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NOTE:  below, I'll use the original  non-reduced  Planck units, 
i.e. using  𝒉  and  certainly not  ℏ = ℎ 2𝜋⁄ . 

Intrinsic radius[1]: 𝑟𝑚 =
𝐺𝑚

𝑐2
 

Schwarzschild radius: 𝑟S = 2𝑟𝑚 =
2𝐺𝑚

𝑐2
 

photon: 𝐸𝛾 = ℎ𝜈 
Special Relativity: 𝐸 = 𝑚𝑐2 
hence: 𝑚𝛾 =

𝐸𝛾

𝑐2
=

ℎ𝜈

𝑐2
 (relativistic only!) 

Intrinsic photon radius: 𝑟𝛾 ≔
𝐺𝑚𝛾

𝑐2
=

𝐺

𝑐4
ℎ𝜈 =

𝐺

𝑐4
𝐸𝛾 =

𝐸𝛾

𝐹U
  [2] 

Any wave: 𝜆𝜈 = 𝑐 ∴ 𝜆 = 𝑐 𝜈⁄ ,   𝜈 = 𝑐 𝜆⁄  

so: 𝒓𝜸 =
𝐺ℎ𝜈

𝑐4
=

𝐺ℎ

𝑐4
𝑐

𝜆
=

𝐺ℎ

𝑐3𝜆
=

𝓵𝐏
𝟐

𝝀
 

Can't this be  considered  (half) the actual  size  of a photon? 

We obtain: 𝑟𝛾𝜆 =
𝐺ℎ

𝑐3
= ℓP

2 ≈ 1.641 344 1 × 10−69 m2  
Tipping point: 𝑟𝛾,tip = 𝜆tip = ℓP ≈ 4.051 350 5 × 10−35 m 

I am rather convinced this is  not just equal to  the  Planck length, 
but  identically  the very same,  the  quintessence  of the latter! 

Based on the definition of the  intrinsic radius[1],  I have the audacity to 
claim that the  photon wavelength  can't be less than  its  intrinsic radius, 

yielding: 𝜆min = 𝜆tip = ℓP 

hence: 𝜈max = 𝑐 𝜆min⁄ = 𝑐 ℓP⁄ = 𝑐√𝑐3 𝐺ℎ⁄ = √𝑐5 𝐺ℎ⁄  
therefore: 𝐸𝛾,max = ℎ𝜈max = √ℎ𝑐5 𝐺⁄  ≈ 4.903 169 5 × 109 J 
  ≈ 3.060 317 7 × 1028 eV 

which is the  Planck energy! 
This  would  now obviously be the 

maximum  possible  energy  of whatever photon. 
Self-evidently, this renders: 

𝑚𝛾 = 𝐸𝛾 𝑐2⁄ = √ℎ𝑐 𝐺⁄ = 𝑚P ≈ 5.455 511 9 × 10−8 kg  ≈ 54.555 μg, 
i.e. the  Planck Inertia3. 

Yes!  Inertia3!    NOT  mass3! 
I  think  I've now found a 

truly physical  meaning  of the  Planck units 
instead of them merely being a set of universal units, 

let alone the  thought-up  concept of them being fundamental limits. 
By the above derivation however, they now  appear  to be such, 

i.e.  properties  of the  hardest possible photon.  

 
1 See  https://henk-reints.nl/astro/HR-Newstein-corrected.pdf,  addendum 2026-03-25. 
2 Photon energy  divided by the  ; 

(see  https://henk-reints.nl/astro/HR-cosmic-force-and-power.pdf 
&  https://henk-reints.nl/astro/HR-touching-heavy-masses.pdf). 

3 See  https://henk-reints.nl/HR-mass-vs-inertia.pdf .  Read it thrice! 

https://henk-reints.nl/
https://henk-reints.nl/astro/HR-Newstein-corrected.pdf
https://henk-reints.nl/astro/HR-cosmic-force-and-power.pdf
https://henk-reints.nl/astro/HR-touching-heavy-masses.pdf
https://henk-reints.nl/HR-mass-vs-inertia.pdf
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Now let two equal photons gravitationally attract one another. 
Note:  next (mainly) Newtonian derivation definitely is arguable! 

Einstein: 𝐸𝛾 = ℎ𝜈,    𝑚𝛾 =
ℎ𝜈

𝑐2
 

total mass: 𝑀 = 2𝑚𝛾 

reduced mass: 𝜇 =
𝑚𝛾
2

𝑀
=

𝑚𝛾

2
 

Newton: 𝐹g = 𝐺
𝑀𝜇

𝑟2
 

orbital acceleration: 𝑎 =
𝑣2

𝑟
 

gravitational acceleration: 𝑔 =
𝐹g

𝜇
= 𝐺

𝑀

𝑟2
= 𝐺

2ℎ𝜈

𝑟2𝑐2
=

2𝐺𝐸𝛾

𝑟2𝑐2
 

stable orbit: 𝑔 = 𝑎 

photon: 𝑣 = 𝑐 ∴ 𝑎 =
𝑐2

𝑟
 

and now all to get her: 
2𝐺𝐸𝛾

𝑟2𝑐2
=

𝑐2

𝑟
 

hence: 𝒓 =
𝟐𝑮𝑬𝜸

𝒄𝟒
 

2 : 𝐹U =
𝑐4

𝐺
 

yielding: 𝑟 =
2𝐸𝛾

𝐹U
 

i.e.: 𝑭𝐔𝒓 = 𝟐𝑬𝜸 
Seems to make some sense, right? 

