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From the EditorÕs File of Important Letters: 

On The Biefeld-Brown Effect  

In the 1920Õs, Dr. Paul A. Biefeld was Professor of Physics and As-
tronomy at Denison University in Ohio, and Thomas Tow nsend Brown 
was attending the University.  Prof. Biefeld guided Mr. Brown in his 
work with charged capacitors.  With the aid of Prof. Biefeld , Mr. Brown 
discovered what they called an electrogravitic effect.  A subsequent re-
port by someone aware of their collaboration named what they were 
doing the ÔBiefeld-Brown EffectÕ.  The nature of the Biefield-Brown ef-
fect is this: Capacitors charged to high vol tage lose weight and experi-
ence a lifting force [1].  Since capacitors are involved, dielectrics are in-
volved.  A d ielectric is an electrical insulator.  The electrogravitic effect is the 

stress of dielectrics. 
In recent times, NASA has conducted experiments demonstrating 

that the Biefeld-Brown Effect is genuine.  The critical requirements for 
this electrogravitic effect are [1]: Distance between the capacitor plates; 
Area of the capacitor plates; Dielectric constant of the material between 
the plates; Mass of the dielectric; Voltage applied.  In general, the first 
item should be minimized; the rest should be max imized. 

The effect is achieved with direct current (DC), pulsed DC, or alternat-
ing current (AC), with a DC offset.  The DC offset keeps the sinusoid 
always above zero volts.  Each waveform is an impulse to the capacitor.  
(Below, the voltage  V  is constant.) 

Calculating the Force on a Capacitor  

A report by the Army Research Laboratory [2] gives the force as 

  F = QV / L , where  F  is the magnitude of force acting on the capacitor, 

 Q  is the total charge,  V  is the applied voltage, and  L  is the distance 

between the plates.  The equation holds for asymmetrical capacitors [2].  
NASA scientists derived the same equation. 

An equivalent expression [3]  is:  F = CV 2 / d , where  C  is the capaci-
tance of the capacitor,  V  is the applied vol tage, and  d  is the distance 
between the plates.  The capacitance includes the dielectric constant: 

 Q = CV .  The force is directly proportional to the mass of solid diele c-

trics.  For simpli city, the mass is not used in any equation. 
In an asymmetrical capacitor, the electrodes are different sizes, so the 

voltage varies spatially within the dielectric.  This can be stated math e-
matically as:   F = Q ! V , where  ! V  is the gradient of the vol tage in 

three dimensions. The  z component of the force is: 
  
Fz = Q ! "V / "z .  

The motion of the capacitor is in the direction of the positive elec- trode. 

Recent History of the  Biefeld -Brown Effect  

The paper [4] released to the public by NASA states the fol lowing: 
ÒInterest in ACTs (Asymmetrical Capacitor Thrusters) and lifters con-
tinues today. Jonathan Campbell of NASAÕs Marshall Space Flight Cen-
ter has designed and tested ACTs that use dielectrics to increase their 
thrust, r eceiving U.S. patents for this work in 2001 and 2002.Ó [4] 

Research today has not advanced much since BrownÕs early work. 
[2]   Brown noted that the propulsive force of his capacitors was not due 
to an ion wind ; this was proven by experiments in oil and in vacuum.  

continued on p. 56  
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A Constructive Model of Gravitation  
Raghubansh P. Singh 

Herndon, Virginia, USA  
e-mail raghu.singh@verizon.net 

  
This paper explores whether gravitation is mediated by force fi elds, and, if so, whether it can explain known gravit a-

tional phenomena.  In conformity with the historical practice, the paper presents a physical model in which gravitational 

forces between objects are mediated by those force fields that are associated with the mass and momentum properties of the 

objects.  The model explains: Gravitational forces between masses, between mass and light, between photons, and between 

electromagnetic waves; and GravityÕs effect on time periods of atomic clocks, shifts in spectral lines, the emission and propa-

gation of light, and lengths of material rods.  It addresses MercuryÕs orbital precession rate and the Pioneer anomaly.  It de-

rives LarmorÕs formula for gravitational radiation power from accelerating masses and applies it to estimate gravitational r a-

diation power emissions from the moon, the planets, and the Hulse -Taylor binary pulsars.  It advances suggestions for detect-

ing gravitational radiation and measuring its speed.  The model makes new predictions: Gravitational for ces can be attractive 

or repulsive; Electromagnetic waves gravitationally interact, so do photons; the Classical gravitational constant is not unive r-

sally constant; Rods get longer when closer to the mass; and Accelerating masses generate gravitational radiation power with 

angular distribution of a four -lobed quadrupole pattern and which prop agates at less than the speed of light. 

Keywords : Gravitation; Gravitational interaction; Gravitational force; Gravitational constant; Mass field; Momentum field; 

Gravi tational field; Gravitational wave; Gravitational radiation.   Terminology : ÔObjectÕ stands for an item of matter, antimatter, 

or energy. ÔChargeÕ without a qualifier means electrical charge.  ÔCurrentÕ without a qualifier means electrical current. 

 

 1.  Introduction  

Newton discovered the law that gravitational attraction b e-
tween two bodies is proportional directly to their masses and 
inversely to the square of their separation distance.  This action-
at-distance force law conveys how gravity behaves, but not how 
it is mediated. [1]  

Einstein [2,3,4] published his General Relativity Theory 
(GRT).  According to GRT, gravitation is due to the curvature 
which ponderable matter creates in the field of spacetime geome-
try. The field of spacetime geometry is the gravitational field. The 
theory obviates the concept of (gravitational) force and its con-
ventional mediation.  

The linearized version of GRT is strikingly similar to classical 
electromagnetism.  Charges are not known to induce any distor-
tions in the field of s pacetime geometry. In reality, electromag-
netic forces are mediated by electromagnetic fields. That is, in 
this limiting case, general relativity presents a non -force, which is 
very similar to the mediated force! In the similar limiting case 
where the spacetime geometry field is weak, Newtonian gravity 
works very well. Thus, it is logical to explore whether Newtonian 
gravitation and, by extension, general gravitation could be med i-
ated as well by gravitationally pertinent fields.  

The strong, the weak, and electromagnetic interactions be-
tween material objects are mediated respectively by the strong, 
the weak, and electromagnetic fields associated respectively with 
the color, the weak, and electrical charge properties of the matter 
objects.  The strong and the weak interactions are mediated at the 
microscopic levels; electromagnetic interactions are mediated at 
the microscopic through macroscopic levels; and gravitational 
interactions are known to occur at the macroscopic levels.  At 
microscopic levels, the fields are fundamentally discrete (quan-
tum fields); at macroscopic levels, the fields are effectively con-
tinuous (with values at each space-time point).  

The aforementioned theme will be used as a guide to explore 
the mediation of gravitation .  Toward that goal,  the model will be 
developed in parts, of which this paper is the first:  
Part 1:  Classical gravitation theory.  Gravitational forces b etween 
objects will be formulated in terms of their pertinent static and 
dynamic properties and associated fields Ð at the macroscopic 
level. 

Mass, as gravitational charge, is an inherent property of objects;  
momentum, as gravitational current, is a dynamic property of o b-
jects.  An analogy with classical electrodynamics will be invoked.  
Quantum theory will be used in princ iple.  Consideration of Spe-
cial Relativity Theory (SRT) will be postponed.  Gauge symme-
tries will not be extracted.  Non -gravitational and other extran e-
ous agents and effects will be ignored. 

Coordinate systems will be used for their convenience in rep-
resenting and analyzing gravitational phenomena .  Milne [5] 
held that geometry can be selected primarily by the nature of 
underlying phenomenon and the convenience of repr esenting 
and analyzing that phenomenon, and transformations of coord i-
nates alone are but translations of language and have not neces-
sarily much to do with phenomena. MilneÕs argument fu r ther 
encourages us to explore whether gravity could be understood 
outside of coordinates and geometries. 
Part 2:  Gravitational Inertia (including the numerica l equality of 
gravitational mass and inertial mass);   
Part 3: Classical gravitational field theory (Gravitational equiv a-
lents of MaxwellÕs equations); 
Part 4: Quantum gravitational field theory (Quantization of 
mass-momentum fields).  

2.  Gravitation Model    

2.1  Input A ssumptions  

In analogy with classical electrodynamics, according to which 
electric charges have electric fields and electric currents create 
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magnetic fields, we make two assumptions regarding masses 
(gravitational charges) and momenta (gravit ational currents): 

1)  Mass has an envelope of a mass field.  
2)  Momentum creates an envelope of a momentum field. 
We next define mass field and momentum field of Assum p-

tions 1 and 2, and use them to formulate gravitational forces be-
tween objects. 

2.2  Mathematical Model  

The mass field vector  M  at a displacement vector  r  from an 
object of mass  m  is defined as: 

    M = Sm r / r 3  (1) 

where  S  is the mass-field coefficient, which is the magnitude of 
the mass field of an object of 1 kg mass at 1 meter.  The mass field 
extends out to infinity and is uniform in all directions.  

The momentum field  P  at a displacement  r  from an object 
of momentum  p  is defined as: 

    P = D(p ! r ) r / r 4  (2) 

where  D  is the momentum-field coefficient, which is the magnitude 
of the momentum field of an object of 1 kg -m/s momentum at 1 
m in the direction of momentum.  The momentum field is not 
uniform in all directions.  

The effective momentum field range  q  of an object with mo-
mentum  p  is defined as: 

     q = ! p    , (3) 

where !  is momentum-field range coefficient.  An object with m o-
mentum of 1 kg-m/s has an effective momentum field range of 

! meter.  The sum of momentum field range 
  
q1  of object 1 and 

  
q2  of object 2 is thus: 

    
  
q12 = q1 + q2    . (4) 

The gravitational force 
  
F1,2  between object 1 with mass 

  
m1  

and object 2 with mass 
  
m2  is mediated via their mass fields,  

defined in (1):   

    
  
F1,2 = Sm1m2 / r 2    . (5) 

In analogy with electrodynamics, just as like charges repel, so 

would like gravitational charges.  That is, 
  
Fs  is repulsive. 

The gravitational force 
  
F12  between object 1 and object 2 

with m omenta 
  
p1  and 

  
p2 , respectively, is mediated by their 

momentum fields as defined in (2): 

    
   
F1,2 = D p1 ! p2 / r 2    . (6) 

In analogy with electrodynamics, as parallel currents attract, so 

would parallel gravitational currents.  That is, 
  
F1,2  is attractive 

or repulsive as the angle between 
  
p1  and 

  
p2  is acute or obtuse. 

The dimension of   S / D  is of the square of speed, which we 
denote by  b .  In electrodynamics, the speed of light depends on 

the constants of the media: 
  
1 / (! 0µ0) = c2 , where 

 
! 0  is electric 

permittivity, 
 
µ0  is magnetic permeability, and  c  is the speed of 

an electric-magnetic (electromagnetic) wave in vacuum.  By anal-
ogy, as the constants of the media in this model are  S  and  D , 
the speed ( b ) of a mass-momentum (gravitational) wave may be 
expressed by: 

   S / D = b2
 (7)  

Constants  S ,  D , and  b  are independent of ! .  Measurements 
thereof will be suggested later. 

