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The Sun Is Electrically Charged & the Conundrum of the 
"Missing Mass" Is Explained  

Bernard R. Bligh* 

Abstract 

A study of the Sun's  corona reveals that the velocit ies of  e lectrons are substant ia l ly  
higher than the velocity  of escape and the velocit ies  of protons are wel l  below the 
velocity  of  escape.   The Solar  Wind contains  equal proport ions of  electrons and 
protons,  i t  fo l lows that  there must  be a  mechanism for  e ject ing protons from the 
surface of  the Sun and for  holding back most  of  the electrons .   It  is  postulated here 
that  the Sun and al l  hot  stars  have a net  posit ive  e lectr ic  charge.  If  a galaxy as a 
whole is  neutral  i t  fo l lows that  there is  a  net  negat ive charge in the interstel lar 
space in a galaxy.   This  hypothesis  is  supported by the fact t hat  e lectron c louds have 
been detected near  the bulge of  the Milky Way.  T he next  step in the reasoning is  
that  there are attractive e lectrical  forces  between these stars  and the central  bulge 
and that these attract ive forces account  for the pattern of velo cit ies of  stars in 
orbit  in  a  galaxy  (the so -cal led ‘ f lat  rotat ion curve’).   It  fo l lows that  there is  no need 
for  a  hypothet ical  ‘miss ing mass’  to  provide a  gravitat ional  force for  this  velocity 
pattern.  There are presented 9  reasons to  support  the present  hypothesis  based on 
f i rm observational ev idence;  for  example:   
(1)    In  the corona of  the Sun,  oxygen  ions,  O 5 +  ,  are  accelerated radial ly  away from 
the Sun faster  than protons;   s ince oxygen ions are 16 t imes heavier than protons,  
this  is  not  what  we wou ld expect  from s imple diffus ion;   a  logical  explanat ion is  that 
the posit ive  charge of the Sun causes the accelerat ion.   

(2)    This  hypothesis predicts  that stars  which are not hot  enough  to  have an ionized 
corona should not be positively  charged  and therefore they should have orbita l  
velocit ies in  the galaxy  below the flat rotation curve .   This is  in fact the case .   

(3)    The rotat ional  curves of  many galax ies  are not  f lat ;   there is  a  considerable 
scatter  in  star  velocit ies .   Therefore the concept  of  “da rk matter” or  “miss ing mass” 
i s  not  se lf -consistent,  -  even on its own terms.   

(4)    E lectr ical ly  charged stars  in  orbit  create a  magnet ic  f ie ld.   Magnet ic  f ie lds  have 
been detected in galax ies.   I t  is  suggested here that  there may be attract ive and 
repuls ive magnet ic forces  between galax ies.   

F inal ly ,  i t  is  predicted  that  spiral  galax ies  on opposite  sides of  voids between 
c lusters wil l  be found to have opposite or ientat ions.     
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Symbols .   

c   =  ve locity  of a partic le ,  m s - 1 ,   
d  =   distance between a ‘shel l ’  and the centre of the Sun, (see Appendix )  ,   
E   =  e lectr ic  f ield,   New ton Coulomb - 1  ,   
k   =  Boltzmann constant   =   1.381 x  10 - 2 3   J  K - 1  ,   
m  =   mass  of  a proton   =  1 .673 x  10 - 2 7  kg,    
       or  mass of an electron   =  9 .11 x 10 - 3 1  kg,  
n   =   total  number of  part ic les in a  system,  
n e  =  density  of e lectrons,  numbers  per  m 3  ,   
Q  =  e lectr ic  charge,  Coulomb,   

R   =  gas constant  = 8314 J  kg -mole - 1  K - 1   
R O   =  radius  of the Sun  =   6 .96 x 10 8   m,  
T   =  temperature,  K   
e   =  E lectron charge  =   Proton charge  =  1 .602 x 10 - 1 9   Coulomb,   
    
ε O   =  permitt iv ity in vacuum  =   8.854 x 10 - 1 2   Coulomb 2   Newton - 1   m - 2  ,   

D  =  Debye length,  m   
   
 
1.  The Corona of  the Sun .   

The corona of  the Sun is  at  a temperature of  more than 10 6  K .   It  is  instruct ive to 
study the nature of  this  hydrogen plasma.  Figures  1 and 2 show the Maxwel l -
Boltzmann distr ibut ion for the speeds of electrons and protons for the temperature 
1.1  x  10 6  K .   The formula for  the proport ion of  partic les having velocit ies  between  c 
and (c  + dc)  is    

     dn c/n  =   4(m/2RT) 3 / 2  exp(-mc 2  /RT) c 2  dc                             (1)   

In  the graphs presented (F igures 1  and 2),  the increment dc  is  100,000 m s - 1  for 
e lectrons and 1,000 m s - 1   for protons.    