In https://henk-reints.nl/astro/HR-Geometry-of-universe-slideshow.pdf, pp.110,144 (as of 2025-07-14), 
I derived a universal 
fundamental energy unit: ∆𝐸U = ℎ𝐻    ∴ ℎ = ∆𝐸U𝑡H  
which  might  also be the smallest possible photon energy. 
A larger wavelength would not fit in the universe. 
I always use: 𝐻 = 71.00 km/s/Mpc  ≈ 2.301 × 10−18 s-1  
yielding: 𝑡H = 1 𝐻⁄ ≈ 13.77 Ga 
and: 𝐷H = 𝑐𝑡H ≈ 13.77 Gly 

In said doc. (p.80,81), I derived: 𝑴𝐔 =
𝒄𝟑

𝟐𝑮𝑯
≈ 8.77 × 1052 kg 

from which we obtain (p.91,92,95): 𝑮 =
𝟏

𝟐
𝒄𝟐

𝑫𝐇

𝑴𝐔
=

𝒄𝟑

𝟐𝑴𝐔
𝒕𝐇 

we find: 𝑟 =
2𝐺𝐸𝛾,min

𝑐4
=

2
𝑐3

2𝑀U
𝑡H∆𝐸U

𝑐4
=

∆𝐸U𝑡H

𝑐𝑀U
=

ℎ

𝑐𝑀U
 

as well as (p.111): 𝒓 =
2𝐺∆𝐸U

𝑐4
=

𝟐𝑮𝑯𝒉

𝒄𝟒
= ∆𝒍𝐔 = 𝝀𝐂,𝑴𝐔

≈ 2.52 × 10−95 m 
This would be the found  fundamental length unit,  which in turn 

equals the  Compton wavelength  of the  total mass  of the  universe. 
Although it may seem nice, I consider it a rather weird 
result that can hardly have any physical significance! 

Two gravitationally bound smallest possible photons (of 2.3 × 10−18 Hz) 
would  orbit each other at an intermediate  radius  of  2.5 × 10−95 m. 

Of course  they'll do so at the  speed of light,  which is not only because it  is  light. 
After all, doesn't Mercury orbit the sun faster than Earth?  

https://henk-reints.nl/
https://henk-reints.nl/astro/HR-Geometry-of-universe-slideshow.pdf
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For two hardest possible 
photons we obtain: 𝑟 =

2𝐺𝐸𝛾,max

𝑐4
=

2𝐺√ℎ𝑐5 𝐺⁄

𝑐4
  

 =
√4𝐺2ℎ𝑐5 𝐺⁄

𝑐4
= √

4𝐺ℎ𝑐5

𝑐8
= 2√

𝐺ℎ

𝑐3
= 2ℓP 

Twice the  Planck length,  hmm. 
If  YOU    too  think these  two  Planck lengths  too  are 

too  <something>  to  have anything  to  do with  physical relevance, 
it would make  two  of us... 

My (rather clumsy) thought on beforehand was that the very tiny 
gravitational attraction  between photons might yield a 
large  orbital radius,  for example the  Hubble distance. 

And, as said, the sole use of Newtonian mechanics is truly arguable. 

Let's now find out at which  radius 
light  might  orbit  an arbitrary gravitating mass  𝑀. 

I'll use the  Newsteinian[4]  orbital velocity 
and the  true Lorentz factor of light[5]. 

Einstein: 𝛾2 =
1

1−𝛽2
,    ∴ 1 − 𝛽2 =

1

𝛾2
,    ∴ 𝛽2 = 1 −

1

𝛾2
 = 𝛾2−1

𝛾2
 

Newstein6: 𝛽orb
2 =

2𝜌

4𝜌2−2𝜌+1
=

2𝜌

2𝜌(2𝜌−1)+1
=

𝜌𝑀

𝜌𝑀(𝜌𝑀−1)+1
=

𝜌𝑀

𝜌𝑀
2 −𝜌𝑀+1

 

hence: 1 −
1

𝛾orb
2 =

𝜌𝑀

𝜌𝑀
2 −𝜌𝑀+1

 

therefore: ∴
1

𝛾orb
2 = 1 −

𝜌𝑀

𝜌𝑀
2 −𝜌𝑀+1

=
𝜌𝑀
2 −𝜌𝑀+1−𝜌𝑀

𝜌𝑀
2 −𝜌𝑀+1

=
𝜌𝑀
2 −2𝜌𝑀+1

𝜌𝑀
2 −𝜌𝑀+1

 

