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ABSTRACT 

The use of a particular two-vector fonnalism to describe the mass-energies and 
momenta of point-like particles allows the existence of two basic particle types: 
photons and nonphotons~ the speeds of the latter being less than photon speed. Invoking 
the requirement of likekind vector additivity in a preferred inertial frame (that in which 
the microwave background photons appear isotropic) suggests a symbiotic coexistence of 
the two types where the death of one type gives birth to the other. Since nonphotons are 
born from the fusion of 'photons, it is assumed that Bose-Einstein statistics determine the 
particle densities in an equilibrium mix of the two types. Equilibrium densities are 
derived on the basis that particle energies in the preferred frame be integer multiples of a 
tiny quantum E. This yields the Planck curve for the photon spectrum and extends this 
curve into a surface defining the spectra of nonphotons. Photon densities are found to be 
smaller by a factor of --ElkT than those of the ethereal nonphotons. The small value of I: 
relative to the energies of photons in the T=2.73°K preferred frame allows an explanation 
of photon redshift in a non-expanding universe. This type of redshift also allows one to 
understand why an accelerating cosmos is implied should one assume Doppler effects are 
the only cause of redshift. 

The ethereal nonphotons may play multiple roles in an infinite and static photon
nonphoton universe. Besides giving microwave background photons "something to be in 
equilibrium with'~, they may act to maintain the photon-like constituents of e)ectrons~ 

protons and neutrons in dynamic equilibrium as they move inside thin string-like annular 
regions; and, they may collide elastically with these photonic constituents of weighable 
bodies to explain the Newtonian gravity acting between such bodies. It is also noted that 
nonphotons might play a role that mimics that of some form of ~<'dark matter'" and 
another role that mimics a repulslve gravitational force between bodies made up of 
photonic constituents. 

The likely value of E and other features ofa photon-nonphoton universe model are 
estimated., and experiments to test aspects of such a universe are suggested. The model 
leaves room to utilize the useful features of eXlsting theories while simply avoiding the 
singularities yielded by solutions to continuum-type theories. 
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I. INTRODUCTION AND SUMMARY
 

An unconventional concept of the universe emerged in the course of a 

series of studies conducted since 1949 (Refs. 1 through 10). Our purpose 

here is to combine the various papers on those studies into a single document 

to describe more efficiently the emerging universe model. We have come to 

refer to that model as the "photon-nonphoton universe". 

A primary difference between the photon-nonphoton universe model 

and the conventional big bang models is that the latter considers an 

expanding universe while the former assumes a static universe. A big bang 

universe is presumed to be born from an energy-density singularity and to 

evolve through an inflationary epoch to achieve its present cosmological

scale uniformity. In contrast, if viewed on the grandest cosmological scale, 

the photon-nonphoton universe would always be seen to have a uniform 

density of constituent entities. Both types of models conform with certain 

observations, (e.g., a dark night sky and spectral Doppler shifts). However, 

the two types of models differ strongly in addressing puzzles raised by 

recent observations. For example, the static model explains strong redshifts 

without imposing the need for an accelerating expansion of a big bang 

universe. Such differences are noted in the body of this document, the 

contents of which we now summarize in brief. 



In Section II, we describe a two-vector fonnalism used to define the 

properties of the point-like particles assumed to m.ake up all things in the 

universe. Formalism vector-length is defined in tenns of a particle's mass

energy and momentum, which transfonn from one inertial frame to another 

according to the prescriptions of special relativity. And, these prescriptions 

thus derme the formalism vectors appropriate to any particular frame. 

Photon-like particles have fonnalism vectors, E and B~ that are equal in 

length. Particles with JE] *tBI are called "nonphotons~~; particles which have 

invariant rest mass and cannot be seen to move at photon or greater speeds 

in any frame according to the two-vector fonnalism. Because of certain 

limited similarities to the field vectors of electromagnetis~ E and B are 

sometimes referred to as a particle's "electric" and "magnetjc'~ vectors, 

respectively. 

In Section III, we tum our attention to particle fusion and fission 

events in a "\lreferred" inertial frame~ referred to as the '~verse frame". In 

that fcame't the microwave background photons are seen to move 

isotropically and to have a T =2.73K Planckian energy spectrum. In the 

universe frame~ we postulate conditions that particle fonnalism-vectors must 

2
 



satisfy if a pair of particles are capable of fusion or if the converse fission 

event may occur. Basically, the postulate requires that-in the universe 

frame-the E and B vectors of the fused particle be the sums of the like-kind 

vectors of the nvo incoming particles. And, a fission breakup of the fused 

particle represents the converse event. In other than the universe frame, this 

"law'~ for fusion or fission is expressible in terms of the observable velocity 

of such a frame relative to the universe frame. A possible experiment to 

determine a frame's relative velocity is described in Appendix A. An<L the 

transfonned fusion-fission postulate is examined in Appendix B. Since the 

universe frame offers the simplest examination of the fusion-fission 

processes, in Section III we consider these processes in that preferred frame. 

It is shown that in the universe frame a nonphoton can only be fonned 

by the headon meeting of photons with properly oriented fonnalism vectors 

and that subsequent fission would return the same photons to the universe. 

Also, it is shown that two equal-velocity particles with the same dominant 

formalism vectors properly oriented are capable of fusion; and4J the converse 

fission process may occur. 

We conclude Section III with brief remarks on spontaneous and 

photon induced fission of a nonphoton and on certain allowed and 

disallowed in.teractions between particle pairs. 
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Section IV considers systems of photons and nonphotons m 

equilibrium. Since the universe frame has the characteristics of the unifonn 

and isotropic phase space underlying conventional detenninations of particle 

densities, we follow the usual pathway to determine those densities in that 

preferred frame. And, since two photons (bosons) fuse to fonn a nonphoton., 

we utilize Bose-Einstein statistics in determining the densities of photons 

and nonphotons in an equilibrium mix. In order to work with countable 

energy states~ as required for a statistical analysis , we postulate that-in the 

universe frame--each particle ~ s energy equals an integer times t, a tiny 

quantum of energy. FolJowing the approach used by Bose in developing the 

curve representing Planck's photon spectrum, we_ extend this curve into a 

surface which represents the soectra of nonphotons as well as photons, 

(Figure 6). 

The photon number and energy densities are essentially independent 

of £ if £«kT, a condition readily satisfied by a T = 2.73K photon

nonphoton universe modeL (Section VII). The ratio of the nonphoton-to

photon densities is of order ofkTfs, a number of order 1077 according to our 

Section VII fmdings. However~ even though the nonphoton densities dwarf 

the photon densities, the average energies for these two particle species are 
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comparable~ being -IO-3 eV fortheT=2.73K universe. The speed of the 

average nonphoton is seen (in the universe frame) to be [l - (3Jl/] 6iJ% 

== 0.&\ time§ photon speed (Table I). Useful properties of the average 

moving nonphoton are expressed as functions of kT/t in Section IV. That 

section includes a listing of connections between certain fusion-fission 

event-probability parameters (e.g., event microscopic cross sections and 

nonphoton spontaneous fission probability per unit time) that are derived in 

Appendix C. 

In Section V, we show how photon redsbift may occur in a static 

universe. Basically~ as a Qhoton emitted from a source travels to a detector., 

the tiDy £-qwmta of the source photon are progressively lost via fusion with 

the quanta of microwave background photons. Half of the mass-energy of 

the tiny nonphoton debris equals that lost by the redshifted source photon. 

For small source-to-detector distances~ this type of redshift is roughly 

proportional to distance. At large distances the redshift tends to increase 

exponentially with distance. Thus, a dark night sky is assured in an infinite 

static universe that is unifonnly populated by photon sources. It is noted that 

if the near-exponential increase of redshift at large distances is used to 
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compute a speed via the Doppler equation, the results might be interpreted as 

an acceleration ofthe rate of expansion of an expanding universe. 

In Section VI, we assume the bodies in solar-type systems present 

very thin targets to the ethereal nonphotons of 2.73K space. On this basis., it 

is demonstrated that the Newtonian gravitational force between bodies can 

be understood in tenns of elastic collisions of the space nonphotons with the 

photon-like particles (photonics) making up such bodies of weighable 

(ponderable) matter. To accomplish the demonstration~ the ethereal 

nonphotons and the photonics making up ponderable matter are represented 

by the average of each species. It is suggested that the generalization of 

Newtonian gravity to that of general relativity may result by going from thin 

to thick-target bodies in which each nonphoton might experience multiple 

elastic collisions with a body's photonic constituents. 

To start, the force on the photonics in a Wlit volume of a body of 

ponderable matter under bombardment by a beam of nonphotons is 

developed. That force is proportional to a defmed function,. f(y)~ where 'Y 

represents the ratio of the momentum magnitude of a photonic to that of a 

nonphoton. If nonphoton gravity is to egual Newtonian gravity, we found 

that the quantity /..-2 x (kT/£) x f(y) must equal a quantity proportional to 
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the gravitational, constant G- - - the constant ofproportionality being fixed 

by known properties of nonphotons (Eq. (95). The A, quantity represents the 

average number of gramslcm2 of ponderable matter through which a 

nonphoton travels to experience its first elastic collision with a photonic. 

We assumed the uncertainty in the measured value of G is the result of 

second collisions in sun-like bodies. An uncertainty of one part in 10''1 

(Ref 13) corresponds to our assumed l-value of 1016 grarnsJcm2
. This left 

the model' s 4j~central parameter" K == kTIe and 'Y to be detennined. 

The parameter, K~ is determined by use of the pbotonic ring model 

developed to represent the electron, proton and neutron and their 

antiparticles. Those models are explained in Appendix D, which builds on 

our 1949 considerations of such models (Appendix E). A photonic ring 

model of a nucleon, which conforms with a nucleon's mass and angular 

momentum, must be very thin relative to the ring radius for a A.-value of IOl6 

grams/cm2
• The ratio of ring-tbichtess to ring-radius must be - ]0-13 jf 

solar type bodies~ consisting lDostly of nucleons, are to represent thin targets 

to nonphotons. And, if the ring surface perfectly reflects nonphotons so as 

to confine a nucleon's photonics in a state of dynamic equilibrium, the 

pressure felt by the surface must be of order of 1064 dynes/crn2
. This large 
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pressure reqUIres a value of K = kT/E ~1077; and, thus, a tiny E quanta of 

order 10-81 eVe 

By use of the A and K values, computed as above, and the necessary 

condition expressed by Eq. (95) for nonphoton gravity to equal Newtonian 

gravity, we obtained a y value of ~10-19 via the known fey) function. This 

completed our demonstration that Newtonian gravity could be understood in 

terms of elastic collisions between 2.73 Kelvin space nonphotons and the 

photonics that make up the thin-ring constituents of weighable matter. 

In Section VII, we utilize the values of the trio of parameters, A, K 

and y, yielded in our Section VI nonphoton gravity study. Those values 

permit us to define features of an emerging model of a photon-nonphoton 

unIverse. The e-quanta constituency of the average nonphoton and the 

average photonic become definable. And, the photonic constituency of the 

electron, proton and neutron becomes definable (Table 2). The list of 

nonphoton features includes their number and inertial-mass densities, their 

directional flux and the large preSSllre felt by surfaces that perfectly reflect 

them. The list of photonic-related features includes their average energy 

and-if not neutral-their electrical charge. 
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With A, K and y values in hand, we become able to estimate the 

microscopic cross sections for the interactions between pairs of particles 

(e.g., the elastic collision of an average nonphoton with an average photonic 

constituent of a ponderable particle such as the electron, a nucleon or a 

photon). Also, the "redshift cross section" for the headon fusion of a pair of 

e-quanta photons becomes definable. The mean free paths for each of the 

above two-particle events are determined by use of the associated 

microscopic cross section. 

In Section VIII, we briefly recall the path followed toward a 

construction of a photon-nonphoton model of the universe. Rationale for 

following that particular path is reviewed. How the model may answer 

questions raised by fairly recent observations is discussed. Also, we note that 

nonphotons may mimic the effects generally attributed to some form of dark 

matter and mimic the existence of a repulsive gravitational force. (Appendix 

F presents a brief discussion of such nonphoton roles.) And, a few possible 

experiments to test aspects of the model are noted. 
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ll. PHOTONS AND NONPHOTONS 

All things in the universe are assumed to be made up of point-like 

particles that. obey the Jaws of- s"ecial relativity. That is~ we assume that a 

particle's properties seen in one frame relate to those seen in a second frame 

according to the frame-to-frame transfonnation prescriptions of special 

relativity_ 

A two-vector fonnalism is employed to defme the values of certain 

particle properties (e.g., velocjty') inertial mass and momentum) as these 

properties would be seen in a frame of interest. These vectors are denoted 

by E and B and their lengths by E and B* ~ At least one of the vectors has a 

non-zero length; and, if both are non-zero, the two are perpendicular. In 

either case, a particle's fonnalism vectors satisfy 

(1) 

In terms of the formalism vectors,. in units of c (the speed of light), a 

particle's velocity is given by 

(2) 

·Because of certain similarities between our fonnalism vectors and electromagnetic 
field vectors, we sometimes refer to E and B as the u~elec1ric~~ and '~magnetic''t vectors 
respectively. 
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Because of the normality requirement of Eq. (I), the particle's speed is 

expressed by 

(3) 

Thus, in accord with special relativity, the formalism limits particle speed to 

the range of 0 ~ f3 ~ 1. 

The formalism expresses a particle's inertial mass in units of rie2
, 

where E is a tiny unit of energy, by 

m =E-E + B.8 =E2 + B 2 (4) 

In units of ric, we denote a particle's momentum by P. From t11e definition 

of momentum"t we -have 

P := mil = 2 E x B. (5) 

Thus, in units of sic, the magnitude of a particle's momentum is 

P=mp=2EB. (6) 

It is noted that the tonnalism recognizes two distinct particles with the 

same inertial mass~ mt} and momentum-magnitude, P. This follows since rn 

and P are not changed if we interchange the values of E and B. In terms of 

m and P, the vector lengths of these two particles are given by 

E = (1/2) t~(m+P) ± ..j(m-P)] (7) 

and B = (J/2) ~"(m+P) + ~(m-P)]. (8) 
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According to special re]ativity~ in going from frame S to frame 5', a 

particle's inertial mass and momentum-magnitude transform from m and P 

to In' and pt. In terms of S-ftame quantities m l is given by 

2m' = (m - a P cos '11)1"0 - a ); (9) 

m' and pi satisfy 

(m?2_ (pti = m2 -p2 = mj-; (10) 

and p1 sin lV' = P sin'll. ( I1) 

Above, a is the length of the vector a. which is the unifonn velocity of S' 

relative to S in units of c; 'If is the angle between a and p~ IIlo is the rest 

mass of a particle capable of rest; and V' is the angle between a and P'. The 

vectors a~ P and P' are coplanar. 

Of course~ the (J == I photons seen in Shave m = p~ and, thus, have 

rnt = P' in all S' frames. In this sense, photons have zero rest mass.. ~ and 

are incapable of rest. That is, m' =p' in all frames; whence, photons are seen 

to move at (i'c = (P'/m') c = c in all frames according to the special relativity 

feature expressed by E<t (10). 

Since a particle's inertial mass and momentum magnitude are seen to 

be different in S and S', its formalism vector-lengths will also differ in the 

two frames. The lengths appropriate for S' are~ of course~ obtained by 

writing mt for m and p' for P in Eqs. (7) and (8). The lengths transform 
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from S to S' so as to satisfy the invariance of mo. That is, via Eqs~ (4), (6) 

and (1 0)., it follows that 

E4 
- 2 £28 2 + 8 4 = (E,)4 - 2 (E'i(B'i + (B,)4 = lllo2. (12) 

As evident from Eqs. (3) and (12)~ if E == B, then (J = ] and 

tl10 = 0; and~ we regard the particle as some kind of photon. The formalism 

also allows "nonphotons", particles with E i= B. The nonphotons have ~ 

values in the range O<~<l and have ffio>O. As a consequence of special 

relativity transformations., photons "are seen" as photons; and nonphotons 

"are seen'" as nonphotons in all inertial frames. 

