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Introduction to Gravitoelectromagnetism
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Gravitoelectromagnetism equations Maxwell’s equations

• Intermediate theory of gravity

• Not nearly as empirically successful as general relativity but explains some of the effects Newton’s 
gravity fails to explain.

• Can be derived from either as an extension of Newtonian gravity modeled off electromagnetism or 
as a weak-field slow-velocity approximation of general relativity



Derivation by extending newtons gravity [Charles T. Sebens]

• If the relevant velocities are sufficiently small, the laws of 

electromagnetism reduce to the laws of electrostatics: ∇ ∙

𝑬 = 4𝜋𝜌, ∇ × 𝑬 = 0 and 𝒇 = ρ𝑬

• If we replace g by 𝑬𝑔 =
1

𝐺
g in the laws of Newtonian 

gravity with ∇ ∙ 𝒈 = −4𝜋𝐺𝜌 , 𝒇𝑔 = ρ𝒈, with addition of 

∇ × 𝒈 = 0. the electrostatic equations resemble the laws 

on Newtonian gravity.

• We can extend this replacement procedure to full 

electromagnetism to get a theory of 

gravitoelectromagnetism in which moving mass produces 

a ‘gravitomagnetic field’ just as moving charge produces a 

magnetic field.[Charles T. Sebens]
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Derivation by taking limit in GR [Charles T. Sebens]

taking a linear approximation to GR 𝑔𝜇𝜈 = 𝜂𝜇𝜈 + ℎ𝜇𝜈, where 𝜂𝜇𝜈 is Minkowskian metric and ℎ𝜇𝜈 is a potential specifying the 

state of the field. In the case of reverse-trace of ℎ𝜇𝜈, തℎ𝜇𝜈 = ℎ𝜇𝜈 −
1
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𝜕λ hμν + ημν 𝜕
ρ 𝜕σ hρσ − 𝜕ν 𝜕

ρ hρμ − 𝜕μ 𝜕
ρ hρν = −

16 π G

c4
Tμν

• We choose the Lorenz gauge for ℎ𝜇𝜈 in which𝜕𝜇 തℎ
𝜇𝜈 = 0, the Einstein field equations simplify to 𝜕λ𝜕λℎμν = −

16π𝐺

𝑐4
𝑇μν.

• 𝑇𝑖𝑗 terms are sufficiently small and there is no source-free gravitational radiation, the ℎi𝑗 terms are negligible and only ℎ0μ needs to 
be considered. 

• four-potential 𝐴μ =
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ℎ0μ. 

• The zeroth component yields -
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Maxwell equations for the four-potential in the Lorenz gauge. 
• The two gravitoelectromagnetic equations with sources are just Lorenz gauge expressed in terms of the gravitoelectric and 

gravitomagnetic fields 𝐸𝑔 = −∇ϕ𝑔 −
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and 𝐵𝑔 = ∇ × 𝐴𝑔. 

• The sourceless gravitoelectromagnetic Maxwell equations follow automatically from the way the fields are defined in terms of four-
potential



The “Lorenz” force law [Charles T. Sebens]

• We start with geodesic equation for GR  
𝑑2𝑥𝑖

𝑑τ2
= −Γαβ

𝑖 𝑑𝑥α

𝑑τ
𝑑𝑥β

𝑑τ
, 

and assume that that the velocity of our test particle is small 
enough that we can ignore terms of order 𝛽2. 
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Effects explained by gravitoelectromagnetism

• Frame-Dragging / Lense-Thirring
Precession.

• Geodetic Effect.

• Gravitomagnetic Clock Effect:

𝑇 = 𝑇Kep + 𝑇Gvm = 𝑇Kep ±
𝑆

𝑀𝑐2
[Lorenzo Iorio et. al]

• Influence on High-Energy 
Astrophysical Phenomena

• Derivation of all the effects requires 
stating a problem in the rotating 
metric, like Schwarzschild or  Kerr 
metric.



Frame dragging



Geodetic effect



Thanks

C.T. Sebens, The mass of gravitational field. Br. J. Philos. Sci., 73 (2022) 211; doi:10.1093/bjps/axz002

Frame dragging : https://www.youtube.com/watch?v=ZgvjwEmKY6o

Geodetic effect : https://www.youtube.com/watch?v=IgihQG8t0kI

Gravitomagnetic clock effect: https://arxiv.org/pdf/2310.13118
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