detector has been built by the Astronom-
ical Observatory of Japan and essentially a table-top higher frequency LIGO. 
It consists of two synchronous interferometers exhibiting an arm’s length of 75 
cm. Please see Figure 6. Its sensitivity is now about 10−16 Hz  (Nishizawa et 
al., 2008) [47]. According to Cruise (2008) of Birmingham University [48] its 

 

 
Figure 5. INFN Genoa HFRGW detector. 

 

 

Figure 6. The National Astronomical Observatory of Japan 100MHz Detector. 

https://doi.org/10.4236/jhepgc.2020.61010


A. W. Beckwith, R. M. L. Baker Jr 
 

 

DOI: 10.4236/jhepgc.2020.61010 113 Journal of High Energy Physics, Gravitation and Cosmology 
 

frequency is limited to 100 MHz and at higher frequencies, its sensitivity dimi-
nishes. 

Cruise (2008) Diagram 
Note that all these detectors above can be compared with [49] as to Yag lasers 

and GW detections, as that the principles for detection are similar (not identical) 

6. The Li-Baker HFRGW Detector 

The Li-Baker HFGW detector was invented by R. M L Baker, Jr. of Transporta-
tion Sciences Corporation, California and patented (Baker, 2001) [25] 
(http://www.gravwave.com/docs/Chinese%20Detector%20Patent%2020081027.p
df). 

Based upon the theory of Li, Tang and Zhao (1992) [50] termed the Li-effect, 
the very sensitive detector was proposed by Baker during the period 1995-2000, 
the patent for it was filed in P. R. China in 2001 [25], subsequently granted in 
2007, and preliminary details were published later by Baker, Stephenson and Li 
(2008) [51]. 

The Li-Effect, the theoretical basis for the Li-Baker detector, was first pub-
lished in 1992 [50] and subsequently, some ten peer-reviewed papers have been 
published concerning it (Li and Tang (1997) [52], Li et al. (2000) [53], Li and 
Yang (2009) [17], Baker, Li and Li (2006) [54], Li, Baker and Fang (2007) [55], as 
well as [56], then Baker, Stephenson and Li (2008) [15], and Li et al. (2008) [16]). 
The capstone paper (Li, et al., 2008 [16]) presents all of the technical details and 
is included as APPENDIX B of their paper. The Li Effect is very different from 
the classical (inverse) Gertsenshtein Effect (Li, 2009 [57]). With the Li-Effect, a 
gravitational wave transfers energy to a separately generated electromagnetic 
(EM) wave in the presence of a static magnetic field. That EM wave has the same 
frequency as the GW (ripple in the spacetime continuum) and moves in the 
same direction. This is the “synchro-resonance condition,” in which the EM and 
GW waves are synchronized (move in the same direction and have the same 
frequency). 

Although explained in detail in the foregoing references, in order to be more 
convenient for the reader it is deemed appropriate to summarize the features of 
the Li-Baker HFRGW detector as follows: The result of the intersection of the 
parallel and superimposed EM and GW beams, according to the Li-Effect, is new 
EM photons moving off in a direction perpendicular to the beams and the mag-
netic field direction. Thus, these new photons occupy a separate region of space 
(see Figure 7) that can be made essentially noise-free and the synchroresonance 
EM beam itself (in this case a Gaussian beam) is not sensed there, so it does not 
interfere with detection of the photons. 

The synchro-resonance solution of Einstein’s field equations (Li, Baker, Fang, 
Stephenson and Chen, 2008 pp. 411 to 413) is [16] radically different from the 
Gertsenshtein (1962) effect (Li, 2009) [57]. The newer Li-Effect solution also 
uses coupling between EM and gravitational waves (Li, Tang and Zhao, 1992  

https://doi.org/10.4236/jhepgc.2020.61010
about:blank
about:blank
about:blank


A. W. Beckwith, R. M. L. Baker Jr 
 

 

DOI: 10.4236/jhepgc.2020.61010 114 Journal of High Energy Physics, Gravitation and Cosmology 
 

 
Figure 7. Detection photons sent to locations that are less affected by noise. 

 
[50]) that arises according to the theory of relativity. And from Figure 8 below, a 
strong static magnetic field in the y-direction, B, is superimposed upon a GW 
propagating in the z-direction, as in the inverse Gertsenshtein effect. However, 
with the Li-Effect, there is an additional focused microwave beam (“Gaussian 
beam”) at the expected frequency, phase and bandwidth of the HFGWs in the 
same direction (z) as the GW (as shown in Figure 8). 

