Uncertainty Relation for Retarded Gravity

Asher Yahalom
Ariel University, Ariel 40700, Israel

R
Jul 13 - 15, 2026
Dark Matter and Stars: Multi-Messenger
Probes of Dark Matter and Modified Gravity

University of Southampton, Theatre 4A
Building 54, 58 Salisbury Rd, Southampton SO17 1B]



Contents

Retardation Theory & Weak Field GR

When are retardation corrections
Important

Astrophysical Implications:

Galactic Rotation Curves

Lensing

ihe Tully: Fisher Relations

The viral theorem and the Comma Cluster

Conclusion



Bibliography

1. Asher Yahalom “Retardation effects in gravitation and
electromagnetics” Proceedings of the 10t" International
Conference on Materials, Technologies and Modelling
(MMT-2018) Ariel, Israel, August 20-24, 2018.

2. Yahalom, A. The effect of Retardation on Galactic
Rotation Curves. J. Phys.: Conf. Ser. 1239 (2019)
012006.

3. Yahalom, A. Dark Matter: Reality or a Relativistic
Illusion? In Proceedings of Eighteenth Israeli-Russian
Bi-National Workshop 2019, The Optimization of
Composition, Structure and Properties of Metals,
Oxides, Composites, Nano and Amorphous Materials,
Ein Bokek, Israel, 17-22 February 2019.




Bibliography

4. Asher Yahalom "Lorentz Symmetry Group,
Retardation, Intergalactic Mass Depletion and
Mechanisms Leading to Galactic Rotation Curves”
Symmetry 2020, 12(10), 1693;
https://doi.orqg/10.3390/sym12101693

5. Yahalom, A. Lensing Effects in Retarded Gravity.
Symmetry 2021, 13, 1062.
https://doi.org/10.3390/sym13061062.
https://arxiv.orqg/abs/2108.04683.

6. Yahalom A. Effects of Higher Order Retarded Gravity.
Universe. 2021, 7(7):207.
https://doi.org/10.3390/universe7070207.
https://arxiv.org/abs/2108.08246



https://doi.org/10.3390/sym12101693
https://doi.org/10.3390/sym12101693
https://doi.org/10.3390/sym12101693
https://doi.org/10.3390/sym12101693
https://doi.org/10.3390/sym12101693
https://doi.org/10.3390/sym12101693
https://doi.org/10.3390/sym12101693
https://doi.org/10.3390/sym12101693
https://doi.org/10.3390/sym12101693
https://doi.org/10.3390/sym12101693
https://arxiv.org/abs/2108.04683
https://arxiv.org/abs/2108.04683
https://arxiv.org/abs/2108.04683
https://arxiv.org/abs/2108.04683
https://arxiv.org/abs/2108.04683
https://arxiv.org/abs/2108.04683
https://arxiv.org/abs/2108.04683
https://arxiv.org/abs/2108.04683
https://arxiv.org/abs/2108.08246
https://arxiv.org/abs/2108.08246
https://arxiv.org/abs/2108.08246
https://arxiv.org/abs/2108.08246
https://arxiv.org/abs/2108.08246
https://arxiv.org/abs/2108.08246
https://arxiv.org/abs/2108.08246
https://arxiv.org/abs/2108.08246

7.

8.

Bibliography

A. Yahalom "Tully - Fisher Relations and Retardation
Theory for Galaxies"” International Journal of Modern
Physics D, (2021), Volume No. 30, Issue No. 14,
Article No. 2142008 (8 pages). © World Scientific
Publishing Company.
https://doi.orqg/10.1142/S0218271821420086 ,
https://arxiv.org/abs/2110.05935.

