





‘Causality, as {t {a usually meant, {8 only a small part of the
world relationship (materfaliatic addition), a part of not subjeo-
tive but objectively real relationship’,

V.I.Lenin (‘Philosophiecal Notes?)

Introduction

In spite of the modest estimate which V.I.Lenin gave to the causality principle, it is, nevertheless, of fundamental
importance in science as the simplest form of relationship between phenomena.

Of special significance is the causality principle for physics not only from the general philosophical point of view,
but also as far as the mathematical form for expressing causality is concerned.

In contemporary physics the mathematical form of causality is based on two physical ideas: a) on the idea of the ho-
mogeneous and isotropic space-time of Einstein-Minkowski and b) on the idea that the interactions are transferred by the
physical fields ( electromagnetic fields, meson and neutron fields and the like).

At the same time it is well-known that the application of these principles to extremely small distances and short time
intervals leads to the conclusions meaningless from the physical standpoint: the energy of particle interaction at small
distances and the proper energy of particles turn out to be infinitely high.

This unsatisfactory result takes place both in quantum and classical physics, and is likely to indicate the same ori-

. . . ® .
gin of the difficulties  encounted in these two concepts.

2 Causality in Classical Physics.

In classical physics the propagation of a weak (linear) signal from the world point ?, (x, t)to the world point
fP’ {x,t,) is determined by the Green function G, which is a function of the difference between the coordinates of
the points ?1 and 5’2': X =X —x,, t=t —~1,

This is the result of the homogeneity of space-time. The requirement that the space-time should be isotropic leads
to the fact that the Green function must depend not simply upon the differences x and ¢, but on the four-dimensional
interval s = x7 —¢t7. Finally, it appears possible to introduce the time direction ¢ and the direction along the spatial
ray n:e=t/|f{=+1, n=0 for s?<0 and n=x/|xl=+1, ¢e=0 for s?>70. So, the Green function

can be put as
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This function is an invariant of the Lorentz transformation. Now the requirements of causality are additionally imposed;

a) the signal cannot propagate with a velocity greater than that of light C.

b) the signal is propagated only from the past to the future. These requirements lead to a further specification of the

function § :

* Some philosophic problems of causality and field theory were treated in /1,






In consistence with such a form-factor the hard spatial distribution of charges and currents of type p(x)=(F(q)e fax Sq
may be attributed to a particle. Such a hard distribution allows the signal to be propagated with an infinitely high velocity from the
particle periphery to its centre.

It has been shown in/4/, however, that in this case the uncertainty relation also does not make it possible to ‘accuse’ the par-
ticle that it propagates signal with a velocity greater than that of light.

In spite of the mentioned difference of the causal Green function Dc(s 2) from the classical one §(s2 + 1,0),
the situation with the singularities in the quantum field theory remains eséentially the same as in the classical theory;the singula-
rities of the propagation functions, quite natural for large x and ¢ are transferred inexorably to the domains of small

space and time scales.

4 Some Possible Generalizations of the Causal Relationship

The specific features of the propagation functions point out that it is nece ssary to give up the idea of transferring the macro-
scopic laws of signal (effect) propagation to the domain of especially small scales of space-time and to try to change them.

What has been said about the meaning of the uncertainty relations enables us to have in mind a possibility of reconciling the
conventional form of the macrocausality with other forms of microcausality in small space-time domains.

Consider now some possible generalizations of the theory.
a) The Non-linear Theory.

The Green functions having the above singularities are connected with the propagation of weak fields, obeying the linear eque-
tions.

M.Bomn was the first to notice/ 5/ that strong fields may obey other non-linear equations.In this case the speed of propagating

the signal ¥V  depends on the strength and the form of the signal ( see/6,7,8/),
Indeed, the characteristics of the non-linear equation are different from the straight lines _g:i_ = + ¢ specific for the li-

near theory. Therefore the velocity of the non-linear signal ¥V tumns out to be a function of the field intensity ¢ and its deri-

vatives _(?QS— y _Qﬂs_.
d X at

dx - 4+ y(gp, 9¢, 99 ),
dt - dx ot /3/

As has been shown in/s/, in some versions of the non-lin ear theory the quantity V may become imaginary, and the hyperbolic
equation for the field will turn into an equation of the elliptic type. Far from the source and the receiver of the signal ( we can say
~ far from the particles ) the field will obey the linear equation as earlier, while the Green function will have usual singularities
of the type  8(s?) . However, in the vicinity of the particles, where the fields are strong, the character of the singularities will
change. For instance, when the equation tums into the elliptic one, the singularity of the Green functionat X +0 , ¢t +0
will have the form I/ R zwhere R=x’ ¢7 .

This possible change of the type of a field equation near the particles resembles the situation occuring on the wing of an aero-
plane flying with a velocity close to that of sound. As is well-known, in the place where the local speed of a current flowing around
the wing, exceeds that of sound, the elliptic type of an equation turns into a hyperbolic one.

Fig. 1b shows the domain where the causality may become anomalous. Note, that the violation of the relativistic invariance

near x=0, t =0 is only seeming and is due to the fact that the space-time point where the field source






In particular, it has not so far been investigated whether the unitarity of the S-matrix would be kept or not.

¢) Modification of the Physical Vacuum Metric

Other possibilities of varying the form of causality may lie in the modifications of our space-time geometry for small

space-time domains.

One of such possibilities is the fluctuations of the metric tensor = § woo which can, in principle, be due to the
fluctuations of the zero vacuum energy.

The fluctuations of such a kind will lead to the fluctuations of the space-time interval
*,
s?= % gw,dxudxv 7/
/1

and, therefore, all the functions such as  § (s 2 s Dc (s?) will turn out to be “diffused’ /13147 1f the infini-

ties are eliminated, these fluctuations prove to be essential in the space-time domains of the order of

¥ -32
h>§ ) =0,82.10 cm. (Here y is the gravity constant). These scales seem to be too small to play an
c
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essential role in the particle world. The introduction of another scale for the vacuum fluctuation eo would mean a

new physical hypothesis, whose consequences and internal consistence are far from being investigated.

d) Space-Time ‘Quantization’

/16-18/

The old idea of space-~time ‘quantization’/ls/ was revived several times

Contemporary tendencies in developing this idea start from the assumption about the non-Euclidian character of

/1

metric in the momentum space 9/. It is the interval in the space of the momenta P, p P, P, which is supposed

2
to be

/8/
The radius of the curvature of this metric space plays the role of the limiting cut-off momentum 9’0 . The space-time

coordinates X, , X, , X; , X, canonically conjugated to these momenta turn out to be non-commuting operators

bx, 0% 1= ib}“,.. iy

. h . . .
The theory is constructed so that for the scales £ >> —p— it becomes a conventional one. It is clear that the
0
concept of the conventional causality in this theory turns out to be not valid ( at least, in the space-time domains

7;’— ). Indeed, one cannot speak about the signal propagation from the point ?z (¥, x’2

[

?2 (%) x) xy x’; ) if the coordinates of these points remain undetermined. In this theory the process of the signal
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X %) )to the point
propagation has the physical sense only for ‘ X U large enough,when the right-hand side in (9) may be neglected.

For smaller scales the relationship between phenomena may be described mathematically by means of the momentum

space only. The theory of the quantized space-time has not yet been developed consistently.