These two diagrams show the curves for the distr ibutions of  velocit ies of  e lectrons 
and protons at  1 .1  mil l ion degrees  Kelv in,  which is  the approximate  temperature of 
the outer Sun.   Note the  velocities  of the electrons and protons compared  with the 
veloc ity  of escape.  

The velocity  of  escape from the Sun is  617000 m s - 1  and i t  can be seen that  a lmost 
a l l  the e lectrons ex ceed this  speed and v irtual ly  no protons do.  Superf ic ia l ly  this 
leads to  the conclus ion that  the Sun would lose a l l  its  e lectrons and none of  i ts  
protons.  Obviously this  does not happen.  Therefore i t  is  deduced that  during the 
ear ly history  of  the Sun,  it  lost a smal l  proport ion of  i ts  e lectrons such that it  
became posit ively  charged;  this  net  posit ive charge holds  back most  of  the e lectrons 
from escaping into  space and also  this  posit ive  charge repels  a  smal l  proport ion of 
protons into space such that t he Solar  Wind contains an equal  balance of  e lectrons 
and protons.  

I t  is  apparent that the Solar  Wind must  be neutral  overal l ,  otherwise the Earth, 
which is  bathed in the Solar Wind,  would acquire an e lectr ic  charge over  a  per iod of  
t ime.    
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I t  is  required to  est imate what  the magnitude of  this  posit ive  charge on the Sun 
might  be and then ask the quest ions  ‘Does this  concept  of  a  net  e lectr ic charge on 
the Sun make sense ? ’    ‘ In  astronomical  terms,  what  would be the effect  in  the 
Galaxy if  most stars l ike the Sun were posit ively charged ?’   

The Sun is  a  plasma and the nature of an e lectrostat ical ly  charged plasma is  quite 
di f ferent  from other e lectrostat ical ly  charged bodies.   It  so  happens that  there are 
observat ions that posit ively  charged oxygen ions,  O 5 +  ,  in  the corona are accelerated 
radial ly  away from the Sun even more than protons,  and these data provide a means 
of est imating the charge on the Sun (Appendix) .   

The hypothesis  is  that  the Sun needs to  have a posit ive  charge in order  to  repel 
protons to  the speed of  the Solar  Wind.  The provis ional assumption is  made that  i f  
the posit ive  charge is  large enough for  this  act ion,  it  wi l l  be large enough to  hold 
back a  substantia l  proport ion of  the e lectrons,  such that  the Solar  Wind consists  of 
equal numbers of protons and e lectrons.  

The calculat ions in Appendix  are only  approximate;   at  the ear ly  stage in developing 
this  theory  we are only  a iming at  an order  of  magnitude for  many of  the propert ies 
of the plasma of  the Sun.    

In  the chromosphere the protons must  be accelerated to 6 .2 x  10 5  m s - 1  which is  the 
velocity  of escape.   

The excess  posit ive  charge on  the Sun is  in the order  of   7  x  10 2 2  C  see the Table  in 
Appendix .      

The mass of the Sun is  2  x  10 3 0   kg,  which is  equivalent  to  1 .2  x  10 5 7  protons and 
e lectrons in a lmost  equal  balanced proport ions.  

The excess  posit ive charge of 7  x 10 2 2  Coulombs is  equivalent  to    

4 .3  x  10 4 1   protons.   

Therefore the incremental  excess number of  protons over electrons is  in the rat io  

        4 .3  x  10 4 1   :   1 .2  x  10 5 7    

      i .e .    one in 3  x  10 1 5  .   

Therefore i t  is  not  surpr is ing that  this  extremely  smal l  excess  posit ive  charge has 
not  yet been detected by astronomers.    

 

Considerations for the Galaxy.   

