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Preliminary basic knowledge of maths (including a tiny bit of calculus), physics (including special relativity) and sex will help your understanding. 

Scenario: 
A light point mass  𝑚 ≪ 𝑀  is moving in the 

gravitational field of a heavy point mass  𝑀 ≫ 𝑚 
without any (other) forces being exerted. 

In this document, energy means 
𝐸 𝑚𝑐2⁄  which is dimensionless specific energy.  We also define: 
𝛽 ≔ 𝑣 𝑐⁄  as the dimensionless velocity, 
𝑟S ≔ 2𝐺𝑀 𝑐2⁄  as the Schwarzschild radius, 
𝜌 ≔ 𝑟 𝑟S⁄  as the dimensionless radial distance to 𝑀 as perceived from ∞, 
𝜏 ≔ 𝑐𝑡 𝑟S⁄  as dimensionless time. 

Implicit assumption (unpronounced axiom) of Special Relativity: 
 mutual velocity is (by absolute value) the same from both perspectives. [i] 
 I challenge  YOU  to  prove  that it's  always  true  (not only in 1st order)... 

Time dilation: ∆𝜏stat = 𝛾∆𝜏mov time SPANS, not time itself! 

infinitesimal time spans: 𝑑𝜏stat = 𝛾𝑑𝜏mov 

Kinematic TSF: 𝛾kin = 1 √1 − 𝛽2⁄  (TSF = time stretch factor) 

Relativistic kinetic energy: 𝐸̃k = 𝛾kin − 1 

Newtonian potential energy: 𝐸̃p,N =
−1

2𝜌
 

Newtonian free fall velocity: 𝛽ff = 1 √𝜌⁄  

Newsteinian energy conservation: 𝑬̃𝐤 = −𝑬̃𝐩,𝐍 ∴ 𝜸𝐤𝐢𝐧 = 𝟏 +
𝟏

𝟐𝝆
 (in free fall) 

Equivalence Principle1: 𝜸𝐠𝐫𝐚𝐯 = 𝜸𝐤𝐢𝐧 (grav. TSF equals kin. TSF) 

 = 1 +
1

2𝜌
=

2𝜌+1

2𝜌
 

Contracted radius in free fall: 𝜚 = 𝜌 𝛾kin⁄ = 𝜌√1 − 𝛽ff
2 

if radially stat. in grav. field: 𝜚 = 𝜌 𝛾grav⁄ = 2𝜌2 (2𝜌 + 1)⁄  (I pronouce  𝜚  crho) 

Eq. Pr. says: both have same value, yielding: 

 Newsteinian free fall velocity: 𝜷𝐟𝐟 =
√𝟒𝝆+𝟏

𝟐𝝆+𝟏
 ( lim

𝜌→∞
𝛽ff = 1 √𝜌⁄  ) 

 THEREFORE: NOTHING mystical, mysterious, incomprehensible; 
  NO asymtote for any  𝜌 ≥ 0 ; 
  NO event horizon (hence NO Hawking radiation); 
  NO silly singularity; 
  NO incomprehensible swapping of space & time, moron! 
  NO impact into  𝑟S  at the speed of light! 

 𝛽ff(𝜌 = 1) = (√5 3⁄ ≈ 0.745) < 1 ( 𝑟S ) 

 𝛽ff(𝜌 = 1 2⁄ ) = (√3 2⁄ ≈ 0.866) < 1 

 𝛽ff(𝜌 = 0) = 1 (only possible into true point mass) 

PRESUMPTION: gravitation  ∝ 𝟏 𝝆𝟐⁄   with  𝝆  measured  on the spot2. [ii] 

∴ relativistic potential energy: 𝐸̃p =
−1

2𝜚
=

−(2𝜌+1)

4𝜌2
 [A] 

2024-08-09:  I realised this modifies a primary premise, a corner stone of 
a building still under construction, so [A] is to be considered wrong. 

But please keep on reading, despite this flaw. 

 
1 Eq. Pr. follows from Newtonian energy conservation, see http://henk-reints.nl/astro/HR-Equivalence-principle.pdf 
2 See http://henk-reints.nl/astro/HR-general-relativity-and-black-holes.pdf  @p.68–70 (as of 2024-06-28) 

http://henk-reints.nl/
http://henk-reints.nl/astro/HR-Equivalence-principle.pdf
http://henk-reints.nl/astro/HR-general-relativity-and-black-holes.pdf


HR/20241024T1108 Relativistic motion in a gravitational field p.2/10 

Created: 2024-07-11 Copyright © 2024, Henk Reints, MSc. http://henk-reints.nl 

∴ conservation of energy: (
1

√1−𝛽2
− 1) −

2𝜌+1

4𝜌2
= ℋ 

i.e. 
1

√1−𝛽2
−

2𝜌+1

4𝜌2
= 1 +ℋ ∴

4𝜌2−(2𝜌+1)√1−𝛽2

4𝜌2√1−𝛽2
= 1 +ℋ ∴    4𝜌2 − (2𝜌 + 1)√1 − 𝛽2 = 4𝜌2√1 − 𝛽2(1 +ℋ) 

yielding: 𝟒𝝆𝟐 − (𝟒𝝆𝟐(𝟏 +𝓗) + 𝟐𝝆 + 𝟏)√𝟏 − 𝜷𝟐 = 𝟎 [B] 

We'll restrict ourselves to trajectories in the "ecliptic" plane and we'll use 
polar coordinates (𝝆, 𝝋) (of course with  𝑀  right at the origin). 