In what follows, we use the notations E,..B to identify a particle with 

formalism vectors E and B. Figure 1 illustrates vector configurations that 

may serve to represent photons and nonphotons~ the two classes of point-like 

particles assumed to make up all things in the universe. 
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Type of Particle E>B E=B E<B 

E 

Photon 

B 
(P =1) 

E 

B 

(E, B) 

(E, B) 

E+8 
(E, B) 

c 
0..
0 

.L: 

Moving 

(0 < ~ < 1) 

c.. 
c: 
0 z Stationary 

(~ =0) 

E 

8==0 

(E,O) 

E=O 
~B 

(0, B) 

Salonov, un...,erse, figl-4 

Figure 1. Particle Vector Representations and (Symbols). 
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III. PARTICLE FUSION AND FISSION
 

The existence of a "preferred" inertial frame enables us to construct a 

photon-nonphoton model of an infinite universe. Observations have shown 

that the photons of the microwave background in the preferred frame are 

seen to be essentially of uniform density, to move isotropically and to 

exhibit a T == 2.73K Planckian energy spectrum. Here, we refer to that frame 

as the "universe frame". Observers in frames that move at a velocity ac 

relative to the universe frame will see the microwave background photons 

to be anisotropic. And, on the basis of such observations they will be able to 

determine their frame's "a-signature". A discussion of a particular 

experiment that might be used to determine a frame's a-signature is found in 

Appendix A. Below we consider certain interactions between photons and 

nonphotons as such would be viewed in the (l = 0 universe frame. How 

these events would appear in an a ¢ 0 frame is discussed in Appendix B. 

We postulate that, in the universe frame, the formalism vectors of the 

three particles E,B, e,b and ~, 'B must satisfy 

E+e=~ (13) 

and B+b='B (14) 

if the first two may fuse to form the third; Of, if the converse fission event 

may occur. 
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The fonnaJism vectors for each of the various particles must, of 

course. satisfy the normality condition ofEq. (1). This requires that 

E·b + e-B = O. (15) 

The conservation of inertial mass energy requires that 

Eee + b-B = 0; (16) 

and the conservation of momentum requires that 

EXb+exB=O. (17) 

Equation <. 17) tells us: (i) that Exb must be equal and opposite eXB; 

Of, (ii) that each of these vectors must vanish. If (i), the plane of E and b 

must be parallel to that of e and B. If (ii), E and b must be collinear.: and e 

and B must be collinear. In either case, all the vectors-E, B, e and b-are 

parallel to a common plane~ to which t! and ~ must also be parallel 

according to Eqs. (13) and (14). Hence, we may draw the formalism vectors 

of two moving particles that are capable of fusion in the plane of the paper 

as shown in Fig. 2. 

In terms of the formalism's vector-lengths., the three necessary 

conditions expressed by Eqs~ (15, (16) and (17) become 

(Eb ± eB) sin <Q = 0, ( ]8) 

(Be + Bb) cos cp =0 (19) 

and (~b + eB) cos qt = 0, (20) 
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where <p is the angle between E and e (Fig. 2). Fusion, ot~ course, requires 

that the particles move collinearily to a meeting or "be in stationary or 

moving contact. lne upper sign in the above equations applies if" the two 

particles move to a headon encounter (Fig. 2a). The lower sign applies it'the 

particles fuse while moving codirectionally (Fig. 2b) or while seen to be 

stationary in the universe frame. 

For the headon encounter case, -Eq. (18) can only be satisfied if <p == 0 

or q> = 1C. In this case, Egs. (19) and (20) can only be satisfied ifE == 8 and 

e == b. That is, for headon fusion, both E,B and e,b must be photons. r-rhe 

particle fonned by fusion is a nontlhoton with l>~ if q> == 0 (Fig. 3a) or 

with ?>l if <p == 1t (Fig. 3b). In units of E., let Nand n «N) represent the 

energies of the two photons. In terms of these photon energies, the 

properties of the nonphoton formed by their fusion are given by 

~ = ~(N/2) + ~(n/2) (21 ) 

~ = ~(N/2) + )/(n/2) (22) 

;1t = (N + n) (23) 

7J = (N - n) (24) 

~ = (N - n)/(N +n) (25) 
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and ~o = 2 v'(Nn). (26) 

The upper sign applies if <p = 0 and the lower if q> = 1£. 

The formation of a nonQhoton of mass-energy ;If and momentum 'P 

via the headon fusion of a photon pair requires that the photons have the 

unique energies 

N = (tft + 1')/2 (27) 

and n = (Ik -7J)/2 (28) 

and be oriented with <p = 0 or q> = 11:. Conversely., the only antidirectional
 

pair of fisslon products that can emerge from the fission of the said
 

nonphoton are the photons with the above energies. The pair of photons
 

always leaves the fission scene antidirectional1y along a line. This line
 

coincides with that traveled by a moving nonphoton. I f a nonphoton is
 

stationary, two equal-energy photons may leave the fission scene
 

antidirectionally along any line in the plane nonnal to the nonphoton's one
 

fonnalism vector. Thus, the headon fusion of unequal-energy photons and
 

their subsequent reblrth via fission serves to delay photon passage through
 

. a region. An<L the headon fusion of equal-energy photons may serve to
 

redirect photon motion. 
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Where E,B and e,b are seen in the unIverse frame to move 

codirectionally, Eqs. (19) and (20) require that <p = + rr/2 if the particles are 

to be capable of fusion, (Figures 4a and 4b). Satisfaction of Eq. (18) then 

requires that EIB = e/b. This tells us two things: (a) according to Eq. (3), 

the codirectionally moving particles must have the same speed; and, (b) if 

nonphotons, the particles must have the same dominant formalism-vectors. 

Since two separated particles moving along a line at the same velocity 

cannot meet to fuse, it follows that fusion requires that the two move in 

contact as one or be in stationary contact. In terms of the common particle

speed, ~, and the mass energies, Nand n, of the fusing particles, the 

properties of the particle formed by fusion are given by 

~ = (1/2)[-V(l+~) +-V(l- ~)] -V(N+n), (29) 

'B = (l/2)[-v(1+~) + -V(1-~)] -v(N+n), (30) 

;11 = (N+n), (31) 

? = ~(N + n), (32) 

and ;110 = (N + n)-V(l - ~2). (33) 

Above, the upper sign applies if electric vectors dominate and the 

lower if magnetic vectors dominate. 

In the case of the fusion of stationary or codirectionally moving 
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particles, it is evident that all particle pairs with (N + n) ==;14 can 

fuse to form the same single particle. Conversely, the single particle 

of mass-energy;14 can fission into the number of pairs for which 

(N + n) ==;14. That is, in contrast to the case of the fusion of 

antidirectional photon pairs, the same large;14 particle can be formed 

by a variety of pairs of codirectionally moving particles. 

The above rules governing fusion/fission of codirectional 

particles in the universe frame, allow one to regard the particle of 

speed Band with a mass-energy equal to an integer N as an ordered 

assembly of N fusible, unit-energy particles. In terms of B, the 

electric and magnetic vector-lengths of each of the N units would be 

e = (112)["( 1+ ~) + "0 -~)] (34) 

and b = (112)["0 + ~) + "0 -~)], (35) 

respectively. If the composite particle's electric vector dominates, the 

upper sign applies; otherwise the lower applies. 

Consider a system of N identical particles, each with a mass

energy of unity and each moving in the same direction with a 

momentum of B (recall E and E/C are our units of energy and 

momentum). A single particle with mass energy N that moves in that 
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direction at speed f}, of course, has the same momentum, (iN, as the 

system of N particles. If all particles have the same dominant 

fonnalism-vector~ the lengths of the single particle's vectors, E and B~ 

are related to those of the system's units, e and b, by E ;:;;: e..JN and 

B = b~~ where e and b are given by Eqs. (34) and (35)~ 

Imagine the electric vectors of the N units are connected in a 

head-to-tail fashion to form a chain of links. Let the two ends of the 

chain be separated by a distance of e"t/N. Independent of the 

orientations of the links of our Ne-Iong chain lying on a plane, the 

equalities of the system~s and the single particle's mass-energy and 

momentum hold. However~ for arbitrary orientations of the links, the 

system's units are not fusible into the single particle under 

consideration. 

A necessary condition for fusibility is had if the orientations 

satisfy a certain rule. Let us nmnber the units 1, 2, 3... __ , i ....., N. 

Fusibility requires that Wltt-i's link makes the angle sin-I(j-l (I: with 

unit-(i-l}'s link-the direction of unit-i"s link being taken as a 

reference direction. Figure 5 shows the orientations of the units in a 

fusible system of N = 5 units that move at speed jJ = 3/5. For a fusible 

group, it is noted that the lengths of the electric (magnetic) vector of 
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the particle resulting from the progressive fusion of units number 

through j is e.Ji (b"i). 

Two types of nonphoton fission into antidirectional photons 

may be assumed to be aUo\Ved: spontaneous fission at a rate 

unaffected by the presence of photons; and, photon-induced fission. 

This latter type IIlay be considered to result from the close coIlinear 

passage of the nonphoton by a "photon twin'" of either of the two 

photons that could have fused headon to fonn the nonphoton. The 

induced fission event does not violate any of the above rules since it 

may be regarded as two independent processes. One, the twin photon 

approaches, passes and then leaves the fission scene without any 

change in its defming (formalism) vectors. Two, the nonphoton 

fissions while obeying all the rules (i.e.~ the fission occurs as if it were 

spontaneous). 

We conclude this Section by remarks on certain forbidden and 

alJow-ed interactions between two particles. Writing b = 0 or e= 0 in 

Eqs. (18), (19) and (20), one fmds that their solution requires an 

absurdity-namely that sin «) = cos fit = O. Thus, fusion ofa stationary 
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nonphoton with a moving particle is forbidden. Similar reasoning 

leads one to conclude that the fusion of a stationary "e]ectric'~ 

nonphoton with a stationary ''magnetic'' nonphoton is forbidden. It 

may also be noted that reversing the direction of only one of the two 

formalism vectors changes a particle's vector momentum; and, in this 

sense, is forbidden. Of course, reversing the directions of both of 

these vectors does not change a particle's mass energy or momentum; 

and, in this sense:p is allowed. Finally~ it may be noted that the fusion

fission formalism of Eqs. (13) and (14) in no way closes the door on 

allowed elastic collisions betw-een two particles. We exploit such 

allowed events to explain Newtonian gravity in Section VI. 
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Figure 2. Vector Orientations of Collinear Neutral Particles. 
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Figure 3. Illustrating Allowed Fusion of Antidirectional Photons. 
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Note: E/B =alb = &1'8= 3/2; and, all particles move at ~ =12/13. 

Figure 4. Illustrating Allowed Fusion of Codirectional Particles. 
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IV. PHOTONS AND NONPHOTONS IN EQUILIBRIUM 

A. Particle Density Equations 

Since photon fusion deaths give birth to nonphotons and nonphoton 

fission deaths give birth to photons, one is prompted to examine an 

equilibrium mix of these two basic particle types. The photon component of 

the mix must obey Bose-Einstein statistics to lead to the Planck photon 

spectrum, a fact which suggests that we assume the same statistics for both 

the photon and nonphoton components. A statistical analysis requires one 

to think in terms of countable energy states of the particles. This 

requirement is readily met by asserting that particle energies must be 

integer-multiples of a very small energy quantum, E. Such an assertion 

seems plausible since, as demonstrated below, it leads to the correct photon 

spectrum. The previously defined universe frame has the characteristics of 

the uniform and isotropic coordinate-momentum phase space underlying 

conventional determinations of particle densities. Accordingly, we have the 

conditions in that frame to execute the usual steps leading to particle 

densities in an equilibrium mix. It will be noted that, to derive the photon 

and nonphoton densities, we follow the approach used by Bose in 

arriving at the Planck photon spectrum (Ref. 11). 
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In units of e, let m be the mass-energy of the particle that could be 

formed by the headon fusion of a photon of energy n with one of energy 

N(>n). In units of e/c, denote the particle's momentum by i=(N-n)=(m-2n). 

Note that n=O corresponds to photon-particles and that n*O to nonphotons. 

One utilizes all of phase space if one assigns to the subgroup of particles, 

identified by the integers m and n, that portion ofphase space given by 

CV= 2 {V·(41t/3}(E!ci[(i+~i-(1-8~)(i-~i]}; i ~ O. (36) 

Above, i=(m-2n) is the momentum of a particle in the subgroup; V is the 

coordinate volume in which the particles are located; and, 8~ is the 

Kronecker delta. It is necessary to double the bracketed quantity since, in 

general, the two-vector formalism recognizes two distinct (neutral) particles 

with the same mass-energy and momentum (Eqs. (7) and (8)). In terms ofm 

and n, Eq. (36) becomes 

CV= V·81t(c/C)3 [(m-2ni+(2-8~)~] , (37) 

where ~=1/24. 

Following Bose, let gm,n represent the number of cells of size h3= 

(Planck's constanti per unit ofcoordinate volume. This number is given by 

gm,n= CV/Vh3 = 81t(c/hC)3. [(m-2n)2+(2-8i:t)~] . (38) 
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On the basis of the assumed Bose-Einstein statistics, one obtains 

for the number-density of the particle group identified by a particular pair of 

m and n integers. Above, k is Boltzmann's constant and T the system 

temperature as measured by a classical monatomic gas thermometer. 

Other particle densities of interest are the mass-energy density, 

Um,n = Emfm,n ; (40) 

the rest-mass energy density, 

U~,n= 2E{V[n(m-n)]} Fm,n; (41) 

k 'R _I
and, Um,n= Um,n -Um,n = E{m-Z-v[n(m-n)] } Fm,n , (42) 

the "kinetic-energy" density. 

B. Photon and Nonphoton Mass-Energy Densities 

To derive Planck's photon spectrum, one writes n=O in Eq. (40), 

which gives Um,o= 87tE(E/hci · m3 [1+(2Mm2
)) /(emElkT_l); m~l (43) 

for the energy density of photons of energy mE. Writing dU for Um,o; 

hv=h·(photon frequency) for mE; hdv=[(m+l)E-mE] for E; and neglecting 

2Mm2 relative to unity, one obtains 

(44) 
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which is the Planck photon spectrum. 

Figure 6 shows the mass-energy densities of all the m,n-subgroups. 

Planck's photon curve (n=O) is shown adjoining a surface labeled the 

"moving nonphoton surface". Closely spaced points on that surface 

represent the mass-energy densities of the moving nonphotons seen in the 

universe frame. The surface lies between the photon curve and the 

stationary nonphoton curve, which indicates the relatively low mass-energy 

densities of the stationary nonphotons seen in the universe frame. 

Stationary nonphoton mass-energy densities are given by Eq. (40) written 

with 2n=m. And, if 2~2n<m, that equation gives these densities for the 

moving nonphotons. 

Figure 7 displays particle mass-energy density as a function of m and 

particle speed,~. The nonphotons in an m,n-subgroup move, relative to 

the universe frame, at f3=(N-n)/(N+n)=(m-2n)/m. Thus, neglecting 2Mm2 

relative to unity, the mass-energy density of a nonphoton is 132 times that of 

a photon of the same energy. Since m and n are integers, particle speeds do 

not--rigorously--fonn a continuum. However, at mass-energies much greater 

than e(i.e., not too far below kT), particle speeds are so closely packed 
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as to well approximate the continuum implied by Fig. 7. The mass-energy 

density of a stationary nonphoton is very small relative to a photon of equal 

energy, but not zero. 

c. Features of the 2.73K System 

Summing Eqs. (39) through (42) over the appropriate range of nand 

m values, one obtains the densities of the photon (n=O), the moving (m>2n) 

and the stationary (m=2n) nonphoton populations. The results of such 

summations for a 2.73K mix of photons and nonphotons seen in the 

universe frame are shown in Table 1. As there noted, the entries are based 

on the assumption that E/kT«1. 

Provided E/kT«l, the properties of the photon population are 

essentially independent of the E/kT ratio. However, it is seen that the moving 

nonphoton densities are of order kT/E larger than those of photons. That is, 

the moving nonphoton densities are found to dwarf those ofphotons by order 

kT/E; but, the average mass-energies of the two particle types are found to be 

comparable. As noted at the bottom of Table1, the average kinetic energy of 

the great-majority particles (the moving nonphotons) is found to equal, 

approximately, the classical average of "hard sphere" atoms. The stationary 
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nonphoton densities are found to be of order (ElkT) or (E/kT)2 smaller than 

the photon densities. 

