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Abstract: - We consider an inverse procedure as to predict what may be
obtained in eLISA, near Earth Orbit, in GW frequency. Among other issues
would be the duration of the GW pulse so observed, in eLISA measurements,
the relative degree of noise in the signal, as observed by eLISA, and this by
the device of a step down in frequency of GW from about 10*19 Hz, in the
early universe, or at a minimum 10710 Hz down to 10*-4 Hz to a low of 10”-
16 Hz, as could be ascertained by eLISA. We use the Tokamak in order to
obtain GW signals an average of 10"25 to 10"26 times larger than what
eLISA would observe as a way to make guesses as to the turbulence of the
eLISA signal, how to consider and prepare for inevitable isotropic
stochastic noise in the signal as well as guesses as to sources as to the noise
and the duration of the signal. Which may be observed by eLISA. We do this
as was mentioned before using Grischuk and Sachin (1975) amplitude for
the GW generation due to plasma in a toroid, we generalize this result for
Tokamak physics. We obtain evidence for strain values up to

h2nd—term ~10*-10" in a Tokamak centre. The GW frequency created
by a Tokamak are due to Plasma physics interactions within the Tokamak
Toroid, but can with an application of common sense allow us to know what
to look for in e LISA in its commissioning and GW runs.
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. Introduction

The author has in prior work given the idea that a decay of millions of
Planck sized BHs as within the exceedingly early universe as in [1] could
generate GW and gravitons, due to a breakup of black holes as predicted in
[1] but with the present GW spectrum of today very conservatively
following [2]. The breakup of black holes may commence due to what is
stated in [1] and be complimented by what is addressed in [3] which would
be if Gravitons acting as similar to a Bose-Einstein condensate contribute to
a resulting DE [1]. Either the strict breakup of black holes as in [4] or some
conflation with [3] would lead to, likely GW (and Graviton frequencies)
initially of the order of 10*10 Hz to maybe 10719 Hz. In doing so we can
consider the duration of an observed signal, its relative noisiness and
stochastic noise contributions of a sort which are covered in [5]. In addition,
the generation of GW in a Tokamak if commensurate with eLISA data after
a step down of 107-25 to 10”-26 due to 60 or more e folds [6] may allow for
a review of adequate polarization states for GW which may or may not need
higher dimensions to be in fidelity to the data sets obtained [7]. Having said
that, what are the justifications as to using Tokamaks?

First of all, there is the question of what sort of polarization would be
produced in initial processes. Secondly, if we were able to ascertain 10"10
Hertz gravitational waves, via our laboratory arrangements and if we were
later able to confirm, say the existence of 10"-16 Hz GW frequencies via
LISA in the present era, this would be a proof of the big bang hypothesis,
and so we summarize what this inquiry may answer .

So, what is our inquiry good for?

A. Determination of the fidelity of the e fold value
of 60 in the big bang

B. Issues of initial GW polarization which may be
configured at the start of the big bang.



C. Determination of the relative stability of the
production of the GW signal (i.e., if we had a
Tokamak running and the resulting GW amplitude
and the characteristics of the signal are stable, over a
“long time interval” does this imply stability of the
eLISA signal? Over time and space?

D. Likelihood of noise and Stochastic fluctuations in
a produced GW signal.

If A,B,C and D were determined as to the Tokamak, and GW, we
may be able to infer what to look for and to model when examined
directly, what a LISA GW signal set of characteristics may be inferring
as to early universe conditions. Having said that, let us go to the
Tokamak information.