blah: ∴ 𝛾orb
2 =

𝜌𝑀
2 −𝜌𝑀+1

𝜌𝑀
2 −2𝜌𝑀+1

 

blah: ∴ 𝛾orb
2 (𝜌𝑀

2 − 2𝜌𝑀 + 1) = 𝜌𝑀
2 − 𝜌𝑀 + 1 

blah: ∴ 𝛾orb
2 𝜌𝑀

2 − 2𝛾orb
2 𝜌𝑀 + 𝛾orb

2 = 𝜌𝑀
2 − 𝜌𝑀 + 1 

blah: ∴ 𝛾orb
2 𝜌𝑀

2 − 𝜌𝑀
2 − 2𝛾orb

2 𝜌𝑀 + 𝜌𝑀 + 𝛾orb
2 − 1 = 0 

yielding: ∴ (𝛾orb
2 − 1)𝜌𝑀

2 − (2𝛾orb
2 − 1)𝜌𝑀 + (𝛾orb

2 − 1) = 0 
With: 𝜅 ≔ 𝛾orb

2 − 1 
and: 𝜉 ≔ 2𝛾orb

2 − 1 
we get: 𝜅𝜌𝑀

2 − 𝜉𝜌𝑀 + 𝜅 = 0 

hence: 𝜌𝑀 =
𝜉±√𝜉2−4𝜅2

2𝜅
=

𝜉±√(𝜉+2𝜅)(𝜉−2𝜅)

2𝜅
 

We find: 𝜉 + 2𝜅 = 4𝛾orb
2 − 3 

and: 𝜉 − 2𝜅 = 1 

rendering: 𝝆𝑴 =
𝟐𝜸𝐨𝐫𝐛

𝟐 −𝟏±√𝟒𝜸𝐨𝐫𝐛
𝟐 −𝟑

𝟐𝜸𝐨𝐫𝐛
𝟐 −𝟐

 (Would Dirac call this mathematical beauty?  I don't...) 

 
4 https://henk-reints.nl/astro/HR-Newstein-corrected.pdf 
5 https://henk-reints.nl/astro/HR-Newsteinian-energy-escaping-light.pdf 
6 p.16 of [4] as of 2026-07-07. 

https://henk-reints.nl/
https://henk-reints.nl/astro/HR-Newstein-corrected.pdf
https://henk-reints.nl/astro/HR-Newsteinian-energy-escaping-light.pdf
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Light has[5]: 𝛾𝛾 = 2    ∴ 𝛾𝛾
2 = 4 

yielding: 𝜌𝑀,𝛾 =
2∙4−1±√4∙4−3

2∙4−2
=

7±√13

6
 

We've got[4]: 𝝆𝑴 = (𝜚𝑀 > 0) + 1 > 𝟏 

i.e.: 𝝆𝑴,𝜸 =
𝟕+√𝟏𝟑

𝟔
≈ 𝟏. 𝟕𝟔𝟕 𝟓𝟗𝟐 light would orbit at this radius only! 

Also: 𝜌𝑀 =
𝑟

𝑟𝑀
=

𝑟𝑐2

𝐺𝑀
 

& since7: 𝐺 =
𝑐2𝐷H

2𝑀U
 

we obtain: 𝜌𝑀 =
𝑟𝑐2

𝑐2𝐷H
2𝑀U

𝑀
= 2

𝑟

𝐷H

𝑀U

𝑀
≕ 2𝜌H

𝑀U

𝑀
 

hence: 𝜌H =
1

2
𝜌𝑀

𝑀

𝑀U
 

Light: 𝜌H,𝛾 =
𝟕+√𝟏𝟑

𝟏𝟐

𝑀

𝑀U
≈ 0.883 796

𝑀

𝑀U
 

I'm not really glad with this exact outcome (entire eqn. & esp. √13), 
but  would  light orbit  a point mass  𝑀 = 𝑀U, 

it  would  do so at roughly the  Hubble distance! 
Wouldn't this at least  suggest  the cosmos must be closed? 
SHOULDn't  all  available light be gravitationally attracting, 

thus transforming all space in which it's  flying  into a closed form? 
In the doc. mentioned in [7],  I  deduced from ascertained truths  that 

the cosmos  absolutely certainly definitely undoubtedly 

IS  a  3-sphere,  a  glome! 
Note:  none of the above calculations takes this  fact = truth  into account, 

which may very well be the reason for the peculiarity of the obtained results. 
NOTE:  Ref.[4], Addendum 2026-07-23,  shows the above with  total energy  instead of  orbital only. 

 
Well done, boy! 

No, I'm left. 

 
I think you're right! 

Right. 
 

 
7 https://henk-reints.nl/astro/HR-Geometry-of-universe-slideshow.pdf  p.95  (as of 2025-07-14) 
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