VoLUME 11, NUMBER 5

PHYSICAL REVIEW LETTERS

1 SEPTEMBER 1963

nonzero divergence. If m#0, then there are
certain integrability conditions which must be
satisfied by Eqs. (2)-(4). These may be solved
for m as a function of  and its derivatives pro-
vided that either A or {} is nonzero. This ex-
pression for m may then be substituted back into
the field equations giving conditions on Q and its
derivatives, from which further integrability
conditions are extracted.

If both A and {} are zero, then we may trans-
form the metric to a coordinate system in which
Q is pure imaginary and P#1, with =P =0. The
field equations then become

m=cu +A +iB,
where ¢ is a real constant, and
P 29[P~?v(InP)]=2¢c, V=28%/agalr*.

A, B, and , which are all independent of » and
v, are determined by

iB=LP 2v(P~%Q/a¢) - P~*(a/2¢)v (InP),
VB =icaQ/a¢,
(8/8¢)(A -iB) =cR,

where ¢ =¢ +in. If ¢ is zero, then 3/du is a
Killing vector.

Among the solutions of these equations, there
is one which is stationary (c =0) and also is axial-
ly symmetric. Like the Schwarzschild metric,
which it contains, it is Type D. Also, B is zero,
and m is a real constant, the Schwarzschild
mass. The metric is

ds?=(r?+a?cos®0)(d6® +sin%0d ¢?) + 2(du +a sin®6d ¢)
2my
i 2 - - —————————
X (dr +a sin®0d¢) (1 r2+a2c0529>

X (du+a sin®0d¢)?,

where a is a real constant. This may be trans-
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formed to an asymptotically flat coordinate sys-
tem by the transformation

(r-ia)e’® sing =x +iy, rcosb=z, wu=t+r,

the metric becoming

2 3
ds?=dx?+dy?+dz?- dt? +F:ﬁ:z—zz(k)2,

(% +a?)rk =r3(xdx +ydy) +ar(xdy - ydx)
+(r? +a?)(zdz +rdt). (5)
This function r is defined by
r*- (R%-a®r?-a%?=0,

so that asymptotically » =R +O(R™'). In this co-
ordinate system the solution is analytic every-
where, except at R=a, z =0.

If we expand the metric in Eq. (5) as a power
series in m and a, assuming m to be of order
two and a of order one, and compare it with the
third-order Einstein-Infeld-Hoffmann approxima-
tion for a spinning particle, we find that m is the
Schwarzschild mass and ma the angular momen-
tum about the z axis. It has no higher order
multipole moments in this approximation. Since
there is no invariant definition of the moments in
the exact theory, one cannot say what they are,
except that they are small. It would be desirable
to calculate an interior solution to get more in-
sight into this.

2_,.2 2 2
R=x“+y“+2°%,
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