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Theories of Gravitation 

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

~50 alternatives and extensions 
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Minkowski (four)-force 
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Generalized minkowski-force 

m1 

m2 

F 

Károly Novobátzky in the ´50s 
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𝑭 = 𝐹⊥ + 𝐹∥ 

𝑚 𝑥 = 𝑚0 + 𝜙 𝒙?  
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𝑭∥ 

𝑭⊥ 

𝑢 2 = 𝑐2 

𝐴𝑖𝑢
𝑖 = 0 



Conservative force field 

m1 
m2 F 

E = const 

(Brans & Dicke 1961)  
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𝑚 𝑥 = 𝑚0 𝑔00 
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0 = 𝛿 𝑚 𝑔𝑖𝑗𝑢
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𝑗𝑢𝑘 −𝑚,𝑖 = 0 
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𝐸 =
𝑚 𝑥 𝑐2

1 −
𝑣2

𝑐2

 

𝑚 𝑥 = 𝑓 𝑥 𝑚0 



What is this scalar function? 
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𝑚 𝑥 = 𝑚0 𝑔00 

𝑔00 = 1 −
𝑟𝑠
𝑟

 

𝑚0 𝑔00 = 𝑚0 1 −
2𝐺𝑀

𝑟𝑐2
 ≈ 𝑚0(1 −
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𝑟𝑐2
) 

𝐸 = 𝑚0𝑐
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2 −
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𝑟

 

(First members of Taylor series) 

𝑟𝑠 =
2𝐺𝑀
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Perihelion advance of Mercure 
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𝑑(𝑚𝑢𝑖)

𝑑𝑠
−
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2
𝑚𝑔𝑗𝑘,𝑖𝑢

𝑗𝑢𝑘 −𝑚,𝑖 = 0 

Δ𝜑𝐺𝑅 = 6𝜋
𝑣2

𝑐2
 General Relativity: 

Δ𝜑𝑆𝑅 = 2𝜋
𝑣2

𝑐2
 „Speed-effect”: 

Δ𝜑𝐿𝑖𝑔ℎ𝑡 =? Δ𝜑𝐿𝑖𝑔ℎ𝑡 = 4𝜋
𝑣2

𝑐2
 

Speed-factor: 
𝑣

𝑐
 

Light-deflection: 

Time-factor: 
𝑣

𝑐
 

Light-factor: 2 

𝑣 

𝑐 

2𝜋 



Relation of Scalar-Tensor theory and 
General Relativity 
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Scalar-Tensor theory:  

Conformal transformation: 𝑔 𝑖𝑗 = 𝑓
2g𝑖𝑗 

𝑑𝑠 2 = 𝑓2d𝑠2,        𝑢 𝑖 = 𝑓−1𝑢𝑖  

We will get back the General Relativistic 
equation of motion: 

𝑚 𝑥 = 𝑓 𝑥 𝑚0 

𝑚 = 𝑐𝑜𝑛𝑠𝑡 



Gravitation force field in GR 

P 

m1 

F 
E = const 

m1 

Change of coordinate system 
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𝑚 𝑥 = 𝑚0 

Rest mass is CONSTANT 
0 = 𝛿 𝑚 𝑔𝑖𝑗𝑢

𝑖𝑢𝑗 𝑑𝑠 

𝑑(𝑚𝑢𝑖)

𝑑𝑠
−
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𝑚𝑔𝑗𝑘,𝑖𝑢

𝑗𝑢𝑘 −𝑚,𝑖 = 0 
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Constant or variable rest mass? 
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What satellite navigation (GPS) says? 
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Relation of scalar field and metric 

Brans and Dicke (1961): 
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𝑚0(1 −
𝐺𝑀

𝑟𝑐2
) 



Change of coordinate-system 

Standard Isotropic 
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Relation of scalar field and metric 
g00 in isotropic coordinates 
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𝑚 𝑥 = 𝑚0 𝑔00 

Szondy - Scalar-Tensor Gravity (2015.04.29) 15 

𝑚 𝑥 = 𝑚0 1 −
2

3
(−𝑅(𝑥))
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Ricci scalar in isotropic coords 
(after synchronization) 



How can curvature effect Rest-Mass? 
Theoretic quantum particle 
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Schwarzschild-radius 

Quantum-radius 

Rest-mass and size depends on ‚k’ quantum number 



How can background-curvature  
effect Rest-Mass? 

Theoretic quantum particle 

𝑟𝑝 is different for p+ and e–  𝑚 = 𝑚0𝑠(𝑟𝑝, 𝑅) 
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𝑚(𝑞)/𝑚0 

𝑞 = 𝑟𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒/𝑅𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑒 

𝑞 = 𝑟𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒/𝑅𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑒 

Background curvature 

Modified Schwarzschild-radius 

𝑟𝑠 𝑞 =
1 − 1 −

16𝐺𝑚𝑞
𝑐2

4𝑞
 



Conclusion 

• General force can change restmass 

• EEP does not necessarily hold 

• Gravity is not an inertial force 

• Scalar-tensor gravity is a more suitable 
approach (also fits GPS) 

• … 
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Thank you for your attention! 

Questions? 

Szondy - Scalar-Tensor Gravity (2015.04.29) 20 