II. Comparison with Grishchuk and Sachin results.

Russian physicists Grishchuk and Sachin [8] obtained the amplitude of a
Gravitational wave (GW) in a plasma as
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This is compared with [9], and we diagram the situation out as follows [10]

[3]




Fig. 1 We outline the direction of Gravitational wave “flux”. If the
arrow in the middle of the Tokamak ring perpendicular to the direction
of the current represents the z axis, we represent where to put the GW
detection device as 5 meters above the Tokamak ring along the z axis.
This diagram was initially from Wesson [10]

Note that a simple model of how to provide a current in the Toroid is
provided by a transformer core. This diagram is an example of how to
induce the current I, used in the simple Ohms law derivation referred to in
the first part of the text. Here, E is the electric field whereas 4, is the

gravitational wavelength for GW generated by the Tokamak in our model.
In the original Griskchuk model, we would have very small strain values,
which will comment upon but which require the following relationship
between GW wavelength and resultant frequency. Note, if

6
gy ~10°Hz = 4, ~300 meters o e will be
assuming a baseline of the order of setting

9
Wy ~10°HZ = 4, ~.3 meters . 4 paseline
measurement for GW detection above the Tokamak. Furthermore,
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W; = Average —energy —density,V,
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=Volume —Toroid, & = inner —radii(Toroid)
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This Eq. (1) above is due to the 1% term of a two-part composition of the
strain, with the 2" term of the strain value significantly larger than the first
term and due to ignition of the Plasma in the Tokamak. The first term of
strain is largely due to what was calculated by Grishkuk [8]et. al. The



second term is due to Plasma fusion burning. This plasma fusion burning
contribution is due to non-equilibrium contributions to Plasma ignition,
which will be elaborated on in this document. Note that the first term in the
strain derivation is due to the electric field within a Toroid, not Plasma
fusion burning, and we will first discuss how to obtain the requisite strain,
for the electric field contribution to the current, inside a Tokamak. making
use of Ohms law. See [9] for additional details.

I11. Derivation of strain generated by an electric field, and small
strain values.

We will examine the would-be electric field, contributing to a small strain
values similar in part to Ohms law. A generalized Ohm’s law ties in well
with Figure 1 above

\]:G’E )

In order to obtain a suitable electric field, to be detected via 3DSR
technology [11,12], we will use a generalized Ohm’s law as given by
Wesson [3] (page 146), where E and B are electric and magnetic fields, and
Vv is velocity.

E:(T_l\] —VvxB (3)

Note that the term in Eg. (4) given as VX B deserves special

commentary. If h Vv 4 Is perpendicular to B as occurs in a simple
equilibrium case, then of course, Eq. (4) would be, simply put, Ohms law,
and spatial equilibrium averaging would then lead to

E=0c']J-vxB sE=0""J

v—perpendicular —to-B (4)

What saves the contribution of Plasma burning as a contributing factor to the
Tokamak generation of GW, with far larger strain values commencing is that
one does not have the velocity of ions in Plasma perpendicular to B fields in
the beginning of Tokamak generation. It is, fortunately for us, a non-
equilibrium initial process, with thermal irregularities leading to both terms



in Eq. (5) contributing to the electric field values. We will be looking for an
application for radial free electric fields being applied e.g., Wesson [10] (
page 120)

”jej'(ErJ“VuB):_W (5)
Here, J =ion density, jth species, J =ion charge, jth species, Er =

radial electric field, = L] = perpendicular velocity, of jth species, B-

magnetic field, and J = pressure, jth species. The results of Eg. (3) and
Eq. (4) are

G G [Const] G[J ’
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Here, the 15t term is due to V X E — O . and the 2" term is due to
dP. 1
E =—1. —(V>< B)
an n; -e, Twith the 1 term generating

-38 -30
h~10" -10"", terms of GW amplitude strain 5 meters above the

Tokamak, whereas the 2" term has an h —10 =6 in terms
of GW amplitude above the Tokamak. The article has contributions from
amplitude from the 1% and 2" terms separately. The second part will be
tabulated separately from the first contribution assuming a minimum



temperature of T = Temp ~10KeV as from Wesson [10]. We
should also consider the issues in [9],[11], and [12]