We now make the reasonable  assumption that  when the galaxy  f i rst  formed,  i t  was 
e lectr ical ly  neutral ,  i .e .  there were equal numbers  of protons  and  e lectrons.   The  
same  assumption  appl ies   to  the birth  of  stars  such as  the Sun.  I f  the Sun now h as 
a  net  posit ive  charge of   7  x  10 2 2  Coulombs  then i t  has  los t  that  amount of  negat ive 
e lectrons to  interstellar  space.    S ince there are bel ieved to  be in the region of   1 .5  
x  10 1 1   stars  in  our galaxy,  this  suggests  that  the space in the galaxy  contains  in  the 
order of  10 3 4   Coulombs of surplus electrons.    

The model  of our  galaxy  now develops in this  way;   the stars have a smal l  posit ive 
charge -  and this  inc ludes the stars  in  the central  bulge;   i t  fo l lows that  the negat ive 
e lectrons are attracted to  some extent  towards the centre of  the galaxy,  i .e .  there is  
an e lectr ic  f ie ld which decreases from the centre outwards.   There is  an attractive 
force between this  negat ive e lectr ic  f ie ld and the stars  c irculat ing in the galaxy.  
The hypothesis  is  put forward here that  i t  i s  this  attractive force which is  causing 
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the characteristic  star  velocities  in a galaxy and this  velocity  effect  is  NOT caused 
by the gravitat ional  force of the ‘missing mass’ .     

We need to  consider  some aspects  of  the “miss ing mass”  theory  in contradist inct ion 
to  the new hypothesis .   In  most  galax ies ,  but  not  a l l  galaxies ,  the orbita l  velocit ies 
of  the stars  and the interstellar  gas  are approximately  constant  over  a  substant ial  
range of  radi i  of  orbits .   They are said to  have a ‘ f lat  curve’  ,  see Figure 3.   This 
velocity  pattern is  contrary  to  Kepler ’ s  Third Law and therefore this  anomaly  is  
explained by an extra grav itat ional  force provided by a  “missing mass”  or  “dark 
matter” .   

Actual ly  the miss ing mass theory  fa i ls  on i ts own terms because i f  the orbita l  
velocit ies  were characterized by gravity ,  the rotation curve should be smooth in the 
way that  planetary  orbita l  velocit ies  make a smooth curve as  in  F igure 4  and not  the 
scatter as in F igure 3.    

 

Not ice that  the stars are not  on a smooth curve;  they would be on a 
smooth curve if  their  velocit ies  w ere determined purely  by 
grav itat ional  considerat ions.   In  real i ty  there is  considerable  scatter 
(Ref .  Schneider  and Terzian,  1983,  and Combes, 1996) .  This  is  in 
contrast  to the smooth curve of  the orbits of  planets,  whose velocit ies 
are Keplerian,  i .e .  determined by the laws of  grav ity .   The scatter  of 
star  velocit ies  comes about  because the stars  are e lectr ical ly  posit ively 
charged in vary ing degrees and electrical  forces  are added to  the 
grav itat ional  force in controll ing the orbits .   
 
The red c irc les represent  over 100 brown dwarfs  of low metalic i ty  in 
the v ic inity  of  the Sun and which al l  have orbita l  velocit ies  less  than 
the Sun and other  stars  (Ref .  Fuchs et a l ia .  1999) .   Brown dwarfs  have a 
re lat ive low temperature and have l it t le or no e lectric char ge.   
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The posit ion of  the Sun,   i .e .  the Local  Standard of  Rest is  at  8 .5  kpc 
and an orbital  velocity  of 220 km/s.    

 

  

 

   

The attract ive e lectr ical  force between hot stars  and the bulk  of  the galaxy accounts 
for  the pattern of  velocit ies  of  stars  in  orb it  in  a  galaxy  (the so -cal led ‘ f lat  rotat ion 
curve’) .   It  fol lows that  there is  no need for a “missing mass” to provide a 
gravitational  force for  this velocity pattern.    

F igure 3  demonstrates  a  powerful  argument which supports  this  new theory,  namely 
that  I  predicted  that stars which are not hot  enough  to have an ionized corona 
should not be posit ively  charged  and therefore they should have orbita l  velocit ies 
in  the galaxy  below the so-cal led flat  rotat ion curve .   I  then found data showing 
that  this is  in fact the case.  

Brown dwarfs  are such stars .   Data on their  orbital  velocit ies  was found in the 
reports  by  Fuchs,  Jahreiss  and Wielen (1999) .   They ‘ determined re l iable  space 
velocit ies of  560 nearby subdwarfs ’ ,  i .e .  nearby to  the Sun.  The var iat ion in th eir 
velocit ies  is  so  wide that  there is  no way they could be accommodated on a ‘f lat  
curve’ .    

