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IS FASTER THAN LIGHT TRAVEL CAUSALLY POSSIBLE?

PAUL BIRCH
51 Highland Drive, Bushey Heath, Herts., WD2 3HH.

In the conventional interpretation of Special Relativity it is said that the Principle of Causality forbids physical
influences from propagating faster than light. In this paper we demonstrate that physical ‘supra-luminal’ speeds need not
violate causality, provided that certain less stringent conditions are met; it is suggested that causality can be preserved by
a Lorentz-invariant ‘censor-field.” Consideration of General Relativity suggests that such a censor-field might be produced
by mass-energy in a manner analogous to gravitation, perhaps derived directly from the metric tensor. Some philosophical
and experimental implications are mentioned. We conclude that, despite long-standing dogma, the idea of faster-than-light
travel or communication is not in conflict with either the Theory of Relativity or the Principle of Causality.

1. NAIVE ARGUMENTS AGAINST FASTER THAN
LIGHT TRAVEL

Most textbooks on Special Relativity (e.g. [1, 2]) argue that
it is impossible to go faster than light, giving various argu-
ments in support of this claim; they usually point out that
only physical objects or information are prohibited from
propagating faster than light, whereas geometrical patterns
or apparent motions are not limited in magnitude at all

(cf “superluminal” radio sources [3]). The arguments used
fall into two classes: arguments from causality and arguments
from physical effects. In this section we shall examine and
dismiss the (naive) arguments from physical effects.

“Because the mass of an object increases without limit as
the velocity of light is approached it is necessary to provide
an ever-increasing amount of energy to maintain its accelera-
tion, and it would take an infinite amount of energy even
just to reach the velocity of light, Therefore no object can
travel faster than light.”

This argument, as well as related ones using the divergence
of time-rates, length-scales, etc. near light speed (e.g: [4, 5,
6]), has been demolished many times, notably by science-
fiction writers (who like to be able to use fast starships in
their stories). These writers usually observe that it is not
necessary to go through the velocity of light in order to go
faster than light (‘tachyon drives,’ e.g: [7]), or that it is not
necessary to move through the intervening space in order to
go from place to place (*hyperspace drives,' e.g: [8], and
‘probability drives,’ e.g: [9]).

Another argument makes use of the law of addition of
linear velocities [10, 11]:

“Because any velocity, however great, when added to the
velocity of light, gives only the velocity of light, it is
impossible to go faster than light.”

This is essentially the same as the ‘light-barrier” argument,
The relative velocity of two sub-luminal objects is indeed
always sub-luminal, as is the relative velocity of two supra-
luminal objects travelling in the same direction; whereas,
the relative velocity of a sub-luminal object and a supra-
luminal one is always supra-luminal. Physically this is
reasonable and cannot be said to rule out FTL travel.

Another argument makes use of the Lorentz factor [10,11]:

“Since the Lorentz factor becomes imaginary for supra-
luminal velocities, the results in that regime are physically
meaningless. Therefore nothing can go faster than light.”

This is more subtle, but nonetheless invalid. There should
be no objection to the occurrence of imaginary or complex
factors in mathematical expressions in physics (indeed, they
occur constantly). Only actual physical measurements need
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Fig. 1. Change of Lorentz Frame in Space-time Diagrams.

have real results, However, we must emphasise that great
care must be taken when trying to interpret results for the
supra-luminal regime,

But these arguments and counter-arguments are of little
importance; the important problem is the problem of
causality.

2. THE PROBLEM OF CAUSALITY

The argument from causality makes use of the fact that
travel faster than light looks like travel backwards in time for
some observers, With a bit of fast footwork a traveller could
return before he set out — effect preceeding cause. Since
this is obviously ridiculous, it is believed that travel faster
than light is impossible [6, 12]. The argument is set out in
more detail below, making use of space-time diagrams [10,
11].

First of all we note that a change of Lorentz frame is
accomplished by rotating the t and z axes towards each other
{Fig. 1). Note that the time-like worldline OW has a positive
velocity in the original frame (dz/di>>0), but a negative
velocity in the primed frame (dz"/dt"<0).

Now consider a spacelike worldline viewed from two
different frames (Fig. 2). Notice that OW, though apparently
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Fig. 2. A Spacelike (FTL) Worldline.
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Fig. 3. Worldlines in closed Loop.

well-behaved in 8, is travelling backwards in time in §'. Be-
cause we can draw a worldline that “goes back in time” we
can set up a paradox.