IV. GW h strain values when the first term of Eq. (4) is used.

We now look at what we can expect with the simple Ohm’s law calculation
for strain values. As it is, the effort led to non-usable GW amplitude values

of up to h~10"% —10_30for GW wave amplitudes 5 meters above a

Tokamak, and h ~107 —107*%in the centre of a Tokamak. I.e. this would
be using Ohm’s law and these are sample values of the Tokamak generated
GW amplitude, using the first term of Eq. (4) and obtaining the following
value [8] with

G ., ., GI[JIT .,
hFirst—termMC_4°E °AGW~F'|:;:| .E’GW (7)

We summarize the results of such in our first table as given for when
9
Ogy ~10°HZ = A, ~.3 meters  and with  conductivity

o(tokamak — plasma) ~10-m?/SeC ..y wirr e

following provisions as to initial values. What we observe are a range of
Tokamak values which are, even in the case of ITER (not yet built) beyond
the reach of any technological detection devices which are conceivable in
the coming decade. This table and its results, assuming fixed conductivity

values o(tokamak — plasma) ~ 10-m?/sec as well as

ﬂ«GW ~.3 meters is why the author, results as to the 2" term of Eq. (4)

which lead to even for when considering the results for the Chinese
Tokamak in Hefei to have [13]
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or values 10,000 larger than the results in ITER due to Eq. (6).’



Note that we are setting ﬂ“Gw ~.3 meters :

o(tokamak — plasma) ~10-m?/SeC g £qs

above for Amplitude of GW.What makes it mandatory to go the 2" term of
Eqg. (4) is that even in the case of ITER, 5 meters above the Tokamak ring,
the GW amplitude is 1/10,000 the size of any reasonable GW detection
device, and this including the new 3DSR technology (Li et al, 2009) [11,12]
. Hence, we need to come up with a better estimate, which is what the 2"
term of Eq. (5) is

V .Enhancing GW strain Amplitude via utilizing a burning Plasma drift
current: Eq.(4)

The way forward is to go to Wesson, [10][3] (2011, page 120) and to look at
the normal to surface induced electric field contribution

P.
E, =L~ (vxB),
ax, nj~ej (9)

V

If one has for "R as the radial velocity of ions in the Tokamak from

Tokamak centre to its radial distance, R, from centre, and B@ as the
direction of a magnetic field in the ‘face’ of a Toroid containing the Plasma,

in the angular ‘9 direction from a minimal toroid radius of R= a, with
0=0 10 R=a+r with O =7, one has VR for radial drift

B

velocity of ions in the Tokamak, and

B,

@ having a net approximate value

of: with not perpendicular to the ion velocity, so then[10]



(vxB) ~vi-B,
n
Also, From Wesson [3] (page 167) the spatial change in pressure denoted.

g
dx. 7 b -

Here the drift current, using £=a/rR, and drift current j for Plasma charges,
.e.

1/2
j N 5 T .dndrift
b
Bg Temp dr "

Figure 2 below introduces the role of the drift current, in terms of Tokamaks
[10]

(10)
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Fig. 2 Typical bootstrap currents with a shift due to r/a where r is the
radial direction of the Tokamak, and a is the inner radius of the Toroid.
This figure is reproduced from Wesson [10] Then one has

1/4 2 1/4 2
2 (: 2 Bgz é: 1 dnyg _ 5 1 dngg
B, '(Jb/nj'ej) 2’ B, '{n T dr 2 1 dr (13)

€ drift € drift

Now, the behaviour of the numerical density of ions, can be given as
follows, namely growing in the radial direction, then [3]

N,.. =N, -expléa-r]
drift drift initial p (14)
This exponential behaviour then will lead to the 2" term in Eq. (4) having in
the centre of the Tokamak, for an ignition temperature of

Tremp 210KeEV ;5 varye of

Temp

h

2nd —term -
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As shown in [10] there is a critical ignition temperature at its lowest point
of the curve in the having TTemp > 30KeV a5 an optimum value of the