We also have: 𝛽2 = [
𝑑𝜌

𝑑𝜏
]
2

+ [
𝜌𝑑𝜑

𝑑𝜏
]
2

≕ [
𝒅𝝈

𝒅𝝉
]
𝟐

 (Π𝜐𝜗𝛼𝛾𝜊𝜌𝛼𝜍) 

Both  𝝆  &  𝝋  are as observed by an inert & stationary observer at infinity and their derivatives 
are with respect to  𝝉 = 𝝉𝐬𝐭𝐚𝐭 ,  which we'll convert to the moving body's proper time. 

We have: 𝑑𝜏stat = 𝛾𝑑𝜏mov (time stretching) 

From now on, we'll use: 𝝉 ≡ 𝝉𝐦𝐨𝐯 i.e. a bare  𝜏  is now proper time 

so we obtain: 
𝑑𝜎

𝑑𝜏stat
=

𝑑𝜎

𝛾𝑑𝜏
 

yielding: 
1

𝛾2
= 1 − 𝛽2 = 1 − [

𝑑𝜎stat

𝑑𝜏stat
]
2

= 1 −
1

𝛾2
[
𝑑𝜎stat

𝑑𝜏
]
2

 

hence: 
1

𝛾2
+

1

𝛾2
[
𝑑𝜎

𝑑𝜏
]
2

= 1    ∴    𝜸𝟐 = 𝟏 + [
𝒅𝝈

𝒅𝝉
]
𝟐

 

where: 𝜎 ≔ 𝜎stat =  path length as observed by inert & stat. obs. at  ∞ 
and: 𝜏 =  moving body's proper time 

We define celerity as: displacement as seen by inert & stationary observer at infinity, 
 divided by proper time span of moving body, 
 wich can be very superluminal! 

Then we find: 𝜼 ≔
𝒅𝝈

𝒅𝝉
= 𝛾𝛽    to be the mathematical form of this celerity 

yielding: 𝛾2 = 1 + 𝜂2    &    𝛽 =
𝜂

𝛾
 

We obtain: 1 − 𝛽2 = 1 −
𝜂2

𝛾2
= 1 −

𝜂2

1+𝜂2
=

1+𝜂2−𝜂2

1+𝜂2
=

1

1+𝜂2
∴ 𝜷𝟐 =

𝜼𝟐

𝜼𝟐+𝟏
 

which turns [B] into: 𝟒𝝆𝟐 − (𝟒𝝆𝟐(𝟏 +𝓗) + 𝟐𝝆 + 𝟏) √𝟏 + [
𝒅𝝈

𝒅𝝉
]
𝟐

⁄ = 𝟎 

i.e. 𝟒𝝆𝟐 − (𝟒𝝆𝟐(𝟏 +𝓗) + 𝟐𝝆 + 𝟏) √𝟏 + [
𝒅𝝆

𝒅𝝉
]
𝟐

+ [
𝝆𝒅𝝋

𝒅𝝉
]
𝟐

⁄ = 𝟎 [C] 

which would be a Newsteinian equation of motion 
(though incomplete, since it only yields the absolute value of the velocity) 

in the frame of an inert & stationary observer at infinity, 
parameterised by the moving body's proper time. 

𝝆 ,  𝝋 ,  &  𝝉  are dimensionless and 
𝓗  is the dimensionless specific total energy (Hamiltonian). 

Doesn't this look way easier than:  𝑮𝝁𝝂 = 𝜿𝑹𝝁𝝂  (if worked out into its details)? 
(WITHOUT his greatest blunder!   ) 

We rewrite [C] as: 4𝜌2 = (4𝜌2(1 +ℋ) + 2𝜌 + 1) √1 + 𝜂2⁄  

and square it: 16𝜌4 =
(4𝜌2(1+ℋ)+2𝜌+1)

2

1+𝜂2
 which is safe since it's all positive 

hence: 1 + 𝜂2 =
(4𝜌2(1+ℋ)+2𝜌+1)

2

16𝜌4
 

so: 𝜂2 =
(4𝜌2(1+ℋ)+2𝜌+1)

2

16𝜌4
− 1 =

(4𝜌2(1+ℋ)+2𝜌+1)
2
−16𝜌4

16𝜌4
 

http://henk-reints.nl/
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We derive: (4𝜌2(1 +ℋ) + 2𝜌 + 1)2 

 = (4𝜌2(1 +ℋ))
2
+ (2𝜌)2 + (1)2 

 + 2 ∙ 4𝜌2(1 +ℋ) ∙ 2𝜌 + 2 ∙ 4𝜌2(1 +ℋ) ∙ 1 + 2 ∙ 2𝜌 ∙ 1 
 = 16𝜌4(1 +ℋ)2 + 4𝜌2 + 1 + 16𝜌3(1 +ℋ) + 8𝜌2(1 +ℋ) + 4𝜌 
 = 16𝜌4(1 +ℋ)2 + 16𝜌3(1 +ℋ) + 8𝜌2(1 +ℋ) + 4𝜌2 + 4𝜌 + 1 
 = 16𝜌4(1 +ℋ)2 + 16𝜌3(1 +ℋ) + 𝜌2(8 + 8ℋ + 4) + 4𝜌 + 1 
 = 16𝜌4(1 +ℋ)2 + 16𝜌3(1 +ℋ) + 4𝜌2(3 + 2ℋ) + 4𝜌 + 1 

