
Revista Brasileira de Física, Vol. 10, NP 1, 1980 

Causality, Faster than Light Signals and 
Clock-Synchronization 

F. GONZALEZ-GASCON
Instituto de Estructura de la Materia del CSIC y GIFT c/ Serrano 119, Madrid, Spain

Recebido em 3 de Setembro de 1979 

The synchronization o f  clocks i s  rev i s i t ed .  I t fo l lows tha t  

when s ignals o f  V  are  used there i s  nothing paradoxical i n  the resu' l t  

to . t 8  < O .  The real  paradox would be t o  get  t O z t 8  > 0 .  

A sincronização de re lóg io  é reexaminada. Segue que, quando 

s ina i s  de V>c são usados, nada há de paradoxal no resul tado tO.tl < 13. 

O paradoxo real  ser ia  a obtenção de to.tA > 0 .  

1. INTRODUCTION 

The causal "paradoxes" which a r i s e  i n  the special theory o f  

r e l a t i v i t y  when s ignals o f  speed V>c are  allowed are  very o l d  and wel l  

k n ~ w n l - ~ .  Recently t h i s  subject  has received consideiable attentionl-3, 

the present opinion being tha t  the causa l i t y  hypothesis shouid notbe m i -  

xed o r  confused w i t h  the temporal reorder ing o f  events when o b s e r v e d  

from d i f f e r e n t  i n e r t i a l  frames. I t  fo l lows t h a t  the existence o f  super- 

l i g h t  s ignals 5s compatible w i t h  the special r e l a t i v i t y .  

We g i ve  here f u r t h e r  arguments leading t o  the same conclusion. 

The nove1 t y  i s  t ha t  on the one hand our arguments are  much simpler than 

the standard ones. On the o ther  hand our approach i s  based on the ana-  

l y s i s  o f  the clock-synchronization prescr ip t ions  which are necessary i n  

order t o  g ive  an operat ional  meaning t o  the symbol appearing i n  the 

standard Lorentz transformations. 



2. CLOCK-SYNCHRONIZATION AND CONSEQUENCES 

It i s  w e l l  known4 t h a t  i n  o r d e r  t o  synchronize t h e  c l o c k s  ! y -  

ing on an a r b i t r a r y  i n e r t i a l  frame S one can use t h e  l i g h t  s i g n a l s  s t a r -  

t i n g  from an a r b i t r a r y  p o i n t  Po o f  S. I f  a  l i g h t - r a y  i s  sended f rom Po 
a t  to, the  c l o c k  s i t u a t e d  a t  P has t o  show a t ime t = t O  + I P  -P~/c  when o 
t h e  l i g h t - r a y  a r r i v e s  t o  P. When t h i s  o p e r a t i o n  has been performed f o r  

any o f  t h e  c locks  o f  S we say t h a t  they  a r e  synchronized w i t h  t h e  c l o c k  

i n  Po.  Under t h e  s tandard hypo thes is  o f  s p c e - i s o t r o p y  and space - t ime 

homogeneity2 i n  any i n e r t i a l  frame one can show t h a t  t h e  m a t h e m a t  i c a l  

r e l a t i o n  o f  "being synchronized"  i s  an equiva lence r e l a t i o n  and, t h e r e-  

f o r e ,  we can speak o f  synchronized c locks ,  w i  t h  independence o f  thec iock  

Po employed i n  t h e  above mentioned process. 

Once the  c l o c k s  o f  the  i n e r t i a l  frames SI and S2 h a v e  b e e n  

synchronized, one has t o  a d j u s t  o r  "connectl ' t h e  measures o f  t h e  t va- - 
r i a b l e  measured by the  c locks  c f  SI and S2. I f  c1  and c 2  a r e  c locks  s i -  

tua ted  on SI and S2 which pass o v e r  the  same space p o i n t  then we impose 

t h a t  a t  t h e  i n s t a n t  o f  t h e  pass over ,  both c l o c k s  have t o  mark c r  show 

the  same t ime ( f o r  instance,  t=O) . When t h i s  o p e r a t i o n  has been accom- 

p l i s h e d  f o r  a l l  the  frames SI, S2, S3, ... which migh t  be i r i v o l v e d  we 

say thatS1,S2,S3, ... have a ccinmon o r i g i n  o f  t ime .  O n l y  wheri t h i s  

troublesome opera t ions  have been performed there  i s  any sense i n  w r i t i n g  

t h e  s tandard t ransforrnat ion formulae connect ing t h e  readings o f  the  me- 

t e r s  and c locks  o f  S and S' : 

Since f o r  t h e  c l o c k  s i  tua ted  a t  x=0, and when t=O, we g e t  from eq. (1) 

t r = O ,  S  and S '  have a ccinmon t - o r i g i n .  