20 113
Tokamak ignition temperature for Nion ~107'm , with a still

permissible temperature value of Tremp safe_upper_bound ~100KeV \ith a

20 11~ —3
value of nion 10 m , due to from page 11, [10] the relationship



of Eq.(16), where E Is a Tokamak confinement of plasma time of about

1-3 seconds, at least due to [10]. Then
20 -3

N -7g >.5x107-m™-sec Also, it

TTemp safe—upper —bound ~100K€V’ then one could have at the

Tokamak centre, i.e. even the Hefei based Tokamak [10,13]

~

2nd —term |TTemp 2100KeV 4 g2 (16)

h

This would lead to, for a GW reading 5 meters above the Tokamak, then
lead to for then the Tokamak [10,13]

1/4
~ 22
a e
€

Temp 2 -27
. ﬂ‘GW -~ 10 (17)

S5
4

5—meters—above—Tokamak C

[ N3ng—term |TTemp >100KeV }

2

Note that the support for up to 100 KeV for temperature can yield more
stability in terms of thermal Plasma confinement.

V. Restating the energy density and power using the formalism of Eq.(1)
directly

Va4 _
5 CZZT 2

Temp— plasma- fusion—burning

W_ -V, ~a- A, -
E volume GW ejz (18)

The temperature for Plasma fusion burning, is then about between 30 to 100
KeV, as given by Wesson [10] The corresponding power as given by
Wesson is then for the Tokamak [10]



E B,
,uo R (19)

The tie in with Eq.(18) by Eqg. (20) can be seen by first of all setting the E
. . : _ 12 -1
field as related to the B field, via E (electrostatic) ~ 10°VmM™ s

P =E-J<

4
equivalent to a magnetic field B -10 T(l_OI’I’) as given by[9]. In a one

second interval, if we use the input power as an experimentally supplied
quantity, then the effective E field is

8 ~
E ~§ axT

applied e Tokamak —temperature
J

What is found is, that if Eq. (19) and Eqg.(20) hold. Then by Wesson[10] ,

op. 242-243, if Zeg ~1.5,0,0, ~1.5,(R/&) =3 Then the temperature

of a Tokamak, to good approximation would be between 30 to 100 KeV, and
then one has[10]

4/5 -
B, ~.87-(T =T

Tokamak —temperature ) (21)

(20)

Then the power for the Tokamak is

9/4
/8 ~
f o4 (TTokamak —temperature )

P < X
Q|Tokamak—tor0|d Ly - ej ‘R (.87)5/4 (22)

Then, per second, the author derived the following rate of production per
-34 ~
second of a 107 €V graviton, as, if d =R /3



1/4
o 3-h-e j (TTokamak—temperature )
massive—gravitons/second 2 18 ~ 2 2 5/4
IUO ’ R ) 5 a //lGraviton.mgraviton C- (87)

n| ~ 1/ ArmionScaling (23)
If there is a fixed mass for a massive graviton, the above means that as the
wavelength decreases, that the number of gravitons produced between

plasma burning temperatures of 30 to 100 KeV changes. See
[10,11,12,13,14,15]

vi. GW generation due to the Thermal output of Plasma burning ,
and linkage to the initial GW strain and frequency problem versus
values of strain and frequency of GW today, from the initial pre big
bang.

Further elaboration of this matter in the experimental detection of
experimental data sets for massive gravity lies in the viability of the
expression derived , namely Eq. (19) h-~10% for a GW detected 5 meters
above a Tokamak represents the decrease in strain, by a factor of about 100,
from details which are further elaborated upon in [15] , whereas in the center
of the Tokamak, we would have, say, h,, ... ~10%*-10%. l.e a difference of 2

orders of magnitude. We state that our rough estimate is that we would see
about the same strain values, in the initial starting point of the universe we

25 _ _

would have, say h ~ 10 decreasing to h ~ 10 2 —-10 ! today.
l.e. a comparatively small change in strain amplitude. Contrast this with the
e folding issues, of [16] whereas we would have a difference of 10726 in
frequency magnitude, with 10710 Hz initially, for GW at start of big bang,
decreasing to 10*-16 Hz, due to inflation, and [9]. If we confirm that last
statement observationally, we have confirmed the [16] e folding prediction
and taken a huge step forward in observational cosmology. Eventually we
could investigate, also, early universe polarization of GW.

