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In 1936 van Stockum salved the Einstetn equations Gy, = 5T, for tha gravitatiosal fleld of € S 2
rapddly rotating Infiite cylinder, [t is shown that such a field violates causality, in the tufx @
=t it allows » vlosed timellike lins to cozmect any two events in spacetime. This =uggests thal;

2 finita rotating cylirdar would also act as & time mackice, -

)
2

Since the work of Hawking and Perrose,’ it has
become accepted that ical geaeral relativity
predicle some sort of pathological bebavier. How-
gver, the exact nature of the patkology s under
intense debate at present, primarily because so-
lutions to the field equations can be found which ex-
hibit virmally any type of bizarre behavior.* [t
i8 thus of utmast impartance o know what types of
pathologies might be expected to sccur in actual
physical situations. One of these pathologies is
causality violation, and in this paper I shall argue
that if we make the assumptions concerning the be-
havior of matter and manifold usual In gereral rel-
ativity, then it should be possible in principle to
set up an axperiment in which shis particular pa-
thology could be observed.

Because general relativity is a local theary with
20 @ priovi restrictions on the glabal topology,
causality violation can be latroduced into solutions
quite easily by injudicious cholces of topology; for
example, we could assume that the timelike coor-
dinate in the Minkswski metric is pericdie, or we
could make b i in Rei -
Nordstrdm space.’ In bath of these cases the cau-
sality violation takes the form of closed timelike
lines (CTL) which are mot homotopic to zere, and
these need cause no Worrles since they ¢an be re-
moved by reinterpreting the metric in a covering
space (following Carter,' CTL removable by such
means will be called trivial—others will be called
nontrivial). -

In 1949, however, Gidel® discovered a solution
10 the field equations with nunzero cosmological

that ivial CTL. Sul, it
could be argued that the Gadel solution is without
ph since it correspo wa
rotating, statiosary cosmology, whereas the actual
univerae is expanding and apparently nonrotating.

The low-angular-momentum Kerr fleld, on the
other hand, camnot be clalmed to be without physi-
cal relevance: It appears to be the unique final
state of gravitational collapse,” and so Kerr black
holes probably exist somewhere, possibly in the
center of vur galaxy.® This field also contains

2

nontrivial CTL, though the region of causality vi-
olation i5 confined within an event horlzon; causal-
ity violation from this source could never be ob-
sarved by terrestrial physicists.® In addition,
since the CTL must thread their way through a re-
gion near the singularity, it is quite passible that
matter of a collagsing star will replace this re-
gion, a8 malter replaces the past horizon in the
case of spherical collapse.'” The final Kerr field
wilh collapsed star could be causally well behaved,
50 the CTL pathology might stll be eliminated
from general relativity's physical solutions.

1 doube this, because nontrivial causaiity vicla-
tion alss eccurs in the field generated by a rapidly
retating infinite cylinder.

The field of such a cylinder in which the centrif-
ugal forces are balanced by gravitational attraction
was discovered by van Stockum (n 1936."" The
metric 15 expressed in Weyl-Papapetrou form:

ds? = (dy ¥ +d2?) + Ldg? = 2Mdpdt - Fde*, (1)

where z measures distance along the cylinder axis,
> is the radial distance from the axis, ¢ is the an-
gle ccordinate, and ! is required ta be timelixe at
r=0 (-m<z<m, O<r<m, 0sp =2y, -m<f<m)
‘The metric tensor 13 a function of  alone, and the
coordinare condition FL +M* =» * has been impused
(units G=c=1),

It is clear that slnce = dety,, =—+*1* is nega-
tive, the metric signature is («++ =) for all ¥ >0,

p! H=#0. van the Ei
equations
G¥y = =BrTH,
-—prp 3 A5y
b0 G5 s

where p is the particle mass density. Also

do /dt
=/ s =constant ,

T-T“,=-a
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