Before giv ing addit ional  detailed reasons behind the new theory  there is  presented 
A Summary of  the Observations in favour  of  the new theory.    

(1)   In  the corona of  the Sun, oxygen  ions,  O 5 +  ,  are  accelerated radial ly  away from 
the Sun faster than protons.   
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(2)    The distributions of  e lectrons in interstel lar  space in our  Galaxy  are c lose to 
the stars  in  the bulge and in the spiral  arms.   

(3)    C louds of  posit ive ly charged ions in interstel lar space move faster  than un -
ionized gas.    

(4)     As  mentioned above,  -  unattached brown dwarfs ,  which are marked red in 
F igure 3  have rotation velocit ies  below the other  stars;   the explanat ion is  that  they 
are not  hot  enough to e ject  e lectrons and therefore they do not  have a net  posit ive 
charge.  This was predicted.    

 (5)    The rotat ional curves of  cepheids  in  the Milky  Way are used as  tracers.   
Cepheids are comparat ively  cool  stars and therefore they do not  carry  a  large 
posit ive  charge.  There is  a c lear  trend that H I I  regions (protons) are  rotat ing faster  
than cepheids.    

(6)    Observers  have presented rotational velocity  diagrams for  over  40 galax ies.   
There is  substantia l  var iat ion in the shapes of  these velocity  prof i les;   some of  these 
are ‘ f lat ’  curves and some are not .   We would not  expect  that  degree of  var iat ion 
for a universal ly  distr ibuted ‘missing mass’ .   

(7)    There is  a  wide scatter  of  velocit ies  of  stars  in  the Galaxy  and yet 
astrophysicists  choose to draw an almost smooth horizontal curve through these 
scattered points .    

(8)    Galax ies display  a  magnet ic f ie ld.    

 

Detai led arguments.      

(1)    In  the corona of  the Sun,  oxygen  ions,  O 5 +  ,  are  accelerated radial ly  away from 
the Sun faster  than protons,  (Kohl  et  a l.  (1998)  and Aschwanden et  a l .  (2001)) .   
S ince oxygen ions are 16 t imes heavier  than protons,  this  unexpected phenomenon 
cannot  be explained by s imple diffus ion.   The logical  explanat ion is  that  that  the 
oxygen ions with the higher posit ive  charge ar e being accelerated by a  posit ive 
e lectr ic f ie ld.   

(2)    Taylor  and Cordes (1993)  have studied the distr ibut ion of  e lectrons in 
interstel lar  space in our  Galaxy.   Because e lectrons repel  each other,  we might 
expect  this  distr ibution to  be widely  dispersed spherical ly  but  this  is  not  the case.   
E lectrons keep c losely  to  the disk  and are concentrated in the central  bulge of  the 
Galaxy  and in the spiral  arms where most  of  the stars  are concentrated.   The 
diagrams of  Taylor  and Cordes are quite  c lear  and unambi guous on this  point .   This 
observat ion presents  a  strong argument in favour of  the new theory   because there 
is  the easy  explanat ion, that  the negat ive e lectrons are attracted to posit ively  
charged stars .  Weisberg et  a l  (1995)  confirm the e lectron densit ie s of  Taylor and 
Cordes.    

(3)    In  this  hypothesis  we would expect  that  a  c loud of ionized gas  would move 
faster than a c loud of  un - ionized gas,  and this  has  actual ly  been observed in NGC 
4214 (Wilcots  and Thurow, 2001) .   Wilcots and Thurow give a  dif feren t  explanation 
from the one proffered here, -  but  then they were not looking for  the poss ibi l i ty 
that  there might  be an attractive force between the ionized c loud and a net 
negat ive charge towards the centre of the galaxy NGC 4214.   
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The outflow of  parti c les  from the Sun .  

The oxygen O + 5   ions have velocit ies in the range between  

the red curves and the protons have velocit ies between the  

black curves.  Even at  a  distance of 3 .5R the oxygen ions  

are cont inuing to  accelerate away from the Sun,  indicat ing  

that  the Sun has a posit ive e lectr ical  charge which is  repel l ing  

the posit ive  ions.  