VII. What can we say about the stability of a Plasma generated signal
creating GW? And its relevance to eLISA?

Among other things to consider, if we do Tokamak generation of GW
simulations right as to GW generation, we will be able to enhance the
likelihood [17][18] of having a stable signal (if that is what the Tokamak
predicts), or an unstable signal (if that is what the Tokamak predicts) of the



LISA data sets. Not necessarily in a fool proof way, but it would be a
baseline to review and to refer to. Another item to consider, not just as to the
type of GW polarizations, and stability of the signal, but also a way to infer
through trial and error the duration of the phenomenon creating very early
universe GW generation. References [1],[2], and [3] are verifiable portals as
far as model building exercises which may commence once we have data
sets. This is in outlook like the opportunities which may be given to us by
[19]. The author also refers readers to [20] by Moniz, as well as [21] for the
old wavefunction of the universe problem. We hope that a fully developed
research and development program may enable full investigation of all these
issues via the medium of GW astronomy. And we also ascertain that these
same techniques may be useful in evaluating Brane world physics
cosmology [22],[23]. This all involves using the following frequency
relationship [24]
-1
) a“[oday ~ O arth—orbit
ainitial—era a)initial—era

25
— (1+ Zinitial—era ) a)Earth—orbit ~10 a)Earth—orbit ~ a)initial—era

And a goal eventually of determining if the following wave functions are
applicable to GW astronomy,i.e. [21] where on page 239 for a quantum
cosmology similar to a “dust universe” we are given by Kieffer that

K=n)+1/2
<E>K:n,/1 = ( 2 A=l he

(1+z,

initial —era

(24)

>ha)-((1c: n)+1/ 2) (25)

What we can do, is to ascertain the last step would be to make a
cosmology wavefunction in a sense partly related to the simple
harmonic oscillator. But we should take into consideration the

normalization using that if h=1{ P G= tP — kB =1 is done
via Plank unit normalization [25][26]. If so, then we have that
frequency is proportional to 1/t, where t is time. I.e., hence if there is a
value of n=0 and making use of the frequency, we then would be able
to write



w N\E' 11
TN | w+i-(tHr) o+i-(t-r)| 20

Or,

v L [\or 1 B 1
T Jr Vot | Ve V8 . (27)
t

With, sagl.

)~
(28)

VIIIl. Acknowledgements

This work is supported in part by National Nature Science Foundation of
China grant No. 11375279.

References:

1.

Beckwith, A. A Solution of the Cosmological Constant and DE
Using Breakup of Primordial Black Holes, Via a Criteria Brought Up
by Dr. Freeze Which Initiates DE as Linked to

Inflation. Preprints 2021, 2021040210 (doi:
10.20944/preprints202104.0210.v1).

Vladimir Gladyshev, and Igor Fomin,” The Early Universe as a
source of Gravitational \Waves”,
https://www.intechopen.com/books/progress-in-relativity/the-early-
universe-as-a-source-of-gravitational-waves

T. Fukuyama and M. Morikawa, “Relativistic Bose-Einstein
Condensation Model for Dark matter and Dark Energy, pp 95-97 in
“Relativistic =~ Astrophysics  and  Cosmology-Einstein’s  Legacy
(proceedings of the MPE/USM/MPA/ESO Joint Astronomy conference,
Heldin in Munich, Germany, 7-11 Nov. 2005, with Edi9tors of BV.



https://www.intechopen.com/books/progress-in-relativity/the-early-universe-as-a-source-of-gravitational-waves
https://www.intechopen.com/books/progress-in-relativity/the-early-universe-as-a-source-of-gravitational-waves