In Fig. 3 we have a spacelike worldline OW which in §8' is
going backwards in time; we add a similar worldline WV,
which starts at the end-point of the first and goes in the
opposite direction, crossing the time axis (in S") at negative
t'. The cycle is completed by the timelike path VO.

But this is absurd. For here O causes W, which causes V,
which causes O itself, and so on ad infinitum. All observers
in § and §' will agree that the traveller has gone into the
absolute past of O; all observers everywhere will agree that
the traveller has gone into his own absolute past on one or
more legs of his journey; the traveller himself will conclude
that he has followed a ‘closed timelike loop.” This violates
the Principle of Causality: effect could preceed cause, or be
its own cause; A could equal NOT A (for example, the
assertion “‘there is a traveller at O™ could be at once both
true and false). This is obviously nonsense; closed causal
loops are impossible.

Since we derived this absurdity simply by assuming that
spacelike worldlines (supra-luminal velocities) could actually
exist, we have proved that travel faster than light is
impossible. Or have we?

3 A HIDDEN ASSUMPTION

The previous section purported to show that the assumption
of FTL travel automatically gives rise to causality violations.
However, a hidden assumption was built into that argument,
as we shall now attempt to demonstrate.

For the first leg of the journey, OW, opinions differ as to
whether the traveller is going forwards or backwards in time
(At>0 but At'<0), but all agree that W is not in the absolute
past of O (as seen from any frame like S or §'); so this stage
of the journey is unobjectionable, even though carried out
faster than light. It is true that in some frames (such as §')
observers will see things happening the *“wrong way round,”
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Fig. 4. Tachyon multiple imaging.

but this is no more than an amusing illusion, and they will
have no difficulty in sorting out what really happened. So
far, so good.

(The behaviour of tachyons, as observed viz radar or
emitted light, can appear very odd: Fig. 4 shows how a
tachyon, moving past an observer, seems to appear out of
nowhere at the point of closest approach and then move
away in both directions; one image seems to go forward in
time, the other backwards. If the tachyon accelerates
(curved worldline) many images can be present simultan-
eously, “created™ or “‘annihilated” in pairs. However, when
the observer calculates the coordinates and trajectory of the
images, in the usual manner, he will be able to assign the
tachyon its worldline without ambiguity, and recognise the
double images as optical illusions, similar to the sound
images of supersonic aeroplanes. This phenomenon does not
affect the validity of the space-time or Minkowski diagrams,
or the nature of closed causal loops).

As soon as we try to go from W to V for the second leg
of the journey we run into trouble. For the worldline WV is
in the absolute past of the worldline OW, as every cbserver
will agree. This leg violates causality, then; it is certainly
impossible,

(The reader may object to the strength of the phrase
“certainly impossible,”” which was indeed used with consider-
able reluctance; if so, he is invited to find a self-consistent
(paradox free) description of a world in which such closed
loops are allowed. It is not time travel per se which is for-
bidden, it is the returning to already visited events: “‘a man
cannot step in the same river twice'").

So the legs VO (which is timelike) and OW (which is
spacelike) are causally acceptable, whereas WV is not; the
symmetry between OW and WV, which we implicitly
claimed above, is broken. In other words, we need not mind
if the traveller goes away faster than light, so long as he
doesn’t try to get back too quickly!

4, SPEED LIMITS

How fast, then, can a traveller go — and which way?
Consider the worldline OW in Fig. 5; it has a constant
velocity fy=>1 along the z-axis in frame S. The coordinates
of W are (tyw, zw).

The dotted arrows indicate the “speed limits™ in either
direction; a worldline leaving W must keep within these
limits if it is not to enter the absolute past of OW. By inspec-
tion:

(8 max) forwards =+ (1)
(B’ max) forwards = -1 2
(B max) backwards = “Z w/tw = fw (3)
(6" max) backwards=-2'w/t'w =f'w (4)
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Fig. 5. Speed Limits at Event W.

These limits transform into any Lorentz frame by using
the usual formula for the addition of velocities:

Boum = (B1 +82) [ (1 +[182) (5)

(Here we are dealing with a logical limit on possible
speeds, the only kind of limit that can ultimately be proven;
this is of philosophical interest even if the physical limits
appear to be more stringent; and whatever their physical
status may be, the limits derived from the Principle of
Causality will be far from arbitrary).