2.3  Universal Gravitation  

Figure 1 shows a sector of the universal sphere with center at 
the Primordial Point, the point  O  where the universe originated.  
The Primordial Point is the primary space -time reference point 

for all objects in the Universe.  Relative to  O , object 
 
A1  at 

  
r1  has 

momentum 
  
p1 , and object 

 
A2  at 

  
r2  has momentum 

  
p2 .  The 

angle between 
  
p1  and 

  
p2  at  O  is ! .   The displacement from 

 
A1  to 

 
A2  is  r . 

 

At separation 
  
r ! q12 , momentum fields are effective.  From 

(6), gravitational force between objects 
 
A1  and 

 
A2  is: 

    
  
F1,2 = (D cos!)(p1p2 / r 2)    for    

  
r ! q12    . (8) 

For non-zero-mass objects, we set   p = mu , where  m  and  u  

denote mass and velocity, and re-express (8): 

  
  
F1,2 = (Du1u2 cos! )(m1m2 / r 2)    for   

  
r ! q12  (9) 

At separation 
  
r < q12 , mass fields are predominant.  From 

(5), (6), and (7), gravitational force between (non-zero-mass) ob-
jects A and A is: 

    
  
F12 = S 1 ! (u1u2 / b2) cos"#

$%
&
'(
m1m2 / r 2    ,   

  
r > q12    . (10)  

Eqs. (8), (9), and (10) are the universal laws of gravitation; the 

terms multiplying 
  
p1p2 / r 2  or 

  
m1m2 / r 2

 are the universal 

gravitational coefficients, which are varying with velocities  u  of 
the interacting objects.  That is, the universal gravitational forces 
have been evolving across space and with time since the Universe be-
gan. 

Figure 1.  Objects 
 
A

1
 and 

 
A

2
, at positions 

  
r
1

 and 

  
r

2
, with m omenta 

  
p

1
 

and 
  
p

2
 relative to the 

Primordial Point O.  
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We simplify (8), (9), and (10), because the present-day veloc-
ity  u  of the solar system, or of the Milky Way galaxy, is not 
known.  The age of the (observable) Universe is large (about 14 

BY).  So, in Fig.1, 
  
r1 ! " , 

  
r2 ! " , and  ! " 0 .  There is no evi-

dence of the solar system or the Milky Way galaxy flying apart at 

present, so, we set 
  
u1 ! u ! u2 .  Under these conditions, Eqs. (8), 

(9), and (10) become: 

 
  
F1,2 = Dp1p2 / r 2    ;   

  
r ! q12    . (11) 

 
  
F1,2 = Du2m1m2 / r 2    ;   

  
r ! q12    . (12) 

 
  
F1,2 = S(1 ! u2 / b2)m1m2 / r 2    ;   

  
r > q12    .   (13)  

Eqs. (11), (12), and (13) represent three forms of gravitational 
forces holding between objects.  Eq. (11) represents the general 

form of gravitational forces between objects separated by
  
r ! q12 .  

Eq. (12) is the very familiar NewtonÕs law of gravitation for 
nonzero-mass objects, where NewtonÕs constant  G  is: 

      G = Du2    ;  
  
r ! q12    . (14) 

Eq. (13) is for non-zero-mass objects separated by 
  
r > q12 , where 

the gravitational ÔconstantÕ !  is: 

   ! = S(1 " u2 / b2)    ;   
  
r > q12    . (15) 

ÔConstantsÕ  G  and !  vary with   u
2 .  On the human space-time 

scale, as  u  is vi rtually constant, so are  G  and ! .   
Based on Eqs. (12) and (13), Table 1 shows the signs of gravi-

tational forces between non-zero-mass objects. 
Table 1.  Gravitational forces between non-zero-mass objects. 

 

2.4  Matter -Energy Gravitational Force  

We take a matter object of mass m and an energy object of en-
ergy  E .  (An example of energy object would be a vibrating pa r-
ticle.) The matter object and the energy object gravitationally 

interact via their momentum fields.  Using (11), with 
  
p1 = mu  

and 
  
p2 = E / c , the gravitational force between them is given by:  

      F = ! mE / r 2    , (16) 

where !  is mass-energy gravitational coefficient : 

         ! = Du / c = G / uc    . (17) 

This is comparable to EinsteinÕs constant.  To be shown later: Eq. 

(17) reduces to   ! = 2G / c2 .  That is, EinsteinÕs constant !  [6] is 

 4!  times the !  defined by (17).  

2.5  The Gravitational Force between Energy Objects  

Energy objects (  p = E / c ) gravitatio nally interact via their 

momentum fields.  From (11), the gravitational force , is given by: 

: 
  
F1,2 = (D / c2)(E1E2 / r 2)  (18) 

We take photons of    E ! 106MeV  or electromagnetic waves 

of !   ! 10! 18 m , separated by    r ! 10! 18 !m .  From (18), the gravi-
tational force between the photons or between the electromag-

netic waves is on the order of  10! 22 !Newton . 
Note that:  

¥ Eqs. (8)Ð(17) also hold at arbitrary velocities (  v ) and associ-
ated momenta;   
¥ The terms Ônon-zero-mass objectÕ and ÔmassÕ can be used in-
terchangeably, as Ôelectromagnetic radiationÕ and ÔlightÕ can be. 
¥ Appendix  A contains the physical data, which are referenced 
as datum A(x) or data A(x, y) and used in the calculations. 

3.   Vibrating  Particle and a Mass 

We derive the change in frequency (! ) of vibration of a pa r-
ticle as its position relative to a mass ( m ) changes.  The mass, at 

  r = 0 , is a sphere of radius  R .  The particleÕs energy  E  is pro-
portional to ! .  Their momentum fields mediate the gravit a-
tional for ce between the mass and particle in accordance with 
(16). 

3.1  Vibrating  Particle outside the Mass  

As the particle is moved from arbitrary  r ! R  to  r ! r + x , 
the change in its energy is given by: 

 
   
Er +x ! Er = ! F "dr

r

r +x

# = $(mE / r 2)dr
r

r +x

#  (19) 

Carrying out the integration, we have:  

 
  
vx = vr ! (1 + " m / r ) / [1 + Km / (r + x)]  (20) 

The term multiplying 
 
vr exceeds unity, so 

 
vr < vx .  The particle 

vibrates at lower frequency when closer to the mass. 
Using (20), we estimate !  in Appendix B, which shows:  

     ! = 1.552 " 10#27 N- s2 / kg2    . (21) 

As x → " , Eq. (20) reduces to: 

    
  
vx! " = (1 + #m / rvr ) vr    . (22) 

If the vibrating particle serves as an atomic clock, its time pe-
riod ( ! ) at the earth and at infinity, from (22), (21), and data 

 A(e,f) , are related by: 

 
  
!R = !" # (1 + 1.454 # 10$9 )  (23) 
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or, 
  
(! R " ! # ) / ! # = 1.454 $ 10" 9 .  That is, the time periods of 

atomic clocks on Earth are dilated by about  1.454 ! 10" 9  of their 
time periods at infinity.  The run of time is slower closer to the mass. 

If the vibrating particle serves as an emitter of light, its wav e-
length ( ! ) at the Sun and at infinity, from (22), (21), and data 

  A(c,d) , are related by: 

    
  
! R = (1 + 4.433 " 10#6 )! $     , (24) 

or, 
  
(! R " ! # ) / ! # = 4.433 $ 10" 6 .  That is, spectral lines pro-

duced at the Sun are red-shifted by about  4.433 ! 10"6
 of the 

wavelengths produced at infinity.  Light as emitted has longer 
wavelength closer to the mass. 

3.2  Vibrating Particle inside the Mass 

As the particle is moved from   r = 0  to   0 < r ! R , the change 
in its energy is given by: 

 
   
ER ! E0 = ! F "dr

0

R

# = K " (mr E r 2

0

R

# )dr    . (25)  

where 
 
mr  is the portion of  m  contained within  r < R .   

Carrying out the integration, we have:  

    
  
! 0 = (1 " #mr / 2r )vr    . (26) 

The bracketed term is positive and less than unity; so, 
  
v0 < vr .  

The particle vibrates at lower frequency when closer to the center of 
the mass. 

 An atomic clockÕs time period at EarthÕs surface and at its 
center, from (26), (21), and data   A(e, f ) , are related by: 

    
  
! R = (1 " 7.27 # 10" 10)! 0    , (27) 

The time periods of atomic clocks at EarthÕs center are dilated by 

about  7.27 ! 10"10
 of the time periods at the surface.  The run of 

time is slower closer to the center of the mass. 
Light wavelength at the surface and at the center of the sun, 

from (26), (21), and data   A(c,d) , are related by: 

    
  
! g = (1 " 2.22 # 10" 6)! 0    , (28) 

Spectral lines produced at the SunÕs center are red-shifted by 

about  2.22 ! 10" 6
 of the wavelengths produced at its surface.  

Light as emitted has longer wavelength closer to the center of the mass. 

3.3   Material Rod Near the Mass  

We address the change in the length of a rod of mass m# as its 
position relative to another mass  m    (>> !m )  changes from 

 r ! R  to  r ! " . 
We consider an ideal rod constituted of atoms of mass  ! "m  

( << !m ) and charge  e  spaced equally by  d .  Such an atom, un-
der the electrostatic forces of its neighboring atoms, undergoes 
oscillations with period !  as given by: 

      !
2 " dn    , (29) 

where  n  is a parameter characteristic of the rod.  (As an exam-
ple, Appendix C shows that   n = 3  for a one-dimensional rod.)  

The mass  m  affects the oscillations of  ! "m  according to (20) 
or (22) 

Substituting (29) in (22), we get: 

    
  
dr = (1 + Km / r )2/n d!    . (30) 

In (30), 
 
dr > d! .  The rod is longer closer to the mass.   

A thin wire (   n = 3 ) is longer at EarthÕs surface by about 

 9.7 ! 10" 10
 of its length at infinity.  

3.4  Vibrating  Particle and Point -Dense Mass 

A mass of infinitely high point -density may be indicated by 

  m / R ! "   An example of such a mass would be a so-called 
black hole. 

From (22), if   m / R ! " , then 
  
!R / !" # " :  Time periods 

near the surface tend to infinity; time virtually stops running.  

And if   m / R ! " , then 
  
! R / ! " # " , subject to 

 
! R" R = c .  

Near the surface, light travels at  c  with  nearly flat waveform.   

From (30), as   m / R ! " , 
  
dR / d! " ! .  Near the surface, 

rods flatten to the point where they disintegrate.  

3.5  Vibrating Particle and no Mass  

For a vanishing mass, its point density   m / R ! 0 / 0 .  From 

(22), as   m / R ! 0 / 0 , 
  
(!R " !# ) / !# $ 0 / 0 .  One plausible in-

terpretation would be 
  
! R " ! # " 0 ; that is, the time periods of 

atomic clocks virtually vanish at the vanishing mass.  (Time still 
run s due to the presence of energy fields.) 

3.6  The Mass and the Passage of Time 

From (20) and (23), at a point closer to (farther from) the 
mass, the passage of time is slower (faster).  At that point, phys i-
cal, chemical, and biological processes slow down (speed up).  
Select examples: decays of unstable particles and nuclei are 
slower (faster); atoms emit/absorb light of longer (shorter) wav e-
length; chemical reactions are slower (faster); and evolutions of 
organisms are slower (faster). 

3.7  Time and Length  in  Other Fields  

Effects of the strong, the weak, and electromagnetic fields on 
time are not presently known.  

