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Introduction and relevance 

Recently, a group of astronomers recalculated the mass of the Milky Way, with the help of 

new data from the Gaia and Hubble space telescopes. Until now, different estimates varied 

from 500 billion to 3 trillion sun-masses, mainly due to the unknown “dark matter” which is 

supposed to present the largest part of the total mass, albeit invisible and therefore not 

directly measurable. Dark matter was introduced to explain high velocities of rotational 

speeds of outer stars of galaxies. Their calculation results: about 1.5 trillion sun-masses. 

 

However, space is curved. This curvature becomes relevant to the sizes of galaxies, such 

that curvature has to be incorporated in the calculations. Incorporating curvature leads to far 

less mass of our galaxy and less or no need for “dark matter”.  

 

Newtonian mass calculation 

The mass of the Milky Way can be based on the orbital motion of groups of stars called 

globular clusters in the galactic halo. From the observed transversal velocities, the mass of 

the Milky Way within a diameter of 129,000 light-years has been calculated based on the 

laws of Newton. It resulted in a mass of the Milky Way of about 1.5 trillion sun-masses. In 

this way the mass is established including any invisible mass-energy (dust, dark matter, 

gravitons, black holes etc.).  

 
See: Spacetelescope.org - “Hubble & Gaia accurately weigh the Milky Way” dd. March 2019. 

 

3D-curvature included 

However, on this scale of the Milky Way,  the three-dimensional curvature appears to play 

its part too. A simple application of Newtons laws would be a major mistake. Let’s, for 

practical reasons, suppose a spherical Milky Way to illustrate the point. The formula for 

speed, far below the speed of light, but including the 3D curvature of our universe equals: 

 

v2 = G.M / r + c.H.r [m2/s2] speed squared (1) 

 

In formula (1) is “v” the orbital speed of a circular orbit of the globular cluster, “G” the 

Newton constant of 6.67 x 10–11 [Nm2/kg2], “M” the mass of the galaxy in [kg], “r” the 

radius of the orbit in [m], “c” the speed of light of 299,792,458 [m/s], and “H” the Hubble 

constant of about 2.30 x 10–18 [Hz]. The term “G.M / r” is the Newtonian term, while 

“c.H.r” is the 3D curvature term. This formula is deduced in paragraph 6.04 of our book 

“Repairing Robertson-Walker’s Solution”.  

 

As a consequence, the speed to stay in a circular orbit around a spherical object must be 

higher at large distances due to the space curvature. Before we start calculating: of course, 

the Milky Way is not spherical, but quite flat, and the orbits are not circular. We just offer 

the computation of a hypothetical and spherical mass orbited by a globular cluster to 

illustrate the difference. 

 



Mass of the Milky Way in curved space 
 

2 

 

Hypothetical Spherical Galaxy 

Let us regard the Milky Way mass “M” to be 1.0 trillion sun-masses. Let us put the orbiting 

globular cluster at 100,000 light-years. We then get with formula (1): 

 

v2 = G.M / r = 1.4 x 1011 [m2/s2] Newton term v = 375 [km/s] 

v2 = c.H.r  = 6.5 x 1011 [m2/s2] 3D curvature term v = 515 [km/s] 

v2  = 7.9 x 1011 [m2/s2] Total speed squared v = 890 [km/s] 

 

In other words, quite a difference! The speed based on Newton’s laws equals 375 [km/s], 

while the speed based on Newton’s laws and 3D curvature equals 890 [km/s]. Although the 

Milky Way is not spherical and the orbits are not circular, the example shows that the 3D 

curvature of the universe has a major impact on the orbits around galaxies. Note how the 

orbital speed in this example depends even more on the curvature than on the gravitation! In 

other words, one cannot ignore the 3D curvature term in orbits of 100,000 light-years around 

galaxies of about a trillion sun-masses. 

 

Transition distance 

The key question is, when do we need to take account of the 3D curvature effect? We can 

compute at which distance the effects are about the same, that is when G.M / r = c.H.r: 

 

r2 = G.M / c.H = 1.9 x 1041 [m2] transition distance r = 46,400 [ly] (2) 

 

It means: for a spherical galaxy of one trillion sun-masses, the transition distance equals 

46,400 [ly], all distances above are mostly determined by the 3D curvature of the universe! 

For a Milky Way of 580 billion sun-masses, which was the original mass estimate of our 

galaxy without “dark matter”, the transition distance is as low as about 31,000 [ly] due to the 

quadratic effect of r. 

 

Conclusion for the Milky Way 

To compute the mass of the Milky Way based on Newtonian orbits of 65,000 to 130,000 [ly] 

is ignoring the major cause of orbital speed: 3D curvature of the universe. Using the 

Newtonian formula only, leads to an estimated mass that is a multiple (2.5 – 3.0 times) too 

large.  

 

Further consequences 

The number of stars in the Milky Way is currently estimated at 250 billion stars. Based on 

the low estimate of the mass of the Milky Way without “dark matter” of 580 billion sun-

masses, the sun is a relatively light star (250 / 580 = 43% of average star). This agrees with 

the vision of most astronomers. In other words, “dark matter” is not present if we use 

formula (1), meaning that there is much less (or no) need for “dark matter” in the universe! 

 

Our mission 

We strive for pure physics, physics without magic or unproven particles. We base ourselves 

on Noether’s conservation laws of energy and momentum. We object to “dark energy” and 
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singularities in physics based on Noether’s work. We have slightly modified Einstein’s 

Relativity where it is in conflict with Noether’s laws. Emmy Noether signaled these failures 

to Einstein around 1920, but Einstein totally ignored her, although he praised her as a 

mathematical genius.  

 

The result of Noether’s theorems are slightly modified Schwarzschild and Robertson-

Walker solutions, but with observable consequences: torus shaped black holes and eternal 

cosmic inflation, observed by NASA and ESA.  

 

More information? 

Our three books (www.loop-doctor.nl) describe the repair of Einstein’s Relativity for 

Noether’s theorem1 in full detail. We hope you get as many “aha” experiences as we did, 
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1 Noether E. “Invariant variation problems” translated by Tavel M. TTSP 1971 p. 186-207 