 = 16𝜌4(1 + 2ℋ +ℋ2) + 16𝜌3(1 +ℋ) + 4𝜌2(3 + 2ℋ) + 4𝜌 + 1 

yelding: 𝜂2 =
16𝜌4(1+2ℋ+ℋ2)+16𝜌3(1+ℋ)+4𝜌2(3+2ℋ)+4𝜌+1−16𝜌4

16𝜌4
 

i.e.: 𝜂2 =
16𝜌4(2ℋ+ℋ2)+16𝜌3(1+ℋ)+4𝜌2(3+2ℋ)+4𝜌+1

16𝜌4
 

Therefore: 𝜂2 = 2ℋ +ℋ2 +
1+ℋ

𝜌
+

3+2ℋ

4𝜌2
+

1

4𝜌3
+

1

16𝜌4
 

which is: 𝜂2 = 𝟐𝓗+ℋ2 +
𝟏

𝝆
+

ℋ

𝜌
+

3

4𝜌2
+

ℋ

2𝜌2
+

1

4𝜌3
+

1

16𝜌4
 

or: 𝜼𝟐 =
𝟏

𝝆
+ 𝟐𝓗+𝓗𝟐 +

𝓗

𝝆
+

𝓗

𝟐𝝆𝟐
+

𝟑

𝟒𝝆𝟐
+

𝟏

𝟒𝝆𝟑
+

𝟏

𝟏𝟔𝝆𝟒
 [D] 

In  http://henk-reints.nl/astro/HR-variational-Newtonian-orbit.pdf , 

I derived: 𝜌 (
𝑑𝜌

𝑑𝜏stat
)
2

+ 𝜌3 (
𝑑𝜑

𝑑𝜏stat
)
2

≕ 𝛽N
2 = 1 + 2ℋ𝜌 where  𝜏stat = 𝜏mov 

hence: (
𝑑𝜌

𝑑𝜏mov
)
2

+ (
𝜌𝑑𝜑

𝑑𝜏mov
)
2

≕ 𝜼𝐍
𝟐 =

𝟏

𝝆
+ 𝟐𝓗 where  𝜂N = 𝛽N 

turning [D] into: 𝜂NS
2 = 𝜂N

2 +ℋ2 +
ℋ

𝜌
+

ℋ

2𝜌2
+

3

4𝜌2
+

1

4𝜌3
+

1

16𝜌4
 

or: 𝜼𝐍𝐒
𝟐 = 𝜼𝐍

𝟐 +
𝟏𝟔𝝆𝟒𝓗𝟐+𝟏𝟔𝝆𝟑𝓗+𝟖𝝆𝟐𝓗+𝟏𝟐𝝆𝟐+𝟒𝝆+𝟏

𝟏𝟔𝝆𝟒
 [E] 

which clearly shows the difference between Newsteinian & Newtonian. 

We rewrite [D] as: 𝜂2 =
(4ℋ𝜌2+2𝜌+1)((4(ℋ+2)𝜌2+2𝜌+1))

16𝜌4
 

yielding: 𝜼 =
√(𝟒𝓗𝝆𝟐+𝟐𝝆+𝟏)((𝟒(𝓗+𝟐)𝝆𝟐+𝟐𝝆+𝟏))

𝟒𝝆𝟐
 (discarding the sign) [F] 

We have: 𝛾(𝜏) = √1 + [𝜂(𝜏)]2 

rendering: ∆𝝉𝐬𝐭𝐚𝐭 = ∫ 𝜸(𝝉)𝒅𝝉
𝝉𝟏

𝝉𝟎
= ∫ √𝟏 + [𝜼(𝝉)]𝟐𝒅𝝉

𝝉𝟏

𝝉𝟎
 [G] 

We also have: 𝛽2 =
𝜂2

𝜂2+1
=

(
(4ℋ𝜌2+2𝜌+1)((4(ℋ+2)𝜌2+2𝜌+1))

16𝜌4
)

(
(4ℋ𝜌2+2𝜌+1)((4(ℋ+2)𝜌2+2𝜌+1))

16𝜌4
+1)

 

 =
(4ℋ𝜌2+2𝜌+1)((4(ℋ+2)𝜌2+2𝜌+1))

(4ℋ𝜌2+2𝜌+1)((4(ℋ+2)𝜌2+2𝜌+1))+16𝜌4
 

WolframAlpha: =
(4ℋ𝜌2+2𝜌+1)((4(ℋ+2)𝜌2+2𝜌+1))

(4(ℋ+1)𝜌2+2𝜌+1)2
 

therefore: 𝜷 =
√(𝟒𝓗𝝆𝟐+𝟐𝝆+𝟏)((𝟒(𝓗+𝟐)𝝆𝟐+𝟐𝝆+𝟏))

𝟒(𝓗+𝟏)𝝆𝟐+𝟐𝝆+𝟏
 [H] 

which is the best wrong equation I've ever flawlessly derived. 
 