4.  Constants and Parameters 

We estimate   S,!D,!b,!! ,!" , # , and  u .  

1)  Appendix B develops the estimates for ! ,  u  and  D : 

  ! = 1.552 " 10#27 !N-sec2 /kg2    (present day) (31) 

   u = 1.433 ! 108 !m/s    (present day) (32) 

   D = 3.249 ! 10"27 !N-s2 !/!kg2  (33) 
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2)  Appendix D has the details on the estimation of  b :  

      b = 6.661 ! 107 !m!/!s    . (34) 

3)  From (7), (15), (32), (34), and datum   A(a) , we get: 

   S =  1.442 ! 10Ð11  N " m2 / kg2    , (35) 

     ! = (" )5.231 # 10Ð11  N " m2 /kg2  (present-day)    , (36)  

      u / b = 2.15!(present ! day)    , (37)  

      u / c = 0.478!(present ! day)     , (38)  

        b / c = 0.2222    . (39) 

The speed of gravitational radiation  b  is about 22.22% of the 
speed of light  c . 

The present-day primordial speed  u  is about 48% of the 
speed of light  c , and about 2.15 times the speed of gravitational 
radiation  b .  That is, from Table 1, the present-day gravitational 
forces between nonzero-mass objects are attractive. 
4)  We estimate $ using the sunÕs momentum field range.  From 
(3), (32), and data   A(c, g) , we have: 

     ! = 5.26 " 10Ð25  s / kg    . (40) 

That is, an object with momentum of 1 kg -m/s has an effective 

momentum field range of the order  10! 24
 m. 

From (3), (32), (40), and datum   A(h) , the black hole at the 

Milky WayÕs center has a mass of 3.2 million suns.   
5. Deflection of Light by a Mass  

Consider the deflection of light in the presence of a mass.  Fig. 
2a shows light ray ( ! ) at impact parameter  d  from mass m and 
deflected by angle ! .  Their momentum fields mediate the grav i-
tational force  F  between the light  ray and the mass according to 

(16).  The light ray has initial momentum 
  
p i  and final mome n-

tum 
  
p f = p i + ! p , where  ! p  is the change in momentum.  Fig-

ure 2 (b) shows the vector relationships among the momenta. 

 

 
Figure 2.  (a) Deflection of a light ray ( ! ) by a mass ( m ).   

(b) Momentum vectors of the light ray.  

From Fig. 2 (b), the magnitude of  ! p  is: 

      ! p = 2p sin(" / 2)    . (41) 

The magnitude of the angular momentum  J  of the light ray 

of energy 
 
E!  before and after the deflection is given by: 

 
  
(E! / c)d = J = (E! / c2) r 2 d" / dt   (42)  

or,       r
!2 = (cd)!1 "d# / dt    . (43) 

By definition, force  F  is given by:   

    
  
! p = F dt"    , (44) 

where, in this case,  F  is the gravitational force between (mass 

 m ) and light ray ( energy 
 
E! ), with magnitude given by (16):  

    
  
F = kmE! / ! 2    . (45) 

From Fig. 2 (a) and Eq. (44), we get: 

    
  
! p = F cos" dt

#$

$

%    . (46) 

Substituting (45) and (43) in (46), and noting that  ! = (" # $) / 2  

in Fig. 2 (a), we get: 

    
  
! p = (" mE# / cd) cos$!d$

%(&%' )/2

(&%' )/2

(    , 

or    
  
! p = (2" mE# / cs) cos($ / 2)    . (47) 

Equating (47) to (41) and using 
 
E! = pc , we get:  

      tan(! / 2) = "m / d    . (48) 

Rearranging, we get: 

      ! = 2 tan" 1(#m / d)    . (49) 

To first approximation:  

      ! = 2" m / d    . (50) 

Explained later: Eq. (50) reduces to the familiar   ! = 4Gm / dc2 , 
[7]  (Classical physics yields only half of that deflection.)  

For a ray of light g razing the Sun, we get from (49), (31), and 
data   A(c,d) , the gravitational deflection angle  ! " 1.83  arc-sec. 

The 1919 expedition determined the deflection to be 1.75 arc-
sec [5]; the 1929 expedition yielded  2.2!arc ! sec [6]; later meas-
urements ranged from  1.5  to  3  arc-sec [7]; and recent experi-
ments support  1.75  arc-sec [8]. 

From (49) we may infer that light at  d < R  at a black hole 
(  m / R ! " ) might turn back toward its source.  

5.1  Escape Radius for Light Near a Mass 

To escape a mass  m , light rays must be outside a critical i m-

pact parameter 
  
Re , which, from (49), is given by: 
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Re = ! m    . (51) 

Explained later: Eq. (51) reduces to 
  
Re = 2Gm / c2 , which is the 

Schwarzschild radius of mass m. [12] 
From (51) and (31), the black hole at the center of the Milky 

Way has 
  
Re ! 1010m .  As if they were points, the Sun and the 

Earth would have  
  
Re = 3 km  and 1 cm, respectively. 

Eq. (51) is a limiting case for point masses. The general equa-

tion is: 
  
2 tan ! 1(?m / Re) = cos! 1(R? / Re)  , where 

  
R0  is the clos-

est the light ray can be to the mass after the deflection.  A solution 

for 
  
Re  is tedious algebraically; however, iterations on a com-

puter can produce a value for 
  
Re  to satisfactory accuracy. 

6.  Other Effects 

6.1  MercuryÕs Orbital Precession Rate 

MercuryÕs orbital precession rate is 575 arc-sec/century, 
which have been accounted for: 

Price and Rush [10] showed that the cumulative Newtonian 
gravity of planets Venus throug h Saturn contributes about 532 
arc-sec/century.  To get a fairly accurate time -averaged effect of 
the moving planets, each planet is replaced with a ring of un i-
form linear mass density.  The force exerted by each planet on 
Mercury is directed outward, oppo site to that exerted by the Sun.   

Biswas [11] showed that a Lorentz covariant modification of 
the Newtonian potential contributes about 43 arc -sec/century.  A 
second-rank symmetric tensor is introduced into Special Relati v-
ity as a potential, rather than a metric.   

Barwacz [12] showed that using an objectÕs total energy 
rather than its rest mass in a Newtonian gravitational field pr e-
dicts the orbital precession rate as observed.   

6.2   The Pioneer Anomaly  

The masses in the Universe do not have exactly the same pri-
mordial speed  u ; that is,  G  and !  are not constant across space 
and over time.  Even an infinitesimal change in  u  changes  G  
and ! , which leads to the perturbation of trajectories and orbits.  
A change in  u  may be the result of a local force, such as that of 
gravit ational, electromagnetic, thermal, or other origin.  

From (12), a small change  !u  in the speed  u  of a mass at  r  
from another mass leads to a small change  !G  in  G  and a small 
change  ! a  in acceleration  a , as given by: 

      ! a / a = ! G / G = 2! u / u    ;   
  
r ! q12    . (52) 

We now address the Pioneer anomaly.  The Pioneer-10 and Pio-
neer-11 spacecraft, after they passed about 20 AU on their traje c-
tories, were observed to have an additional acceleration of mag-

nitude   ! a = (8.74 ± 1.33) " 10#10 m / s2  toward the Sun. [13, 14]  

From (52), an increase of  0.00296%  in  u  of the spacecraft leads 
to an increase of  0.00592%  in  G  at their sites, resulting in add i-

tional acceleration of   ! a = 8.74 ! 10Ð10 m / s2
 toward the Sun.  

That is, even a small variation in  u  (or  G ) at the site can account 
for all or a portion of the observed additional acceleration. 

7.  Gravitational Radiation  

7.1  Gravitational Radiation from Accelerating Mass  

Gravitational equivalents of  MaxwellÕs equations are not 
available.  Pre-Maxwell, J.J. Thomson derived an equation for 
electric power emission from accelerating charges. Post-Maxwell, 
Longair [18] r evived it for its simplicity and physical insight.   
Conceptually, we will follow J.J. ThomsonÕs derivation of elec-
tromagnetic rad iation power from accelerating charges. [15] 

Fig. 3 shows a mass m at rest at A at time   t = 0 .  The mass  m  
accelerates at  a  for an infinitesimal duration  !t  and thereby 
gains velocity  v , momentum  p , and momentum field  P  at  B  

at   t = 1! t .  We examine the effects of acceleration  a  on momen-
tum field  P  and its components.  Field vectors are continuous 
and changes to them propagate at a finite speed ( b ); that is, the 
farther the point is on a field vector, the later it  feels the change.   
So, the one particular momentum -field component emerging at 

 A  along  AD  grows to  BD  at  B .  (With only uniform velocity 

 v , that component would be  BC  at  B .)  The momentum-field 
component BD is now resolved into radial momentum field  BC  

(say, 
  
Pr ) and transverse momentum field CD (say, 

  
Pt ).  Radial 

 BC  drifts at  v  but prop agates radially at rate  b .  Transverse CD 

changes from zero to amplitude 
  
Pt  and back to zero in  !t ; this is 

gravitational radiation pulse, which detaches and propagates out-
wardly at speed  b . 

 
Figure 3.  Mass  m  with its momentum  p  and momentum -

field vector  P .   AB ! v"t ! a "t ,   BC = AD ! r ! b "t , 

 CD = AB sin !   

The ratio of transverse to radial momentum fields is:  

 
  
Pt / Pr = CD/BC = (a ! t ) ! t sin " b ! t = ar sin " / b2    , (53) 

where the radial momentum field 
  
Pr  is given by (2): 

    
  
Pr = (Dp / r2) cos!    . (54) 

Substituting (54) in (53), we get transverse momentum field 
  
Pt : 

    
  
Pt = Dpa sin(2! ) / 2b2r    . (55) 

Radial 
  
Pr  varies with   1 / r 2 , and transverse 

  
Pt  with   1 / r .  That 

is, transverse 
  
Pt  survives over radial 

  
Pr  at greater distances.   

The magnitude of intensity  I  of an electromagnetic wave is 

  
I = !0cE 2 I, where 

 
!0  is electric permittivity and  c  the speed of 

the wave in vacuum and E the magnitude of  the electric field.  By 
analogy, the intensity  I  of a momentum-field wave would be 
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  I = f (D,b)P2 .  By balancing the dimensions, we define the mag-

nitude of intensity  I  associated with a propagating momentum 
field  P  as: 

      I = (b / D)P2    . (56) 

Substituting (55) in (56), we get gravitational radiation inte nsity 

  
I t  associated with the propagating transverse 

  
Pt  : 

    
  
I t = (Dp2a2 / 4b2)sin2(2! ) / r 2    . (57) 

Gravitational radiation intensity 
  
It  falls off as   1 / r 2

 and its an-

gular variation is shown in Figure 4a, which is a four -lobed 
quadrupole pattern.  Figure 4a, in turn, shows that gravitational 
radiation accelerates a mass at  45¡  to its propagation dire ction. 

 (a)     (b)  
Figure 4: (a) Variation with % in the intensity  I  of gravit a-

tional radiation; (b) Variation with % in the intensity  I  of 

electromagnetic radiation.  

In contrast, the angular variation of electromagnetic radiation 
intensity is shown in  Fig. 4 (b), which, in turn, shows that elec-
tromagnetic radiation accelerates a charge at  90¡  to its propaga-
tion direction.  

