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Photon possesses the inertial and gravitational mass which is proportional to its 
energy and the light velocity depends on the local value of gravitational potential. 
There two statements of the theav of relativity premise the possibility of nonlinear 
behavior of Eh.l-wa~es in vacuum similar to weli known nonlinear optical effects in 
material media with permeabilities dependmg on the fieid strengh 

Sa the nonlinear wave propagation in a free space which po. 
aprical self-focusing m s e s  due to the positive sign of the der 
with respect to potential ofgravity Therefore the iqurvalent mass of an intense photon 
beam may "cave in" for itself some kind o f  ZD poienrial well or. in other words. may 
form the induced waveguide in vacuum 

The selfconsistent ~ o l ~ t i o n  of this problem includes the relativistic calculation of 
photon trajectories in the tieid of gravity carired by the total m a s  of photon beam ~n 
paraxial approximatiun of a single-mode inadel in the case of weak frav!tatmnal 
potential Conditions of ansing a set of penadical trallsrelse-restricted photon 
ira,ectorirs manifesting the waveguide-type propagation are as following the total EM 
energy of a photon beam mu7t exceed the critical value which IS equal IO the Planck's 
energy (-10"' I)  and the coherence length must sufficiently exceed the beam diameter 
Numerical estimates show that such a kind self-focused phonon jets m mcuum may 
ansc only ifthc beam length is comparable with interstellar distances 

Effect of lharmonic generation in vacuum has many basic features of usim optical 
n u n l ~ n e a ~  piocess in crystals. bur m some respect is more simple one because vacuum 
i s  dispersion free medium Thus the vacuum harmonic generation is an isotropic effect 
with an infinite length of synchronism 

'The nonlinear EM-pulse shaping process in v a c w m  leads to the rhonening of pulse 
duration and intrapulse frequency modulation during the long distance propagation 
through free space. 

Considered nonlinear bacuum effects presumably should be of inteiesi for solving 
various cosmoIo~caI problems ofphaton propagation in free space 

AUC 

ER-source 