Now clearly we cannot simply leave it up to the traveller
to “obey"’ the speed limits; there will have to be some kind
of ‘censor-field’ which enforces obedience to appropriate
speed limits at every point in space-time, and blocks any
attempt to violate causality.

A trivial example of such a censor is the scalar field of
value unity (“maximum speed is everywhere c’'); this is the
choice that relativists usually make by default, but here we
should like to find a less restrictive example.

What properties should we demand of such a censor
field? It should obey the Lorentz transformations, it should
supply the “correct™ speed limit in all directions (so that no
particle can ever travel into the absolute past for any
observer, including supra-luminal ones), and it should be
smoothly differentiable (with the possible exception of a
few “excised” singular points). It must also be generated or
built into the metric without violating the Principle of
Relativity (it must not define a ‘Universal Standard of Rest.’
Furthermore, to be consistent with known physics, it
should not forbid the propogation of “tardyons’ (sub-luminal
particles) except, perhaps, under highly unusual conditions.

(It should be emphasised that the imposition of a censor
field is not ad hoe: the Principle of Causality requires that
some mathematically defineable field exist, such that closed
causal loops are forbidden; what relation (if any) this
‘censor-field’ may have to actual physics can only be
determined by experiment, but the logical limitations of
causality and known physics certainly allow us to examine
the requirements for a censor field without ed hec invention.

This is not to say that other descriptions (advanced potentials,

for example — see Ref. 13 and Refs. therein) are necessarily
invalid, but that such descriptions must be mathematically
equivalent to, or included in, a causal field description. It
must also be pointed out that such alternative descriptions
have not yet in fact succeeded in changing the general belief
that FTL travel is impossible).

5. A CENSOR-FIELD

Consider, as a censor-field, a sheaf of non-intersecting
achronal slices through space-time, as shown in Fig. 6. An
achronal slice is a surface (strictly, a hypersurface) in space-
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Fig. 6. The Censor-Field and its achronal Surfaces of Simultaneity.

time which is everywhere spacelike (always “FTL"}, but
which is not necessarily a surface t=const; an example of a
sheaf of achronal slices might be the surfaces t=ty+x/2c.

At every point on the surface of a slice the limiting
velocities are defined such that no worldline can pass
through the surface. A maximally fast traveller could skate
about upon the surface, but could not pass below it. In
general a traveller would come up out of the surface. The
achronal slice of the censor-field thus defines a (three
dimensional) ‘surface of simultaneity.’

It is important to realise that these surfaces of simultane-
ity are not in general the surfaces of constant time co-
ordinates; indeed, they could only have t=const in at most
one Lorentz frame. The surfaces of simultaneity are Lorentz
invariant. '

In moving up out of the surface one is moving forwards
in time, passing irreversibly through the sheaf of achronal
surfaces. Thus, if events E+ and E- occur on slices respec-
tively above and below the slice though the origin, then O
can communicate with F+ but not with E-, whereas E- can
communicate with O and E+, and E- can communicate with
neither.

The surfaces of simultaneity are smooth and can be
defined by a unit normal vector at each point. They are
allowed to undulate and change with time, but they must
not intersect; at most they can approach one another
infinitesimally closely.

For the normal 4-vector we use censor (or ¢ for short),
such that ¢.e=-1, as shown in Fig. 7. Note that censor does
not usually appear to be perpendicular to the surface of
simultaneity; this is because the signature of space-time is
{-+++), whereas the diagram can only treat the time dimen-
sion as if it were one of space.

We have:

censor=censor (t, X, ¥, ) (6)
Allowable 4-velocities v obey the limit:
v.censor<( (7

where the zero can be either imaginary or real, according as
v and censor are, or are not, separated by the surface of null
geodesics.

It is apparent that this censor-field is Lorentz invariant,
gince censor is a 4-vector, and v.censor an invariant scalar. It
is also smoothly differentiable, It defines a local standard of
rest, that is, the frame in which ¢=(1, 0, 0, 0) locally, but
not a universal one, since the local rest frame can vary with
time and place. Because no worldline can pass back down
through the surfaces of simultaneity, but must carry on up
wards, closed loops are forbidden, Thus both the Principle
of Relativity and the Principle of Causality are preserved by
such a field.
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