Gravitational radiation power !  emitted is given by int e-
grating (57) over all dire ctions: 

    
  
! = 2" I 1r 2 sin # d#

0

"

$    . (58) 

If  p  and  a  are orthogonal, the magnitude  p  stays constant, 

but the direction changes uniformly.  That is, no momentum -
field pulse s develop.  That is, masses in circular orbits do not 
emit gravitational radiation.  That is, circular orbits are gravit a-
tionally stable.  

Thus, carrying out the integration in (58), we get Larmor’s 
formula for gravitational radiation power: 

    ! = (8"D / 15b3) #(p #a)2  (59) 

A mass with motive power of   pa ! 1025  watts emits gravit a-

tional radiation power of about one watt.  
Eq. (59) resembles the LarmorÕs formula for electromagnetic 

power radiated from accelerating charges: 
  
(e !a)2 6" #0c3 .  That 

is, charges emit electromagnetic radiation power propo rtional to 
(e a)2.  That is, in contrast, charges even in circular orbits emit 
electromagnetic radiation. 

7.2  Gravitational Radiation from Mass in Elliptical  Orbit  

Figure 5 shows mass 
  
m2  in an elliptical orbit around mass 

  
m1 .  The elliptical orbit is given by semi -major axis  A  and ec-

centricity ! .  Mass 
  
m2  is at a point (  r, ! ) from mass 

  
m1 , and has 

tangential velocity  v  and momentum  p . 

 

Figure 5.  Mass 
  
m

2
 in an elliptical orbit around mass 

  
m

1
. 

We will use the reduced-mass frame for general binary sys-

tems.  The reduced mass at 
  
m2  is 

  
µ = m1m2 / (m1 + m2) ; the 

compensated mass at 
  
m1  is 

  
m = (m1 + m2) .  Masses participat-

ing in i nteractions are not adjusted. 
From the geometry of the ellipse, we have: 

   r = A(1 ! "2) (1 + " cos#)  (60) 

   sin2 ! = A2(1 " #2) r (2A " r )  (61) 

   tan2 ! = A2(1 " #2) / [A2#2 " (A " r )2]  (62) 

The angular momentum  J  of the mass 
  
m2 is expressed in 

terms of linear momentum  p  as:  

       |J |=|r ! p|= rp sin "    , (63) 

or:      sin2 ! = J 2 / r2 p2    . (64) 

The angular momentum  J  of the mass at 
  
m2  in an elliptical 

orbit is a constant of motion as given by [19] 

    
  
J 2 = Gm1

2m2
2 A(1 ! "2) (m1 + m2)    . (65) 

From (59), the gravitational Larmor formula, we have:  

      cos2 ! = 15b3" 8#Dp2a2    , (66) 

where acceleration 
  
a = Gm1 / r 2 . 

With (64), (65), and (66), we get: 

    
  
tan2 ! = (8" D / 15b3) # G3m1

4m2
2 A(1 $ %2) &(m1 + m2)r6    .(67) 

Using (67), (62), and (60), we get gravitational radiation 
power emission from a point (   r ,! ) on the orbit: 

   

  

! (" ) =
8#D

15b3
$
G3m1

4m2
2

m1 + m2

$
%2

A5(1 &%2)5
$(1 &%cos" )4 sin2 "    . (68) 
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From (68), we get peak gravitational radiation power (
 
! max ) 

from the points on the orbit at angles ! +  and !"  from the peria s-

tron: 

 
 
! = ± cos" 1 (" 1 + 1 + 24#2 ) / 6#$

%&
'
()

 with  0 < ! < 1    . (69) 

From (68) and (69), Fig. 6 shows the variation of !  with ! .  
The gravitational radiation power is emitted in a pair of pulses 

with peaks 
 
!max  (ÔchirpsÕ) at !+  and !"  in an orbital period.  

The chirps are 
 
(1 ! "+ / #)$  apart, then 

 
(! + / " )# apart. 

 
Figure 6.  Variation of gravitational radiation power emi ssion !  with ! . 

Gravitational radiation energy 
  
Eo  emitted in an orbital p e-

riod !  is given by integrating  ! (" )  in (68) as follows: 

    
  
Eo =

!
2"

#($)
0

2"

% d$    , (70) 

or 

    

  

Eo = 1

2
!

8" D

15b3
#
G3m1

4m2
2

m1 + m2

#
$2

A5(1 %$2)5
# 1 + 3

2
$2 + 1

8
$4&

'(
)
*+

   . (71) 

Eq. (71) is comparable to the PetersÕ formula. With the under-
standing that t he linearized version of general relativity is str ik-
ingly similar to classical electrodynamics , according to which  
accelerating charges radiate electromagnetic energy, Peters and 
Mathews [20] formulated gravitationally radiated energy from 
point masses in a Keplarian orbit. (The authors ignored address-
ing the physical meaning, if any, of such gravit ational radiation .) 

Substituting  p = µv  in (64), we get speed  v  of the mass at 

  
m2  at a point (  r , ! ): 

      v
2(! ) = J 2 µ2r 2 sin2 "   . (72) 

From (61), (65), and (72), we get: 

    
  
v2(! ) =

1

A
G(m1 + m2)

1

r
(2A " r )    . (73) 

We use (60) in the r-term of (73) to get the &-term: 

      (2A ! r) / r = (1 + "2 + 2" cos#) / (1 ! "2)    . (74) 

From (73) and (74), the speed ( v ) of the mass at m2 at a point 
(  r , ! ) on the ellipse is given by: 

    
  
v2(!) = G(m1 + m2) / A(1 " #2)$

%&
'
() (1 + #2 + 2# cos!)    . (75) 

The kinetic energy ( T ) of the mass at 
  
m2  per orbital period 

is given by 

    
  
T = 1

2
µv2(! )d!

0

2"

#    , (76) 

where   v
2(! )  comes from (75).  Carrying out the integration in 

(76), we have: 

    
  
T = ! Gm1m2(1 + "2) A(1 # "2)    . (77) 

Emission of gravitational radiation power ( ! ) reduces ki-
netic energy (T).  Changes  ! T ,  ! J ,  ! A , and ! "  in one orbital 
period ( ' ) are: 

    
  
!T = ("T / "A)!A + ("T / "#)!# = $Eo    , (78) 

         ! J = ("J / "A)! A + ("J / "#)! # = 0    . (79) 

Substituting (65) and (77) in (78) and (79), we get changes  !A  
and !"  per orbital period:  

    
  
! A = (" Eo #Gm1m2) A2    , (80) 

    
  
! " = (1 # "2)! A 2"A$

%&
'
()

! A    . (81) 

KeplerÕs third law applies to binary systems as well [19] 

    
  
! 2 = 4" 2 A2 G(m1 + m2)    . (82) 

From (82), first-order change in the orbital period ( ! " ) per or-
bital period ( ! ) is given by: 

    
  
! " = 6#2 A2 G(m1 + m2)"$

%&
'
()

! A    , (83) 

where  ! A  comes from (80).   

 7.3  Gravitational  Radiation from the Moon  

We will use the following data from [20] : 

EarthÕs mass: 
  
m1 = 5.976 ! 1024

 kg;  

MoonÕs mass: 
  
m2 = 7.348 ! 1022

 kg;  

Semimajor axis of lunar orbit:   A = 3.844 ! 108 m;  
Eccentricity of lunar orbit:  ! = 0.055 ;   
Lunar orbital period:  ! = 27.322  days. 

From (68) and (69), the gravitational radiation power is emi t-

ted in a pair of pulses at peaks 
 
! max = 2,306  watts at 

 ! = ±83.8¡  away from the perihelion at approximately 14.6 days 
apart, and then at 12.7 days apart, per orbital period of 27.3 days. 

From (71), gravitational radiation energy emitted in an orbital 

period is 
  
Eo = 2.702 ! 106

 joules. 

From (80), the semi-major axis decreases at  4.338 ! 10"15  
m/period.  

From (83), the orbital period i s decreasing at  4.0 ! 10" 17
 sec 

in an orbital period.  
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Even though the moon has low orbital eccentricity, its mass is 
as much as  0.0123  times that of Earth.  That is, the moon barely 
manages to emit gravitational radiati on power at peaks of low 
but appreciable  2,306  watts when it is at  ±83.8°  away from its 

perihelion.  The peak emission of  2,306  watts falls off to inte n-

sity of the order 10Ð15 watts/m 2 at Earth, which may be too weak 
to be detectable.  However, this  2,306  watts power could be 

detectable by a detector in an artificial satellite at a calculated 
di stance from the Moon.   

7.4  Gravitational Radiation from Mercury  

We will use the following data from [20]:  Mass of the Sun: 

  
m1 =   1.989 ! 1030 kg; Mass of Mercury: 

  
m2 = 3.5856 ! 1023 kg; 

Semimajor axis of MercuryÕs orbit:   A = 5.791 ! 1010 m; Eccentric-
ity of MercuryÕs orbit:  ! = 0.206 . 

From (68) and (69), the gravitational radiation power is emi t-

ted in a pair of pulses at peaks 
 
! max = 519 watts at  ! = ±70.1¡  

away from the perihelion.  The orbital period is decrea sing at 

 5.3 ! 10" 28
 s per period. 

7.5  Gravitational Radiation from Other Planets  

Planets Venus, Earth, Mars, Jupiter, Saturn, Uranus, and Nep-
tune have very low orbital eccentricities (  ! < 0.09 ) and masses 
small compared to the sunÕs mass.  That is, each planet emits 
peak gravitational radiation power at about one watt or less.  

Pluto, having higher orbital eccentricity (  ! = 0.25 ) but very 
small mass relative to sun, emits peak gravitational radiation 

power at only  3.2 ! 10" 9 watt . 

7.6  Gravitational Radiation from Hulse -Taylor Pu l sars 

The neutron stars are orbiting each other around their center 
of mass.  Their physical and orbital data from [21] are:  

Mass of the first star: 
  
m1 = 2.866 ! 1030 kg ;  

Mass of the second star: 
  
m2 = 2.759 ! 1030 kg ;  

Semimajor axis of the orbits:   A = 1.95 ! 109 m ;  
Eccentricity of the orbits:  ! = 0.617131 ;  

Orbital period:  ! = 2.791 " 104 s  ( 7.752  hours);  
Distance from Earth:  21,000  light years. 

From (68) and (69), the gravitational radiation power is emi t-

ted in a pair of pulses at peaks 
 
! max = 1.674 " 1026 watts  at 

 ! = ±53.85°  away from the periastron at approximately 5.43 
hours apart, and then at 2.32 hours apart, per orbital period of 

 7.752  hours. 
From (71), the gravitational radiation energy emitted in one 

orbital period is 
  
Eo = 1.645 ! 1030 Joule . 

From (80), due to the emission of gravitational radiation, the 
semimajor axis is decreasing at  3.71mm  per orbital period.  The 

observed decrease rate is  3.1mm  per period. [21] 

From (81), the eccentricity is decreasing at  9.71 ! 10" 13
 per 

orbital period.  

From (83), the orbital period is decreasing at  7.987 ! 10" 8  

s/period.  The observed decrease rate is  6.759 ! 10" 8  s/ period. 
[21] 

The peak gravitational radiation power emission of 

 1.674 ! 1026
 watts falls off to intensity  10! 16 watts/m2

 at Earth, 
which may be too weak to be detectable.   

