
S p a tio t e m po r al  p uls e  
p ro p a g a tion: con n e c tions  to  

s p e cial r el a tivity t h eo ry
McDon ald,  GS, Ch ris ti a n,  JM, H o d gkinso n,  TF, Cow ey, R a n d  

Lanc a s t er, G

Tit l e S p a tio t e m po r al  p ulse  p ro p a g a tion: con n e c tions  to  s p ecial 
r el a tivity t h eo ry

Aut h or s M cDon ald,  GS, Ch ris ti a n,  JM, Ho d gkinson,  TF, Cow ey, R 
a n d  Lanc as t er, G

Typ e Confe r e nc e  o r  Works ho p  It e m

U RL This  ve r sion  is available  a t :  
h t t p://usir.s alfor d. ac.uk/id/e p rin t/23 0 1 7/

P u bl i s h e d  D a t e 2 0 1 2

U SIR is a  digi t al collec tion  of t h e  r e s e a r c h  ou t p u t  of t h e  U nive r si ty of S alford.  
Whe r e  copyrigh t  p e r mi t s,  full t ex t  m a t e ri al  h eld  in t h e  r e posi to ry is m a d e  
fre ely availabl e  online  a n d  c a n  b e  r e a d ,  dow nloa d e d  a n d  copied  for  no n-
co m m e rcial p riva t e  s t u dy o r  r e s e a r c h  p u r pos e s .  Ple a s e  c h e ck  t h e  m a n u sc rip t  
for  a ny fu r t h e r  copyrig h t  r e s t ric tions.

For  m o r e  info r m a tion,  including  ou r  policy a n d  s u b mission  p roc e d u r e ,  ple a s e
con t ac t  t h e  Re posi to ry Tea m  a t :  u si r@s alford. ac.uk .

mailto:usir@salford.ac.uk


School of Computing, Science and Engineering 

 

Spatiotemporal pulse propagation: 
connections to special relativity theory 

G. S. McDonald, J. M. Christian, T. F. Hodgkinson, R. Cowey, and G. Lancaster 

Materials & Physics Research Centre, University of Salford, U.K. 

Email: g.s.mcdonald@salford.ac.uk  

Keywords: spatiotemporal solitons, spatial dispersion, special relativity 
 

We propose a more complete model for describing the evolution of scalar optical pulses in 

nonlinear waveguides. The electromagnetic wave envelope u satisfies a dimensionless 

spatiotemporal governing equation that is of the form 
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The space/time coordinates are /, while (, s, ) are system parameters, and the function 

f(|u|2) describes the light-induced properties of the host material. With few exceptions [1,2] 

throughout nearly 50 years of literature, the first term in Eq. (1) has been routinely neglected. By 

retaining this otherwise-omitted term, we have found that pulse propagation problems are most 

transparently described with a frame-of-reference formulation. We have developed the 

mathematical and computational tools necessary for the full analysis of Eq. (1) and its solutions.  

Intriguing parallels with Einstein’s special theory of relativity also emerge naturally (e.g., the 

velocity combination rule for pulses is akin to that for particles in relativistic kinematics) [3].  

Exact bright and dark solitons (see figure 1) have been derived for a range of classic 

nonlinearities, and their robustness has been tested through exhaustive numerical simulations. 

 

Figure 1. Simulations showing the propagation (in longitudinal space ) of bright (left) and dark (right) soliton pulses. 
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