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In this article it is shown that photons of light, when tramglin parallel, do not attract
one another gravitationally. This has been shown prewousing general relativity,
however here it is only assumed a Newtonian approximatidhe@ravitational attrac-
tion between photons. The explanation for the lack of gadigihal attraction is simple:
as co-moving objects accelerate in parallel, the flow of tismetarded, as observed by
a stationary observer, according to special relativitynégeso is the tendency for the
objects to move toward one another. As the velocity of theaijapproach, the time
required for the objects to approach one another approacfieity, and so there is no
gravitational attraction between objects which move palrat the speed of light.

1 Introduction Thus, according to a stationary observer, it takes longer fo
In 1931 Tolman, Ehrenfest and Podolsky [1] were first to pug]-e two ObJeCFS to approach one another, when t.he|r gerhter-o
-mass frame is moving at some non-zero velocity. Since the

lish studies on how light interacts with light gravitatidiya > ) .
Among other things, they found that when photons move fC1or ¥ V1 —v%/c? — coasv — ¢, the time required for the
two particles to come together as- ¢, approaches infinity.

parallel beams, there is no gravitational attraction betwe : ) : : .
them. The authors did not give a physical explanation fEPe time required for the objects to deviate from their paral

this peculiarity. In 1999, Faraoni and Dumse [2] studied t|l1%| trajectories is hence also infinite. The conclusion here

problem of gravitational attraction between photons and c&hat for two particles moving at the speed of light, sinceetim

cluded that for photons moving in parallel, the reason fer thopf':\gtgtmnl|nttthe|rt_cen_ter—?f—mass "‘f"”t”e |ts rKJIPhemst;Iaix
lack of gravitational attraction is due to an exact caneellgrl‘zwI a |obna a rac;)n IIS asc;] nc(;r_1eX|§ en 'f oug h?s
tion of the gravitomagnetic and gravitoelectric force swmsn taken to be perpendicular to the direction of propagatius, t

them. Both sets of authors used a linear approximation to ﬁ?@d't'on can be relaxed without changing the conclusion of

metric to come to their conclusions. Here, we come to th8 gravitational attraction.

same conclusion, but it is argued that the lack of graviteti A ttraction between coplanar non-parallel photons
can be entirely explained in Minkowski spacetime with as-

sumption of the Newtonian approximation for gravity. Thi¥ both of the references, the authors found that for non-

is reasonable, since the gravitational fields between pisotarallel propagation, the gravitational attraction be&wpho-
can be expected to be very weak. tons is non-zero. This can be reasoned, for some simple,cases

as follows: suppose the two particles, in this case photoes,
returned to their original positions, but upon releaseppro
gate away from one another at a relative angle>20, ac-
Consider two free particles separated by distaniodtially at  cording to a stationary observer. Then, the center of mass
rest in empty space with respect to an observer. The obsefi@mne propagates at a velocity= ccosf < ¢ and so grav-

will find that after a time intervat, the objects will come itational attraction between photons is retarded by a facto
together due to their mutual gravitational attraction. cginof 1/ sing, according to a stationary observer. For example,
the objects are regarded to be small, it iffisient to assume at 29 = 187, the photons trajectories are antiparallel to one
Newtonian mechanics in the calculationtphowever calcu- another, and there is no retardation since the center of mass

lation of the exact value is not necessary for the purposefigfme is stationary. The same applies for photons convgrgin
the argument here. at these nonzero angles.

Next, consider what happens when the two ObjeCtS are  sypmitted on: September 10, 201&ccepted on September 15, 2013
returned to a distance apart from one another, accelerated
to some terminal velocity perpendicular tok, and then re- References
leased. Upon release, the objects initially move paradlel t1. toiman R.C., Ehrenfest P., Podolsky B. On the gravitafidield pro-
one another, with distance between, but as before, begin  duced by lightPhysical Review, 1931, v. 37, 602-615.
to attract, and eventually come together. However, in tiHs i 2. Faraoni V., Dumse R. M. The gravitational interaction ight: from
stance, the time required for the two objects to come togethe Weak to strong fieldsGeneral Relativity and Gravitation, 1999,

. ) . . .31(1), 91-105.
in accordance with special relativity,tis= t/ /1 — v2/c2 > t. v-31(D)

2 No attraction between parallel photons
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