8.  Measurements 

We suggest measurements for  b ,  u , and ! : 
a)  Appendix E h as the outlines for measuring  b . 
b) Appendix B presents two approaches for determining the 

magnitude of velocity  u . 
c)  We are unable to make a suggestion for determining the 

direction of  u  of the solar system or the Milky Way.  

d)  Measurements of 
  
qm  of a mass  m  yield the value of ! .   

From (3), 
  
! = qm / mu , where  u  comes from (b) above.  (The 

farthest extent of the solar system, perhaps beyond the Oort 

Cloud, should be considered as the SunÕs 
  
qm .) 

e)  The rest may be calculated using  b ,  u , and  G : 

  D = G / u2 ;   S = Db2 ;   ! = Du / c ; and   ! = S(1 " u2 / b2) . 

Gravity elongates a rod.  Measurements may be made of 
BraggÕs reflection/diffraction of X-rays from a crystal on Earth 
and at an altitude.  (The same crystal and equipment should be 
used at the sites.) The spacings between the atoms of the crystal 
would be relatively larger on Earth.  Eqs. (20) and (29), and 
BraggÕs law apply. 

9.  Conclusion  

Gravitation c an be mediated by mass fields and momentum 
fields.  There are three forms of gravitational forces, which apply 
to zero-mass and non-zero-mass objects.  The second form is the 
very familiar classical NewtonÕs law of gravitational force be-
tween non-zero-mass objects. 

Directionally correctly and within an order of magnitude, the 
model agrees with the literature on gravityÕs effects on the time 
periods of atomic clocks, shifts in spectral lines, deflections of 
light rays, and orbital periods of the Hulse -Taylor  pulsars.  Grav-
ity, by slowing down the run of time, slows down physical, 
chemical, and biological processes.  MercuryÕs anomalous orbital 
precession rate may be explained away with modified Newt o-
nian gravity.  One or more effects, including minute variati ons in 
the NewtonÕs constant at the sites, may be contributing to the 
Pioneer anomaly.  The model differs from the literature on the 
signs and mediation of gravitational forces, the constancy of 
NewtonÕs constant, and, more significantly, the structure, propa-
gation, and speed of gravitational radiation.  

Appendix F lists the results and predictions from the model.  

10.  Comments 

Faraday introduced the concept of field in physics.  Classical 
physics introduced gravitational field and electromagnetic field.  
Modern physics introduced the strong nuclear field and the weak 
nuclear field.  GRT introduced space-time geometry field for 
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gravity.  The present model introduces mass-momentum field for 
gravity.  

Mass (momentum) fields are about  1030
 times weaker than 

electric (magnetic) fields.  Momentum fields are no more than 108 

times weaker than mass fields.  Mass and momentum fields are 
not as noticeable as are electric and magnetic fields. 

Besides zero-mass objects, non-zero-mass objects, and other 
fundamental fields, the Universe is filled with mass fields and 
momentum fields.  

Electromagnetism and gravitation are similar in some a s-
pects.  Electromagnetic forces are repulsive or attractive, so are 
gravitational forces.  Electromagnetic forces are mediated by 
electric fields and magnetic fields associated with charges and 
currents; gravitational forces are mediated by mass fields and 
momentum fields associated with masses and momenta.  Charge 
fields extend out to infinity, and so do mass fields.  

Electromagnetism and gravitation are not similar in some 
other aspects.  Charge is positive or negative, but mass is known 
to be positive.  An object of positive charge or negative charge, in 
motion, creates magnetic field, which extends out to infinity.  An  
object of zero mass or non-zero mass, in motion, creates momen-
tum field, which is effectively limited in range and direction.  
Charges and magnetic poles of both signs but masses of positive 
sign exist; so, electric and magnetic forces can be shielded, but 
gravitational forces may not be. 

There is evidence of the existence of gravitational radiation 
but little evidences so far on its structure, polarization, propag a-
tion, speed, emission and absorption.  Measurements of the 
speed of gravitational radiation are as essential to understanding 
gravitation as were the measurements of the speed of light to 
understanding electrodynamics.  The model estimates that  b =  

  0.2222c .  The literature considers that  b ! c .  The modelÕs re-

sults closely follow the literatureÕs results, if   b = 0.2222c , but 

poorly if  b = c .  There exists little consensus on the polarization 
of gravitational radiation.  

The linearized version of general relativity is strikingly sim i-
lar to classical electrodynamics, according to which accelerating 
charges radiate electromagnetic energy. With that understand-
ing, Peters and Mathews [20] formulated gravitationally r adiated 
energy from point masses in a Keplarian orbit. The authors i g-
nored addressing the physical meaning, if any, of such gravit a-
tional radiation.  The PetersÕ formula and Eq. (71) are the only 
ones which predict the decrease rate of the orbital periods of 
Hulse-Taylor binary pulsars (catalogued as PSR B1913+16). 

In the literature, thermal recoil has the most support for the 
Pioneer anomaly.[17]  But, no theory considers minute variations 
in  G  at the spacecraft. 

Within the Universe, the Primordial Point is the sole space-
time reference point for all objects.  The Universe, as a whole, is 
considered a closed, homogeneous, and isotropic system; that is, 
the universeÕs energy, momentum, and angular momentum re-
main conserved.  Thus, absolute position and absolute time are 
not essential initial conditions within the Universe.  

The model is background-independent, as the end equations 
appear not in terms of coordinates but in terms of the mass, mo-
mentum, and other properties of the objects. 

The rationale for the boundaries of the model is as follows: 

1)  Non-gravitational and other extraneous agents were ig-
nored.  Measurements of several gravitational phenomena have 
been performed with high accuracy.  However, it has been not 
possible to place complete confidence in the accounting and con-
tributions of such agents to those measurements Ð especially 
when the magnitudes are very small and in astronomical set-
tings.  Examples follow.  The agents which affect spectral shifts 
on stellar surfaces include Doppler shifts in high temper ature 
gas, intense electromagnetic radiation due to gas ionization, high 
electric and magnetic fields, vertical currents, et al.  Besides mass, 
the density of a star would contribute to the deflection of light 
grazing it.  Magnetic moments of binary stars would contribute 
to their orbital periods.  However, it would be challenging to 
ÒestimateÓ a starÕs mass, radius, and magnetic moment as accu-
rately for use in theoretical equations. 

2)  Quantum theory was used in principle.  The relationship 
that the energy of a vibrating particle is proportional to its fr e-
quency, as advanced by Planck to explain black-body radi ation, 
sufficed. 

3)  SRT was postponed, because the speed of gravitational ra-
diation has not been measured.  Routine relativistic corrections to 
tim e and length were not made.   

Elementary classical physics sufficed here. The treatment of 
electromagnetic radiation pressure shows that an electromag-
netic wave has linear momentum   p = E / c  in the direction of 

propagation.  That is, the as-if mass of the electromagnetic wave 

would be   E / c2 . For light we used   p = E / c , not   m = E / c2 , to 

formulate light -mass and light-light gravitational forces.  In 

dynamics, we used   E / c2  for the as-if mass of light rays. 
In 1904, Hasenšhrl showed by an experiment that electro-

magnetic radiation behaved as though it has mass =   E / c2 . [24] 

In 1990, Rohrlich made a simple derivation of   E = mc2 . [25] 
4)  Gauge symmetries were not extracted.  These are useful in 

developing field equations, which is an objective in the next parts 
of the model.  Gauge covariance may or may not make a theory 
more (or less) physical. 

Some inferences could not be drawn, even though the mo del 
hints at them.  They are advanced here as hypotheses: 

1)  The degree of polarization of gravitational radiation (m o-
mentum field pulses) is four;  

2) Mass fields and momentum fields are the so-called dark 
matter and dark energy; 

3) The Universe is neither static nor forever expanding; and  
4) The genesis of a time lies in an interaction. 
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Appendix A: Physical Data  

The following data from [22], [26] are used in the calculations.  
They are referenced as datum  A(x)  or data  A(x,y) : 

a)  Speed of light:   c = 2.998 ! 108 m / s ; 

b)  NewtonÕs constant  G =  6.672 ! 10" 11N " m2 / kg2 ;  

c)  SunÕs mass:  1.989 ! 1030 kg ;  

d)  SunÕs radius:  6.963 ! 108 m ; 

e)  EarthÕs mass:  5.976 ! 1024 kg ;  

f)   EarthÕs radius:  6.378 ! 106 m ; 

g)  Kuiper -Belt bodies farthest from the Sun: ~  103 AU ; 

h)  Diameter of Milky Way galaxy:   ! 105 !l ight yr ; 

i)   CoulombÕs constant ( Q ):  8.988 ! 109 N " m2 / C2 ; 

j)   Ratio of electrical to gravitational force:  1040 . 

Appendix B: Estimation of ! , u, and D 

 Below are two Approaches for estimating ! ,  u , and  D  
B1.  Using Gravitational Spectral Shift  

From (20): light produced at the surface of Earth is red-shifted 
compared to light produced at a height.  

In the Pound-Rebka experiment [27, 28], gamma rays emitted 

from  Fe57
 at the bottom of a  22.5!m  tower travel to absorber 

 Fe57
 at the top; the emitter is moved upward at just the speed 

such that a compensating Doppler shift is produced, which a l-
lows resonant absorption by the absorber.  That is: 

    
  
! R = (1 + " )! x    , (B1) 

where  x  and  R  indicate the towerÕs height and EarthÕs radius, 

respectively, and the relative shift  ! = 5.13 " 10#15 . 
Comparing (B.1) with (20), we get: 

      1 + ! = (1 + " m / R) [1 + " m / (R + x)]    . (B2) 

Solving for ! , 

      ! = [(R + x) / m] [(x / R") # 1]    . (B3) 

Inserting into (B.3) the values   x = 22.5 m  and  ! = 5.13 " 10#15  

from the experiment and  m  and  R  from data Ae, Af, we get:  

     ! = 1.552 " 10#27 N-s2 /kg2    . (B4) 

Eqs. (14), (17), and (B.4) and data A(a, b) yield: 

      u = 1.433 ! 108 m / s    , (B.5) 

      D = 3.249 ! 10" 27 N #s2 / kg2    . (B.6) 
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B2.  Estimation Using Gravitational Deflection of Light  
From (49), !  can be expressed in terms of the angle !  of 

gravitational deflection  of light, the impact parameter  d , and 
mass  m : 
   ! = (d / m) tan(" / 2)  (B.7) 

We calculate ! ,  u ,  D ,  b , and !  for the salient values of ! .  
From (B.7), if  m  is the SunÕs mass, d the impact parameter of 
light grazing the sun, and ! & the deflection of light, we get ! . 
Substituting this !  in (17), we get  u  and  D . 

In Appendix D, Eq. (D.3), with  D  from above, gives  b . 
From (B.2), if  m  and  R  are EarthÕs mass and radius, 

  x = 22.5 m for the height of the tower in the Pound -Rebka ex-
periment, and !  as calculated previously, we get ! . 

The results of calculations are listed in Table 2 below.  