As seen in the table, the moving nonphotons have an average rest 

mass energy equal to 31t/16 times the average of their mass-energies. 

Writing P = am in Eq. (10), one finds that a nonphoton with these average 

properties would move at speed ac, where a satisfies -..I( l-ii) = 31t/16. That 

is, the average 2.73K space nonphoton moves at a relativistic speed of 

a ;: 0.81 as noted in the fifth row of Table 1. The table also shows that the 

average mass energy of moving nonphotons is (I4/13)(kT) which equals 

"'0.9xlO-3eV for T =2.73K. 

A knowledge of the speed and mass-energy of the average moving 

nonphoton permits one to relate the energies of the two photons that would-

via fusion--fonn such a nonphoton to the central space parameter, kT/E. By 

use of Eqs. (23) and (25) and Table 1 entries, we find that the average 2.73K 

space nonphoton would be formed by fusion of photons with energies AE 

and aB, where 

A =(1/2)(1+a) · (14/13) • (kT/E) (45) 

and a = (1/2)(I-a)· (14/13) • (kT/e). (46) 
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Other useful properties of these nonphotons that depend on the central 

parameter are their number density 

D = n · (kT/s); (47) 

their mass-energy density 

POc2 = n(kT) · (IJh) · (kT/e); (48) 

and their directional flux 

<I> = (acn/41t) · (kT/s); (49) 

where n == (41[5/45) · (kT/hc)3 :: 184cm-3. (50) 

The pressure felt by a perfectly reflecting surface of nonphotons is given by 

p = (a2/3) nJlc2 (kT/e), (51) 

2where JlC = (A+a)e = (lJh) kT :: O.9xl0-3 eV (52) 

denotes the average mass-energy ofT = 2.73K space nonphotons. 

The above, which may be obtained from Table 1 information, will be 

used for our later demonstration that gravitational forces might be 

understood in terms of nonphoton elastic impacts on ponderable matter 

constituents. 

To compare the shapes of the energy spectra of the three particle

groups considered in Table 1, we have prepared Fig. 8. There, the 

maximum mass-energy density of each particle-group is normalized to 

unity. One group consists of all moving nonphotons that have the same 
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mass-energy, but do not necessarily move at the same speed. The stationary 

nonphotons and the photons constitute the other two groups cited in the 

figure .. 

D. Connections between Event-Probability Parameters 

In his "AlB coefficient" approach to Planck's law, Einstein used the 

label "molecule" when referring to objects that absorb and emit 

photons (Ref 12). He assumed two types of emission: photon-induced and 

spontaneous emission; and, he assumed this latter process to be unaffected 

by the photon environment. It is noted that the nonphoton object, 

introduced here, plays the same role--on a cosmological scale--as Einstein's 

undefined molecule object. That is, the loss of photons via absorption by a 

molecule corresponds to the loss via photon-photon headon fusion--the 

event that creates a nonphoton. And, the emission of photons by molecules 

corresponds to the production of photons via nonphoton fission into 

antidirectional photon pairs. 

Following Einstein, we also assume two types of events yield 

photons: namely, photon-induced fission of nonphotons and spontaneous 

fission of nonphotons. Adopting Einstein's assumption that the 

spontaneous process is unaffected by the photon environment, it follows 

that connections must exist between event-probability parameters 
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associated with the fusion of photons and the fission of nonphotons. A 

derivation of the relationships between such parameters is presented tn 

Appendix C. The necessary connections are found to be 

Iltm,n = 81tC(s/hC)3 ·([n2+2~l[m-n)2+2~] / [(m-2n)2+(2-8:)~])· Iln,(m-n), (53) 

Iln,m = { [(m-n)2+2~] / [(m-2ni+(2-8~)~] }. Jln,(m-n) (54) 

and f.l(m-n),m = ([n2+2~] / [(m-2n)2+(2-8~)~]). Jln,(m-n). (55) 

Above, the quantity J.!n,(m~-n) represents the microscopic cross section for the 

fusion of a photon of energy n with one of energy (m-n)~n~l to form a 

nonphoton of mass-energy m. That is, the per-unit-volume birthrate of such 

nonphotons is given by Fn,oxc)ln,(m-n)xF(m-n),o, where the F-quantities are 

given by Eq. (39). The quantity I/tm,n is the probability per unit time that 

such a nonphoton will spontaneously fission into a pair of antidirectional 

photons. The quantities J.!n,rn and J.!(m~n),rn are the microscopic cross sections 

for the fission of such nonphotons that are induced by photons of energy 

nand (m-n), respectively. That is, the rate of fissions of such nonphotons 

in a unit volume that are induced by photons of energy n is given by 

Fn,oxcJ.!n,rnxFm,n and the rate induced by photons of energy (m-n) 

IS given by F(rn-n),oxcJ.!(m-n),rnxFm,n · 

Since ~=1/24 and since (m-n)2n2::1 for nonphotons, one may--without 
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appreciable error--neglect the 2~ terms in the numerators of the above three 

equations. Except for the stationary (m=2n) nonphotons, one may also 

neglect the ~ terms in the denominators. 
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Figure 6. Particle Mass-Energy Densities: Surface Representation. 
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Table 1. Features of Particles in 2.73°K Model Universe 

Particle 
Property 

Type of Particles 

Photons (n = 0) 
(m ~ 1) 

Nonphotons (n '* 0) 

Moving 
(m> 2n ~ 2) 

Stationary 
(m = 2n ~ 2) 

Number Density 
(em-3) 

F == 12[81t(kT/hc)3] = 
4.09xlO2 

(I3/612)F·{kT/E) == 

1.84x102(kT/E) 

(LV212)P·(£/kT)21n(kT/£) == 

3.54 [(ElkT)2 In(kT/E)] 

Mass Energy Density 
(eV·cm-3) 

U = 13[81t(kT/hc)3·(kT)] == 
0.260 

(I4/6I3)U·(kT/E) == 

0.165 (kT/e) 
(M ,/2I3)U·(£/kT)2 == 

1.37x10-3(£/kT}~ 

Rest-Mass Energy 
Fraction1""---------

Kinetic Energy 
Fraction 

0 

~------------------
1 

31[/16 = 0.590 

(l-3n:/16) = 0.410 

1 

-----------
0 

Speed ratio: 

Particle Average 1 [1-(31t/16)2] l~ 0.81 0 

Photon 

I Average of Particle 
Mass Energies 

(eV) 

U/F = (I3/I2)(kT) = 
2.70(kT) = 
6.36xlO-4 

(I41I3)(kT) = 
3.83(kT) == 
8.95xlO-4 

I 1(kT)/ln(kT/£) == 
1.64(kT)/ln(kT/£) == 

3.87xl O~4[1 /In(kT/£)] 

Satonov, unl\lerse tables 

Notes: 

(1) Ll = 1/24 

(2) For T =2.73°K, (kT) == 2.35xI0-4eV 

(3) (ElkT)«l 

(4) Ii == J;[xi/(eX-I)Jdx 

11 == 1[2/6 ~ 1.64493 

12 == 2.40410 

13 = 1[4/15;= 6.49392 

14 == 24.88627 

Is = 81[6/63 ~ 122.0808 

(5) Average kinetic energy of moving nonphotons is ~ O.410x3.83kT = 1.57kT. 
Compare with 1.5kT = classical average of "hard sphere" atoms. 
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v. PHOTON REDSmFT IN A STATIC lJNIVERSE 

The observed redshift of light that has traveled cosmological-scale 

distances is generally attributed to special relativistic Doppler effects. Being 

based on special relativistic point-like particle dynamics. the photon

nonphoton universe model, of course, also recognizes this type of redshift. 

However~ we do not require that the observable universe be expanding to 

explain redshifl as does a 41.big bang'" scenario. Here., we show that similar 

redshlft could occur in a photon-nonphoton universe that is not only infinite 

but also static when viewed on the largest cosmological scale. 

It has been noted that the photon of energy mE~ where m is an integer~ 

may be represented by an ordered assembly of m photons" each of" energy 

& (i.e... photon quanta). This special feature-together with the fact that 

rotations of" a quantum"s defining (formalism) vectors about its lIne of motIon 

docs not affect its energy and momentum: and.. that quanta pairs ma~f fuse 

headon to form a stationary nonphoton--undcrJies an explanation of redshift 

in the static universe model.Basical1y~ a~ a photon emitted from a source 

travels to a detector--both source and detector being stationary in the 

universe frame--the quanta of the source photon are pr(}gressively lost via 

headon fusion with quanta ()fthe 2.73K microwave background photons. 
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We refer to the quanta of photons from the source as "source quanta" 

and the Quanta of 2.73K space radiation as ~~space quanta". The number

density of space quanta is O/&, where U is the total energy-density of space 

photons. By use of the infonnation in Table 1~ we have 

U/£ = (81[5/15) (kTIhc)3 (kT/£) = (0-26O/e) cm-3 (56) 

for the number-density of space quanta. Here, T-2.73K and E is in eVe 

On the average over time, a fraction f ot' the space quanta are assumed 

to be moving opposite to the direction traveled by source quanta and to have 

their electric vectors codirectional or antidirectionaJ to that of any source 

quantum. Thus, f·U/& represents the number-density of space quanta that are 

assumed to be properly oriented for fusion with a source quantum. Now~ 

asswne that fusion will occur if the parallel lines traveled by a source 

quantmn and a space quantum are sepurated by a distaoce of ~(nhr.), or Jess. 

The probability per unit length of travel by a source quantum that it will fuse 

with a space quantum is then given by 

(I/A) == f· (U/E)· (J = JJ.I.t •(U/E) . (57) 

Above~ J.!J,I=fo plays the role ora microscopic cross section for the "headon'" 

quantum fusion events under consideration; and, A-1 is the corresponding 
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macroscopic cross section. By use of the UIE expression of Eq. (56), the 

macroscopic cross section expression reads 

(58)
 

Let Jl1o& represent the energy of the emitted source photon and mE its 

energy after traveling a distance r. Since 

(59)
 

(60)we have 

The above exponential attenuation of source-photon energy assw-es a finite 

energy-density of such photons in a spacially-infinite universe which is 

unifonnly populated by sources. And, since mcIm!e/JAo (A represents 

photon wavelength), it follows that observations of r and A/'Ao should yield 

the constant A-value given by 

A= rlln ('JJ'Ao) (61 ) 

if the static Wliverse model is to be in accord with nature. 

The redshift, z., incurred by source photons m traveling the 

distance r is then given by 

r/A -I ;Z E (A-Ao~=mJm-l := e. (62) 

or, by z == riA; r«A. (63) 
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This latter "near-in~' approximation of the moders redshift equation
 

conforms with Hubble's observations which led to his law; namely, 

z == (HIe)· r~ (64) 

where H is Hubble's constant. Observations yield a nominal value of the 

Hubble time, HoI, equal to about 1010 years. This suggests a A-value of e·H- 1 

:= 10 lO light years (_1028 em). 

With a A-value in hand, we are able to obtain a value of the 

microscopic cross section~ Jll,), in tenns of the model's energy quantum~ E . 

Via EQ. (58), one obtains 

J.L1,1 = (15/81t5).(lIA).(hclkT)3 · (ElkT). (65) 

In Figure 9, we display the redshift versus distance curves defmed by 

Eq. (62) and its "near-in" approximation, Eq. (63), which confonns with 

Hubble's law, Eq. (64). If the special relativity Doppler equation is used to 

compute an implied recessional velocity of a photon's emitter frame relative 

to that of the frame of the photon's detector, the implied recessional velocities 

would be as shown in Figure (10). That velocity would have the magnitude a 

(in units of c) and be related to the redshift z according to 

z+ 1 =l(l+a)/(l-a)]~, (66) 

or, equivalently, by 
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a = [(2+z) / (2+2z+z2
)] • z. (67) 

For small z-values., a would approximately equal z; and, per Hubble's 

law of Eq. (64), the above implied recessional speeds would be proportional 

to T. That is, under these conditions, the recessional speeds would correspond 

to those between points of an object that was expanding unifonnly. Hence, 

for sources '-'near-in" to detectors, the implied recessional velocities would 

correspond to those of a uniformly expanding universe. 

The static photon-nonphoton model yields significantly larger redshifts 

for "far-out" sources than does the extended linear model of Hubble's law. 

This difference may offer an explanation for the large redshifts recently 

observed from very distant sources. If such observational data is used to 

compute a recessional speed via the Doppler equatio~ the results might be 

interpreted as an acceleration of the rate of expansion of a universe that might 

actually be static. 
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VI. NONPHOTON GRAVlTY 

To develop expressions for the particle densities in an equilibrium mix 

of photons and nonphotons, it was not necessary to examine elastic collisions 

between the ethereal nonphotons and other particles, either photons or other 

nonphotons. We visualized an infmite universe where nonphotons are born 

from the fusion of two photons, each with an energy in the universe frame 

that equals an integer times a tiny quantum of energy, £. A photon ofenergy 

N fuses with one of energy n(<N) to fonn a nonphoton, here identified by 

those two integer nmnbers as (N,n). Upon spontaneous or photon-induced 

fission, each nonphoton may later return to the universe the same pair of 

photons that fused to form it. The model disallowed the fusion of a 

nonphoton with either a photon or an antidirectional nonphoton. However, 

elastic encounters between such particle pairs were not disallowed. And, 

such encounters between nonphotons and photon-like particles are now 

examined as a possible source of the gravitational forces felt by weighable 

(ponderable) bodies. 

The average moving nonpboton will be used to represent the moving 

nQnphoton conununity seen in the universe frame. Equations (45) through 

(52) defme several of the properties of the average moving nonphoton. Such 
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a nonphoton will be denoted by (A~a)., where A and a are the quantities 

defmed by Eqs. (45) and (46). The basic constituents of ponderable matter 

are assumed to move at the speed of light and are denoted by (B,O). 

"Fundamental particles" such as electrons, protons or neutrons, seen at rest in 

the universe frame., will be modeled by communities of (8,0) "photonics" that 

move in circular orbits. Such photonic-ring models are developed in 

Appendix D. 

A. (A,a)-:fB,Ol Elastic Collisions: Definition and Momentum Chanee 

The events to be examined involve the meeting of a nonphoton, (A,a), 

with a (B,O) photonic. It is to be understood that particle mass-energy, 

momentum and mass are, respectively, in units of E, E/c and E/c2 , where c is 

the speed of light. To qualify as an elastic encounter, each particle must at 

all times be the same entity. That is, if the particle was a nonphoton before 

the collision it will be the same nonphoton after the collision; and, thereby, 

be able to return to the universe the same photons that had fused to tonn it. 

And, the (B,O) photonic maintains the energy B as it emerges from the 

collision. This defmition of an elastic event assures that the two-particle 

system's mass energy is conserved, always maintaining the value (A+a+B). 

Also, the magnitude of each particle's momentum remains unchanged, 
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being (A-a) and B for (A,a) and (B,O), respectively. And, of course, the 

rest-mass of (A,a) remains at 2...J(Aa) and that of the photonic,(B,O) is zero 

throughout the collision event. Only the directions moved by each particle 

may be altered by their elastic encounter; and, such alterations must 

conform with the conservation of the two-particle system's vector 

momentum. 

The system's precollision, triangular, momentum-vector diagram is 

shown in Figure 11. There, \If represents the angle between the directions 

moved by the two particles and P, the system's vector momentum. In terms 

of the lengths, (A-a) and B of the individual-particle momentum-vectors, the 

length of P is given by 

P = [(A-ai+ B2 + 2(A-a)B cos ",]1/2 (68) 

Imagine the precollision triangle to be rotated about P out of the plane 

of the paper by the angle~. For arbitrary Sthe orientations of the individual

particle momenta in the rotated figure then represent the directions of the 

outgoing particles'momenta compatible with the conservation of system 

momentum. As the triangle is rotated, the point 0 of Figure 11 generates the 

circle of radius p shown in Figure 12. That radius is given by 

p('I') = [(A-a)B (sin ",)]/P (69) 
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The vector 00' (Fig. 12) represents the change in momentum experienced by 

(A,a) if the post-collision plane makes the angle ~ with the precollision 

plane; and, 0'0 is the change experienced by (B,O). The magnitude of these 

equal and opposite changes is 

00' == 2p sin (~/2) (70) 

If all ~-values are equally probable, the average change in each 

particle's momentum is representable by a vector in the plane of the 

precollision triangle (Fig. 11). The vector, representing such an average is 

normal to P and its length is given by 
2m 

\[2p sin (s/2)] · [sin (s/2)] (ds/21t) = p('V), (71)
J(J 

where p(\V) is defined by Eq. (69). 

