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Theories of Gravitation

http://en.wikipedia.org/wiki/History_of_gravitational_theory

~50 alternatives

and

extensions
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• Special Relativity and Minkowski four-force

• Scalar-Tensor Gravity

• Quantum effects (causing this Scalar field)

Topics
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Minkowski (four)-force
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Generalized minkowski-force
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Static gravitational field
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E = const

(Brans & Dicke 1961) 
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Static gravitational field - remarks

(Brans & Dicke 1961) 
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1. Light has no rest- mass � same as GR

2. ��,� represents the Newtonian gravitational 

force.

3. Mercury perihelion advance can be calculated 

from the curvature effects

4. B&D in they original paper insisted on the 

constancy of rest mass, and used conform 

transformation to transform their result back 

to GR and tried to vary the gravitational 

constant



Conformal transformation applied by

Brans & Dicke
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Scalar-Tensor theory: 

Conformal transformation: &̅�) 	 -�g�)
�*̅� 	 -�d*�,        �/� 	 -01��

Getting back General Relativistic

equation of motion:
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How to transform Schwarzscild

solution to Scalar-Tensor gravity

Schwarschild solution uses standard coordinates

Isotropic coordinates
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Understanding Schwarzscild metric

LRB15 - Szondy: Scalar-Tensor Gravity 10

0.5 1 1.5 2
��rg1

2

3

4

5

r�rg5 56⁄

8 56⁄
Event horizon

st
a

n
d

a
rd

isotropic

2
)

4
1(

ρ
ρ srr +=

… in isotropic coordinates
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Scalar field - Coordinate independent?
g00 in isotropic coordinates

(gravitational potential)
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(after conformal transformation)
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How can curvature effect Rest-Mass?

Particle model from caracteristic lengths
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How can background-curvature

effect Rest-Mass?
Particle model from caracteristic lengths

5# is different for p+ and e–� 	 ��*�5#, AB�
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Conclusion

• General force field can change rest mass

• In scalar-tensor gravity Newtonian gravity and 

curvature-effects are seperated

• Background curvature changes rest mass

• Rest mass change are due to quantum effects

• Gravitational constant is different for different

elementary particles
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Comments & Questions
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Thank you for your attention!