Table 2. Magnitudes of ! , u, D, b, and " for salient # arc-sec 

Θ κ × 10−27 u × 108 D × 10−27 b × 107 Δ × 10−15 
1.75 1.485 1.498 2.974 6.962 4.91 
1.83 1.552 1.433 3.249 6.661 5.13 
2.20 1.867 1.191 4.704 5.536 6.17 

With  ! = 1.83 arc-sec,   u = c / 2.09 ; with  ! = 1.75 arc-sec, 

  u = c / 2 .  With the former, the model is close to the literature; 
with the latter, the model is even closer.  Examples follow for the 
former; examples follow for the latter.  Eq. (17) yiel ds 

  ! = 2G / c2 ; EinsteinÕs constant ! =    8! G / c2 . [6]  Eq. (20) yields 

relative spectral shift of ! =  4.91 ! 10" 15
 between Earth and a 

point  22.5 m  high. [29]  Eq. (50) reduces to the familiar 

  ! " 4Gm (dc2) . [7]  Eq. (51) yields 
  
Re = 2Gm / c2 , which is the 

Schwarzschild radius of mass  m . [12]  From (83), the decrease 
rate in the orbital p eriods of the Hulse-Taylor binary pu lsars is 

 6.403 ! 10" 8 s/period.  The o bserved value is  6.759 ! 10Ð8
 

s/ period. [23] 
B-3 Even though Appendix B -2 leads to results closer to the 

literature, we opted for Appendix B -1, because non-gravitational 
and other extraneous effects could be better accounted for and 
controlled in terrestrial experiments than in astronomical env i-
ronments. 

Appendix C:  One -Dimensional Rod  

We derive a simple relationship between the frequency ( ! ) 
of oscillations of atoms that constitute a rod, and the spacing ( d ) 
between them. 

Figure 7 shows a one-dimensional rod of mass  m  constituted 
of atoms of mass  !m  ( << m ) and charge e spaced equally by  d .  
Such an atom at  O , under the electrostatic forces of its neighbor-

ing atoms at 
 
O!  and 

 
O+ , oscillates between points  i  and  j  

with fr equency !  and displacement !  ( < d ). 

 

Figure 7.  An atom (   !m,!e ) at O under the electrostatic forces 

of the neighboring atoms at 
 
O!  and 

 
O

+
. 

Electrostatic force on  ! m  when it is at point  i  is given be-
low, where  Q  is CoulombÕs constant: 

 
   
Fi = Qe2[(d ! ")!2 öx ! (d + ")!2 öx] == (4Qe2 / d3) " öx  (C1) 

Similarly, the electrostatic force on  !m  at point  j  is: 

    
   
F j = ! (4Qe2 / d3) " öx    . (C2) 

From (C.1) and (C.2), atom  ! m  has acceleration a directed to-
ward the neutral point O, as given by:  

    a = ! (4Qe2 / "md3)# öx  (C3) 

The equation for a simple harmonic motion is:   a = ! (2" #)2 x . 

Comparing this with (C3), we get:  

      !
2 = (Qe2 / " 2#m)(1 / d3)    . (C4) 

Thus, for a rod of a given constitution (  ! m  and  d ), we get: 

      !
2 " 1 / d3    . (C5) 

Appendix D: Estimation of b 

We consider two particles, separated by distance  r , each of 
mass  m  and charge  e .  From Eqs. (5) and (7), the static gravita-
tional force between the particles is given by: 

    
  
Fg = Sm2 / r 2 = Db2m2 / r 2    . (D1) 

The static electrical force between the particles is given by: 

    
  
Fe = Qe2 / r 2    , (D2) 

where  Q  is the CoulombÕs constant.   

From (D1) and (D2), we get: 

    
  
b2 = (Q / D)(e / m)2 Fg / Fe    . (D3) 

We take electrical force (
  
Fe ) and gravitational force (

  
Fg ) be-

tween two particles of charge  e  ( 1.602 ! 10" 19C ) and mass  m  

( 4.0 ! 10"29 kg ), intermediate between a proton and an electron. 

Using (33) and data  A(i,j)  in (D3), we get: 

      b = 6.661 ! 107 m/s    . (D4) 

Appendix E:  Measurement of b 

Figure 6 showed variation with & of gravitational radiation 

power ( from 
  
m2 .  Peak gravitational-radiation power 

 
! max . is 
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emitted when 
  
m2  is either at (

  
r+ , ! + ) or (

  
r! , " ± ).  Angles ! ±  are 

given by Eq. (69). 

Figure 8 shows a mass 
  
m2  orbiting  around another mass 

  
m1  

in an elli ptical orbit of semi -major axis  A  and eccentricity ! . 

 

Figure 8.  Mass 
  
m

2
 around mass m1 in elliptical orbit.  

We outline the steps to help carry out the measurement: 

1)   Determine the distance  d  of 
  
m2  from  the detector; 

2)  Detect by electromagnetic signals as 
  
m2  arrives at point 

  
(r+ , ! + )  and note the time (

  
tc ). 

3)  Note the time (
  
tg ) when peak gravitational power 

 
! max  from 

  
(r+, ! + )  is detected.  The peak power emission could have come 

from one of the previous orbital periods.  
4)  If the electromagnetic signal comes from a specific orbital pe-
riod, and the peak gravitational power signal comes from a prior 

  n
th  orbital period ( ! ), we have: 

    
  
tg ! t c = (n" + d / b) ! d / c    . (E1)  

5)  Repeat steps 1 through 4 for the next peak gravitational  power 

 
! max  from point 

  
(r! , " ! ) . 

We now apply (E1) to the two astronomical binary systems: 
the Earth-Moon system and the Hulse-Taylor pulsars. 
1)  Hulse-Taylor Binary System  

The pulsars are  21,000  light -years away.  They are highly 

magnetic neutron stars.  Not much could be known about their 
surrounding environments. Therefore, not all non -gravitational 
and other extraneous agents are knowable and accountable. 

Each star has an orbital period of  2.791 ! 104 sec .  That is, 

there are at least  2.0 ! 107
 orbital periods during the time light 

travels from the stars to the detector.  Therefore, it is not possible 
to ascertain  n .  That is, Eq. (E1) is not usable. 

From Section 9.6, peak gravitational radiation power emitted 

by the orbiting pulsars is  1.674 ! 1026 watts .  When received on 

Earth, it would be about  10! 16 watts / m2 , which may be too 
weak to detect. 
2)  Earth-Moon Binary System  

The space between the earth and the moon should well be 
knowable. That is, most non-gravitational and other extraneous 
agents should be accountable. 

The moon is 1.2813 light-seconds away; its orbital period is 
27.322 days.  That is, the Moon has barely moved along its orbit 

( ! 10" 7
 of a period) in the time light travels to a detector on the 

earth.  Therefore, Eq. (E.1) is usable here as   n = 0 .  Eq. (E1) then 
becomes: 

    
  
t g ! tc = d / b ! d / c    , (E2) 

or    
  
b = d / (tg ! tc + d / c)    . (E3) 

From Sect. 9.3, the moon emits peak gravitational radiation 
power of about  2,306 Watt  when it is at  +83.8¡  away from its 

perihelion.  The peak power arriving at the earth is of very low 

intensity (   ! 10!15 watt / m2 ).  Therefore, the detector should be 

placed in an artificial satellite in a calculated orbit around the 
moon. 

Eq. (E3) could be used to reveal whether  b = c . 

Appendix F:  Results and Predictions  

Table 3 (next page) lists the results and predictions from the 
model. They do not include non -gravitational or other extran e-
ous effects. The observed values include non-gravitational or 
other extraneous effects, some known and some unknown. 

The model makes several new predictions:  
1) Gravitational forces are attractive or repulsive.  
2) NewtonÕs constant (classical gravitational constant) G is not 

universally co nstant. 
3) Electromagnetic waves gravitationally interact;  
 and so do photons. 
4) Rods get longer when closer to mass. 
5) Accelerating masses generate gravitational radiation power 

with angular distribution of a four -lobed quadrupole pa t-
tern, and propagating at less than the speed of light. 

Some further inferences could not be finalized yet, although 
the model does hint at them.  They are advanced here as hypothe-
ses for future investigation :   
6) The degree of polarization of gravitational radiation (m o-

mentum field pulses) is four;  
7) Mass fields and momentum fields are the so-called dark 

matter and dark energy;  
8) The Universe is neither static nor forever expanding;  
9) The genesis of a time lies in an interaction.]. 
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Table 3.  Results and Predictions from the Model  

  

Phenomenon, etc. Results and Predict ions

NewtonÕs constant G ! Eq. (14) Local ly constant, universal ly not constant

Gravitat ional force Ð Table 1 Attract ive, Repulsive

Gravitat ional force between photons (EM waves) Ð Eq. (18) Exists!( < 10!22 Newton)

Clock slowing &  redshift  @ Earth relat ive to!"! Ð Eq. (23) 1.45 # 10!4

Clock slowing &  Fr equency redshift  @ "!Ð Eq. (24) 4.43 # 10!5

Rod elongat ion at Earth relat ive to "! Ð Eq. (30) 1.0 # 10!9

Rod elongat ion at Sun relat ive to " !!Eq. (30) 2.96 # 10!5

Ti me run at black hole Ð Sect. 4.4 Vir tual ly stops

State transit ions in excited atoms, nuclear decays at black hole Ð Sect.!4.4! Vir tual ly stops

Li ght waveform at black hole Ð Sect. 4.4 Near ly!flat

Rods at black hole Ð Sect. 4.4 Elongate to disintegrat ion

State transit ions in excited atoms, nuclear decays, biological evolut ion Ð Sect.!4.6 Gravity slows them down

Mass of black hole at Milky Way center 3.2!mil ion!Suns

Deflect ion of l ight at  Sun Ð!Eq.!(49);!observed 1.75 arc-sec / century 1.83!arc ! sec / century

Escape distance for l ight near black hole @ Milky Way center Ð!Sect. 6.1 1010 m

Escape distance for l ight at  Sun as a point ÐSect. 6.1 3 km

Escape distance for l ight at  Earth as a point Ð!Sect. 6.1 1!cm

Mercury's orbit  precession Ð Sect. 7; observed 575 arc-sec / century 532 ± 43 arc ! sec / century

The Pioneer Anomaly ÐSect. 8 part  or al l  due to var iat ion in G

Gravitat ional radiat ion Ð Sect. 9.1

Emission consists of: angular  distr ibut ion of power; 

accelerates a mass; speed - Eq. (D.4)

by accelerat ing mass momentum-field pulses

quadrupole, four-lobed at 45¡ to propagat ion

b = 0.2222!c

Moon Ð Sect. 9.3

Gravitat ional radiat ion emission

Peak!gravitaional !radiat ion!emission

Decrease in orbital period:!observed:

2.702 # 106 joules/period

2,306!watts

4.0 # 10!17sec/period

Hulse-Taylor pulsars Ð Sect. 9.6: 

Gravitat ional radiat ion emission

Peak!gravitaional !radiat ion!emission

Decrease in semimajor axis: observed: 3.1mm/orbit  period

Decrease in orbital period:!observed: 6.759 # 10!4sec / period [21]

1.645 # 1010 joule/period

1,674 # 1026 !watts

3.71 # 10!17sec!/!period

7.987 # 10!8sec/period

Ant imatter-ant imatter!gravitat ional !forces Ð !Sect. 10 The model appl ies.

Matter-ant imatter gravitat ional forces! Ð Sect.!10 The model appl ies.