Copied from Kohl  et al  (1998)  and Aschwanden et  al  (2001)  

  
This effect has  also  been observed in NGC 891 (Swaters,  Sancis i  and van der  Hulst  
1997) .   They report  that  there is  neutral  hydrogen in a  halo  up to  5  kpc from the 
plane of  the disk  and the rotat ion of  this  hydrogen is  25 to  100 km s - 1   slower  than 
the gas  in the plane.  
 
(4)    I t  has  a lready been explained that  if  the velocit ies  of  hot  stars  around the 
galaxy  are governed largely  by  their  electr ical  posit ive  charge,  then i t  fo l lows that 
cold stars,  which are not  hot  enough to  have an ionized corona, should not  behave 
in this way,  -  and this is  the case.      
 
The point  is  that  i f  the concept  of  “missing mass”  were valid ,  then the orbita l  
velocit ies  of the stars,  including brown dwarfs,  would be on a smooth curve in the 
way that  the velocit ies of  the planets l ie on a smooth curve. The missing mass 
theory has no explanat ion for  the velocit ies of brown dwarfs.    
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(5)    Cepheids  are another example of  re lat ively  cool  stars .   Pont  et  a l  (1997)  report 
a  study of  the rotational  curve of  the Milky Way using cepheids  as  tracers.   For  the 
galact ic  radii  6  to  16 kpc the results  show widely  scattered rotat ional  velocit ies ,  -  
hardly  a  ‘ f lat  curve’,  -  but  there is  a  c lear  trend that  H I I  regions (protons)  are 
rotat ing faster  than cepheids.   This  can be explained i f  the cepheids,  which are 
comparat ively  cool  stars ,  have lost  part  of  the posit ive  charge which they had 
or iginally .    

The point  here is  that in  a  hot  star  such as the Sun, there is  an equi l ibr ium created 
by its posit ive charge such that  there is  a  balance between eject ing some protons 
and holding back the fast moving e lectrons.   When a star  cools  down the equi l ibr ium 
wi l l  be re-adjusted;   re lat ively  fewer electrons need to  be held back and more 
protons wi l l  be repel led unt i l  there is  a lower net  posit ive charge on the star .     

(6)    Kent  (1986)  presented rotat ional  velocity  diagrams for  37 galaxies  and Sanders 
and Verheijen (1998 ) give velocity  diagrams for  6  galax ies.   There is  substantial  
variat ion in the shapes of  these velocity  prof i les;   some of  these are ‘ f lat ’  curves 
and some are not .   We would not  expect  that  degree of  var iat ion for  a  universally 
distr ibuted ‘miss ing mass’ .   

(7)    Brand and Bl i tz (1993)  have studied the velocity f ie ld in the outer Galaxy.   Most 
of  the objects observed are nebulae of  posit ively  charged hydrogen or  of  neutral  
hydrogen.   Their  F igure 3  shows ‘Circular  velocity  as  a  funct ion of  galactocentr ic 
d i s tance’ .   There is  a wide scatter  of  velocit ies from 165 km s - 1   to  345 km s - 1  but 
they have chosen to  draw an almost  horizontal  smooth curve through these 
scattered points .   In  spite of  this  scatter,  there is  a c lear  trend for the regions with 
H +  ions having greater velocit ies  than neutral  hydrogen.  

Kulkarni,  Bl i tz and Hei les (1982)  also  present  data with a  wide scatter  of rotat ional 
velocit ies .   This  wide variat ion in orbita l  velocit ies  cannot  be explained in terms of  
the grav itational  attraction of  a  ‘ miss ing mass’  but  it  can be explained by the 
hypothesis that di f ferent nebulae or  dif ferent  stars have dif ferent  posit ive  charges.   

An important  point is  that  i t  is  quite possible for di f ferent  stars  to have evolved 
with dif ferent  posit ive  charges,  therefo re there wi l l  be different  forces of  attraction 
between the stars and the e lectr ic  charge in the bulk  of the galaxy.  This feature 
would cause a  di f ferent  orbita l  velocit ies,   i .e .  the scatter  of  orbita l  velocit ies  is  not 
a  problem for the new theory.    

(8)  Galax ies display  a  magnet ic f ie ld.   
One consequence of a posit ively charged Sun orbit ing the galaxy  is  that it  creat es  a 
magnet ic f ie ld;   Parker  (1979)  devotes a chapter  in his  book on the magnet ic  f ie ld of 
the Galaxy and there are many other  references,  e .g.  Beck, (2000) ,  Wielebinski,  
(1993) .   
 