B. Force on Targets of (B,O) Particles under Bombardment by a Beam 

of (A,a) Nonphotons: 

Consider a flat thin target of thickness t and area S. The target contains 

isotropically-moving and uniformly distributed (B,O) particles. A mono-

directional beam of (A,a) nonphotons flows into the target normal to its 

surface of area S. Let I denote the "current-density" of beam particles (i.e., 

the rate that beam particles cross a Llnit area normal to the beam's direction 

of flow). Let D denote the total number-density of the (B,O) particles in the 
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target and D/2 the density subject to first-hits by (A,a)'s_ Our objective is to 

determine the force felt by the community of target particles (in a unit 

volume of target) as a result of first hits by the nonphotons of the beam_ 

The incremental collision rate, associated with (A,a) hits on those 

(B,O) particles moving in directions d'V about \jJ (see Fig_II), is given by 

I-S-cr('V)-(D/2)-t-(I/2) (sin\jJ) d\jJ_ Here, cr('V) is the microscopic cross section 

of (A,a)-(B,O) elastic collisions_ To obtain the net force felt by all the (B,O) 

particles in a unit voillme of target, one multiplies by (a/c)-p-sin8; divides by 

Set; and, integrates over all \jJ values_ Since, 

sin 8 = B (sin \jJ)/P (72) 

one obtains 

(11" 
F= (l/2)-(E/c)-Io(D/2)-(A-a)J.?" (\jI)[B/Pf sin\vd\Jf. (73) 

o 

for the force felt by the (B,O) photonics in a unit volume of the target 

particles 

A single photonic would move in a straight line through the isotropic 

nonphoton flux ill the "zero gravity" regions of the universe frame if we 

take cr('V) = cr - sin'll, where cr is a constant_ For this particular form of cr('V), 

Eq_ (73) may be expressed as 
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F= (1/4)-(E/c)-I-D(A-a)-cr-f(y)_ (74) 

Above, y is defined by 

y == B/(A-a), (75) 

which is recognized as the ratio of (B,O)'s momentum magnitude to that of 

(A,a)_ The function, fey), is given by 

rr 

fey) = l rsin\" [1+l +2y cos",r l d",. (76)
Jo 

Special features of this function are 

fey) ~ (31[/8)l; l«l, (77) 

f(l) = 1t/4 ~ (78) 

and fey) ~ (31[/8); l» 1 • (79) 

C. Space Nonphotons as a Cause of Gravitational Force 

Here our objective is to demonstrate that Newtonian gravity could be 

the result of impacts of 2_73K space nonphotons on the (B,O) photonics of 

ponderable matter_ Our task is to relate the properties of average space 

nonphotons, (A,a), and of average ponderable matter photonics, (B,O), to 

parameters which define a photon-nonphoton universe and also conform 

with Newton's prescription for gravitational forces.. A "central parameter" 

is the very large number, K, defined by 

K == (kT/E), (80) 
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where T = 2.73 Kelvin and 6 «<kT-2.35xlo-4 eV) is a tiny quantum of 

energy. The dependence of nonphoton quantities on K is given by Eqs (45) 

through (52), As previously noted"t the a quantity appearing in those 

equations is the speed of the average moving nonphoton (as seen in the 

universe frame) in units of c~ its value is given by 

a = [I - (37rl16ifA 
;; 0.81. (81) 

To develop the dependence of ponderable matter'luantities on K and 

other parameters compatible with Newtonian gravitational forces, we will 

refer to Figure 13. There~ two spheres of weighable matter are shovm 

embedded in the infinite sea of the (A,a) nonphotons of 2. 73 Kelvin space. 

The number density of (A,a) is everywhere--both inside and outside the 

spheres--equal to D(A.,a). Also~ each sphere contains the (B,O) particles that 

make up its ponderable matter. The nwnber density of (B,O) in the sphere of 

mass M and radius R is 

D~B,O)= [Mc2fB&] • 3I41CR3~ (&2) 

and, that of the sphere ofmass m and radius r is 

Om(81'O) = [mc2lBf:] · 3/41fT3
. (83) 

To derive Newton's law, we require that all lxxlies-in systems which 

the law describes with reasonable accuracy--are very thin relative to the 
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mean-free path for (A,a) collisions with (B,O) particles. This means it is 

sufficient to consider the spheres to be very small relative to the distance, L, 

between their centers*. Under these conditions, the solid angles subtended 

by one sphere at points of the other are well approximated by 

(84) 

and (85) 

These solid angles are shown in Figure 13. 

In the absence of one sphere, it is evident that the other would feel no 

net force due to the uniform bombardment from all directions by (A,a) 

nonphotons. Only spherically-symmetric compressive forces would arIse 

throughout the interior of an isolated sphere. With two spheres of 

ponderable material present, each is shielded, to some degree, by the other. 

This results in a net force felt by each that pushes it toward the other. Let us 

first derive the magnitude of the net force fett by M due to the presence ofm. 

If the mean free path in space, /\, for (A,a)-on-(A,a) collisions is large 

relative to ~ -as we must assume-then the essentially monodirectional 

current density of (A,a) that flows within OM into M would-in the absence 

*That is, if Newton's law applies to incremental portions of large bodies, it will also 
apply to the large bodies themselves, provided the latter present very thin targets to space 
nonphotons. 
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of m-be <DQM where <I> is given by Eq. (49). In the presence of m, this 

current density is reduced by scattering of some (A,a)'s by collisions with 

one half of the (B,O)'s in m. The fraction scattered in the thin-target m is 

[(m/2)C2/BE] · O'/(nr2
), where cr is a microscopic cross-section for such 

scattering events. For a(w) = 0" • sinW and assuming a body's photonics 

move isotropically, we have 0" = 1[0"/4. Under these conditions, there flows 

into M from the left an excess current density of 

(86) 

According to Eq. (74), the force felt by the (B,O) particles in a unit 

volume ofM due to its exposure to 1M is 

FM = (1/4)(E/c) · 1M· [DM(B,O)] · (A-a) · cr · fey), (87) 

where y and fey) are defined by Eqs. (75) and (76). Multiplying by M's 

volume, one finds the force on M due to the presence of m is 

~ = ct;M · mM/L2, (88) 

where ct;M = (a21128) · (nc4/kT) · 0'2 · [(A+a)f(y)/B2] · K2. (89) 

Repeating the above sequence to derive the force on m due to the 

presence of M, one finds this force to be 

CJm = ct;m · mM/L2, (90) 

where (91) 
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Hence, the force that pushes M toward m is equal and opposite that which 

pushes m toward M. And, the magnitude of this force would equal that pre

dicted by Newton's law if c{]M equaled Newton's G = 6.66 X 10-8 dynes · 

cm • (gramr2
• In this case, the three identifying numbers of (A,a) and (B,O); 

the parameter K; and, the cross-section cr are constrained so as to satisfy 

We denote the average of 0' · sin'l' bya. The cross section a may 

be expressed in terms of A, the average mass of weighable thin-ring-type 

matter per unit area penetrated by a nonphoton prior to its first collision 

with a photonic, and the photonic's mass energy, BE, as 

0' = 2BElc2A, = (1t/4)cr. (93) 

And, according to Eq. (52), 

(A+a) = (J!c2/s). (94) 

By use ofEqs. (93) and (94), the constraint ofEq. (92) may be expressed as 

K · fey) · A,-2 = (21t2/a2
) • (G/nJ!c2) (95) 

In wllat follows, we seek specific values of A, K and y, the three quantities 

needed to complete our demonstration that gravitational forces might be 

understood in terms of elastic collisions between 2.73K space nonphotons 

with the photonic constituents of weighable matter. 
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D. De 1, K and I PanDleten 

We start by specifying the value of the parameter denoted by~. A 

nonphoton must travel through an av~ of i gramslcm2 of wei~ab)e 

matter to experience its first elastic colllision with a photonic constituent of 

such matter. N·onphoton Newtonian gravity is a first collision concept. The 

effects of second collisions are asswned to cause the uncertainty in the 

measured values of G, Newton's gravitational constant. That uncertainty is 

taken to be about one part in 105*. The \lrobability for a second collision in 

the sun would be about 10-5 if 1. = ] 016 gramslcm2
, the value of 1. taken here. 

And, of course, such a large A-value satisfies a basic requirement of the 

nonpboton gravity concept-namely that solar system bodies present ''thin 

targets" to nonphotons. 

In addition to A,., we seek the values of two dimensionless parameters. 

One is K, the "central" parameter of a photon-nonphoton universe defined by 

Eq. (80). The second parameter is y, which represents the ratio of the 

magnitude of the average photonic' s momentum to that of the average 

nonphoton, (Eq. (75). 

*According to "Physics News in 2000", a supplement to APS News~ an uncertainty of 
O.0014°A. was reported by Jens H. Gundlach of the University ofWasbington at the APS 
meeting in Long Beach. 
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To estimate the value of K, we utilize the fact that almost all of the 

mass of solar-system bodies is that of their protons and neutrons. These 

nucleons will be represented by a photonic-ring model (see Appendix D). 

Nucleon rest mass, M. is ~1.67 X 10-24 grams and the ring model's radius, R, 

is ~ 1.05 x 10.14 em. The ring thickness is denoted by 2r, where r«R. 

We take the surface area of a nucleon ring to equal Ncr. Here N is the 

number of photonics making up a nucleon and cr represents cr('V) for'll == 1[/2. 

(Recall that we took u('V) to equal cr · sin'll). Thus, we have 

41t2Rr == Ncr. (96) 

Let b represent BE, the average energy of a photonic as seen in the 

universe frame. In terms of b, N is given by 

N = MC2/b. (97) 

And, according to Eq. (93), cr may be expressed in terms of b by 

0" = (8/1t) · (b/C2
/..,). (98) 

Substituting these Nand cr expressions into Eq. (96), and solving for the 

nucleon ring's half thickness, one obtains 

r = 2 .(1t3/..,)"1 • (MIR) == 1.026 x 10-27 em. (99) 

A ring's circulating photonics will experience dynamic equilibrium if 

its surface feels a pressure p that satisfies. 
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(100) 

where (101) 

is the volume of the ring, (see Appendix G). By use of Eq. (99), we find 

the pressure required for dynamic equlibrium is 

p = (1t4/8)A?C2
• (RIM) ~ 0.69 x 1064 dynes/cm2

• (102) 

In pursuit of a K-value, we assume that the nucleon ring's surface 

perfectly reflects the nonphotons that hit it. Since r«R an essentially 

isotropic flux of nonphotons bombards the ring's exterior. The resulting 

pressure felt by the exterior surface due to such bombardment is given 

by Eq. (51), which-in terms ofK-is 

p = (a?/3) n~c2K. (103) 

For dynamic equilibrium, the above p-value must equal that given by 

Eq. (102). Equating the two values and solving for the central parameter,K, 

one obtains 

K = (31t4/8a?) 'O}/nJl) · (RIM),~ 1.21 x 1077
• (104) 

Via Eq. (80), one finds the value of the tiny energy quantllm to be 

E = (kT/K) ~ 1.94 x 10-81 eVe (105) 

To determine the value of y, the last of the trio of desired parameters, 

we first find fey) by substituting the Aand K values into Eq. (95). This yields 
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fey) = (16/311?) · (G/c2
) • (MIR) ~ 6.36 x 10-39

• (106) 

For such a small value of fey), Eq. (77) tells us that-to a high degree of 

accuracy-f(y) ~ (31t/8) ·l. Thus, we find 

y = (8/31t) · [2GM/1tc2R]\6 = 7.34 X 10-20
• (107) 

Summarizing, we took A ~ 1016 grams/cm2 on the basis of the 

uncertainty in G and the requirement that solar-system bodies present thin 

targets to nonphotons. Next, we modeled nucleons by photonic rings. By 

asserting that the pressure resulting from particle bombardment of a ring's 

exterior be equal and proper for dynamic equilibrium of the ring's circulating 

photonics, a value of the pressure was obtained. Equating this pressure to that 

felt by a perfectly reflecting surface of nonphotons, we found the central 

1077parameter of the photon-nonphoton universe must be K ~ 1.21 x • 

With the values of A and K in hand, we found y ~ 7.34 x 10.20 

VIa the A-K-y connection required for nonphoton gravity to equal 

Newtonian gravity. 

It may be noted that the value of Aand the A-K-y connection of Eq.(95) 

derived from considerations of phenomena on the scale of the solar system. In 

contrast, the K-A connection of Eq. (104) derived from consideration of 

phenomena on the scale of a nucleon. By combining the findings of the 
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considerations on these vastly different scales, a first set of specific values of 

A, K and y have been obtained and may now be utilized to define important 

features of the modeled photon-nonphoton universe. 
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VII. EMERGING FEATURES OF THE MODELED UNIVERSE
 

On the basis of the specific values of the trio of parameters now in 

hand, namely, 

A= 1016 grams/cm2, 

1077K == 1.21 X 

and y = 7.34 X 10.2°, 

we are able to determine the implied properties of a variety of particles 

(nonphotons, photonics, electrons, protons and neutrons) in the modeled 

photon-nonphoton universe. 

A. Nonphoton-Related Quantities 

In the universe frame, the average moving nonphoton would be seen 

to be formed by the headon fusion of a photon consisting of A s-quanta with 

one of a «A) quanta, where 

A = (112)(1+a) · (~c2/kT) · K ~ 4.175 x 1077 (108) 

1077and a = (1/2)(1-a) · (~c2/kT) · K == 0.445 X • (109) 

The values OfE, a and ~c2are given by Eqs.(105), (81) and (52) respectively; 

and, T == 2.73 Kelvin. The number density of these nonphotons is 

D = n·K ~ 2.228 x 1079 
• cm-3

; (110) 

their inertial-mass density is 
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43 3Po = n~ · K == 3.562 X 10 grams · cm- ; (111 ) 

and, their directional flux is 

<D = (a/41t) cn·K == 4.30 x 1088cm-2. sec-I · steradian-I. (112) 

If nonphotons are perfectly reflected by a surface, the surface feels the 

pressure 

p = (a2/3) · n~c2 · K == 0.690 x1064 dynes · cm-2. (113) 

The definition and the value of the quantity n is given by Eq. (50) 

B. Photonic-Related Quantities 

The momentum magnitude of the average photonic is b/C and that of 

the average moving nonphoton is aJlc. By definition, y is the ratio of the 

former to the latter. Hence, the average photonic's energy is given by 

o= a~c2 · 'Y == 5.34 X 10-23 eV. (114) 

That 8 is considerably smaller than the average energy of either the micro

wave background photons or the moving nonphotons of 2.73K space is 

evident from inspection of Table 1 entries. The number of e-quanta making 

up the average photonic constituent ofweighable matter is 

B = OlE = (a~c2/kT) · K· 'Y == 2.745 X 1058
• (115) 

In constructing photonic-ring models of the electron, proton and 

neutron (Appendix D), each photonic was assllmed to be without electric 

65
 



charge or to carry a charge of +~ or --s. The value of ~ is proportional to b 

according to 

l; = ~2 · (<>/mc2
) • e = ~2 · (a~m) · e · y == 7.10 X 10-38 esu, (116) 

where m represents the electron's rest mass and e the magnitude of its 

charge (see Eq. (D9) of Appendix D). 

C. Microscopic Cross Sections 

The microscopic cross section for the elastic collision of an average 

nonphoton with an average photonic of weighable matter is 

(j = 2(<>/c2A) = 2(a~) · A-I · Y== 9.50 X 10-72 cm2
• (117) 

Table 1 shows the average energy of a microwave background 

photon is ~ 6.36 X 10-4 eV, which equals ~ 1.19 x 1019 x <>. If the 

equivalence of mass and energy and that of inertial and gravitational masses 

are to hold, the microscopic cross section for an elastic encounter between a 

nonphoton and a background photon must be ~ 1.19 x 10'9 Xcr == 1.13 X 10-52 

2cm . The number density of background photons is 409/cm3. Thus, the 

mean-free path for such encounters in free space is [409 x 1.13 x 10-52r' 

_ 2.16 x 1049 cm, or about 2.16 x 1031 light years. 

