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A new law emerging from the recurrences of the ‘critical-acceleration’ of 
MOND, suggesting a clue to unification of fundamental forces

Hasmukh K. Tank

Abstract:   Keeping  apart  the  problem,  whether 
Modified  Newtonian  Dynamics  [MOND]  can 
replace ‘dark matter’,  this  letter  considers seven 
different  theoretical  recurrences  of  ‘critical 
acceleration’  of  MOND  noticed  by  Sivaram  in 
various  physical  situations;  adds  five  more 
observational recurrences to the list; and arrives at 
a set of laws which seem to be followed by all the 
systems  bound  by  different  fundamental  forces; 
suggesting  a  clue  to  unification  of  fundamental 
forces.  This  attempt  proposes  a  general 
explanation  for  ‘flattening  of  galaxies’  rotation-
curves’ as well as the ‘expansion of the universe’.
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1. Introduction
     As  an  attempt  to  explain  the  observed 
flattening  of  galaxies’  rotation-curves, Milgrom1 

proposed a  modification of Newtonian dynamics 
[MOND]. Just as, Newton’s theory of gravitation 
needs  to  be   replaced  by  Einstein’s  Relativity 
Theory, at much higher velocities and very strong 
gravitational  fields,  according  to  Milgrom, 
Newton’s  Theory  also  needs  a  modification  at 
very law accelerations. At very low accelerations, 
[ GM/ r2] much smaller than a0 the actual 
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acceleration  experienced  by  a  unit-mass   is: 
a=[GMa0]1/2/ r;   where  a0   is a new constant of 
nature,  of  the  order  of  magnitude,  10-10 

meters/seconds2. Milgrom  and  Sanders2  also 
noticed that the newly-introduced constant, called 
‘critical-acceleration’ a0  ,  is close to c Ho   where c 
is the speed of light, and  Ho  is Hubble’s constant; 
and  so,  it  suggests  some  cosmic  connection. 
Sivaram3-8,  has  presented  seven  different 
theoretical  recurrences  of  accelerations  of  the 
similar  order  of  magnitude  to  the  ‘critical-
acceleration’  of  MOND  in  various  physical 
situations.  Three  such  recurrences  were 
independently noticed by this author9-10 also, while 
arriving  at  a  relation  that  the  strengths  of 
coupling-constant squares:  Ng2 :  e2 :  Gmemp  are 
directly  proportional  to  the  densities  of  matter 
within the pi-meson, the electron and the universe 
respectively,  but  much  later  than  Sivaram. 
Recently,  this  author  has  noticed  five  more 
‘observational-recurrences’ of decelerations of the 
same  order  of  magnitude  of  the  ‘critical-
acceleration’ of MOND:(Section-3,i-iv) The equal 
values  of  the  “anomalous  accelerations”  of  the 
four  space-probes:  Pioneer-10,  Pioneer-11, 
Galileo  and  Ulysses,  in  spite  of  their  different 
masses,  velocities  and  directions,  a  very  rare-
probability-coincidence;  and (v)  the  deceleration 
experienced  by  the  cosmologically  red-shifted 
photons,  as  shown  here.  Keeping  aside  the 
problem, whether MOND can replace the ‘dark-
matter’, this paper tries to derive a law out of the 
recurrences of the same value of accelerations as 
the  ‘critical  acceleration’  of  MOND.  This  law 
seems  to  be  more  fundamental  than  the 
fundamental-forces, because it is followed by the 
composite-particles  bound  by  strong  force  and 
electric force as well,  as the systems  bound by 
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gravitational  force.  This  author9,10 had  already 
reported  another  general-law,  of  equality  of 
potential-energy and energy-of-mass, followed by 
the  pi-meson,  the  electron  and  the  universe,  as 
mentioned  here.  All  the  systems  of  particles  of 
matter seem to obey the set of these two general 
laws;  so,  in  a  given  situation  the  interaction 
appears  as  either  ‘strong’  or  ‘electric’  or 
‘gravitational’; or a ‘modification’ of  them. Thus, 
the set of these two laws seem to suggest a clue to 
unification of fundamental-forces.  

2. Theoretical recurrences of the same value of 
accelerations

(i) The value of ‘critical-acceleration’ a0 proposed 

by  MOND  is  of  the  order  of:1  x  10-10 

meter/second2

(ii) The value of the product  c Ho = 6.87 x 10-10 

meter/second2

 Sivaram2 has noticed the ubiquitous occurrences 

of  a0  in various physical situations:

(iii) for a typical elementary-particle, e.g.  for the 

hadron of mass m,

 a = G m / [ h/mc] 2  = 1.334 x 10-10  meter/second2 

[ here h  is Planck’s constant]

(iv) for the electron of mass me

      a  =  G me /  [2 e2/mc2]  2 = 6.67 x 10  -10 

meter/second2 

(v) for a typical atomic nucleus of mass mn , 

( A = 150 )

  a  = G mn / rn
2     =  1.0 x 10-10  meter/ second2

 (vi)  for  a  globular  cluster  of  mass   106   solar-

masses and radius  Rg = 100 pc, 

   a  = G Mg / Rg
2   = 10-10  meter/ second2

   