 

Correspondence: On The Biefeld -Brown Effect  
Continued from p. 42  

Conclusion  

The Biefeld-Brown Effect is the result of capacitors charged to 
high voltage.  Loss of weight and production of lift have been 
observed. Equations are given to calculate the force on the ca-
pacitor. Recent work by NASA showed the effect to be genuine, 
but not  signif icantly greater in magnitude than in BrownÕs early 
work.  Greater thrust is anticipated as research continues. 
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The Big Bang theory is currently the best scientific explanation for the origin of the Universe, but still it does 

not go without question s.  When the expansion of the Universe is extrapolated backwards in time, the r esult is a 

dimensionless point of infinite density.  This is often viewed as a  sign that General Relativity Theory (GRT) is defi-

cient.  What is more, nobody knows what triggered the Big Bang,  or where all the energy came from.  In search of 

answers to problems like these, the focus here is to explore new ideas based on a modified version of GRT.  This 

new interpretation of  gravity  is founded on GalileoÕs original concept of inertia and his Principle of Relativity.  

 

Introduction  

Galileo is normally gi ven credit for the concept of inertia, but 
his original idea of inertial motion was different than what we 
know today.  Galileo b elieved uniform circular motion was the 
natural thing.  He assumed planets move naturally about inertial 
frames of force-free circular motion.  However, GalileoÕs belief 
was contrary to KeplerÕs discoveries.  Kepler found that plane-
tary orbits are not perfectly circular, and that the speed of a 
planet changes along its orbital path.  Others therefore modi fied 
GalileoÕs original concept of inertia.  The most refined version of 
inertia was then codified by Newton as his first law of motion.  
But suppose GalileoÕs original idea of circular inertial motion was 
indeed correct, but his theory of planetary motion was i ncom-
plete.  In such a case, NewtonÕs first law is not necessarily wrong, 
but it holds true only in special cases. 

For the purpose of discussion, let us say that space and time 
are absolute entities, and NewtonÕs first law is only a special case 
of his second law.  In other words, a body acted upon by an un-
balanced force tends to move in a straight line due to the force, 
and therefore it tends to keep moving in a straight line upon r e-
moval of that force. Yet all such motion is carried by pre -existing 
inertial frame s of natural and force-free circular motion.  

Force-free circular motion creates an imbalance of momen-
tum because one side of a body moves faster than the other.  As a 
result, the body tends to rotate, or precess, about its point of least 
momentum.  This of f-center rotation results from the  motion of 
the body itself, and so the bodyÕs force-free orbit is carried and 
turned with its precession .  The perihelion precession of all 
planetary orbits could , at least in part, be the result of such a 
phenomenon.  By such means, the force-free axial rotation of a 
planet would pr oduce effects of gravity as well.  For example, the 
EarthÕs daily rotation puts an imbalance of momentum upon 
everything within the Earth itself.  A stone thrown to the air falls 
back to Earth because the stoneÕs inertial frame moves and 
changes direction with re ference to EarthÕs rotation. The direc-
tion of its path progressively turns more directly toward the 
Earth, and as a result the stone gains speed as it falls.  The Corio-
lis force and other inertial effects of EarthÕs rotation also play a 
role in the effects of gravity.  

Based on this idea of gravity, the EarthÕs rotation is the cause 
of its gravity, but its gravity is the result of three different effects.  
First of all, the imbalance of momentum will twist everything 
directly toward the EarthÕs rotational axis.  This particular twist 

is called a downward twist for the purpose of reference.  A sid e-
ways twist is then created by the Coriolis force.  Consider a ball 
lying directly on the EarthÕs equator.  The ball has two sides with 
reference to north and south.  Each side will have the same mo-
mentum because the speed of EarthÕs rotation is balanced.  But 
suppose the ball is moved to the north.  It will press itself against 
the Earth with a down ward twist as the speed of EarthÕs rotation 
becomes slower.  Eastward momentum will then turn the ball 
sideways, or give it a twist toward the equator.  The sideways 
twist is strictly an inertial effect, and so the twist will carry the 
ballÕs perpendicular downward twist and aim it toward the ce n-
ter of the Earth.  

The speed of EarthÕs rotation varies according to location, but 
so does the radius of its turn.  One change compensates for the 
other so as to produce a consistent downward twisting force of 
gravi ty.  However, this is not to say the speed of gravity is con-
stant regardless of location.  It only means the twisting force of 
gravity, as measured in degrees of rotation, remains the same 
over any given period of time.  But on a different note, the speed 
of gravity is determined by the linear speed of EarthÕs rotation.  
Here, the speed of gravity refers to the speed at which an object 
falls.  An object at the EarthÕs equator falls faster than objects 
nearer the poles.  Yet this difference in speed cannot be measured 
from our point of view because yet another effect is produced by 
the EarthÕs rotation.   

An observer looking to the east from the equator may think 
of the Earth as turning in a downward direction.  This dow n-
ward motion makes the Earth move away from an object as the 
object falls.  A slight bulge around the equator is therefore pr o-
duced because the Earth turns away from everything in itself as 
everything falls.  However, this effect slowly disappears as we 
move closer to the poles.  At the poles, the EarthÕs rotation is 
more of a sideways turning motion relative to a falling object.  
Hence, the EarthÕs rotation moves more slowly away from an 
object as the object falls, while the speed of gravity becomes less.   
For that reason, the apparent strength of gravity is nearly co n-
stant. 

According to this concept, the strength of gravity can change 
over time.  For example, if the speed of EarthÕs daily rotation 
slows down, then the strength of  its gravity becomes weaker.  
Yet a clock calibrated to EarthÕs rotation detects no change in 
gravity because the clock runs slower as everything falls slower.  
This is not to say that the operation of a clock is not affected by 



 Emery: A Galilean Cosmos Vol. 29, No. 3 58 

gravity.  Consider an atomic clock in orbit around the Earth .  The 
altitude of the clock, and its orbital speed, will ind ividually affect 
the strength of its gravity .  A higher altitude will decrease the 
curvature of its path along with the strength of its gravity, while 
a faster speed will increase the strength of gravity.  But let us say 
that the overall strength of gravity is increased, either by an in-
crease in the clockÕs orbital speed, or by a decrease in the altitude 
of its orbit.  An increase in gravity will produce an increase in 
tidal forces.  This will cause elementary parts of an atom to bulge, 
but since those parts are in fact spinning they expand in all dire c-
tions.  Thus, any change in the strength of gravity results in ex-
pansion or contraction of the atom.  The operation of an atomic 
clock is then affected by its physical size due to the conservation 
of angular momentum.  Expansion will cause an atomic clock to 
run slower at a lower frequency, while contra ction will cause it to 
run faster at a higher frequency.  See [1] for more details.  

 The possibility of change in the strength of g ravity supports 
the expanding Earth hypothesis.  The expanding Earth hypoth e-
sis states that the position and relative movement of continents is 
at least partially due to the volume of Earth increasing .  This may 
hold true if the EarthÕs gravity gets weaker as the EarthÕs rotation 
slows down.  High pressure from within the Earth would then 
cause the planet to expand.  Expansion would subsequently 
cause a further decrease in the speed of EarthÕs rotation due to 
the conservation of angular momentum.  At some t ime in the 
past, a cycle as such may have continued until the EarthÕs inter-
nal pressure equalized with the strength of its gravity.  The same 
principles would apply to other celestial bodies as well.  The 
slowing down of a starÕs rotation would bring about  a reduction 
of gravity, while a loss of gravity would allow the star to expand.  
This may be the case with a red giant star.  Or in a different sce-
nario, a star may explode due to an ongoing cycle of rapid ex-
pansion and loss of gravity.  

A reversed process of this kind may explain the formation of 
black holes.  Any increase in the speed of a starÕs rotation will 
increase the strength of its gravity, while an increase in gravity 
will squeeze and compress the star so as to make it smaller.  In 
return, the star will spin yet faster due to the conservation of a n-
gular momentum .  An ongoing cycle as such will bring about a 
powerful gravitational force by which starlight falls back to the 
star and creates what might be known as a ÔfirewallÕ.  

In early 2016, the Laser Interferometer Gravitational Wave 
Observatory (LIGO) announced for the first time it  had detected 
gravitational waves.  The waves were generated by two black 
holes that spiraled around each other and then merged.  In the 
context of GRT, gravitational w aves are ÔripplesÕ in the fabric of 
space-time.  But suppose the idea of space-time is a fallacy.  A 
theory of quantum gravity (QG) may explain how gravitational 
waves are produced from electromagnetic (EM) radiation.    

Large-scale effects of gravity could be the result of force-free 
circular motion by itself, while small -scale effects may occur due 
to a bodyÕs absorption of radiation from neighboring bodies.  If 
we assume that all radiation travels in curved paths, due to the 
circular motion of its source , then angular momentum is tran s-
ferred from the source of radiation to a receiver.  This angular 
momentum has nothing to do with the intrinsic spin of eleme n-
tary particles.  Those spins likely cancel each other out because 
their directions are not aligned with one another.  However, the 

angular momentum of radiation, due to the rotation of its source, 
is all of one common direction.  The power of torque from this 
radiation is additive, and therefore it may rotate the position of a 
receiver, along with its i nertial frame, so as to produce the effects 
of gravity.  

When looking across the plane of a binary black hole system, 
the two black holes move alternately toward and away from the 
observer.  When a black hole circles toward an observer, the path 
of its ligh t in that direction becomes more curved, but when it 
circles away from the observer, the path of its light becomes less 
curved in the direction of the observer [2].  A loss of curvature in 
the path of this light may allow the light to escape and reach 
planet Earth.  Thus, the orbital motions of two merging black 
holes create pulsations, or wave-like patterns, in their radiation, 
while the angular momentum of those waves produce the effects 
of quantum gravity.  

The Big Bang theory is a fascinating story, but  there is likely a 
better explanation for all of it.  Suppose at some point in time 
there was only but one mass for it contained all the matter in the 
Universe.  For a good reason, this singular mass can be called the 
Big Mass.  The Big Mass had two force-free axial rotations that 
were each perpendicular to the other.  One spin was also faster 
than the other, as with a 2:1 spin ratio.  For the purpose of dis-
cussion, we can simply call this dual spinning motion the Big 
Spin.  The effects of gravity squeezed the Big Mass very tightly, 
while the more it compressed the faster it rotated due to the con-
servation of angular momentum.  This ever increasing and dual 
spinning motion produced a powerful gravitational force.  Ho w-
ever, gyroscopic effects from the dual spin eventually put a drag 
on the Big Spin itself.  Gravity then lost its grip while everything 
got a big push from decompression.  The Big Mass quickly in-
flated and exploded into pre-existing space.  Big chunks of mat-
ter moved outward  from the center of mass, but still they fol-
lowed the dual spinning motion of the Universe.  

Inflation pushed the outermost parts of the Big Mass away 
from its center at a faster speed than those areas closer to the 
center.  Hence, everything now moves apart and away from each 
other in all directions.  However, the rate of inflation was most 
likely  not as fast as that predicted by the Big Bang theory, nor is 
the observable Universe as large or old  as it appears.  This is be-
cause the path of starlight is curved.  It is curved due to the natu-
ral circular motion of the stars.  Starlight circles to the outskirts of 
the Universe and then circles back.  An observer may therefore 
look to the east and see the backside of everything in the west.  
Yet the backside will look much different b ecause the light is 
from a lot further away and from a different period in time.  
Nevertheless, the rate of expansion will eventually slow down 
and stop as all things circle back toward the center of mass.  The 
contraction rate will conti nuously  increase and create what is 
called the Big Crunch.  During the Big Crunch, everything will 
compress very tightly back into a sing ular  rotating mass.  The 
whole event will then start over with a Big Bounce as the Big Mass 
explodes into a brand-new world.   