Auschenbach, V. Burwitz, G. Hasinger, and B. Leibundgut, Springer
Verlag, 2007, New York City, New York, USA

4. Katherine Freeze, Mathew Brown, and William Kinney, “The Phantom
Bounce, A new proposal for an oscillating Cosmology”, pp 149-156, of
The Arrows of Time, A debate in cosmology”, Fundamental theories in
physics, Volume 172, with Laura Mercini-Houghton, and Rudy Vaas ,
editors, Springer Verlag, Heidelberg, Federal Republic of Germany, 2012

5. Michele Maggiore, “ Gravitational waves, Volume 1, Theory and
experiment”, Oxford University Press, Oxford, UK., 2008

6. Sohrab Rahvar, in “Cosmic Initial Conditions for a habitable Universe”,
MNRAS470,3095-3102 (2017)

7. Fang-Yu Li, Hao Wen, Zhen-Yun Fang, Di Li, Ton-Jie Zhang,”
Electromagnetic counterparts of high -frequency Gravitational
waves having additional polarization states; distinguishing and

probing tensor-mode, vector-mode, and scalar-mode gravitons”
Eur. Phys. J. C (2020) 80:879, https://arxiv.org/abs/1712.00766

8. L.P. Grishchuk, M.V. Sazchin “ Excitation and Detection of Standing
Gravitational Waves”, Zh. Eksp. Theor. Fiz 68, pp 1569-1582 (1975)
Moscow

9. F. Li,I| M. Tang, J. Luo, and Y-C. Li, “Electrodynamical response of
a high energy photon flux to a gravitational wave”, Phys. Rev. D.
62, 44018, (2000)

10. J. Wesson; “Tokamaks”, 4" edition, 2011 Oxford Science
Publications, International Series of Monographs on Physics, Volume 149

11. F.Y.Lietal, Phys. Rev. D 80, 064013 (2009), arxiv re-qc/0909.4118
(2009)

12. R.C. Woods et al, Journal of Modern physics 2, number 6, starting at
page 498, (2011)

13. J. Li,et al, “ A Long Pulse high Confinement Plasma regime in the
experimental Advanced Super conducting Tokamak”, Nature Physics
(2013), doi 10.1038/ nphys 2795, Published November 17, 2013

14. H.Wen, F. Li, and Z. Fang “Electromagnetic response produced by
interaction of high-frequency gravitational waves from braneworld
with galactic-extragalactic magnetic fields” PR D 89, 104025,
Published May 14, 2014


https://arxiv.org/abs/1712.00766

15. Beckwith, A.W. (2017) Part 2: Review of Tokamak Physics as a Way
to Construct a Device Optimal for Graviton Detection and Generation
within a Confined Small Spatial Volume, as Opposed to Dyson’s “Infinite
Astrophysical Volume” Calculations. Journal of High Energy Physics,
Gravitation and Cosmology, 3, 138-155.
http://dx.doi.org/10.4236/jhepgc.2017.31015

16. Chongchitnan, S., Inflation model building with an accurate measure
of e-folding,https://arxiv.org/pdf/1605.04871.pdf

17. Cornish, Neil; Robson, Travis (29 March 2017). "Galactic binary
science with the new LISA design". Journal of Physics: Conference
Series. 840 (1):

012024. arXiv:1703.09858. Bibcode:2017JPhCS.840a2024C. doi:1
0.1088/1742-6596/840/1/012024. S2CID 119335855.

18. Danzmann, Karsten; The eLISA Consortium (24 May 2013).

"The Gravitational Universe". :1305.5720 [astro-ph.CO].