Assume now a phys ica l  s i g n a l  propagat ing w i t h  speed V o n  S, 

t h a t  i s :  
> 

X = V ' T ,  t = T ,  v < C .  (2 )  

The s i g n a l  w i  11 reach xO=L i n  a t ime  t o =  L / V .  For S t  t h e  t ime  employed 

i s ,  



Therefore,  f o r  V c2/v ,  ( t  . t ' )  0, which i s  ( i n  substance) t h e  cau,- 
o o 

sa l  "paradox" connected wi t h  t h e  phys ica l  s i g n a l s  (2) propagat ing wi t h  

V > c2/v  > c s ince  v  <c. 

I n  p a r t i c u l a r ,  i f  V i s  increased,  t i  i s  more and more n e g a t i -  

ve. Since the  va lue  o f  t ó  can be w r i t t e n  as, 

t; = L / V (  I - vv/c2) . y (v) , ( 4 )  

when V*, t f  reaches the minimum va lue  t i  g i v e n  by, o 

Our c o n t e n t i o n  i s  t h a t  t h e r e  i s  no paradox i m p l i c i t  i n  the  nega t i ve  v a -  - 
l u e  taken by t ' o r  t ó .  On t h e  c o n t r a r y ,  we s h a l l  see t h a t  eq. (51, and o 
t h e  minus s i g n  o f  eq. (4) when V > c2/v ,  a r e  n a t u r a l  if one has n o t f o r -  

g o t t e n  t h e  o p e r a t i o n a l  way used i n  o r d e r  t o  d e f i n e  a common t - o r  i g i ri 

f o r  S and S'. 

Indeed, from e q . ( l )  we g e t  t h a t  t h e  l o c a l  t ime  tOshown by t h e  

c l o c k  s  i t u a t e d  (on 5'') i n  f r o n t  o f  xo=L when t=O i s ,  

which co inc ides  w i t h  t i  as g i v e n  by eq. ( 5 ) .  T h i s  i s  na tu ra l ,as  even if 

t h e  c l o c k s  o f  S and S '  s i t u a t e d  a t  x=z1=0, when t=O, do show a c m o n  

t ime, those c locks  o f  S '  s i  tua ted  i n  f r o n t  o f  xo > O a t  t =O do show a 

n e g a t i v e  t ime, as a consequence o f  ( I ) .  I n  t h e  same way those c locks  o f  

S '  s i t u a t e d  i n  f r o n t  o f  xO < O when t=O must show a p o s i t i v e  t ime.  Ori 

t h e o t h e r  hand, s ince  a s i g n a l  l i k e  (21, when V*, reaches t h e  p o i n l :  

xo=L i n  a = 0, t h e  c l o c k  i n  f r o n t  o f  xO=L, t =O must show, accord ing o 
t o  ( I ) ,  a  t ime  - V L / C ~ .  y ( v ) ,  which i s  no th ing  more t h a t  t h e  t ime d e f i -  

ned by eq. ( 5 ) .  

Therefore,  t h e r e  i s  noth ing  paradox ica l  about be ing to.tó < O 

when V > c 2/ v ,  o r  i n  t h e  extreme nega t i ve  va lue  g iven  by (5) when V -. 
The o n l y  r e a l  t r o u b l e  i s  t o  f o r g e t  t h e  o p e r a t i o n a l  way i n  w h i c h  t h e  



c l o c k s  a r e  synchronized i n  spec ia l  r e l a t i v i t y ,  imp ly ing  t h a t  even i f  t h e  

c l o c k s  s i t u a t e d  a t  t h e  common o r i g i n  x=xf=O do show t h e  common t i m e  t l= 

= t = O ,  t h i s  does mt happen f o r  the  c l o c k s  s i t u a t e d  a t  o,, # O .  The real 

l o g i c a l  c o n t r a d i c t i o n  would be t o  g e t  t ó  > O when s i g n a l s  o f  v e l o c i  t y  

V > c2/v a r e  used. There fo re  the  reason f o r  the  t u r n i n g  up o f  nega t i ve  

va lues o f  ti (when s i g n a l s  o f  V > c a r e  used) i s  o f  k inemat i ca l  o r i g i n ,  

has n o t h i n g  t o  do w i t h  c a u s a l i t y 2  and does not con t t -ad ic t  E i n s t e i n ' s  

i deas. 
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