We now have merely one equation with two unknowns, i.e.  (𝜌, 𝜑).  We need yet another one in 
order to completely solve the object's motion, which would have to do with the conservation of 
angular momentum.  

http://henk-reints.nl/
http://henk-reints.nl/astro/HR-variational-Newtonian-orbit.pdf
https://www.wolframalpha.com/input?i=factor+%284H%CF%81%5E2%2B2%CF%81%2B1%29%28%284%28H%2B2%29+%CF%81%5E2%2B2%CF%81%2B1%29%29%2B16%CF%81%5E4
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For a circular Newtonian orbit, i.e.: 
𝒅𝝆

𝒅𝝉
= 𝟎 

we have: 2𝐸̃k,N,orb + 𝐸̃p,N = 0  ∴ 𝐸̃k,N,orb = −𝐸̃p,N 2⁄  (cf. the virial theorem) 

and: 𝐸̃p,N =
−1

2𝜌
 ∴ 𝐸̃k,N,orb =

1

4𝜌
 

therefore: 𝓗 = 𝐸̃k,N,orb + 𝐸̃p,N = 𝑬̃𝐩,𝐍 𝟐⁄ =
−𝟏

𝟒𝝆
 [I] 

so the Newtonian eqn.: (
𝑑𝜌

𝑑𝜏
)
2

+ (
𝜌𝑑𝜑

𝑑𝜏
)
2

=
1

𝜌
+ 2ℋ 

becomes: (
𝝆𝒅𝝋

𝒅𝝉
)
𝟐

= 𝜌2𝜔2 =
1

𝜌
−

2

4𝜌
 =

𝟏

𝟐𝝆
 ≕ 𝜂orb,N

2  [J] 

yielding: 𝜔2𝜌 =
1

2𝜌2
∴ 𝜔2 =

1

2𝜌3
 

which exactly is Newton's law of gravitation, as well as Kepler's 3rd (harmonic) law. 

It yields: ∆𝝉𝐨𝐫𝐛,𝐍 = 2𝜋 𝜔⁄  = 𝟐𝝅𝝆√𝟐𝝆 [K] 

and we have: 𝜷𝐨𝐫𝐛,𝐍 = 𝜼𝐨𝐫𝐛,𝐍 = 𝟏 √𝟐𝝆⁄  

Relativistically, the circular 
version of [E] then becomes: 

(
𝜌𝑑𝜑

𝑑𝜏
)
2

= 𝜂orb,N
2 +

16ℋ2𝜌4+16ℋ𝜌3+8ℋ𝜌2+12𝜌2+4𝜌+1

16𝜌4
  

i.e.: (
𝜌𝑑𝜑

𝑑𝜏
)
2

=
1

2𝜌
+

8ℋ𝜌2(2ℋ𝜌2+2𝜌+1)+12𝜌2+4𝜌+1

16𝜌4
 

Using [A], [I] turns into: 𝓗 =
−(𝟐𝝆+𝟏)

𝟖𝝆𝟐
 

which renders: (
𝜌𝑑𝜑

𝑑𝜏
)
2

=
1

2𝜌
+

8
−(2𝜌+1)

8𝜌2
𝜌2(2

−(2𝜌+1)

8𝜌2
𝜌2+2𝜌+1)+12𝜌2+4𝜌+1

16𝜌4
 

 =
32𝜌3+36𝜌2+4𝜌+1

64𝜌4
 

or: 𝜼𝟐 =
𝟑𝟐𝝆𝟑+𝟑𝟔𝝆𝟐+𝟒𝝆+𝟏

𝟔𝟒𝝆𝟒
 =

1

2𝜌
+

9

16𝜌2
+

1

16𝜌3
+

1

64𝜌4
 [L] 

where, as noted before,  𝜏  is proper time and  𝜌  is as observed by an inert stat. obs. @∞ . 

We obtain: 𝛽2 =
𝜂2

1+𝜂2
=

(
32𝜌3+36𝜌2+4𝜌+1

64𝜌4
)

(1+
32𝜌3+36𝜌2+4𝜌+1

64𝜌4
)
=

32𝜌3+36𝜌2+4𝜌+1

64𝜌4+32𝜌3+36𝜌2+4𝜌+1
 

 =
1

2𝜌
+ (

32𝜌3+36𝜌2+4𝜌+1

64𝜌4+32𝜌3+36𝜌2+4𝜌+1
−

1

2𝜌
) 

 =
𝟏

𝟐𝝆
+

40𝜌3−28𝜌2−2𝜌−1

128𝜌5+64𝜌4+72𝜌3+8𝜌2+2𝜌
 

hence: 𝜷𝐨𝐫𝐛 = √
𝟑𝟐𝝆𝟑+𝟑𝟔𝝆𝟐+𝟒𝝆+𝟏

𝟔𝟒𝝆𝟒+𝟑𝟐𝝆𝟑+𝟑𝟔𝝆𝟐+𝟒𝝆+𝟏
 

WolframAlpha: series @ 𝜌 = 0 : 𝛽orb = 1 − 32𝜌4 + 128𝜌5 + 𝒪(𝜌6) 

