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General Relativity
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General Relativity
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Linear Approximation

(weak gravity)
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Affine connection is first order.

zeroth order
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The resulting geodesic:
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Back to Newton?

If retardation is neglected or the density is static:
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Back to Newton?

If retardation is neglected or the density is static:
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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.
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Single Particle Case
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Single Particle Case
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The “Uncertainty Relation”

Slow non-relativistic particles
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The “Uncertainty Relation”

Slow non-relativistic particles
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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 × 1020 m. Hence, we will need an

acceleration of about (we take f r = 1):
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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 × 1020 m. Hence, we will need an

acceleration of about (we take fr = 1):



Ariel University Asher Yahalom 

26

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):
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The Newtonian Radius
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The Newtonian Radius for 

Radial Rotation
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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 × 10−10

m/s2, yielding a Newtonian radius not smaller than
RN ≃ 4 × 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 attractive
gravitational retardation effect.
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Astrophysical Implications

Galactic Rotation Curves
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Astrophysical Implications

Lensing
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Astrophysical Implications

Tully Fisher Relations
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Astrophysical Implications

Virial Theorem and the Comma 

Cluster
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Conclusion
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