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The spin vector direction of the plasma epoch turbulent vortex line that fragmented the NGC 1097 protogalaxy is quite clear from these ALMA observations.  The size of protogalaxies is 10^20 meters, preserved by all galaxies observed as a fossil of plasma turbulence, Gibson (1996).
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ABSTRACT 
 

A sample calculation of the fragmentation scale of the plasma is presented based on 
conditions existing during the plasma epoch between 3000 and 300,000 years after the 
big bang cosmological event. 
 

SAMPLE CALCULATION 
 

Viscous, gravitational, and turbulence stresses match at scales less than the Hubble scale 
of causal connection at time 1012 seconds according to HGD cosmology, Gibson (1996).  
The length scale LPG will be slightly larger than the Kolmogorov-Nomura scale of the 
plasma since the plasma turbulence is weak.  
 

LPG ~ [γν/ρG]1/2 

 

In the expression, γ is the rate-of-strain, ν is the kinematic viscosity, ρ is the density, and 
G is Newton’s constant of gravity.   
 
Subtituting best estimates in si units gives  
 

LPG ~ [γν/ρG]1/2 ~ [10−12 1026/10−17 10-10]1/2 = [1041]1/2 = 3.2 1020 m. 
 

 

Thus the expected fragmentation scale of plasma epoch protogalaxies is ~ 1020 meters, as 
observed.  The protogalaxy mass is therefore ~ the volume 1060 m3 times the density ρ ~ 
10-17 kg m-3, or 1043 kg.  The observed baryonic value for galaxy mass is a factor of 10 
smaller. 
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