NOTE: lim
𝜌→0

𝛽orb = 1 speed of light only at very origin! 

series @ 𝜌 = ∞ : 𝜷𝐨𝐫𝐛 =
𝟏

√𝟐𝝆
 +

5

16√2𝜌3 2⁄
−

217

512√2𝜌5 2⁄
+

1053

8192√2𝜌7 2⁄
−

29131

524288√2𝜌9 2⁄
+ 𝒪 (

1

𝜌11 2⁄
) 

but, as already mentioned, this equation is wrong. 
Correct would be: 

 𝛽orb,HR
∗ = √

𝜌+1

2𝜌2+𝜌+1
=

𝟏

√𝟐𝝆
 +

1

4√2𝜌3 2⁄
−

13

32√2𝜌5 2⁄
+

21

128√2𝜌7 2⁄
+

67

2048√2𝜌9 2⁄
+ 𝒪 (

1

𝜌11 2⁄
) 

which was derived in  http://henk-reints.nl/astro/HR-general-relativity-and-black-holes.pdf 
@pp.68–70 (as of 2024-08-11) via the effective radial potential3, 

but Newsteinian instead of Einsteinian. 

 
3 See also:  https://en.wikipedia.org/wiki/Two-body_problem_in_general_relativity#Effective_radial_potential_energy 

http://henk-reints.nl/
https://www.wolframalpha.com/input?i=%E2%88%9A%28%2832%CF%81%5E3%2B36%CF%81%5E2%2B4%CF%81%2B1%29%2F%2864%CF%81%5E4%2B32%CF%81%5E3%2B36%CF%81%5E2%2B4%CF%81%2B1%29%29
http://henk-reints.nl/astro/HR-general-relativity-and-black-holes.pdf
https://en.wikipedia.org/wiki/Two-body_problem_in_general_relativity%23Effective_radial_potential_energy
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Comparison of coefficients: 
5 16⁄

1 4⁄
=

5

4
= 1.25  

217 512⁄

13 32⁄
=

217

208
≈ 1.043  

1053 8192⁄

21 128⁄
=

351

448
≈ 0.7835  

29131 524288⁄

67 2048⁄
=

29131

17152
≈ 1.698  

We find a ratio of: 
𝛽orb

𝛽orb,HR
∗ =

√
32𝜌3+36𝜌2+4𝜌+1

64𝜌4+32𝜌3+36𝜌2+4𝜌+1

√
𝜌+1

2𝜌2+𝜌+1

= √
(32𝜌3+36𝜌2+4𝜌+1)(2𝜌2+𝜌+1)

(64𝜌4+32𝜌3+36𝜌2+4𝜌+1)(𝜌+1)
 

  which is always  > 1 

 but: lim
𝜌→∞

𝛽orb

𝛽orb,HR
∗ = 1 

 also: 
𝛽orb,HR
∗

𝛽orb,N
=

√
𝜌+1

2𝜌2+𝜌+1

1 √2𝜌⁄
= √

2𝜌(𝜌+1)

2𝜌2+𝜌+1
 &  lim

𝜌→∞

𝛽orb,HR
∗

𝛽orb,N
= 1 

Summary of orbital velocity profiles I found sofar: 

❶ 𝛽orb,HR
∗  = √

𝜌+1

2𝜌2+𝜌+1
 dodgerblue (nearest HTML color name) Newsteinian 1 

❷ 𝛽orb,NS = √
32𝜌3+36𝜌2+4𝜌+1

64𝜌4+32𝜌3+36𝜌2+4𝜌+1
 crimson Newsteinian 2 

❸ 𝛽orb,N = 1 √2𝜌⁄  darkorange Newtonian 

 
Orbital velocity profiles 

The now found orbital velocity  𝜷𝐨𝐫𝐛,𝐍𝐒 > 𝜷𝐨𝐫𝐛,𝐇𝐑
∗   is quite close to  𝜷𝐨𝐫𝐛,𝐇𝐑

∗  , 

but by far less elegant, and, as already said,  𝜷𝐨𝐫𝐛,𝐍𝐒  is wrong. 

 Paul Dirac: A theory with mathematical beauty is more likely to be correct than an ugly one. 
 Henk Reints: A deduction from certainties is more likely to be correct than whatever theory. 

I'll be a Dirac follower & further focus firmly on the fantastic fabulous formula I formerly found: 

𝛽orb,HR
∗ = √

𝜌+1

2𝜌2+𝜌+1
 ,  which, to me, is more beautiful than  𝜷𝐨𝐫𝐛,𝐍𝐒 .  

http://henk-reints.nl/
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I found orbit preccession in http://henk-reints.nl/astro/HR-Mercury-perihelion-precession-by-SR-only.pdf: 