I t  is  standard Physics  that  e lectrons moving through a conductor  create a  magnet ic 
f ie ld;   c learly  the moving of  a  massive body such as  the Sun is  not  the same action.   
Nevertheless a  moving e lectrical  charge must  produce a magnet ic  f ield of some 
kind.   The direction of  the magnetic  f ie ld wi l l  be at  r ight  angles to  the orbit  of  the 
Sun and other  hot  stars .   Where two stars  are orbit ing together,  there wi l l  be some 
l ines  of  force between the two stars  near  the plane  of  the galaxy,  and these have 
been detected.   Stars at  the edge of  a  spiral  wi l l  generate a  magnetic  f ie ld at  r ight 
angles  to  the plane of  the Galaxy.  The impl icat ion of  this  is  that  neighbouring 
galax ies  wi l l  be attracted to  each other  if  their  magnet ic  f ie lds  become l inked.   This 
wil l  happen i f  the spirals  have the same “chiral ity”.   
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There is  some support ing observat ional  ev idence from the “Galaxy  Zoo”  project .   
J imenez et  a l  (2010)  report  that  “ neighbour ing spiral  galaxies  which have simi lar 
star  forming histor ies,  a lso have their  spins  al igned” (my emphasis) .     
 
Now magnet ic f ie lds  can also  cause repuls ion ,  unl ike grav ity,  which is  a lways an 
attract ive force.   It  fol lows that i f  two neighbouring galax ies have their  rotat ions in 
opposite  direct ions,  th ey wi l l  repel  each other.   
 
I  predict  that  i t  wil l  be found that  spiral  galax ies separated by voids  between 
c lusters  wi l l  be found to  have opposite  or ientat ions,  because over  immense t imes, 
such galaxies  wi l l  have repel led each other.   Substant ia l  voids  be tween galaxy 
c lusters are known to  ex ist .     
 

Eddington’s Errors.   

I t  has  been objected that  the poss ibi l i ty that  the Sun is  posit ively charged has been 
studied previously  by Eddington (1926 and 1959)  and by Mestel  (1999)  and they 
showed that  the effect  is  inf inites imal .    

Mestel  s imply  copies  the result  of  Eddington without  going through the reasoning.  
Eddington’s book of  1959 is  ident ical  with the f i rst  edit ion of  1926 and his  analysis 
of the velocit ies  of ions in the Sun is  f lawed.    

F irst  he takes the Maxwel l -Boltzmann equat ion for  velocity  distribut ion of  ions and 
integrates  i t  over  a l l  ve locit ies .   But  we are not  concerned with all  ve locit ies ,  we are 
concerned with velocit ies  greater  than the escape velocity  from the Sun,  which 
Eddington never  mention s .    

Second,  Eddington uses the Maxwel l -Boltzmann equat ion to  calculate densit ies  of 
ions,  but  the Maxwell -Boltzmann distr ibut ion of  velocit ies  is  independent  of  the 
density  of f luids,  therefore this is  an inappropriate appl icat ion of  that  equat ion.   

Thirdly,  as has been shown above,  there is  a  considerable  amount of  ev idence that 
oxygen ions (O 5 +  )  are being accelerated outwards  more than protons.   (Antonucci ,  
Dodero and Giordano 2000,  and Kohl  et  a l  1998,  Aschwanden et  a l .  2001) .   Now, 
how can that  come about?   As  has  been pointed out  above,  oxygen ions are 16 t imes 
heavier  than protons so the natural  explanat ion is  that  the high posit ive  charge is  
the cause of that accelerat ion,  i .e .  the Sun must have an effect ive posit ive charge.    

The velocit ies  of  the  oxygen ions and protons are “strongly  anisotropic”,  (Kohl  et  a l .  
1998)  i .e .  the velocit ies  radial ly  outwards are more than the velocit ies  in  other 
direct ions;   this is  not  consistent with Eddington’s  f indings,  and the high 
accelerat ion of  oxygen ions is  contrary  to  his  results .   

F inal ly  it  should be pointed out  that  the Solar  Wind was  not known in  1926 ,  when 
Eddington wrote his book,  so he did not extend his  analysis  to  the concept that ions 
would actual ly leave the Sun in substantia l  quant it ies .    