A. Yahalom "The weak field approximation of general
relativity, retardation, and the problem of precession
of the perihelion for mercury” Proceedings of the
International Conference: COSMOLOGY ON SMALL
SCALES 2022 Dark Energy and the Local Hubble
Expansion Problem, Prague, September 21-24, 2022.
Edited by Michal Krizek and Yuri V. Dumin, Institute of
Mathematics, Czech Academy of Sciences. . o



https://doi.org/10.1142/S0218271821420086
https://doi.org/10.1142/S0218271821420086
https://doi.org/10.1142/S0218271821420086
https://doi.org/10.1142/S0218271821420086
https://doi.org/10.1142/S0218271821420086
https://doi.org/10.1142/S0218271821420086
https://doi.org/10.1142/S0218271821420086
https://doi.org/10.1142/S0218271821420086
https://doi.org/10.1142/S0218271821420086
https://doi.org/10.1142/S0218271821420086
https://arxiv.org/abs/2110.05935
https://arxiv.org/abs/2110.05935
https://arxiv.org/abs/2110.05935
https://arxiv.org/abs/2110.05935
https://arxiv.org/abs/2110.05935
https://arxiv.org/abs/2110.05935
https://arxiv.org/abs/2110.05935
https://arxiv.org/abs/2110.05935
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/
https://css2022.math.cas.cz/

Bibliography

9. A. Yahalom "Lensing Effects in Galactic Retarded
Gravity: Why "Dark Matter” is the Same for Both
Gravitational Lensing and Rotation Curves"” IJMPD Vol.
31, No. 14, 2242018 (10 pages), received 23 May
2022, Accepted 31 August 2022, published online 30
September 2022.
https://doi.orq/10.1142/S0218271822420184

10. Yahalom, A. The Weak Field Approximation of General
Relativity and the Problem of Precession of the
Perihelion for Mercury. Symmetry 2023, 15, 39.
https://doi.org/10.3390/sym15010039



https://doi.org/10.1142/S0218271822420184
https://doi.org/10.1142/S0218271822420184
https://doi.org/10.1142/S0218271822420184
https://doi.org/10.1142/S0218271822420184
https://doi.org/10.1142/S0218271822420184
https://doi.org/10.1142/S0218271822420184
https://doi.org/10.1142/S0218271822420184
https://doi.org/10.1142/S0218271822420184
https://doi.org/10.1142/S0218271822420184
https://doi.org/10.1142/S0218271822420184
https://doi.org/10.3390/sym15010039
https://doi.org/10.3390/sym15010039
https://doi.org/10.3390/sym15010039
https://doi.org/10.3390/sym15010039
https://doi.org/10.3390/sym15010039
https://doi.org/10.3390/sym15010039
https://doi.org/10.3390/sym15010039
https://doi.org/10.3390/sym15010039
https://doi.org/10.3390/sym15010039
https://doi.org/10.3390/sym15010039

Bibliography

11. Michal Wagman, Lawrence P. Horwitz, and Asher
Yahalom "Applying Retardation Theory to Galaxies"
2023 J. Phys.: Conf. Ser. 2482 012005.

12. Asher Yahalom "The Virial Theorem for Retarded
Gravity" International Journal of Modern Physics D,
2342013, Published: 28 July 2023.
https://doi.orq/10.1142/S0218271823420130

13. Asher Yahalom "MOND & Retarded Gravity" Bulgarian
Journal of Physics vol. 51 1 (2024) 5-20.
https://doi.org/10.55318/bgjp.2024.51.1.005



https://doi.org/10.1142/S0218271823420130
https://doi.org/10.1142/S0218271823420130
https://doi.org/10.1142/S0218271823420130
https://doi.org/10.1142/S0218271823420130
https://doi.org/10.1142/S0218271823420130
https://doi.org/10.1142/S0218271823420130
https://doi.org/10.1142/S0218271823420130
https://doi.org/10.1142/S0218271823420130
https://doi.org/10.1142/S0218271823420130
https://doi.org/10.1142/S0218271823420130
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005
https://doi.org/10.55318/bgjp.2024.51.1.005