2𝜋 period: 𝑻𝐩𝐫𝐨𝐩 = 𝑻𝐝𝐢𝐬𝐭𝜸𝐠𝐫𝐚𝐯
−𝟐 𝜸𝐤𝐢𝐧

−𝟐  ∴ ∆𝑇 ≔ 𝑇dist − 𝑇prop = 𝑇dist(1 − 𝛾grav
−2 𝛾kin

−2) 

hence: 
∆𝝋/𝐨𝐫𝐛

𝟐𝝅
 = ∆𝑇 𝑇dist⁄  = 𝟏 − 𝜸𝐠𝐫𝐚𝐯

−𝟐 𝜸𝐤𝐢𝐧
−𝟐  = 1 −

(2𝜌)2

(2𝜌+1)2
(1 − 𝛽orb

2 ) = 1 −
(2𝜌)2

(2𝜌+1)2
(1 −

1

2𝜌
) [M] 

 =
𝟔𝝆+𝟏

(𝟐𝝆+𝟏)𝟐
=

3

2𝜌
−

5

4𝜌2
+

7

8𝜌3
−

9

16𝜌4
+

11

32𝜌5
+ 𝒪 (

1

𝜌6
) [N] 

The first-order term is precisely what was found by Gerber (1898) and Einstein (1915). 

[N] has a maximum of: 9 8⁄ > 1  at  𝜌 = 1 6⁄  

but doesn't [M] imply: 0 ≤
∆𝜑/orb

2𝜋
< 1 ? 

It actually is an orbit shortage, which cannot exceed one orbit per orbit, can it? 

I used the Newtonian orbital velocity: 𝛽orb,N = 1 √2𝜌⁄  

but shouldn't I have used: 𝜷𝐨𝐫𝐛,𝐇𝐑
∗ = √

𝝆+𝟏

𝟐𝝆𝟐+𝝆+𝟏
  ? 

It renders: [
∆𝝋/𝐨𝐫𝐛

𝟐𝝅
]
∗

 = 1 −
(2𝜌)2

(2𝜌+1)2
(1 −

𝜌+1

2𝜌2+𝜌+1
) 

 = 1 −
(2𝜌)2

(2𝜌+1)2
∙

2𝜌2

2𝜌2+𝜌+1
= 1 −

8𝜌4

(2𝜌+1)2(2𝜌2+𝜌+1)
=

(2𝜌+1)2(2𝜌2+𝜌+1)−8𝜌4

(2𝜌+1)2(2𝜌2+𝜌+1)
 

 =
12𝜌3+10𝜌2+5𝜌+1

(2𝜌+1)2(2𝜌2+𝜌+1)
 =

(𝟑𝝆+𝟏)(𝟒𝝆𝟐+𝟐𝝆+𝟏)

(𝟐𝝆+𝟏)𝟐(𝟐𝝆𝟐+𝝆+𝟏)
 =

3

2𝜌
−

1

𝜌2
+

1

4𝜌3
+

1

16𝜌4
+

1

32𝜌5
+ 𝒪 (

1

𝜌6
) [O] 

 ∴ ∆𝝋/𝐨𝐫𝐛 =
𝟑𝝅

𝝆
+𝒪 (

1

𝜌2
) ,  max

∆𝜑/orb

2𝜋
= 1  at  𝜌 = 0 ,  lim

𝜌→∞

∆𝜑/orb

2𝜋
= 0 

 
 https://www.freepik.com/free-photos-vectors/bingo  

 
Orbit precession per orbit, the blue one seems the correct one. 
It nowhere exceeds one orbit per orbit, which would be impossible 

since orbit precession compensates for a relativistic orbital shortage. 

http://henk-reints.nl/
http://henk-reints.nl/astro/HR-Mercury-perihelion-precession-by-SR-only.pdf
https://www.freepik.com/free-photos-vectors/bingo
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𝛽orb,HR
∗   follows Occam's razor, expressed by Sir Isaac Newton as (more or less): 

4  

Moreover, it renders:  𝜌ISCO = 1 2⁄  , 
consistent with: 
 𝜌BH = 1 2⁄  (http://henk-reints.nl/astro/HR-truly-black-Black-Hole.pdf) 
and: 𝜌min = 1 2⁄  (http://henk-reints.nl/astro/HR-Mercury-perihelion-precession-by-SR-only.pdf) 
  but we may now presume this  𝜌min  is incorrect & meaningless; 
and: @𝜌 = 1 2⁄  , the Newtonian orbital velocity equals the speed of light. 
As mentioned in other documents of mine, the contracted rho (which I call crho) is: 

 𝜚 = 𝜌
2𝜌

2𝜌+1
=

2𝜌2

2𝜌+1
 ∴ 2𝜌2 − 𝜚(2𝜌 + 1) = 2𝜌2 − 2𝜚𝜌 − 𝜚 = 0 ∴ 𝝆(𝝔) 

 =
−(−2𝜚)±√(−2𝜚)2−4∙2∙(−𝜚)

2∙2
=

2𝜚+√4𝜚2+8𝜚

4
=

2𝜚+2√𝜚2+2𝜚

4
=

𝜚+√𝜚(𝜚+2)

2
 = 𝜚 +

𝟏

𝟐
−

1

4𝜚
+

1

4𝜚2
+ 𝒪 (

1

𝜚3
) 

At  𝜌BH =
1

2
 ∴ 𝑟BH =

𝐺𝑀

𝑐2
 ,  the Newtonian potential  𝐸̃p =

−1

2𝜌BH
= −1 ,  or  

𝐸p,BH

𝑚
=

−𝐺𝑀

𝑟BH
= −𝑐2 . 