Unlike the Gertsenshtein effect [57], and a similar situation reported the most 
useful for low-frequency gravitational waves as reported by Gertsenshtein in 
1963 [58], a first-order perturbative photon flux (PPF), comprising the detection 
photons, will be generated in the x-direction. Since there is a 90-degree shift in 
direction, there is little crosstalk between the PPF and the superimposed EM 
wave (Gaussian beam), so the PPF signal can be isolated and distinguished from 
the effects of the Gaussian beam, enabling detection of the GW. 

Here’s how it works: 
1) The perturbative photon flux (PPF), which signals the detection of a pass-

ing gravitational wave (GW), is generated when the two waves (EM and GW) 
have the same frequency, direction and phase. This situation is termed “syn-
chroresonance”. These PPF detection photons are generated as the EM wave 
propagates along its z-axis path, which is also the path of the GWs, as shown in 
Figure 8. 

2) The magnetic field is in the y-direction. According to the Li-Effect, the PPF 
detection photon flux (also called the “Poynting Vector”) moves out along the 
x-axis in both directions. 

3) The signal (the PPF) and the noise, or background photon flux (BPF) from 
the Gaussian beam have very different physical behaviors. The BPF (background 
noise photons) are from the synchro-resonant EM Gaussian beam and move in  
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Figure 8. Schematic of ultra-sensitive Li-baker HFRGW detectors. 

 
the z-direction, whereas the PPF (signal photons) move out in the x-direction 
along the x-axis. 

4) The PPF signal can be intercepted by electromagnetic-interference-shielded 
microwave receivers located on the x-axis (isolated from the synchro-resonance 
Gaussian EM field, which is along the z-axis). In addition, isolation is further 
improved by cooling the microwave receiver apparatus to reduce thermal noise 
background. 

The resultant efficiency of detection of HFRGWs utilizing the Li effect is 1025 
times greater than from the inverse Gertsenshtein effect (p. 21, Eardley, 2008 
[59]), which has been exploited in some previously proposed HFRGW detectors, 
e.g., in the JASON Report and in Li (2009) [57]. The proposed novel Li-Baker 
detection system is shown schematically in Figure 8. The detector is sensitive to 
HFRGWs directed along the +z-axis, and the precise geometrical arrangement of 
the major components around this axis is the key to its operation. 

The detector, shown in Figure 8, has five major components: 
1) A Gaussian (focused, with minimal side lobes) microwave beam (GB) is 

aimed along the +z-axis at the same frequency as the intended HFRGW signal to 
be detected (Yariv, 1975 [60]), typically in the GHz band, and also aligned in the 
same direction as the HFRGW to be detected. The microwave transmitter’s horn 
antenna is not shown, but would be located on the –z axis. 

2) A static magnetic field B, generated by two powerful magnets (typically us-
ing powerful superconductor magnets such as those found in a conventional 
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MRI medical body scanner), is directed along the y-axis. 
3) Two paraboloid-shaped reflectors, which are formed from “fractal mem-

branes” (Wen et al., 2002 [61]; Hou et al., 2005 [62]), are located in the y-z plane 
at the origin of the coordinate system to aim and focus the detection photons at 
diffraction limited spot antennas connected to two microwave receivers. These 
reflectors are segmented (similar to a Fresnel lens) and located back-to-back 
in the y-z plane. They are thin enough (less than a centimeter thick in the 
x-direction) to not block the z-directed Gaussian beam. These microwave ref-
lectors reflect the x-directed detection photons (PPF) and reject the z-directed 
Gaussian-beam photons, which move parallel to the surface of the reflectors in 
the y-z plane. 

4) High-sensitivity shielded microwave receivers are located at each end of the 
x-axis. 