Bibliography

14. Glass, Yuval, Tomer Zimmerman, and Asher Yahalom.
2024. "Retarded Gravity in Disk Galaxies" Symmetry
16, no. 4: 387.

https://doi.org/10.3390/sym16040387

15. Michal Wagman, Lawrence P. Horwitz, and Asher
Yahalom "Retardation Theory of Eleven Galaxies"
Physica Scripta 2024, 99 105003, 10.1088/1402-
4896 /ad6¢c8d

16.Yahalom, A. Gravitational Hamiltonian Systems and

the Retarded Gravity Inequality. Entro 2024, 26

986. https://doi.org/10.3390/e26110986



https://doi.org/10.3390/sym16040387
https://doi.org/10.3390/sym16040387
https://doi.org/10.3390/sym16040387
https://doi.org/10.3390/sym16040387
https://doi.org/10.3390/sym16040387
https://doi.org/10.3390/sym16040387
https://doi.org/10.3390/sym16040387
https://doi.org/10.3390/sym16040387
https://doi.org/10.3390/sym16040387
https://doi.org/10.3390/sym16040387
https://doi.org/10.3390/e26110986
https://doi.org/10.3390/e26110986
https://doi.org/10.3390/e26110986
https://doi.org/10.3390/e26110986
https://doi.org/10.3390/e26110986
https://doi.org/10.3390/e26110986
https://doi.org/10.3390/e26110986
https://doi.org/10.3390/e26110986
https://doi.org/10.3390/e26110986
https://doi.org/10.3390/e26110986

General Relativity
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Linear Approximation
(weak gravity)

9w = Muw + by, M = diag (1, -1,—-1,-1), |h,| <1
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The resulting geodesic:




Back to Newton?




Back to Newton?




Beyond the Newtonian
Approximation

A Taylor series expansion has a limited range hence the
current approach is “"near field” that is of limited distance
Validity from the galaxy.







Single Particle Case
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Single Particle Case
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The “Uncertainty Relation”

Slow non-relativistic particles




The “Uncertainty Relation”




Example

Consider a point mass located on a circle that serves as a border
of the M33 galaxy; then, we may ask what will be the amount of
acceleration suffered by the point mass that will cause a
retardation effect on a test particle located across the diameter of
the galaxy (which is the furthest point on the imaginary circle
from the point mass). Now, the radius of the galaxy M33 is Rs =~
30,000 light years =2.8 x 1020 m. Hence, we will need an
acceleration of about (we take fr = 1):
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Consider a point mass located on a circle that serves as a border
of the M33 galaxy; then, we may ask what will be the amount of
acceleration suffered by the point mass that will cause a
retardation effect on a test particle located across the diameter of
the galaxy (which is the furthest point on the imaginary circle
from the point mass). Now, the radius of the galaxy M33 is Rs =~
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~ 0.00032 m /s>




The Newtonian Radius

From this point of view, we may partition the galactic point
masses into two classes: Newtonian gravity particles and retarded
(+Newtonian) gravity particles the difference depends on how big
the Newtonian radius (which depends on the particle’s
acceleration; we take fr = 1 for simplicity, but the listener may

choose another value of fr):




The Newtonian Radius
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The Newtonian Radius for
Radial Rotation

Assuming stars (and gas) moving in circles, we
obtain accelerations that do not exceed 1.4 x 10-10
m/s?, yielding a Newtonian radius not smaller than
Ry = 4 x 107 kpc; hence, the effects of those stars
and rotating gas are completely Newtonian within
the galaxy. Thus, to obtain retardation corrections,
one must look at other processes taking place in a
galaxy like stellar winds, supernovae explosions, and
the depletion of gas in the intergalactic medium
leading to the deceleration of the rate of mass
accretion by the galaxy and to an attractiv

gravitational retardation effect. é




Astrophysical Implications
Galactic Rotation Curves
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Astrophysical Implications
Lensing




Astrophysical Implications
Tully Fisher Relations




Astrophysical Implications
Virial Theorem and the Comma
Cluster
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Conclusion
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