We can subtract this from the standard potential (being zero at infinity), rendering what I'll call 

distance energy: 𝐸d = 𝑚𝑐2 −
𝐺𝑀𝑚

𝑟
 (please recognise some famous formula5) 

It is similar to what in a homogeneous field is frequently called 
height energy: 𝐸h = 𝑚𝑔ℎ 

Below the surface, both are negative, and at infinity, a body still has its rest energy. 

The above shows the essential difference between Newsteinian and Newtonian circular orbits.  
Don't we consider rotation something absolute?  Ignoring individual "private" axial spin of two 
bodies orbiting one another, rotation merely is the addition of two perpendicular sinusoidal 
oscillations with a phase shift of 90°.  Both would — as far as possible — follow Newton's 
Galileo's law of inertia, hence go along a straight line.  Ever realised that might be why 
angular momentum is conserved?  Isn't the energy of an oscillation  ∝ 𝐴2 ,  where  𝐴  is the 
amplitude?  Then energy conservation means the sum of both amplitudes squared is conserved 
(sounds like Pythagoras!).  Isn't this squared amplitude a surface area?  Isn't specific angular 
momentum (moment of velocity) a surface velocity (Kepler's 3rd law)?  Don't we notate a surface area 

with  𝐴  as well?  Doesn't that imply  𝐴 = 𝐴2 ,  which, after taking the logarithm, renders  𝟏 = 𝟐   ? 

Wouldn't absolute rotation imply the orbital period must be frame independent as well?  Then 
the proper orbital period equals the period as measured by an inert & stationary observer at 
infinity.  Gravitational & kinematic length contraction, together with time shrinkage due to 
gravitational & kinematic time dilation, then make the planet not achieve its proper orbit time 
after 2𝜋 radians.  The planet still has to travel for a while, yielding an orbiting orbit. 

As said, I am rather convinced 

that: 𝜷𝐨𝐫𝐛,𝐇𝐑
∗ = √

𝝆+𝟏

𝟐𝝆𝟐+𝝆+𝟏
 

is the correct circular orbital velocity, 
as derived in http://henk-reints.nl/astro/HR-general-relativity-and-black-holes.pdf 
@pp.68–70 (as of 2024-06-28) 

 
4 For nature is simple and does nothing in vain  (but an injection may be in vein...) 
5 While typing, I saw this  𝑬 = 𝒎𝒄𝟐  suddenly appear out of the blue, essentially doing Newtonian mechanics only! 

http://henk-reints.nl/
http://henk-reints.nl/astro/HR-truly-black-Black-Hole.pdf
http://henk-reints.nl/astro/HR-Mercury-perihelion-precession-by-SR-only.pdf
http://henk-reints.nl/astro/HR-general-relativity-and-black-holes.pdf
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Karl Popper:    A good theory must be falsifiable. 

HR:    B****CKS!    A falsified theory isn't a good one. 

A good theory is a correct one & 
falsifiable correctness  is a    . 

Correctness can (only) be verified against 
(ad hoc) reproducible, 

(autonomously) recurring 
(either individual/deterministic [like sunrise] or general/stochastical [like shooting stars]), 

or well-documented (singular) 

observed phenomena. 

They are the greatest achievable certainty and — as a 
matter of fact — precisely the things we actually want to understand. 

One and just one counterexample suffices for falsification. 

Of course Popper was talking at another metalevel.  He plausibly meant: 

A theory is only acceptable if it indicates how it can be verified. 

Henk Reints: 
One should not come up with any theory at all, 

but with a deduction from ascertained truths that 
were derived by induction from observed phenomena. 

I have the audacity to claim that 
Newsteinian mechanics is the correct form of General Relativity. 

Bye bye, tensors & geodesics!  See appendix. 

 
Karl Popper (1902–1994) 

  Whenever we propose a solution to a 
problem, we ought to try as hard as we can 
to overthrow our solution, rather than 
defend it. 

The way of science is paved with discarded 
theories which were once declared self-
evident. 

If we are uncritical we shall always find 
what we want: we shall look for, and find, 
confirmations, and we shall look away 
from, and not see, whatever might be 
dangerous to our pet theories. 

  

http://henk-reints.nl/
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Please also read: 
http://henk-reints.nl/astro/HR-Mercury-perihelion-precession-by-SR-only.pdf  

In proper time, an orbit lasts shorter (inverse time dilation).  The planet compensates this by 
travelling a bit further, until its proper time has reached the orbital period measured from infinity. 
This makes the orbital period frame independant.  Don't we consider rotation something absolute? 
Of course, this orbital shortage cannot exceed one orbit per orbit, yielding:  𝝆𝐦𝐢𝐧 = 𝟏 𝟐⁄  
 (but this value has now been overruled by [O] ). 

http://henk-reints.nl/astro/HR-Deflection-of-light-passing-a-mass.pdf  
VERY simple explanation of the factor of two in the deflection of light, 
as predicted by Einstein (1915) and confirmed by Eddington (1919). 