The above-cited microscopic cross sections may be compared with 

J.!]], the cross section for E-quantum fusion that offers an explanation of 
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redshift in a static universe (Section V). Via Eq. (65) and Eq. (50), that 

"redshift" cross section may be expressed as 

(118) 

Here, /\ represents the product of c times the Hubble time. The above f.!11 

value assumes a Hubble time of -1010 years which yields a /\ value of 

~1028 cm. 

D. Features of Photonic-Rin2 Models of the Electron, Proton and 

Neutron 

Appendix D describes many-but not all-of the features of 

photonic-ring models of a trio of particles (the electron, the proton and the 

neutron). The models were designed to conform with four of each particle's 

important properties: mass, charge, angular momentum and magnetic 

moment. Two or three circles, all of radius R, represent the orbits of a 

model's photonics. The circles' planes are parallel and closely spaced; and, 

their centers lie on the model's "axis", a line normal to these planes. On one 

circle, ~ photonics, each carrying a +s charge, orbit the axis in one 

direction. On a second circle, ~ photonics, each carrying a --<; charge, orbit 

in the opposite direction. The electron was modeled by only two circles, the 

~ and the ~ circles. A third circle is required to model a proton or a 
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neutron. On the third circle, N° electrically neutral photonics orbit in the 

direction that enhances the net angular nl0mentum of the charged photonics. 

In Appendix D, it was possible to define R and the relative 

populations of each photonic type. However, for lack of a value of 0, it was 

not possible to specify the values of ~, ~ and N° for each member of the 

particle trio. By use of the o-value developed here, we can now specify 

N = Mc2If> (the total photonic population). And, with the relative population 

figures (~/N, ~/N and N°/N) developed in Appendix D, the individual 

populations of each photonic type becomes definable. 

Table 2 displays the photonic population figures for the three modeled 

particles. Also shown are r+, r- and rO ,the half-thicknesses of ~, ~ 

and N° rings compatible with dynamic equilibrium under the pressure 

p = 0.69 X 1064 dynes/cm2
, the pressure felt by perfect reflectors of 

nonphotons. It should be noted that these half-thickness values are obtained 

by use ofEqs (100) and (101) with ~f>/c2, ~f>lc2 and N'f>/c2 written for M. 
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Table 2. Features of Photonic-Ring Particle Models. 

Model Feature 
Particle Modeled 

Electron Proton Neutron 

Mass Energy (MeV) 0.511 938.3 939.6 

Photonic 

Populations 

All Rings ~57x 1028 1.757 x )O~I 1.7595 X lOJ' 

N+ ring 0.140 x 1028 2.224 X 1028 1.293 X lO2x 

N- ring 0.817 x 1028 1.548 X 1028 1.293 x lO::~ 

N° ring 0 1.753 x lOll 1.757x 10J1 

Ring Radius, R (em) 2.73 x 10-1I 1.053 x 10-14 1.051 x l()-J~ 

Ring 
Half-thickness 

(em) 

Nt. t 
.l. rIng, r 1.794 X 10-3J 

_J.~(j~O x 10-29 2.784x 10-29 

N- ring, r 4.330 x 10-31 3.~036 x 10-29 2~78_4x 10-29 

N° ring, rO 0 1.023 x 10-27 1.026 x 10-27 
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VIII. CONCLUDING REMARKS
 

Let us recall the path followed in bringing into a coarse focus some of 

the important features of a photon-nonphoton universe. We have assumed 

all things in the universe are made up of particles whose dynamic properties 

transform from one inertial frame to another according to the prescriptions 

of special relativity. To specify a particle's properties, we utilized the two

vector formalism described in Section II. As a consequence of opting to use 

this particular formalism two basic particle-types presented themselves. In 

addition to photons, the notion of "nonphotons" emerged. 

In Section III, we considered the formation of one particle by the 

fusion of two and the converse fission event as such would be seen in a 

preferred inertial frame. That frame, referred to as the "universe frame", 

was assumed to be infinite in extent and age. An observer knows his is the 

universe frame if he sees an isotropic background of microwave photons 

with a Planckian energy spectrum at a temperature T == 2.73 Kelvin. 

We postulated that a necessary condition for the above fusion-fission 

events to occur is that likekind formalism vectors be additive in the universe 

frame. A consequence of this postulate is that photons and nonphotons 

could coexist symbiotically. That is, two photons could fuse to form a 
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nonphoton which later could fission to return the same two photons to the 

unIverse. 

In the universe frame, two photons would be seen to move headon 

toward the fusion scene. Because of the special relativity energy-momentum 

transformation rules, in other frames the same two photons would--in 

general--not be seen to move toward a headon meeting. However, a fusion 

or fission event would, of course, be seen in all frames though details of 

particle motions would be seen to differ as described in Appendix B*. As 

noted in that appendix, if particle mass-energy and momentum transform in 

accord with special relativity, only one frame may be chosen for the 

satisfaction of our above-stated fusion-fission postulate. And, to construct 

the photon-nonphoton universe model, the unique and infinite universe 

frame was chosen to establish rules that govern allowed particle conversion 

events. In a sense, the preferred frame corresponds to Newton's absolute 

space with respect to which bodies were regarded to translate or rotate. 

*Equations B-2 and B-3 of Appendix B define a necessaary condition for photon fusion 
in terms of an arbitrary frame's (experimentally determinable) "a-signature", where gc is 
the frame's velocity relative to the g=O universe frame. Those equations might be 
regarded as a "law of nature" since they have the same form for all frames. This law 
simply requires that photons meet headon in the g=O universe frame for fusion to occur. 

71
 



In Section IV, to develop the densities of photons and nonphotons in 

an equilibrium mix, we assumed particle energies in the universe frame are 

integer multiples of a tiny energy quantum, E. We believe some of the 

reasons for, and the benefits deriving from, such an assumption deserve to 

be emphasized. 

A discrete energy quantum permitted us to think in terms of 

countable energy states as required for a statistical analysis of equilibrium 

particle distributions. A discrete, but tiny, E is sufficient to generate the 

Planck photon spectrum on the basis of an appropriate (Bose-Einstein) 

statistics; and, to generalize the Planck photon curve by extending it into a 

surface (Figure 6) that defines the spectra of the nonphotons in an 

equilibrium particle mix. A finite E leads to densities of nonphotons that are 

very large (~kT/E times photon densities), but finite (i.e., we have no 

singularities with a non-zero E). And, to develop the redshift idea put 

forward in Section V, it was helpful to regard photons as a very large 

number of quanta, each with a very small energy E, that travel as an ordered 

group. 

Also, with a tiny B-quantum, our model's "central parameter", 

K =kT/E, is a very large-but finite-number. Since the mass-energy 

density of the ethereal nonphotons is proportional to K, a small volume of 
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the photon-nonphoton universe contains the large energy required for a 

"mini big bang" event. That is, via photon-induced nonphoton fission, one 

has the makings of a divergent chain reaction that could unleash-from a 

small volume--the concentrated mass-energy of ethereals in the form of not

so-ethereal photons. Indeed, strongly collimated photon beams may be 

formed due to the laser-like nature of photon-induced fission of nonphotons. 

Another effect of the high K-value associated with a tiny E is the 

large pressure that would be felt by a perfectly reflecting surface of 

nonphotons. We have estimated this pressure to be sufficient to confine the 

photon-like constituents (photonics) to the interior of thin, string-like, 

models of electrons*, protons and neutrons. The models conform with mass, 

charge, spin and nlagnetic moment of these particles. (Section VII and 

Appendix D). And, we believe similar models of Gell-Mann's quarks may 

also be constructed. 

That such ponderable-matter particles may be modeled by thin rings 

allowed us to explain Newtonian gravity in terms of the elastic collisions 

*In his 1916 book (Ref. 20, page 60), Einstein noted that "The general theory of relativity 
renders it likely that the electrical masses of an electron are held together by gravitational 
forces." In a photon-nonphoton universe, the same nonphotons that cause gravitational 
forces also act to confine the electrically charged photonics of an electron within a very 
small toroidal region. Thus, such a universe is in accord with this particular conjecture 
by Einstein over eighty years ago. 
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between nonphotons and the photonic constituents of string-like electrons 

and nucleons, (Section VI). Newtonian gravity results when bodies present 

"thin" targets to nonphotons. That is, in thin targets, a nonphoton can 

experience essentially no more than one collision with a body's photonics. 

In going to thick targets, each nonphoton may experience multiple 

collisions with a body's photonics, and the nonphoton Newtonian gravity 

theory might be extended to conform with the gravity ofgeneral relativity. 

At this point, it may be of interest to remark on certain motivations 

for modeling electrons and nucleons by photonics moving in closed orbits. 

The rationale becomes evident from a reading of the abstract of Appendix E, 

which is a copy of a 1949 note (Ref. 1). That abstract reads: 

The special relativity Doppler equation is applied to a photon 
describing a closed path. The time average behavior of this photon is 
notedly similar to that ofa mass equal to the photon's energy divided by the 
square of the velocity of light. In particular, it is noted that light confined 
within a small space has the gross properties ofa particle. The microscopic 
properties of such confined photons could explain "intrinsic" spin. The 
conservation of mass and energy for all types of collisions are natural 
consequences ofsuch an inner structure. 

According to the above, when seen in an inertial frame where an 

electron or a nucleon is at rest, the observer sees photonics moving in 

circular orbits, the system's mass-energy being that of the community of 

circulating photonics. A nonphoton seen at rest may be visualized as a 
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system of photonics moving around a circle of a certain radius. As seen by 

an observer moving at a speed ~c in the direction of the normal to the 

circle's plane, the photonics would move alQng helices on the cylinder 

generated by the moving circle. Thus, nonphotons, like electrons and 

nucleons, may be visualized as a community of photonics moving along 

paths which look closed to observers in a nonphoton's rest frame. The angle 

e between the tangent of the helix along which a photonic of a nonphoton 

moves and the helix's axis is defined by cos e= ~. 

It appears that all particle-types considered in constructing a photon

nonphoton universe model may be considered to be systems of constituents 

that are seen in all frames to move at the same speed-that of the speed of 

light. Since a system cannot move faster than its fastest constituent, we may 

understand why the speed limit for the particles of nature is c, the speed of 

light. Also, we may note that with the particles made up of zero-rest-mass 

photonics, one has Wilczek's particles with "mass without mass" as seems 

to be a current trend of thought (Refs. 16 and 17). 

Questions raised by fairly recent observations may find answers in 

terms of properties of a photon-nonphoton universe. For example, a possible 

explanation of why Doppler theory applied to recent redshift observations 
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implies a universe expanding at an accelerating rate is noted in Section V. 

The alternative explanation is that a higher-than-linear increase in redshift 

with increasing distance is a natural feature of the static photon-nonphoton 

universe model. Also, as noted in Appendix F, nonphotons appear to offer 

an answer to the question: "What causes the gravitational effects currently 

attribllted to some form of dark matter?" In that appendix, we explain how 

nonphotons might mimic the existence of not only dark matter but also of a 

repulsive gravitational force. And, of course, potentially reoccurring 

problems on the conflicts of the age of an expanding universe and the 

objects therein are avoided, as is the need for an inflationary epoch in the 

infinitely old and large photon-nonphoton universe (Refs. 18 and 19). 

Three possible experiments to test aspects of the photon-nonphoton 

universe model come to mind. First, redshift observations should yield a 

constant when the distance to the photon emitter is divided by In (Ad/Ae). 

Here, Act and Ae are the wavelengths of the detected and emitted photons, 

both emitter and detector being at rest in the universe frame. Second, the 

average nonphoton, bearing news that a strong gravitational event had 

occurred, should be found to travel at -.181 % of photon speed in the universe 

frame. Third, if nonphoton bombardment of the photonics of the 

76
 



photonic-ring models of electrons and nucleons is a valid representation of 

their response to a gravitational field, then the weight of a magnet may be 

found to vary with its orientation relative to the gravitational field. 

We have drawn together a group of studies that led us to an 

unconventional model of the universe. This document represents a progress 

report on a continuing construction of the "photon-nonphoton" model. Thus 

far, we have been able to bring into coarse focus some of the model's 

features by noting the multiple roles that nonphotons might play in 

explaining old and new observations. Future studies will attempt to sharpen 

the focus while exploring other candidate roles ofnonphotons. 
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APPENDIX A
 

INERTIAL FRAME SIGNATURES
 

The observations of an essentially uniform microwave background radiation 

suggest that the universe might be modeled by a preferred inertial frame. Relative to 

such a "universe frame", observers would see photons uniformly distributed, moving 

isotropically and having a 2.73K blackbody energy spectrum. Observers in a frame that 

moves uniformly through the universe may detennine their velocity, (IC, relative to the 

preferred frame via observations of an apparently anisotropic background radiation. That 

is, every frame within the universe has an a-vector signature, a = 0 being that of the 

universe frame. Here, we describe an experimental procedure by which an observer 

might determine his frame's a-signature. 

We assume the frame-to-frame transformation prescriptions of special relativity 

for the properties of point-like particles are applicable; and, we treat photons as a special 

class of such particles. The general particle's speed relative to the frame, denoted by S, 

equals ~c, where c is the speed of light. The inertial mass of the particle is represented 

by mE/c2
, where E is a tiny unit of energy. The particle's momentum magnitude is 

represented by PE/C. By the definition of momentum, P = 13m. The particle's vector 

momentum-in units ofsic-is given by 
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- - -

.P = p {cos\V i + sin'll [cos~ i + sin~ ~] }· (AI) 

Here, 1 1 and k represent unit vectors in the directions of the axes of a cartesian 

coordinate system in the S-frame. The angle between Rand i is'll; and, that between the 

plane of P and i and the plane of1and j is ~ . 

Relative to S, a second frame, denoted by S', is assumed to move at the velocity 

of aci. In S', observers see the above particle to move at the speed ~'c, to have an inertial 

mass of m's/c2 and a momentum magnitude of P's/c. Again, by definition, P' = ~'m'. 

Taking the unit vectors in S' to be codirectional with those in S, the particle's vector 

momentum-in units of sic-is given by 

-P' = P' {COS'l'l + sin\V' [cos~l + sin~' kl}. (A2) 

As viewed in S', the angle between 2' and lis '1" and that between the plane of"p' and.j 

and the plane of! andj is ~'. 

According to special relativity, 

m' = [(1 - a~ cos'II)/"I - a2
] m; (A3) 

and .p' = {[(~ cos'!' - a)/~] i + ~ sin,!, [cos~j + sin~ !]}m. (A4) 

A feature of Eqs. (A3) and (A4) is that-in all S' frames-m' and P'satisfy 

(A5) 

where Il10 is a constant. Since P' = 0 in the particular S'-frame where the particle is seen 

at rest, moe/c2 represents the rest mass of a particle capable of rest. According to these 

equations, a particle seen to move at the speed of light in S (i.e., a ~ = 1 particle) 

has m' = p' in all S' frames. That is, photons have Il10 = 0 and are seen to move in all 

frames at light-speed according to the special relativity prescriptions of Eqs. (A3) 

and (A4). 
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2Since m2 
- p2 = (1 - p2 ) m , the P' quantity for the general particle may be 

expressed as 

p' = [(m,)2 _(1- ~2) m2]~, (A6) 

where m' is given in terms of a and the S-frame quantities ~,m and 'I' by Eq. (A3). 

