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Comment on “New Exact Solution for the Exterior
Gravitational Field of a Spinning Mass”

In a recent Letter,! Manko investigates the problem of
describing the exterior field of a rotating mass. To solve
this problem, one needs an exact solution of Einstein’s
equations containing the set of all “gravitoelectric” (due
to mass) and ‘“‘gravitomagnetic” (due to spin) multipole
moments. In a series of publications,z'7 we presented for
the first time an exact solution satisfying these proper-
ties. The Kerr parameter is involved in the set of gravi-
tomagnetic moments which, as physically expected, van-
ish if the angular momentum is set equal to zero. How-
ever, Manko claims that our solution “does not describe
all possible deformations due to rotation.” To describe
the properties of the source, an infinite set of multipole
moments is essentially all that can be invariantly defined
based on an exterior solution; therefore, Manko’s asser-
tion does not have a sound foundation. Furthermore,
Manko claims to have found a new general static ax-
isymmetric asymptotically flat vacuum solution. I will
show that (i) Manko’s static solution is identical to the
Weyl solution up to a coordinate transformation and a
redefinition of the parameters entering the Weyl solution
and (ii) Manko’s stationary solution does not have any
advantage over our work as regards deformations due to
rotation.

To show (i), I consider the Weyl solution® in cylindri-
cal coordinates (p,z), i.e.,
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where a,, n=0,1,2, ..., are constants and P, represents
the Legendre polynomial of order n. Equation (1) is a
solution of the two-dimensional Laplace equation which
is invariant under the translation z — z +«, correspond-
ing to a constant displacement of the origin of coordi-
nates along the symmetry axis. To write the Weyl solu-
tion in these “displaced” coordinates, we introduce pro-
late spheroidal coordinates x and y by x =x"'(r+
+r-)/2 and y=x"'(r+—r-)/2, with rk =p2+ (z
+ x)2. Moreover, we define parameters a,=a, — s,
where s, correspond to the values of a, in Eq. (1) which
lead to the Schwarzschild solution.® Accordingly, Eqg.
(1) becomes
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This expression corresponds exactly to Manko’s static
solution, i.e., Eq. (9) of Ref. 1 with f=expQy).

By using the Hoensalaers-Kinnersley-Xanthopoulos
(HKX) transformations,” Manko obtained the station-
ary generalization of the Weyl solution (2); however,

this generalization was derived and discussed before by
several authors.!®!' Manko claims that this exterior
solution for a rotating mass is more general than previ-
ous work?”7 because Manko’s metric contains two sets of
arbitrary parameters: a set {a,} that describes static de-
formations as well as a set {8,} that describes stationary
deformations. This conclusion is erroneous since
Manko’s introduction of the ‘“stationary” set occurs at
the level of the static metric (2) by redefining the param-
eters a, as a,— a,+qpB,. Then the constant g is set
equal to the parameter introduced by the HKX transfor-
mation which is the only one that can take the rotation
of the source into account. That this is an artificial in-
troduction of stationary parameters can also be seen
from the fact that all gravitomagnetic multipole mo-
ments vanish in the limiting case ¢ =0. The multipole
moments in our general solution can be assumed to be
functions of the parameters of the source; this fact is im-
plicit in the exterior solutions presented thus far. The
exact functional form for this dependence would follow
from the smooth matching of our exterior solution to an
appropriate interior solution along a boundary surface.
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