(vii) for a spiral galaxy of mass Mgal = 1012  solar-

masses and radius R = 30  kpc,

     a  =  G Mgal  / R2  =  0.8 x 10-10 meter/second2   

(viii) for a  typical cluster of galaxies,  Mc  = 1016 

solar-masses and radius Rc =  3  Mpc,

     a = G Mc / Rc
2  =  10-10  meter/second2   

  (ix)  also,  for  the  universe  as  a  whole,  with  a 

density of  10-29 grams/  cm3 and radius  R0= 1028 

cm:

        a  =  c H0  = 6.87 x 10-10  meter/second2  

                          =   a0                                    

3. Observational recurrences of the same value 

of accelerations:

As  reported  by  Anderson  et.al.11    the  carefully 

observed values of decelerations of the four 

space-probes  are:

(i) For Pioneer-10,   a = (8.09 ± 0.2) x 10-10 m / s2

(ii) For Pioneer-11, a = (8.56 ± 0.15) x 10-10 m / s2

(iii) For Ulysses,     a = (12 ± 3) x 10-10 m / s2

(iv) For Galileo,     a = (8.0 ± 3) x 10-10 m / s2

 All  these  decelerations  are  of  almost  equal 

magnitude; and match strikingly with the ‘critical-

acceleration’  a0 of  MOND;   an extremely rare-

probability coincidence; and:

(v)  The  cosmological  red-shift  (zc)  can  be 

expressed in terms of deceleration experienced by 

the  photon. Ignoring  the  non-linearity  of  the 

relation for the red-shifts more than unity: 

             z c  =  H0  D  / c 

 i. e.     ( h f0 – h  f )  / h f  =    H0  D  / c  ,      

  here  h  is Planck’s  constant.            

 i. e.   ( h f0 – h  f )  =  ( h f /  c2 )  ( H0 c )  D    

i. e.   ( reduction in energy of the photon) = 

 ( mass of the photon ) ( critical acceleration ) 

( distance )



i. e. Even in the case of the cosmological red-

shift, the photons experience the deceleration 

similar  to  the  Pioneer,  Ulysses,  and  Galileo 

spacecrafts;  and the value of deceleration of 

cosmologically red-shifted-photon is:   

 a  =  H0 c  = 6.87 x  10-10   m / s2   = a0

4. Emergence of a new law and its implications

   We find that for all the above systems of matter, 

the ratio ( M /R 2) =  ( a0 / G )  remains constant. It 

means that  as mass of the system increases, the 

area  covering  it  also  increases  proportionately. 

This law is followed by the hadrons, the electrons, 

the nucleus, the globular cluster, the galaxies, the 

clusters of galaxies and the universe; i.e. by all the 

systems  of  particles,  bound by strong force  and 

electric  force  as  well  as  gravitational  force. 

Rather, the strength of a fundamental-force within 

a  system seems  to  get  adjusted in  obedience  to 

this law, and the other law, of equality of potential 

energy  and  energy-of-mass  of  the  systems, 

reported earlier by this author9,10, that:

(i) mpi c2  - N g2/ rpi  = 0       Here mpi  and  rpi 

are mass and radius of the pi-meson;

(ii) me c2 – e2/ re  =  0            Here me  and  re 

are mass and radius of the electron;  and

(iii)  M0 c2 – GM0M0 /R0  =  0   Here M0   and R0  

are mass and radius of the universe respectively. 

Accordingly, the strength of “gravitational-force” 

within a given galaxy gets adjusted such that the 

law: M / R 2 = a0 / G  is obeyed.  As long as this 

adjustment  is  not  achieved,  the  strength  of  the 

force  gets  modified;  i.e.  the  gravitational  force 

accordingly becomes stronger or weaker. In the 

case of the universe, as long its radius is smaller 

than  R0  ,  the  force experienced by the  universe 

can even become repulsive, in obedience to the 

above two laws.   

For  the  cosmologically red-shifted photons,  the 

value of deceleration  a0  =  cH0   = 6.87 x  10-8 cm 

/ s2 . But, if we consider the value: 6.67 x 10-8  cm 

/ s2 as a more accurate value, then  a0  is nothing 

but  the  ‘gravitational-constant  G’  for  the  ratio 

M / R2  equal to unity, for a given system of units. 

The  tendency  of  all  the  systems  to  maintain 

constancy of the  M / R2 ratio also suggests that 

every system of matter and energy requires some 

volume and area to contain them, i.e., the mass of 

a black-hole can not be contained in zero volume. 

This  is  how  it  seems  possible  to  remove  the 

‘threefold darkness’ from cosmology; namely, the 

‘dark-matter’,  the  ‘dark-energy’  and  the  ‘black-

holes’. 
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