We now consider the microwave background photons in S, the a = 0 universe 

frame, and in S' where a t= O. The photon of energy mE in S will have in the S'-frame the 

energy m'E and momentum magnitude P'E/C, where 

m' = P' = [(1 - a cos'll)/..Jl - a? ]m. (A7) 

Since P' = m', Eq. (A2) becomes 

~' = {cos'll' L + sin'll' [cos~' i + sin~' k]} m~ (A8) 

And, since ~ = 1, Eq. (A4) becomes 

r' = {[(cos'll - a)/~] i + sin'll [cos~ i + sin~ kl} m. (A9) 

Equating the i components of the above two expressions for ~', the 

interdependence of 'II and '1" is found to be given by 

COS'l" = (COS'll - a)/(l - a COS'll); (AIO) 

or, equivalently, by 

cos'l' = (cos'l" + a)/(1 + a COSW'). (All) 

Since the land k components of ~' given by the two expressions for~' must ,be the same, 

it follows that ~ =~' and m sin'l' = m' sin",'; conditions which, of course, also yield the 

Eq. (AIO ) and (All) equations. 

Substituting the cos'll expression ofEq. (All) into Eq. (A7), we obtain 

m' = P' = [(~ )/(1 + a COS'll')] m (A12) 
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which will be useful in developing, an experimental scheme to determine the a 

signature of S'. 

The previously defined universe frame (Le., the g == 0 S frame) has the 

characteristics of the uniform, and isotropic coordinate-momentum phase space 

underlying conventional derivations of blackbody photon spectra, such as the observed 

microwave background spectrum. And, a statistical analysis requires one to think in terms 

of countable energy states of photons. To meet this requirement, we assert the photons 

are seen in S to have energies equal to integer-multiples of a very small energy 

quantum, E. That is, we take m to be integer and let our tiny energy unit represent the 

energy quantum. This assertion and the assumption that our point-like photon particles 

obey Bose-Einstein statistics yields the 2.73K Planckian spectrum of the microwave 

background photons. 

Because of the isotrophy seen in S, the fraction of the m-group photons that move 

within the solid angle 

n ('1/) = 21t (1 - cos'l') (AI3) 

equals f('I/) = n (W)/41t = (1/2) (1 - cos'l/). (AI4) 

Let f('I/') equal the fraction of m-group photons seen in S' to move in directions 

within the solid angle 

n'('1") = 21t (1 - COS'JI'). (AI5) 

If '1" is related to 'JI according to Eq. (All), f ('1/') will equal f(i\JI). This follows from the 

fact that the components of a photon's momentum nOffilal to g = (1i are the same in S and 

S'. Hence, by use of Eqs. (AI4) and (All), we find 
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f ('1") = [(1/2) (1 - COS'l")] • [(1 - a)/(I + a COS'l")]. (AI6) 

In S, the "per-steradian fraction" is given by 

df/dO = I/41t (AI?) 

for dO about any direction '1'. In S', the per-steradian fraction is the function of direction, 

W', given by 

dr/dO' = (I/41t) • [(1 - a 2)/(1 + a COS'l',)2]. (Al8) 

The scheme here described for the experimental determination of an inertial 

frame's a signature envisions measurements of the energy flow rates of the microwave 

background photons into an instrument. These rates depend on the number density of 

each m-group of photons. Let F(rn) represent the number density of m-group photons 

seen at any time in S. As seen at any time in S', this number density would be 

F'(m) = (1 - a2 )-,~ F(rn). (Al9) 

That is, the number between two planes normal to !!-= ai and separated by a distance L in 

S would equal the number between these two planes as seen in S' to be separated by the 

contracted distance (1 - (12)~ L in S'. If these planes reflected each photon such that 

--in S--the angles of reflection equaled those of incidence, this clearly would be true. 

Under those conditions, the number between the planes would remain constant since 

none escape. And, if the planes suddenly became transparent, those moving out would be 

equal to the number moving into the other side of the two-plane region. On average, over 

time, Eq. (AI9) expresses the relationship between the number densities of the m-group 

photons as seen in Sand S'. 
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"fo detennine the energy flow rates into an instrument, we start by noting that 

F'(m)· [df/dn'] • dO' equals the number density of those m-group photons seen in Sf to 

move in directions within dO' about a line making the angle,' with g. = ai. The product 

of c times that incremental number density represents the rate that these rn-group 

photons cross a unit area normal to that line. We will be concerned with the rates that m

group photons flow across unit areas of planes oriented in two special directions. In one 

case, the plane of interest is oonnal to~ In the second case") !! is parallel to the planes of 

interest. The energy flow rates, of course, would simply equal the product ofm'&? where 

m' is given by Eq. (A12), and the above number flow rates. 

In the first case, the incrementa) flow rate of m-group photons across a unit area 

ofplane normal to g in the +idirection is given by 

dJ";' (m) =: (cos'V~ c F'(m) (dr/dn') dO', (A20) 

By use of Eqs. A(18) and (A19), the above may be expressed as 

d~(m) ~ [e F(m)( I - a2)~/41[1· [(cos'J")/(] -t a COS\fJ,)2 ] dil'. (A2l) 

For those m-group photons that move in directions d",' about 'V', 

dO' =:; d[21t(1 - cos,')] = 21t sin\JI'd\V', (A22) 

the value of dI1(m) is given by 

~(m) = (c F(mHl - ci}'hpI· Hcos",' sinW'¥(t + acos'JI'il dw'. (A23) 

The associated incremental energy flow rate is given by 

dU{ (m) = [canF(m)(,t -- a 
2¥21 •[(cos,,"' Siml"}'( 1 + a cos'II'iJ dW'. (A24) 

which is obtained by use of the m' expression ofEq. (AI2). Except for the constant of 

integration, the integral ofEq. (A24) is 

U~ (m.'V') = [cr.mF(m~ \ - a 2Y2u2
] • [-(1+ a COS\lfll + (1/2)( 1+0. COS\V'f2). (A25) 
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Of interest here are the two quantities given by 

+tr (m) = lCEl1lF(m)/41- [(1 - u)/(l +a)] (A26) 

and ..U~ (m) = IctmF(m¥41- [(1 + a)/(l - a)]. (A27) 

Equations (A26) and (A27) Bive the rates that the energy of m-group photons are seen in 

S' to flow across a unit area of a plane normal to Jl in the +!!.... and -a directions, 

respectively. 

In the second case, we seek the rates that the energy of m-group photons cross a 

unit area ofa plane to which g is parallel. We start by noting that the quantity 

sin,,' sini;cF'(m)(df'/dn') sinv' d'fl'~ 

represents the rate that m-group photons, moving with directions in de; about ~ and d'l" 

about \fI' cross a unit area ofthe ij plane. Ofcourse, since !l= W. the iJ. plane of the S' 

frame represents a plane to which II is parallel. Now, let dI;,(m) represent the integral of 

the above quantity with respect to ~ over the range 0 to 1t. By use of Eqs. (Al8) and 

(A19), we have 

~(m) = (c'F(m)(l - ';)~2xJ .l(sin~')/(l + acosljI'j) m,'. (A28) 

Multiplying by m'E, we obtain the associated incremental energy flow rate

dUHm} = [a::mF(mX1- o?>/2z1· [(sin\,'}'(l + Clcos'I"il d",'. (A29) 

Except for the constant of integration, the integral ofEq. (A29) is 

UH~",')= [cEF(m)(l -ti'(bc]. {o- et-)""lIJ. tan-I ({(II -«)/(t + a)]~ tan\V12) 

- sin'l''[2a(1 - a 2XI + a cos\V')]..-) 

+ sin",' [20(1 + a COS'll,)2r1
} (A30) 

Ofinterest here is the quantity 

U~(m) = [cemF(m)/4] • (1- a2)-~, (A31) 
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which represents the rate that the energy ofm-group photons is seen in S' to cross a unit 

area of any plane to which !! is parallel from either above or below S81d plane. As 

previously noted g .=: ai., so the ij plane is an example of such a plane. However, the 

direction ofLis arbitrary so we are able to say Eq. (A31) gives the value of Uir (m) fOT any 

plane to which g is parallel. 

In S, the ~~ 0 uni-.erse frame, the energy density of all the m-groups of 

microwave photons is ImEF(m). If &«kT~ as here assumed, that energy density is 

essentially independent ofE; and, its value is 

U == (n4/15) [8Jt("-Tt2lc)3] (kT) =O.260eV-cm-3
. (A32) 

In the above., T = 2.73K and k and h are Boltzmann's and Planck's constants. Thus, 

the total energy flow rate across planes of area A to which g is parallel is given by 

U,: = [AcU/4] • (1 - a2)~!h. (A33) 

The totals flowing in t\te +g awl--y dite£tions into planes of area A that are normal to g 

are, respectively, given by 

+Ul = [AcU/4] • (1 - ay<'l +a)} (A34) 

and -Ul = [AcU/4] • [( 1 + a)/( 1- a)]. (A35) 

We are now able to define an instrument and the procedure that might be used 

by an observer in the S' frame to determine his frame)s g-signature. The instrument 

would have the shatle of a cube whose faces each have the area A* Three pairs of 

opposite faces make up the six aperatures into which the microwave background 

photons flow. The rate of energy flow into each face is constantly monitored. The 

cubical apparatus is rotated, more or less at random, until one pair of opposite faces 
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indicates each of this pair is receiving the energy of the microwave photons at the same 

rate: namely, at the rate given in Eq. (A33). 

At this point, the random rotation is stopped; and,rotation is now restricted to 

proceed about a fIXed axis relative to S'. That axis is a line Donnal to the planes of the 

two opposite faces that first exhibited the receipt of equal energy flow rates. Of course, 

the flow rates into these two faces remain equal and constant since this restricted type of 

rotation does not alter their orientation relative to S'. When a second pair of opposite 

faces shows the receipt of equal flow rates~ namely, the rate given by Eq. (A33), all 

rotations are terminated. 

The remaining pair ofopposite faces will now indicate unequal flows of incoming 

energy. One of them will register tlv: flow rite given by Eq. (A34) and the other the rate 

given by Eq. (A35). This tells the S' observer that his frame is moving, relative to S, in 

the dirtt-tion ftom the +l&. face to the -Ul face. In units of c, the speed, a, of the 

observer's frame.. S', relative to S, is readily obtained in tenns of the ratio. 

i ::::; (-UD/{tUJ = lO + aV(l - a)t (A36) 

The above gives 

(l = <vr - 1,ytvr +1) (A37) 

for the speed of S' relative to S. 

In summary, the obsenrer in S' finds the orientation of his cubical instrument that 

yields equal energy flow-rate readings for two of the three pairs of opposite faces of the 

cube. He then determines r using the flow rates into the remaining two faces. The 

direction of his frame~s »-signature vector is from the lower to the larger of these two 



unequal rates. That vector's length, a, given in terms of r by Eq. (A37), equals his 

ftame~ s speed in units of c relative to the universe frame, S. 

Of course, since U is the known quantity given by Eq. (A32), the observer in S' 

may also compute the value ofa in terms of his cube's dimension, ~~ and the measured 

quantities q~ +UJ.and -Ulvia Eqs. (A33), (A34) and (A35). 
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APPENDIX B 

PARTICLE CONVERSION EVENTS 

AS SEEN 

IN DIFFERENT INERTIAL FRAMES 

The a-vector signature of an arbitrary inertial frame and a means for its 

detennination have been defined in Appendix A. In addition to the conservation of 

mass-energy and momentunl~ which special relativity assures In all frames" It was 

postulated that Eqs. (13) and (14) must apply in the a~ ('''universe'''') frame If the partIcle 

conversion events 

(B.. 1) 

are to occur. An event seen to occur in the 0.=0 frame will, of course; also been seen to 

occur in al J a.;1;{) frames. However.. should an observer in an u:J:O frame opt to use the 

two-vector fonnalism to express the particle properties seen in his frame., those vect()TS 

will not always satisfy Eqs. (13) and (14). Indee<l if panicle mass...energy and 

momentum are to be transformed from frame-to-frame in accord with special relatlvlty, 

only one frame can be ch()scn for the satisfaction of Eqs. ( 13) and (14). And~ t(l construct 

the phot()n/nonphoton universe model., the unique and spacialJy infinite a-=O frame has 

been chosen as the basis of rules that govern allowed particle conversion events. 

The postulate of Eqs. {I 3) and (14), together with the conservation laws and the 

formalism property of Eq. (I), makes it clear that Eq. (B-1) events are limited to those 

where E,B and e,b are seen to move collinearly, or to be statIonary, in the a~ frame If 

seen to move codirectionalty or to be stationary in S~ the (1==0 frame., all particles will be 

88
 



so seen in S't an arbitrary a~ frame. And in such cases, Eqs. (13) and (14) wiD apply 

in both S and S'. 

Where E,B and e,b are seen to move antidirectionalJy in S, it was found that these 

particles must be photons and E,B a nonphoton jf Eq. (B-1) events are to occur. In the 

special case where the photons are seen in S to move on a tine parallel to the a-vector of 

S', such collinearity will also be seen in S'; and, the formalism vectors will satisfy Eqs. 

(13) and (14) in both Sand S'. It remains to examine the case where a and the photon 

motions are not seen to be parallel in S. In tbat case, special relativity precludes the 

collinearity of photon motion seen in S from also being observed in S'. This more 

general scenario is illustrated in Figure B·l. 

Figure B-la shows the view in S and Figure B-lb the view in S'. In S, the more 

energetic of the two photons has the energy N and the other photon an energy of n in 

units of E. We identify these -photons as '''photon-N" and "photon-n"" when referring to 

them in either S or S'. Various properties of these two photons and of the nonphoton 

fonned by their fusion are summarized in Tables BI through 84. It is understood that 

mass-energies are in units of £ and that momentum-magnitudes are in units of tic. In the 

second column of the lower portions of the tables~ components of the unit vectors in the 

djrection~ seen to be moved by a particle~ are tabulated. Note that, because of the 

collinearity of all momenta seen in S.. all mass-energies and momenta are determinable in 

terms of four parameters: N, n, ex and t>. The 8-parameter is the direction moved by 

photon-N as seen in S. As indicated in Figure B-1, directional angles are measured 

counter-elockwise from a to a particle")s momentum vector. 
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In the third and fourth columns of the upper portions of the tables, the lengths of 

the particles~ ·'electric'~ and "magnetic?? vectors (ie., their fonnalism vectors) are 

displayed.. The lengths are computed from the mass-energies and momenta of the 

particles as seen in S or S' by use of Eqs. (7) and (8). Accordingly't these lengths are 

expressible in terms of the same four parameters used to define the mass-energies and 

momenta in S and S/. For a conversion event to occur~ the electric vectors of the two 

photons must be codirectional or antidirectional in S. In the former case, the upper signs 

apply in the Table B3 expressions for the nonpooton's electric and magnetic vector 

lengths; and the lower signs apply in the latter case. 

The unit vectors in the directions of the particles ~ electric and magnetic vectors 

are not confined to the i>j plane as are the unit vectors of their momenta. Thus, in 

addition to the above four parameters (N, n, a and 9), a fifth parameter, <1>, is required to 

define the comJXlnents of the unit vectors in the directions of the particles' electric and 

magnetic vectors appropriate to frames S and S'. In both frames, these two fonnalism 

vectors are normal to each other and to their particle's momentum~ The meaning of the 

angle ttJ is readily understood by noting the k(=ixj) components of the two fonnahsm 

vectors. <IFO or 1t means a particle's electric vector is in the i,j plane. Thus,> <J>:i;O means 

this vector has been rotated (about its momentum vector) out of the ij plane by the angle 

<1>. The three components of the unit vectors in the directions of the particles' electric 

and magnetic vectors are tabulated in the third and fourth columns of the lower portions 

of the tables. 

If N=n~ a stationary nonphoton is seen in S. Table B4 displays the various 

properties of the nonphotons fonned by the headon fusion of equal energy photons in S. 

90
 



As there noted, the unit-vector components of the formalism vectors in S are taken to 

equal those in S' as CX40_ 

An observer in S knows that two photons will fuse if they meet headon with their 

electric vectors aligned collinearily. B~ how does an observer in S' know what photon

pairs wi]l fuse? To identify such pairs~ the S'-observer starts by detenninlng his frame's 

«-vectof. He knows that candidate pairs for fusion are those whose photons move 

toward a meeting in a pJane to which a is parallel. He chooses one such photon whose 

momentum-vector pI makes the angIe a' with the a·vector (Fig. B-Ib) and whose 

electric vector is inclined at the angle <I> with respect to the a~P' plane. He knows that 

the second photon must also have its electric vector inclined at <I> or at (1[+<1» when the 

two meet. He chooses the second photon with such an inclination and with a momentum 

vector p' that makes a particular angle a' with the a-vector. T-hat unique angle is 

specified in tenns ofa and a' by 

sin e' == - [(1-a2
) sin &J I [1+a2+2a cos t9'] 

and cos 9' =. [(1 +a2
) COS e'+2al / [l-+a?+2a cos 0'] 

The two photons, selected via the above procedure~ will be seen in S to meet headon with 

their electric vectors aligned coJlinearily. This is the means by which an observer in S' is 

able to identify which photon pairs will fuse. 