A simplifie d drawing of the proposed cyclic Universe model 
is shown in Fig. 1.  A solid black sphere (M) represents the origi-
nal Big Mass of the Universe prior to a Big Bounce.  The drawing 
depicts a point of view in which the Big Mass rotates clockwise 
with a circul ar type of inertia.  Individual stars, S1 - S4, represent 
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four different groups of galaxies.  They are shown moving away 
from their point of origin (M) in clockwise ci rcular motion.  
These primary orbits of the Universe are pictured with dashed 
circles.  Stars S1 and S4 move about larger orbits than stars S2 
and S3, and yet all four stars move about their full orbits in the 
same period of time.  This is because the larger orbits have faster 
speeds than the smaller orbits.  In reality, the orbits are prob ably 
not perfectly circular as shown in Fig. 1.  Each star, or group of 
galaxies, would more likely move in a par abolic path just as a 
stone thrown to the air from planet Earth.  

                               
In this cyclic model of the Universe, each consecutive world 

is almost identical to the previous world because the cause and 
effects are nearly the same.  Each world begins with the same 
mass and the same dual spin, and so the effects are basically the 
same as well.  Yet evolution may take place very slowly over the 
course of many worlds.  It would o ccur via the path of least resis-
tance.  If we assume the flow of energy though each world seeks 
the path of least resistance, and all information is retained from 
each world and passed on to the next world, then the path of 
each consecutive world becomes easier to follow.  Thus, the en-
ergy of each world can bring about more change in addition to 
that of the previous world.  In other words, each world becomes 
more efficient than the previous world [4].  This implies that each 
world also becomes more organized than the previous world.  
This must be so, because any increase in a systemÕs efficiency 
requires an increase in its organization as well.  Can it be that a 
systemÕs level of order and its level of efficiency are simply two 
different aspects of the same phenomenon?  

The Big Bounce likely produced a series of explosions in very 
rapid succession.  The first and second stages, and possibly more, 
were caused by decompression.  The Big Mass quickly inflated 
and blew itself into big chunks of matter.  Still, the big chunks 
followed the dual spin of the Universe,  while massive heat and 
radiation was released from them.  Because the chunks of matter 
were moving along curved paths of travel, recoil from their di s-
charge of radiation made them spin.  The plane of each newly 
created spin would lie somewhere between the planes of the two 
perpendicular spins of the Universe.  Eventually, the se rotating 
chunks of matter each became a group of galaxies for their infla-
tion we nt on to blow themselves into  smaller chunks.  The 
smaller chunks of matter also released radiation that made them 
spin.  

Rotating fragments of the original Big Mass were now scat-
tered throughout space, while they maintained the dual spin of 
the Universe.  The Big Spin caused everything to be tipped and 
turned in all different directions, just as galaxies are seen today.   
Similar patterns  in the polarization of the cosmic microwave 
background (CMB) may also be a signature of the Big Spin.  In-
flation was nearly done when the smaller chucks of matter were 
blown completely apart by their internal pressure of heat.  
Hence, the smaller chunks of matter were blown into r otating 

clouds of dust and gas.  Particles from within the clouds would 
eventually clu ster together so as to form the stars of a galaxy.  

A thermal explosion will push the inner most parts of a rota t-
ing mass to the outermost parameters of a newly formed cloud of 
dust and gas.  In other words, a body is turned inside out as it 
explodes into a much larger, but more dispersed cloud of part i-
cles.  However, the cloud becomes very dense, and its particles 
begin to clash with one another.  What is more, the angular speed 
of the cloudÕs rotation (not its linear speed) slows down with 
increasing distance from its central mass.  The difference in their 
angular speeds will cause the collision of particles to whirl about 
in the opposite d irection of the cloudÕs rotation.  Subsequently , 
huge balls of dust and gas are created with a spin opposite to that 
of a galaxy.  Our Sun is one of them. 

The explosion of a spinning mass often creates a spiral pat-
tern as particles move out and away from the center of rotation.  
The linear speed of rotation does not change as the particles are 
pushed into larger orbits.  It just takes longer to complete a full 
circle of travel.  Accordingly, everything trails behind the center 
of rotation.  This will cause the arms of a spiral galaxy to point 
away from the direction of its spin.  But  why do the arms of a 
spiral galaxy exist at all?  

Prior to exploding , the original Big Mass of the Universe un-
derwent very rapid inflation.  The Big Mass expanded outward  
from its center in all directions.  Yet if loo king at just a small 
piece of the whole (other than its center), expansion was primar-
ily in just one direction.  Therefore, when the Big Mass exploded, 
each smaller piece of the whole went on to expand primarily in 
just one direction.  When the internal pressure of heat blew the 
fragments apart, the force had less impact along the directions of 
most rapid ongoing inflation.  As a result, particles of dust and 
gas were propelled most abundantly in directions perpendicular 
to that of utmost inflation.  Accordingly, the number of stars 
along the line of most rapid inflation is few and far betwe en, and 
the bars of a spiral galaxy coincide with directions perpe ndicular 
to that of greatest inflation.  

Indeed, a thermal explosion may turn a body inside out, but 
again the effects depend on the rate of a bodyÕs inflation.  How-
ever, the rate at which a body inflates depends on the force of its 
compression, while the force of compression depends on where a 
body originates from within the Big Mass as a whole.  A body 
may originate from deep within the Big Mass, or it may come 
from its outermost parameters .  As a result, different shapes of 
galaxies are produced according to their inflation rates.  

A newborn star is drawn together and compressed by the 
gravitational force of its spin, while its spin grows faster due to 
the conservation of angular momentum.  Rising pressure from 
the escalating effects of gravity may bring about an explosive 
discharge of hot matter.  Particles from within a star may also be 
separated according to weight, just as water and oil separate.  
Thus, commonly collected gas and other matter is discharged 
with a release of pressure.  A star then becomes a parent, while 
the discharge is an offspring.  The offspring may also spin itself 
into a ball of hot gas, or some kind of solid material .  This could 
be how planets are born.  Yet, colli sions may occur that cause 
some planets to be turned sideways, or upside down , with refe r-
ence to their orbits.  

Figure 1. A model for 

the Cyclic Universe 



 Emery: A Galilean Cosmos Vol. 29, No. 3 60 

It is well known that the innermost planets of a solar system 
have faster orbital speeds than the outermost planets.  This is 
normally attribute d to the acceleration of gravity at different di s-
tances from the Sun.  But how can this be explained if the Sun 
has no real gravitational attachment to the planets?   

A new planet requires time to evolve, but still the initial di s-
charge of hot matter from a star is considered a projectile.  It is 
launched into space by a powerful force from within a star.  A 
newborn planet is propelled in a straight line by the force, but 
still it maintains the natural circular motion of its source.  Thus, a 
new planet moves away from its parent star along a curved path 
of travel.  At relatively low speeds the planet may fall back to its 
parent star, but at higher speeds it will fall into an orbit around 
the star.  Yet under standard assumptions this may not happen, 
and so there is more to this story.  

Let us suppose a newborn planet is launched radially from a 
point near a starÕs equator, while the planet maintains the natural 
force-free circular motion of its source.  Force-free circular mo-
tion creates an imbalance of momentum because one side of a 
body moves faster than the other.  As a result, the body tends to 
rotate, or precess, about its point of least momentum.  This off-
center rotation is caused by the motion of the body itself, and so 
the motion is carried and turned  with the bodyÕs precession.  
Over time, a new planet moves into a direction somewhat  tan-
gent to the surface of its parent star.  As the planet continues to 
precess, it falls into an orbit around its parent star.  

Let us now go back to the evolution of a star so as to see why 
planets with faster orbital speeds are closer to their parent star 
than those with slower orbital speeds.  The spin of a new star is 
relatively slow, and its gravity is fairly weak.  But as the rotation 
becomes faster from the conservation of angular momentum, the 
starÕs gravity becomes stronger as well.  During early stages of a 
starÕs formation, explosions from the escalating pressure of heat 
and gravity are not as strong as forthcoming explosions.  Thus, a 
firstborn planet is propell ed at a slower speed than those born 
later.  This would be the case with the planet Neptune.  Firstborn 
planets also have the least amount of angular momentum be-
cause the parent star is rotating more slowly at the time of their 
birth.  Consequently, firstb orn planets have the slowest preces-
sion rates and require the most time to fall into an orbit around 
their parent star.  On the other hand, a planet born to an older 
but faster spinning star is propelled by a much stronger force.  
An example would be plane t Mercury.  Mercury was created 
with a higher speed and with more angular momentum than any 
other planet in our solar system.  Its rate of precession is the fast-
est as well, and as a result Mercury fell rather quickly into an 
orbit near the Sun.  Thus, it was only the strength of the SunÕs 
gravity, at the time of each planetÕs birth, that determined the 
speed and size of each planetary orbit.  

Most galaxies have rather flat rotation curves.  In other 
words, the orbital speeds of stars in a galaxy remain fairly con-
stant over some range of radii.  This is normally attributed to 
dark matter, but is dark matter really necessary?  Let us investi-

gate how a large rotating chunk of matter would explode into a 
rotating cloud of dust and gas.  Suppose a big chunk of matter is 
in its final stage of inflation when it explodes.  Inflation might be 
more accurately described as decompression.  During decom-
pression, the outermost parts of a mass are the first to decom-
press, and then layer by layer the mass will decompress all the 
way down to its center.  As decompression takes place, the mass 
explodes layer by layer due to its internal pressure of heat.  The 
magnitude of force from the explosions may be the same from 
one layer to the next, but the linear speed of the bodyÕs rotation 
becomes slower with each consecutive layer.  A slower speed 
makes the effects of gravity slower as well.  Thus, particles from 
the outermost surface of the mass are propelled into orbits with 
stronger gravitational effects than particles from deep within the 
mass.  Hence, the mass turns inside out as it explodes into a ro-
tating cloud of dust and gas.   

Planetary orbits were previously discussed, and those same 
principles apply to the orbits of particles from within a new ga l-
axy.  When a rotating chunk of matter explodes, the speed at 
which particles are propelled into space determines the speed at 
which the particles fall into orbits.  And since the particles are all 
propelled into space by the same magnitude of force, and at the 
same speed, the speed at which they fall into orbits is basically 
the same as well.  Yet the difference in their angular speeds, ac-
quired from the rotation of their source, will cause particles to 
orbit at different distances from the galactic center.  If this is true, 
then the problem with flat galaxy rotation curves is not really a 
problem at all.  The only problem that exists is with our unde r-
standing of motion.   

Physicists struggle to understand how the Big Bang could 
suddenly arise from nothing, or where the energy for i nflation 
came from.  What is more, todayÕs most widely accepted model 
of the Universe gives center stage to two things Ñ dark matter 
and dark energy.  Yet, we have absolutely no understanding of 
either one, nor do we even know if they truly exist.  These are all 
big problems in t odayÕs cosmology, and the solutions will likely 
require new ideas.  Is it possible that GalileoÕs original concept of 
inertia is the key to explaining the unexplainable?  
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