19. Astier, Pierre (Supernova Legacy Survey); Guy; Regnault; Pain;
Aubourg; Balam; Basa; Carlberg; Fabbro; Fouchez; Hook; Howell;
Lafoux; Neill; Palanque-Delabrouille; Perrett; Pritchet; Rich;
Sullivan; Taillet; Aldering; Antilogus; Arsenijevic; Balland;
Baumont; Bronder; Courtois; Ellis; Filiol; et al. (2006). "The
Supernova legacy survey: Measurement of Quv, Qa and W from the
first year data set". Astronomy and Astrophysics. 447 (1): 31—

48. arXiv:astro-ph/0510447

20.Paulo Vargas Monitz, Lecture Notes in physics, 803,”Quantum
Cosmology-The Supersymmetric Perspective- Vol1l, Fundamentals,

21. Klaus Kieffer, “Quantum Gravity, 3™ edition”, Oxford Science
Publications, Oxford University Press, Oxford, United Kingdom,
2012

22. Pratyusava Baral, Soumendra Kishore Roy, Supratik Pal,”
Prospects of probing dark energy with eLISA: Standard versus null
diagnostics”, Monthly Notices of the Royal Astronomical Society,
Volume 500, Issue 3, January 2021, https://arxiv.org/abs/2005.07231

23. Luca Visinelli; Nadia Bolis; Sunny Vagnozzi (March 2018).
"Brane-world extra dimensions in light of GW170817". Phys. Rev.
D. 97 (6):


https://arxiv.org/pdf/1605.04871.pdf
https://en.wikipedia.org/wiki/ArXiv_(identifier)
https://arxiv.org/abs/1703.09858
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/2017JPhCS.840a2024C
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1088%2F1742-6596%2F840%2F1%2F012024
https://doi.org/10.1088%2F1742-6596%2F840%2F1%2F012024
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:119335855
https://en.wikipedia.org/wiki/ArXiv_(identifier)
https://arxiv.org/abs/1305.5720
https://arxiv.org/archive/astro-ph.CO
https://en.wikipedia.org/wiki/Supernova_Legacy_Survey
https://en.wikipedia.org/wiki/ArXiv_(identifier)
https://arxiv.org/abs/astro-ph/0510447
https://arxiv.org/search/astro-ph?searchtype=author&query=Baral%2C+P
https://arxiv.org/search/astro-ph?searchtype=author&query=Roy%2C+S+K
https://arxiv.org/search/astro-ph?searchtype=author&query=Pal%2C+S
https://arxiv.org/abs/2005.07231

064039. arXiv:1711.06628. Bibcode:2018PhRvD..97f4039V. doi:10.1
103/PhysRevD.97.064039. S2CID

24. A. Lightman, W. Press, R. Price, S. Teukolsky,”Problem book in
relativity and Gravitation”, Princeton University Press, Princeton,
New Jersey, USA, 1975

25. Barrow, John, D. “The Constants of Nature, from Alpha to
Omega- The numbers that encode the deepest secrets of the
Universe”, New York City, New York, Pantheon Books, 2002

26.Planck, Max (1899). "Uber irreversible

Strahlungsvorgange". Sitzungsberichte der Koniglich PreulRischen
Akademie der Wissenschaften zu Berlin (in German). 5: 440—

480. pp. 478-80 contain the first appearance of the Planck base units
other than the Planck charge, and of Planck's constant, which Planck
denoted by b. a and f in this paper correspond to k and G in modern
usage.



https://en.wikipedia.org/wiki/ArXiv_(identifier)
https://arxiv.org/abs/1711.06628
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/2018PhRvD..97f4039V
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1103%2FPhysRevD.97.064039
https://doi.org/10.1103%2FPhysRevD.97.064039
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://en.wikipedia.org/wiki/Max_Planck
https://www.biodiversitylibrary.org/item/93034#page/498/mode/1up
https://www.biodiversitylibrary.org/item/93034#page/498/mode/1up
https://en.wikipedia.org/wiki/Planck_charge
https://en.wikipedia.org/wiki/Planck%27s_constant
https://en.wikipedia.org/wiki/Boltzmann%27s_constant
https://en.wikipedia.org/wiki/Gravitation_constant