Having identified a pair of photons that will fuse into a nonphoton, how does the 

observer in S' predict the properties of the nonpboton? These properties are specified in 

Tables B3 and 84 in terms of the parameters a and <l>~ which are known to the S' 
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observer, and N, nand 8, which he can compute from observable input From the 

photon energies~ Nt and n', seen in S' and the already known angles 0' and e', he obtains 

Nand n via 

N = [(t+a cos 0') / ~:(i?] N' (8-4) 

and n=[(I+acose')/~~]n'. (B-5) 

The remaining parameter, 8~ is defmed by 

sin 8 :;: [(~1-<x2 sin a') / (1+a cos 8')} (8-6) 

and cos e = [(cos 0'+a.) / (1+a oos 8')] . (B-7) 

With N, n, a~ e and <Il in hand, the nonphoton properties may be computed by use of the 

prescriptions given in the cited tables. 

In addition to identifying photon-pairs capable of fusing into a nonphoton and 

predicting the nonphoton's properties, the S'-observer can also pick a nonphoton at 

random and predict the properties of the two photons that could be born from the 

nonphoton's fission. For example, say he picks the nonphoton that has mass-energy 1\r~ 

that has a momentum vector of length P; aneL that moves in the direction \V'. In S7 the 

nonphoton's mass-energy is seen as 

N = [(l\1'+aP cos '1") J v'i-a2 1. (8-8) 

The nonphoton"s momentum vector is seen in S to have the length 

l' = {[(Pcos'P'+a!\f) / ~1-a2f+ (Psin 'P,]2} In (B-9) 

and to point in the direction defined by 

92 



sin e = [(Psin 'P') I P] (B-I0) 

and cos e = [(Pros 'V'+aN') I (~)]. (B-1 1) 

The inclination 4> of a mGving nanpboton's electric vector is seen to be the same in 

both Sand S'. 

In S~ the nonphoton could fission into antidirectional photons with energies of 

N=(N+P}/2 (8-12) 

and n == (N-p)/2, (B-] 3) 

where Nand P are now known to the S'-observer via Eqs. (B-8) and (8-9). As seen 1n S~ 

pboton-N WO\1\d ~ve in the direction 8, which is known to him via Eqs. (B-10) and 

(B-11 ). 

Thus, with the full set of parameters (N, n, a~ e and cI;)) in hand, the S'-observer is 

now able-via the prescriptions in Tables B] and 82-to predict all the properties of the 

two photons into which his selected nonpboton could fission. 
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APPENDIX C 

DERIVATION OF RELATIONSHIPS BElWEEN 

EVENT-PROBABILITY PARAMETERS 

Under equilibrium conditions, the population of nonphotons of energy mE, born 

from the head-on fusion of a photon of energy DE with one of energy (m-n):, remains--on 

the average--constant. That is~ via the fission death of nonphotons, photons are bom~ via 

the fusion death of photons, nonphotons are born; and, constant population requires that 

particle birth rates equal particle death rates. Below, we consider the events that occur in 

a unit volume where particle populations equal the particle number densities, Fm~n, 

prescribed by Eq. (39). 

The nonphoton birthrate is proportional to the product Fn~(,x.F(m-n)~o. The 

nonphoton death rate is assumed to consist of two components: death by spontaneous 

fission and death by photon-induced fission. The spontaneous component is proportional 

to Fm,n and assumed independent of the photon environment. The induced component 

has two subcomponents: one proportional to Fn~oxFm.n and the other to F(m-n),oxFm.n' OUT 

objective here is to derive connections between the various constants of proportionality. 

The nonphoton birth rate may be written as Fn.oxcllo.,~m-n)xF(m-nto. Here, c is the 

speed of light in vacumn and cJln,(m-n) is the constant of proportionality assoclated with 

the birth process. The Quantity ~(~) plays the role of a microscopic cross section for 

photon-photon fusion. We may regard cFn,o as the ~4flux~~ of photons that bombards 

'"'"target" photons of nwnber-density F(m-n}~~ and ~~Wrn) as the cross section for the fusion 

of flux-photons with target-photons. 
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The spontaneous comJXlnent of the nonphotoD death rate may be written as 

(l/~)xF~n. Here., TtnJl is the "e-folding decay time'!' of the nonphotons in an 

environment without photons. The photon flux cF~o induces nonphoton fission at the 

rate Fn.oXcJ.1n"mxFmtn and the photon flux cF(m-o),o at the rate Flm-D)~oXCJ.1<m-n).mxFm.n' 

Equating the nonphoton birth rate to the sum of its various death rates, we have 

Solving for l/"tmJl and using Eq. (39)~ we obtain 

2 ] [10 J- 1 
- ~m [n +2A • e -1 

(C-2)
 

where.., has been written for tikT. 

To obtain the desired connections between the vanous above-mentioned 

constants of proportionality, we use the fact that l/~m~ is assumed to be independent of 

the photon environment. That environment is defined by the system temperature T~ and, 

therefore by y=F1kT-or., equivalently, byeY• This means O(l/tm.,n)/8(e'Y)= 0 for all values 

yqof m and n. Carrying out the differentiation and requiring that the multIpliers of e

vanish for all q-values, we obtain the connections expressed by Eqs. (53)~ (54) and (55) 

of the text. 
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It may be noted that had we assmned Boltzmann or Fermi-Dirac statistics for the 

nonphotons rather than Bose..Einsteln statistics, we could not have found a l/tm.n 

prescription that is independent of the system parameter fikT which--via T---determines 

the system's photon environment. That is, for the spontaneous fission rate of nonphotons 

to be independent of the photon environment, out of the three types of statistics 

mentione<l it is necessary to choose the Bose-Einstein type. 
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APPENDIX D
 

PROTONIC RING MODELS
 

OF
 

THE ELECTRON, PROTON AND NEUTRON
 

Reference 7 descnbes photonic ring models of the electron and its antiparticle that 

confonn with four of their important properties: mass, charge, angular momentum and 

magnetic moment. Photonics of two types (photons with plus or minus electric charges) 

move lD opposite directions along two neighboring rings in numbers prescribed to assure 

conformity. To define similar models of the proton and the neutron and their 

antiparticles~ we add a third photonic species: electrically neutral photons. The size of a 

model with three neighboring rings and the relative populations of each photonic type are 

prescribed in terms of the above-cited four particle properties. 

All photonics are assumed to have the same energy o. Those that are not neutral 

are assumed to carry a charge of magnitude t;. The quantities 0 and , are regarded as 

fundamental since the same values are used to construct a ring model of the electron~ the 

proton and the neutron and their antiparticles. 

The total number ofphotonics in the model ofa -particle ofmass M is given by 

Mc2/8 = ~+~ + ~ . (Dl) 

~ represents the total number of neutral photonics~ W ~ the total of those with ~ 

charges; an~ ~, the total of those with -~ charges. 

Equating the net charge of the photonic system to that of the particle it mO<\els., 

one has 
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(D2)
 

where Q= O~ +e or -e for a member of particle trio under consideration 

Two or three circles~ all of radius R, represent the orbits of a modeJ's photonics. 

The circles1 planes are parallel and closely spaced~ and., their centers l1e on the model ~ s 

"axis'" 7 a line normal to these planes. On one circle~ all ~ photonics orbit the axis in one 

direction. On a second circle, all W- photonics orbit ln the opposite direction. For the 

nucleons, ~"* O. And, on a third ring, we assume all ~) photonics orbit in the direction 

that enhances the net angular momentum ofthe charged photonics. 

Every particle of the trio under consideration has an angular momentum of 

magnitude h/41t. This requires that 

hc/(4n:aR) =~ ± (W - ~). (D3) 

Here., the upper sign applies ifN+>~ (i.e., Q = +e) and the lower jfN->N+ (i.e., Q == -e). 

The electric currents of the ~ and N- photonics are in the same direction since 

these oppositely charged entities orbit in opposite directions. Equating a particle~s 

magnetic moment to that of its photonic ring model, yields the equation 

(04)
 

Above') J.1 represents the magnitude of a particle's magnetic moment in units of 

eh/(41tMc). 

It is to be noted that Eqs. (03) and (04) relate the positive numbers N l , ~ and 

~ to the magnitudes of two vector quantities: angular momentum and magnetic 

moment respectively. The relative direction of these parallel vectors depends on the 

particle and is defined later. 
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"fhe al'x>ve four equations relate the four parameters.. R: N°.. N"t and N-, ()f a 

partlclc"s ph()tonlc ring model to its pr()perties M~ Q., h/41t and 1-l and the presumed 

~"ph()t()nic fundamentals'''., 0 and~. Solving the cquatillns tor the m<Kiel paratneters ()nc 

obtains 

(I)5 )
 

~ = (hcl4n&) (Me2/a) + CO,,} <uehI21tMct) 
(hcl47ro + uebl2xMcl;) 

and 

(D7) 

Abtl\lC_ the upper sign applies lor a particle with a net charge of () =: t~ ()r 0 .. and the 

t()\A/cr t()T its anttpartlclc tOT \\'hich Q -= -e or o. Slnce the value ()f ~Q is the same 1{lf a 

particle and tts antiparticlc~ R and N~ are the same for both. The values of N+ and N-, of 

course) simply interchange as one goes from a particle t(l its antiparticle as ~vident fr()m 

I-:qs. ([)7) and ([)8). 

F()f the leptons.. \ve take fJ ~ 1 and N° =O. Substituting these values Into £'~q. (1)6) 

and \vriting m fl)r the electron mass~ one finds that this requIres that 8 and j~ be related 

according to 

(1)<) ) 

B~' usc {)fthis (5'-~ c()nnection and the three definitj()ns
 

11 ;: (1/,,2) (m/M)~ (D I ())
 

104
 



1\ =hl21tMc (OJ 1) 

and't (D12) 

the prescriptions for a photonic ring model's parameters may be simplified. Note that the 

1\ quantity is ------ or may be regarded as - the Compton wavelength of a particle of mass 

M. And~ as evident from Eq. (D1), N represents the total population of the photonics in 

the model of a particle with this mass. 

For the Ole;:: ±1 particles~ the parameter equations read 

RlI\;;;;; (1/2) (1+2J.lTJ) / (1 +T)), (013) 
. f 

~/N = (1-2J.1112
) I(l+2....11). (D]4) 

(WIN) = (n/2) [2J1(1+1l) ± (1 +2T1)]/ (1 +2Jj1l) (DI5) 

and (WiN) = (Tl/2 [2J.t(1+TJ) :+ {1+2TJ] / (1+21.111)· (D16) 

The upper signs apply to Q/e:z: +1 particles and the lower to their antiparticles for which 

Q/e ~ -1. 

For the Q/e = 0 particles (i.e_, the neutron and antineutron)., the model parameters 

are prescribed by 

RIA =(1/2) · (1 +2J.111), (017) 

~tN = 1/ (]+2J.111) (D18) 

and ~IN = ~IN ~ (11/2) . [2J.1 / (1+2J.111)]. (019) 

With zero net charge, the Qeo neutron and its antiparticle must be distinguished via other 

means. Experiments (Ref 14) find that the neutron"s angular momentum vector is 

antidirectionaJ to its magnetic moment vector. Hence, we construct the photonic ring 

model of the neutrOft accordingly. And, as for all the particles under consideration, one 
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of these vector directions is reversed in going from particle to antiparticle. (The right 

hand screw convention is used to establish a veclor"s direction.) 

To estimate the values of the ring model parameters for the electron~ proton and 

neutron, we use the various input quantities shown in Table Dl. Primary input are the 

Me2 and Jl values which are close to those found in Ref 15. Table 02 shows the 

parameter values computed by use ofTable D1 input. 

As indicated in the top row of Table D2 the value of RlI\. is 1/~2 for the leptons 

and is very close to 1J2 for the nucleons. In the second through fourth rows~ the 

fractional population figures (~fN, WIN and W-IN) are shown. How a partlcle's Me2 

energy is distributed amongst its photonic species is indicated in the last three rows. As 

evident from the fifth row figures~ the charged photonic population of the nucleons must 

be a few times that ofthe leptons. For the Q8l1icles with a net charge... of course, J ~-N-I 

is the same: and this explains the 0.361 MeV entries of the sixth TOW. Tbe bottom row 

shows that almost all of the nucleons' Me2 energy is carried by their neutral photonic 

populations, as required for these heavy, but small R, particles to have the same angular 

momentum as the light,. but larger R~ leptons. 

A complete definition of particle photonic ring models requires a knowledge of 

the value of a. Given this, the total pbotonic population of a particle of mass M is 

defined via N ~ Mc2/o. And, with a particle~s N-value in h8.tl<L the total numbers of each 

of the three types of photonics, ~, W and N-, may be obtained by multiplying N by the 

population-fraction values shown in rows two7 three and four of Table D2. 
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Table D-l. Assumed Input Quantities~ 

Quantity (units) Electron Proton Neutron 

Q/e -1 1 0 

Me2 (MeV) 0.511 938.3 939.6 

11 (eh/41tMc) 1 2.793 1.915 

Vector Orientations * t+ tt t+ 

mlM 1 5.4460 x 10.4 5.4385 x 10-4 

11 l/n 3.851 x 10-4 3.845 X 10.4 

Jl-ll l/n 1.0756 x 10-3 0.7363 x 1O-:~ 

A (em) 3.862 x 10-1] 2.103 X 10-]4 2.100 X 10. 14 

Safunov, urwerse, tableD 1·2 

* Arrows indicate relative orientations of spin and magnetic moment vectors on basis 
of the "right hand screw" convention. Neutron's vectors drawn per Ref. 14 discussion 
of experimental findings. 

107
 



Table D-2. Photonic Ring Model Parameters. 

Parameter Electron Proton Neutron 

RIA lIn (1/2) (1.0017650) (1/2) (1.0014726) 

N°/N 0 0.9978526 0.9985296 

NtlN 0.146447 0.001266 0.0007352 

N-/N 0.853553 0.0008814 0.0007352 

[(N++N-)/N] Mc2 0.511 MeV -2.015 MeV -1.382 MeV 

[IN+-N-)/N] Me2 -0.361 MeV -0.361 MeV 0 

(N°/N) Mc2 0 936.285 MeV 938.218 MeV 

Safonov. uniYwss. tabkiD 1-2 
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APPENDIX E
 

ON MATTER AND LIGHT
 

This appendix is a copy· of Reference 1, 
one of the author's 1949 notes on the idea that a 
system of photon-like particles confined to a small 
space could have the gross properties of the then
conceived "fundamental" particles (e.g., the 
electron, proton and neutron). In 2000 and early 
200 I, we resumed this line of thought to further the 
construction of models of such particles in terms of 
photonics that move along circular orbits (Ref. 7 
and 8). To complete the construction process, in 
late 200] the idea of confining a particle's 
photonics to a small ring-like volume via the action 
of nonphotons was utilized (ReE9, and also see 
Section VI ofthis document). 

* Page 4 of the text of this old unedited 
note's text correctly refers to the conservation of 
momentum and energy. In writing its abstract 
on its cover, we inadvertently wrote "mass'" tor 
the word ((.momentum". 
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01 MAT~IR AID LIGBt 

Georp sateD8Y - Febraarr SJ 1949 

1'b.e .,.,1&1 rela:tiri.ty Doppler equatiGD 
18 applied to • photGD descr1biDS a clo•• 
path. The tble awerace behaTier of tb:i& 
pbot.oD 18 ~ 81"'lar to that at a __ 
equal to the pIloten '. energy diTided by the 
.quare of -the Y8locity or light. In part1c

.. ~ '.. . ~ ..!=;~;.aarp", .. ·t.,·:DOtecl··that light cont1Decl·1I1tb1Jl r -.