 

A Cr it ic ism 

I t  might be argued against  this theory  that  the Sun could not retain a steady state of 
posit ive  charge s imultaneously with producing a  neutral  So lar  Wind.   The system is 
in  a  state of  dynamic equi l ibr ium.  Suppose a mass e ject ion threw out  an extra 
quant ity  of posit ive ions,  then the net  charge on the Sun would decrease;   but i t  is  
this  net  charge which holds  back e lectrons;   therefore a  temporary  decrease in 
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posit ive  charge would re lease more e lectrons because their  velocit ies  are greater 
than the ve locity  of  escape.  

The state of  the Sun would then revert  to  its  previous steady state.   

The Solar  Wind might wel l  have f luctuat ions in i ts  e lectrical  charge,  but  on balance 
i t  remains neutral .   Indeed i t  is  these f luctuat ions which are known to affect 
adversely the electr ical  systems such as  power l ines  on Earth.       

 

Final  Discussion and Conclusion .    

The “received wisdom” about  the miss ing mass is  expressed in the paper ‘Baryonic 
Dark Matter’  by  B.  Carr  (1994)  : -    

‘The evidence for dark matter  on al l  scales from star c lusters to the Universe itse l f  
has  bui lt  up steadi ly over  the last 50 years .   Although the strength of evidence on 
dif ferent scales  var ies considerably,  there is  now l i tt le doubt  that  only  a smal l  
f ract ion of the mass  of  the Universe  is  in v is ible form.  

‘The best  evidence for dark matter  in  galaxies comes from the rotat ion curves from 
spirals . ’    

Then again,  Bl i tz (1995) descr ibes the ev idence of  dark  matter  from the 
measurement of f lat  galaxy rotation curves as  ‘compell ing’.    

I t  is  shown here that  the evidence for  dark matter  is  far  from “compel l ing”  in v iew 
of the fact  that  brown dwarfs  and cepheids  do not  f i t  the f lat  rotation curves,  and 
furthermore the rotation velocit ies  display  a  wide scatter  which is  inconsistent  with 
the theory.   

The ev idence that  the Sun and hot  stars  are posit ively  electr ical ly  charged is  
extremely  strong in the l ight  of  the nine reasons given,  whereas the 60 year  search 
for “dark matter”  has fa i led.   
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Appendix:  

The observat ions that O 5 +  ions in the corona are being accelerated away from the 
Sun provide a  means of  estimating the e lectr ic  f ie ld in  the Sun.   I t  should be noted 
that  this  accelerat ion is  anisotropic ,  that  is  to  say,  i t  is  def initely  direct ional  away 
from the Sun.  (Refs.  Antonucci et  a l .  (2000) ,  Kohl,  J .L .  et  a l .  (1998) )    
  
For the purposes of  this  calculat ion  the corona is  divided into concentr ic  zones with 
radi i ,  R o  ,  1 .5  Ro ,  2 .0  R o ,  2 .5  R o ,  3 .0  Ro ,  3 .5  R o ,  4 .0  R o  .   We take the example,  3 .0  to 
3 .5  R o  ;   F igure 5 from Kohl et a l  (1998) .   
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Radial  velocity  outwards increases from 430 to 490 km s - 1  from which it  can be 
calculated that  the accelerat ion is  79 m s - 2  ;   the accelerat ion due to  grav ity  at  3 .25 
R o  (average)  is  26 m s - 2  .   
 

Therefore the force on the O 5 +  ions is  mass x  accelerat ion  

     =  1 .673 x  10 - 2 7  x 16 x  (79 +  26)  

     =  2 .8  x 10 - 2 4  N.  

     The e lectr ic  charge on O 5 +  ion is  1 .602 x 10 - 1 9  x  5   

     =  8 .01 x  10 - 1 9  Coulomb  

     E lectr ic  f ie ld  =   Newton/Coulomb  

                        =  2 .8  x  10 - 2 4  /8.01 x  10 - 1 9   

                        =  3 .5  x  10 - 6  N/C.   

  
Because al l  the partic les  in a plasma are e lectr ical ly  charged, a  plasma cannot 
support an e lectros tat ic  f ie ld in  the manner we exp erience in a  terrestr ial  
laboratory.   The Debye length,  λ D  ,  is  an important  parameter  because i t  provides a 
measure of  the distance over  which a  charged partic le  is  inf luenced by other  
charged part ic les .   Typically,  the force on a charged part icle  is  only  re lated to  other  
charged part icles  within a distance of about 2 λ D   (Feynmann).    
   