http://henk-reints.nl/astro/HR-Deflected-light-stuff.pdf  
Renders a black hole shadow of: 𝝆𝐬𝐡𝐚𝐝,𝐜𝐚𝐥𝐜 ≈ 𝟎. 𝟕𝟖 

http://henk-reints.nl/astro/HR-flawed-black-hole-equation.pdf  
http://henk-reints.nl/astro/HR-truly-black-Black-Hole.pdf  

The Lorentz factor of each and every photon equals: 𝛾𝛾 = 2,  i.e. TWO 
The concept of escape velocity should be abandoned.  Instead: 𝛾esc = 1 + 1 2𝜌⁄  
The true blackness boundary appears to be:  𝝆𝐁𝐇 = 𝟏 𝟐⁄  
A body can always escape, providing that it's launched with sufficient energy. 

http://henk-reints.nl/astro/HR-BH-internals.pdf  
http://henk-reints.nl/astro/HR-BH-temperature.pdf  
http://henk-reints.nl/astro/HR-BH-images.pdf  

M87* clearly does not have a black hole shadow of  𝜌shad = 2 ,  but: 𝝆𝐬𝐡𝐚𝐝,𝐨𝐛𝐬 ≈ 𝟎. 𝟖 
http://henk-reints.nl/astro/HR-general-relativity-and-black-holes.pdf  @pp.68–70 (as of 2024-06-28) 

For stable orbits, I found a dimensionless specific angular momentum 

of:  𝝀 = √(𝝆 + 𝟏) 𝟐⁄  .  Newtonian is:  𝝀𝐍 = √𝝆 𝟐⁄  .    It also renders: 𝝆𝐈𝐒𝐂𝐎 = 𝟏 𝟐⁄  

Do you see the consistency of: 𝝆𝐦𝐢𝐧 = 𝝆𝐁𝐇 = 𝝆𝐈𝐒𝐂𝐎 = 𝟏 𝟐⁄  
and of: 𝝆𝐬𝐡𝐚𝐝,𝐨𝐛𝐬 ≈ 𝝆𝐬𝐡𝐚𝐝,𝐜𝐚𝐥𝐜 ≈ 𝟎. 𝟕𝟖 

of hedde gai stront in oew auwge? 
(Dialect of Helmond (NL), litterally meaning: 

or do you have p            p in your eyes?). 

  

Stationary train... Moving train... 
Ceux-ci ne sont pas des trains, ni des gares.  

http://henk-reints.nl/
http://henk-reints.nl/astro/HR-Mercury-perihelion-precession-by-SR-only.pdf
http://henk-reints.nl/astro/HR-Deflection-of-light-passing-a-mass.pdf
http://henk-reints.nl/astro/HR-Deflected-light-stuff.pdf
http://henk-reints.nl/astro/HR-flawed-black-hole-equation.pdf
http://henk-reints.nl/astro/HR-truly-black-Black-Hole.pdf
http://henk-reints.nl/astro/HR-BH-internals.pdf
http://henk-reints.nl/astro/HR-BH-temperature.pdf
http://henk-reints.nl/astro/HR-BH-images.pdf
http://henk-reints.nl/astro/HR-general-relativity-and-black-holes.pdf
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Appendix — Geodesics. 

 

The foundation of the 
general theory of relativity; 

by A. Einstein. 
 

 
Albert Einstein didn't build it on  = experience, but on  = consideration (2×). 

Pure logical thinking cannot yield us any knowledge of the empirical world.  (His own words). 

He essentially says: 
1: in flat spacetime, motion is along a straight line; 
2: in flat spacetime, a straight line is a geodesic. 
Therefore, in curved spacetime, motion is along a geodesic. 

IDENTICAL LOGIC  (  all comparison is lame): 
1: in a thunderstorm, the sky is heavily clouded; 
2: in a thunderstorm, clouds produce scary lightnings. 
Therefore, a bright sky throws thunderbolts out of the blue. 

HR:  Spacetime is a 4D graph in which a curve is not a trajectory. 
Einstein's logic made Schwarzschild find a mathematically correct solution, 

but please read:  http://henk-reints.nl/astro/HR-flawed-black-hole-equation.pdf 
in which I show it is a weird solution, containing quite some inconsistencies 
that nobody seems to see and giving rise to all the black hole gobbledygook 

that severely contradicts my own concept of physical reality. 

Impact at the unachievable very speed of light while I see you slow down to zilch? 
  ROFL! 

Swapping space & tihihihihihiheehee... HOW? 

Please tell me another wahahahaHAHAAAH!  DUNCE! 
I  think  bodies, like light, follow Fermat's principle: 

Do it in 3D space in the shortest possible time.  Nature seems in a hurry. 

Please also read: 
 http://henk-reints.nl/astro/HR-Deflection-of-light-passing-a-mass.pdf  

 http://henk-reints.nl/astro/HR-Deflected-light-stuff.pdf  
 http://henk-reints.nl/astro/HR-variational-Newtonian-orbit.pdf  

http://henk-reints.nl/
http://henk-reints.nl/astro/HR-flawed-black-hole-equation.pdf
http://henk-reints.nl/astro/HR-Deflection-of-light-passing-a-mass.pdf
http://henk-reints.nl/astro/HR-Deflected-light-stuff.pdf
http://henk-reints.nl/astro/HR-variational-Newtonian-orbit.pdf