• -U 8pltCe bu the gro.a properti_ ot & 

part;lole. t'he II1croacop1c properties at euoh 
ccmt1Jaecl pbot,cme could explain BiDtriD&1c· 
.p1D. The cou...aUOIl or .... aDd. enerBf 
tor all tJpe_ or coll1s1cma are natural c.... 
••_ of 8uoh aD 1DD.er et,ract,ure. 
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the Lorents equat.iaaa CGIIIlect the .pac....t1me coord1na~.. of aD event 

observed by S aDd S I • S aDd 8 t are obllernn JIOYiDg at • a~ .eloolty. 

!J'. (0 18 Yelec1ty ot l.1gM) with reapeot, to each other. !My locate ob-

3~ 1111;1& reapeot. to tAe1r D41Y1d1aal ~ oooN1IIde lIP'- *tch 

co~1d. at 80118 iD1t1al iDatHmt.. S t IIOY.. awq trtII 8 clGllll" tbe PNltl" 

x axis. The t,raD8fo:naat.1cm equatlCIU are 

(1) x =x' .. gct'
Y1 -~.. 
1;' • A£ 

(2) t= C; 

~l -"I. 

Froa (1), (2). aDd () ODe JU:T derive the t_ 8h1tt or Doppler 

~.~~.~....,"eo~ t~·\.1:1&ll\ ..oL~".;~~;'"l'8lUAtecl t'rra a· .......~~a·••·', ·S·;· 

will obaerve a trequeDC7 

Abcrre fI' u the ansle betweea the d1rectioa of the IWl1a\1OD ad. x'. 

Th18 ·aDI1e 18 ob8erve4 b7 B .. 

(S) CQ8& =".·e..... 
1 +110010" 

w. c...Uer a pbot.ell, obIJened 117 8 1 'to aoTe aloug a ewed path (u 

ODe reflected back and forth between -two tued. IIirron). We ooaaider the 

poaa1b111ty tbat the trequeDC7 yl.. ehaDce·dur1Dl the qcle Cu, aq, by 

CcIIptOll collis1oll); 80 we write ,,'= Yet•). We cOlllPUte the tt. average 
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- 2 ...
 

frequency- that. S would ob••rre tor such a pho1iOll; we assume (4) aDd ($) to 

hold at eYery point of the cycle. By use of (!a.) this tiJle average i8 eGa

put,ed. troa 

Bere 7' 18 the period or the c1"cle as viewed by' S. Froll (2) 118 t1Bd. 

(7) clt =~ cit'
1i=4t 

We note that 

(8) 00••' =~ =.!.!!£ 
dII' edt' 

18 (9) 7'
# 
1. t.be per1ed of ~ cycle obaerYed b1 SI. S1ibat;1t,ut1ft& (7), 

(8), and. (9) 1Ilto (6) we Qbtaia 

III t.be lut .t,ep aban, tbta iategrand ia·co~~.... a fuDctloa or x I J 

'the ·integral Tudahee siDee the orbi~ 18 c10sed in S '. '1'lmII ~lO) 1IIT be 

ll2 



----

- 3 

written as 

;; _ 7' 
(11) - VI _II' 

Bext, .... cons1der the time a~ of .",e.. .. o••7ft14 br 8. 

Tb18 1& tOUDd by a caleulatiOll • 'wr11ar t.o that precediDa (11), .the a.n.lt 18 

It the energy and aoaentua of a phot,on are proportiou..:l to 1.~ ~ 

queDcy (as E =h" and P =hJ'). we t1rJd 
Co
 

.-'- E'

(13) B= tl ..~'" 

.....
 
(14) - g It 

Pz • ;Y i e 1 -IJ 

, " '. -.. , ...;··~·k "')~"~.~"-:*,.'" .'. 

(l) ). rela'tes' t~ tilDe • .,.erage energies viewed by S ad. Sf.. tJle photon 

goee through it. CTcle. (14) gi.... the t1Jae average ot the z QCIIIpIa8Il\ of 

t.he pbotoa'a IIOJIleI1tlla. PXI .. 'Y1ewed by S in terms of ita t.bIe ."~. euergy 

.. Y1ewed b7 S'. 

A ...t4rial ...., a, w-1at1Dg UOWii the poeltlft x au with a apeed 

/Jc 1r01Il4 haYe a JIOII8Dtua equal to that computed 111 (14), it 

(1) 

'1'h1. 18, of coura., 111. accord with E:1II.8teia'_ ........rgr equ1T&1eDce 

pr1llc1ple. 

"e bave .hOlm that the tiM a....rag. bebanor of a photon. IIOY.1JI& 1D a 

el..ed orbit in S' 1••iwiler \0 tbat ot a traulatiDa -.terial ebjec-t when 
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viewed by S. The -rest, JUS.-. Ito, of the equivalent object would be V /c2 

as tOUDd. by aetting i!I = 0 ill (lS). We tind the appropria"te dependence or 

_. ell velec1ty .. 

(16) 

S IIDd S' would regard. the c1rculat,iDg photon as -.tter it the d8ri.a

t10aa ·fraIl the t.iDIe ....rage .... 1IOUld ftOt, crit1call7 affect t.he ezper1aent 

at had. TheT would. regard it .. a poiDt ...8 it it were cont1aed in • 

_pace sutt1cientq .mall. 
It .., be shawn that it .-entlDl aDd energy are cons.rYC tor a photon

photon colJ.:1s1cm ill ODe 8J'8t,ea, they are cODserved 1n all q8t_ IIOY1Dg at 

c0D8tant Te1oc1ti.. with l'88peot t. each other. TAUI two groupe o£ circu

lat1Bc photons would collide as two JIIlter1al objects, and aomentua and aergy 

~~.~~~\..	 ~ ~ ooaael!W'ecl ~fJr ~all. ~b...... It t,be aater1al taDcluIlIIltal· particle. 

had • pbotoD-11ke 1IUbs'tru.c"ure, the coue"at1GD of mOllea:"", and "-reT 
weald be ~:""""~ tor all kiDde ot coliis1cme. 

III regard to th1a 1Mt atatelllen:t, we cODsi.der the electron. It 1. 

nideatq aec".U7 to at\r1bute an angular ....taa, h/ll4fr, t.o t,b.1a parti

cle. Let the elect.rea baYe & aaterial aicroacopic atruct,ure .r t,ot,al. nat 

__~ • lia order 1;0 Ob1;a1n • ""11.. angular acaentlDl, let tb11 _. .,ve 

nth coaatant. epeed Jfc ~ a circle or rad1;.. r. Then 118 .... 

'rhe .... represented b7 w.. pa~1cle i. 

(18) 
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Thus r IIlU8t be 

r i. 8IIILlleet whell ~ 18 Dear :lte l1II1tiDg Yalu.e, 1. • CMIIIpU1ie t,h:1. 

wi.,.. value as t'. ~1 ~.' r. u the elasai.eU ~ ndt•• 

It doe. aot ._ pea81ble 1;0 obtain a reuoaable radi88 with • llat.

rial iDner .trrs.et... 1IOriJIC &1; aearly the speed o~ l1Cht.. We aot.e that. 

".. =. 0 aDd ~ =1 1Rd. to all 1Dd8tendnucy ill (17), tau. Yal1Iee are DOt 

excluded however. Thtt7 could sat1817 (17) aDd again auu••' a photon...like 

II1cro8coplc at.raoture fer 'the ...teri&1 part,icl... The illtercbaqe or light 

aad IlAtHr _ ill pair predl1Ct1al aDd ."""'hi 1&1... doe" WIt oentradict 

the notion or aatt.er u a form of light. 

I 115 



I 
I . 

APPENDIX F 

OTHER NONPHOTON ROLES 

In the text~ we noted that nonphotons play multiple roles in a photon

nonphoton universe. They give the microwave background photons 

"som.ething to be in equilibrium with"; they act to maintain the photonics of 

electrons, protons and neutrons in dynamic equilibrium as they move inside 

thin string-like annular regions; and, they collide elastically with the 

photonic constituents of weighable bodies to explain the Newtonian gravity 

acting between such bodies. Here, we note that nonphotons might also play 

a role that mimics that of some form of "dark matter" and another role that 

mimics a repulsive gravitational force between bodies made up of photonic 

constituents. 

To illustrate its dark matter role, we consider the nonphotons in a 

spherical region of an infmite photon-nonphoton universe. Outside the 

sphere the nonphoton inertial-mass density is Po and inside that density is 

incrementally larger, being Po + dpo. According to Eqs. (48) and (50), in an 

equilibrium rnicrowave-photon-nonphoton mix, the nonphoton inertial mass 

density is proportional to T5
,. where T is the mix 1mU}ermure. We assume 

the slightly larger density inside the sphere reflects that equilibrium there 
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was attained at a slightly higher temperature: namely. at T + dT. Thus. we 

have 
(Fl ) dpo = 5 pJdTff) 

To mimic dark matter, the microscopic cross section, 00' for the 

elastic scattering ofone average nonphoton via a collision with another must 

1
be very small, but finite. Due to dpo.. the macroscopic cross section, /\0. , for 

such collisions is incrementally larger inside the sphere by the amount 

(F2) 

Above, 11 represents the inertial mass of the average moving nonphoton as 

seen in the universe frame. Observations. indicate dTIT -- lO-5 for 

microwave photons seen in patches of the observable universe (Ref 21). 

We will use this 10-5 figure to estimate a value of Go. 

For conventional gravity theory calculations to conform with the 

observed motions of bodies in a galaxy, a density dp of dark matter that is, 

typically~ about ten times that of visible matter must be assumed (Refs. 22 

and 23). Since the Jlverage density of visible matter is - j 0-30 grams/em3
" we 

will assume dp = 10-29 grams/em3
• Let d(J\-i) denote the contribution of dark 

matter to the macroscopic cross section., A -I, of the 'lisible and dark matter 

objects in the sphere under consideration. According to nonphoton gravity 

theory, we have 

117 



(F3)d(,,-I) =(c2dp/g)· 0, 

where 0 and a are 2iven by Eqs. (114) and (l t 7)# respectively. 

For the nonphotons making up dpo to mimic the gravitational effect of 

the photonics making up <\0. it i~ required that ~-I equal cIA-I. This 

condition is satisfied if 

The value of Po is given by Eq. (1] 1), that of 0 by Eq. (114); that of JlC
2 by 

Eq. (52); and, that of a by Eq. (117). By use of those values~ we estimate 

~ 8 92 10-121 20'0 = . x em . (F5) 

The mean free path for nonpboton-nonphoton elastic collision is thus 

estimated at 

Ao = (1IOGo) = 5.3 X 1040 em == 5..3 x ) 022 light years, (F6) 

where 0 is the nonphoton number density given by Eq. (1 ]0). Such a large 

/\0 is quite compatible \Vitb the nonphoton gravity concept. 

Let us now consider the effect of nonphoton gravity on a photonic 

body exterior to a sphere of galactic dimension in an infinite T :::; 2.73K 

photon-nonpboton Wliverse. The exterior equilibrium mix of microwave 

photons and nonphotons is at temperature T~ antL the interior mix is slightly 

cooler, being at temperature T-<IT. If the sphere contains no photonic 
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matter. the force of nonphoton gravity on an exterior photonic body would 

be directed away from the sphere's center. If the interior contained photonic 

matter at an average density dp, the repulsive force would just vanish if 

\dTIT \ =(J/5) (flC2/b) (<floo) (dP/Po). (F7) 

For a dp of 10-30 grams/cm3
, we find that if the interior is cooler than 

the exterior ~uch that dT = _10-6 , T, exterior photonic matter would feel no 

gravitational force. And, for still cooler interiors, an exterior photonic body 

would feel a repulsive foree--one that pushes it away from the galactic 

sphere. In this sense, we say nonphotons could mimic a repulsive 

gravitational force. 
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APPENDIX G
 

REGARDING EQUATION (100) 

Unless otherwise stated, the following relates to the "view" in S, the 

"universe frame". In that frame, the directional nonphoton flux would be 

isotropic in zero gravity regions and only weakly anisotropic in regions 

where Newtonian-level gravity exists. 

To derive Eq. (100) of the text, we consider a circle of radius r whose 

center is at a distance R(>>r) from a line in the circle's plane. Rotating the 

plane about the line, one generates a thin ring of volume V = 2n2Rr2
. 

Interior to the ring are unifonnly distributed photonics that move codirec

tionally along circles centered on the ring's axis (i.e., the above-cited line). 

The photonics' total inertial mass is denoted by M. Of course, the symbols 

r, R, V and M are understood to represent quantities as seen in frame-S 

where the thin-ring of circulating photonics is seen at rest in an infinite sea 

of isotropically moving nonphotons. 

We assume the photonics are so closely packed that incoming 

nonphotons that impact them cannot penetrate their domain. Since R»r, 

slightly more surface is exposed to incoming nonphotons that would push 

the photonics toward the ring's axis than the surface exposed to the 

nonphotons that would push them away from the axis. Thus, although most 
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impacts would yield equal and opposite forces on the photonic system, a net 

inward force would result due to the cited differences in exposed surface 

areas. 

We denote by p the pressure that would be felt by a surface that 

perfectly reflects nonphotons. We assume our ring of closely packed 

photonics, being imeenetrable to nonphotons,.. reacts to their impacts as if 

the ring's surface perfectly reflects them. And, since r«R, all parts of the 

ring's surface are assumed to feel the same pressure p. 

A small portion of the ring lies between two planes that intersect 

along its axis. We denote the angle between these planes by <p«<21t). The 

net inward force due to the pressure acting on that portion is 1tf2p<p. The 

inertial mass of the photonics between these planes is (<p/21t)M and the 

magnitude of the momentum of those photonics is (<p/21t)Mc. The rate 

change of the momentum is [(<p/21t)Mc] x c/R, the change of momentum 

being directed toward the ring's center. Dynamic equilibrium requires that 

1tf2p<p = [(<p/21t)Mc] x (c/R), (G 1) 

a condition that yields Eq. (100) of the text; namely, pV = Mc2
• 

According to the prescriptions of special relativity, if the ring is seen 

in the universe frame, S, to move at a speed of ~c in the direction of its axis, 

its inertial mass becomes M/"(I-~2) and its volume contracts to V"(l_~2). 
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The moving rings' contained-photonics will be seen to move along helical 

paths on the surfaces ofcylinders ofradii equal to -."R. The radii of 

curvature of those helices equal -Rlsin2a, where a= COS·l~ is the angle 

between the cylinder's axis and a tangent to the helical trajectories of the 

photonics contained in the contracted-volume ring seen in S. Thus, the 

radius of curvature of a photonic's trajectory is R1(1-~2) in S in the case of a 

ring-like "particle" moving at pc in the direction of its axis. 

We note that the pressure p = (M/V)c2 that assures dynamic 

equilibrium for the stationary (P=o) ring particle also assures such 

equilibrium for the moving (P>o) particle. In terms of the previously 

defined small angle <p, the net inward force on a small portion of the 

contracted ring due to the pressure p is [r..J( 1_~2)] IXP. The inertial mass of 

this portion is (cp/27t) MI..J(1-~2); and, the magnitude of its momentum would 

be (cp/27t) Mc/..J( 1_~2). The rate-change of its momentum would be 

(cp/27t) [Mc/..J(1-~2)] x C x [(1-132)IR]; the change of momentum being 

directed toward the ring's center. 

For the J3>o case, dynamic equilibrium would be had if 

[~"(I-f32)Jp<p = (cp/27t) [MC/"(I_~2)] x C x (I_f32)1R., (G-2). 

Cancelling out the (1-132) terms, the above reduces to the Eq. (Gl) ~ondition. 

That is, the same pressure p that assures dynamic equilibrium of the ring-like 
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particle at rest in S also assures such equilibrium when the particle moves in 

the direction of its axis at arbitrary (1)~>o) speeds in S. 

Note that-in zero gravity regions of S, the universe frame-the 

above ring-like particle would "coast" unimpeded along a straight line at the 

constant speed ~c. And, the mass energy and momentum of the ring-like 

particle equals that of a point-like particle of the same rest mass M that 

moves at speed ~c. Also, it may be noted that the angular momentum, McR, 

of the ring-like particle about the ring's axis is independent of its speed 

under the above conditions. 
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