      λ D    =  {ε O  kT/e 2  n e  }

1 / 2      
   
 ( refer to the beginning of  this  paper for the meaning of  a l l  the symbols) .   
  

In  the present example,  T   =  1 .1 x 10 6   K  

     n e  ,  the density of e lectrons,   =  4 x 10 1 0   m - 3    (Esser and Sasselov,  1999).   
(Note,  some of  the values entered here are approximate;  at  this  stage in developing 
a  theory,  we are only  concerned with orders  of magnitude) .   

      λ D    =  0 .4  m  

      A typical  O 5 +  ion is  only  accelerated by other  posit ive ions within a  distance of 
about  2 λ D    =   0.8 m  

We now set  up a model  of  the corona consist ing of a  family of  concentr ic  spheres,  
or shel ls ,  each with a thickness of 2 λ D  .  Our O 5 +  ion is  accelerated outwar ds through 
each imaginary shel l  and i t  fo l lows that  the posit ive  e lectr ic  charge in each shell  is  
greater than the next one further out,  -  otherwise the outward force would not 
ex ist .    

We now apply  Gauss’s Theorem.  There is  a sense in which each shel l  is  independent  
of every  other  shel l  because of the character ist ic  of a plasma as explained above.  
We note that the average radius in  the zone of  our  calculat ion  is  3 .25 R o   =   3.25 x 
6 .96 x  10 8    =  2 .26 x  10 9   m  

     E  =   Q/4π ε O  d
2     

      Substitut ing  

     E  =   3 .5 x  10 - 6   N/C   
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     ε  =   2  x  8 .854 x 10 - 1 2    C 2   N - 1   m - 2     approximately  

     d   =  2 .26 x  10 9  m   

Therefore   Q  =  2 .0  x 10 3  C    

What  this  calculat ion means is  that  the O 5 +  ion is  being accelerated by a  posit ive 
charge of  2  x  10 3  Coulomb as though that  charge were in the centre of  the Sun 
(Gauss’s  Theorem) although in fact  that  charge is  in  our  “shel l”  and this  shel l  has  a 
thickness of about  0 .8 m.   

The concentr ic  “zone” of  this  calculat ion  (3.0  R o  to  3 .5  Ro )  has  a  thickness  0 .5  x  6 .96 
x  10 8  m  =  3 .48 x  10 8  m.  

Therefore the number of  not ional  concentr ic  shells  in  this  zone is   

     3.48 x 10 8  /0.8 

      =   4 .4 x  10 8   

As  O 5 +  passes  from a shell  outwards,  each shell  contains  a  charge,  Q,  which is  2  x 
10 3   C more  than the next  shell .   By  means of  summing an arithmetic progress ion one 
can calculate the total  posit ive  charge in this  zone.    

     ½ n{ 2a  +   (n -  1)z  }   

     a  is  the cumulat ive posit ive e lectr ic charge at radius 3 .5 R O   

 which is  6 .4  x  10 1 1  C ( from a previous calculat ion  for  the zone 3.5  R O   to  4 .0  R O   not  
given here)  

     z  is  the incremental  charge in each not ional  shell  =   2 .0  x  10 3  C  

     n  =  the number of shells   =   4.4 x 10 8  ,   

     the posit ive charge in this  zone, 3.0 to 3 .5  R O  ,  i s  3 .3 x  10 2 0  C.   

     This  calculat ion  is  repeated for  a l l  the zones in increments  between the radi i ,  R o  
,  1 .5  R o  ,  2 .0 R o  ,  2 .5  R o  ,  3 .0  R o  .  3 .5  R o  ,  4 .0.R o  .   

I t  is  a  reasonable  assumption that  the posit ive  charge at  4R o  i s  negl igible  and 
therefore our  summation of  the charge is  done from 4R o  inwards.  No great  accuracy 
is  c la imed for  these calculat ions,  we are merely  try ing to  est imate the order  of 
magnitude for the posit ive charge on the Sun.   

The results  of  these calculat ions are given in the Table.   Added to  this  table  is  an 
est imate of  the excess  electr ic posit ive  charge in the Sun below the radius  R o .   It  is  
assumed that  this  charge density  is  uniform, and there is  some just i f icat ion for  this 
assumption because the accelerat ion of  O 5 +  ions at  the photosphere is  very  smal l ,  
and the accelerat ion of the O 5 +   ions comes from the gradient  of charge density .   
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