5) Interior noise from thermal photon generation is eliminated by cooling the 
Li-Baker detection apparatus to below ~48 mK (0.048 Kelvin). There are effec-
tively no thermal photons at 10 GHz and higher frquencies. Noise from the inte-
rior background photon flux (BPF) from the EM Gaussian beam is reduced to a 
negligible level by moving the receivers out to the side about a meter away from 
the EM beam and by a series of superconductor or microwave absorbent baffles 
to “shade” the receivers. Stray EM resulting from scattering of particulate matter 
near the apparatus and possible dielectric dissipation can be effectively sup-
pressed by evacuating the apparatus to about 7.5 × 10−7 Torr (a rather high va-
cuum).External noise is eliminated by the use of a steel and titanium cryogenic 
containment vessel surrounding the low-temperature Li-Baker detection appa-
ratus. Stray noise spillover and diffraction that still manages to get reflected onto 
the detectors will create the shot noise, but such noise could be filtered out by 
pulse-modulating the magnetic field (Woods, Baker, Li and Beckwith, 2011) 
[63]. The idea, suggested by Baker, is that when the pulse-modulated magnetic 
field is “off” only the stray spillover noise and not the HFGW signal is present. 
Therefore, it can be effectively subtracted from the noisy signal, leaving only the 
HFGW signal and the sensitivity of the Li-Baker detector is thereby greatly im-
proved. 

7. Conclusions 

Clearly, much observational data analysis needs to be accomplished both utiliz-
ing existing data and data to be obtained with the proposed Li-Baker detector. If 
it is found that high-accuracy Muon decay time measurement shows a reduction 
in decay time, then that data could be correlated with the current speed of time 
as in (Baker, 2019) [27] [30]. In fine it is concluded that high-frequency relic 
gravitational wave (HFRGW) detectors be developed, especially the Li-Baker 
HFRGW detector, in the gigahertz and higher frequency range. Thereby pro-
ducing cosmological, primordial observational data especially generated during 
the first second after the beginning of our Universe. Up to now, cosmological 
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measurements have led to the theoretical introduction of dark matter and dark 
energy. An alternative working hypothesis or theory of the rollout of our Un-
iverse in spacetime from ultra-small Planck Length space dimensions and ul-
tra-short time Planck Time to current values is suggested. This new innovative 
theory does not require the introduction of dark matter or dark energy and may 
account for dwarf galaxies, surprisingly “modern” cosmic clouds (Banados, 
2019) [64], “Oh My God” (OMG) high-energy particles, and other unexplained 
peculiar features of our early Universe. It is suggested that the speed of time also 
be estimated based upon the rate of separation of cosmological objects (Hubble 
number) and galactic rotational rate when attributed to the speed of time not 
dark energy or dark matter. A fundamental equation is presented that links a 
change in the speed of time and the speed of the lengthening of dimensions, as 
they slow from their initial values, in order to preserve the constancy of the 
speed of light. The working hypothesis or theory not only encourages the devel-
opment of HFRGW detectors, especially the Li-Baker, but also challenges theo-
reticians to enhance the mathematical rigor of the rollout theory as the recom-
mended HFGRGW detector collects relic, primordial data. It is recommended 
that plans and detailed specifications for the Li-Baker HFRGW detector be pre-
pared in order to expedite its fabrication. 

We assert that the astrophysics benefits of HFGW would among other things 
be linked to ascertaining the probability of new polarization states in GW detec-
tions, as given by Fangyu Li et al. (2018) [65] and in addition, HFGW may ena-
ble investigating the fundamental constants of nature as stated by Barrow et al. 
[66] which is a window into the possibility of new physical theories of gravity as 
given by Professor Corda, in a 2009 paper [67] i.e. not only should the funda-
mental constants of nature be reviewed as well as their genesis in early universe 
cosmology are of striking import. In particular, the author’s point to Dr. Lis 
2018 [65], 
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The off diagonal contributions, at one goal, would be probed as of Barrows 
suppositions as to contributions due to setting the initial space-time constants, 
and would also enable a full investigation as to the scalar-tensor gravity theories 
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brought up by Professor Corda in his 2009 [67] outstanding presentation. We 
also assert that HFGW are the most direct way into review of these fundamental 
polarization state contributions as Equations (3) and (4) are straight from Dr. Li 
et al. 2018 [65] which the author views as of fundamental import as to the foun-
dations of gravitational waves at the start of the early universe. Mind you this 
will be a rich investigation into the fundamental structures of space time which 
we assert will be of invaluable import to the development of gravitational wave 
astronomy. 

All this started with many refinements beyond what was presented in [68] 
which is an extension of lasers and interferometry, i.e. we have taken the search 
implied by these same tools and extended their reach. We also argue this would 
be able to compliment [69] which albeit vastly improved over the first genera-
tion of LIGO but was still functionally not too effective for GW above 1000 Hertz. 
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