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Summary. — We propose the new derivation of the Kerr solution by adding to
the Schwarzchild black hole the solitonic vortex made from the pure gravitational
field. With this method, we can figure out how rotational energy can contribute to
the mass of the resulting Kerr black hole. This suggests a new mode to think on
the relation between the mass and angular momentum of a Kerr black hole.

PACS 04.20.-q – Classical general relativity.
PACS 04.20.Jb – Exact solutions.
PACS 04.70.Bw – Classical black holes.

1. – On the new derivation of Kerr solution

As was mentioned by L. D. Landau and E. M. Lifshitz [1], there is no constructive
derivation of the Kerr metric in the literature that could be adequate to its physical
content as the gravitational field of a rotating body. Here we propose the derivation the
mathematical procedure of which may corresponds to the physical process of applying
an angular twist to a Schwarzschild black hole. It is known that both Schwarzschild and
Kerr black holes are gravitational solitons, they can be derived as stationary solitonic
states on the flat space-time background [2, 3]. Consequently, an assumption that Kerr
solution can be obtained also by adding to the Schwarzschild background a solitonic
vortex is plausible. This vortex should be defined in such a way that it brings to the
static background only the rotation together with the mass-energy generated by it but
not any arbitrary contribution to the total mass independent of rotation. We show how to
do this in the framework of the so-called “w - soliton generating technique” developed by
G. Alekseev [4] and described in details in the book [5]. This technique is generalization
of the pure gravity Inverse Scattering Method for the case when an electromagnetic field
is present. However, one can use this technique also for the pure gravity case simply
taking the electromagnetic potentials to be zero. Here we use namely this way following
the procedure described in chapter 3 of the book [5].
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The first non-trivial task is to solve the equations of the corresponding linear spectral
problem for the Schwarzschild metric written in the cylindrical Weyl coordinates ρ, z to
obtain the background spectral matrix ϕ̂(0)(w, ρ, z) (that is the solution of the matrix
equation (3.48) in the book [5]). This was done by one of us [6] in relation to the quite
different problem but the result can successfully be used here.

Using this background matrix ϕ̂(0) we constructed (following instructions from point
8 to point 11 of the subsection 3.3.4 of the book [5]) exact solution representing the
Schwarzschild black hole under the influence of a gravitational whirl which forced the
black hole to rotate. Such perturbation corresponds to the one-pole solitonic excitation
of the special choice of the arbitrary constants entering the dressing matrix χ̂, which
matrix brings about the transition (ϕ̂ = χ̂ϕ̂(0)) from the background to the perturbed
space-time. We should eliminate from χ̂ those parameters not related to a rotation, that
is the constant generating the electric charge, the constant generating a new rest mass
and the constant introducing the NUT-parameter. The analysis shows that the pure
rotation will be generated only by the one real parameter σ, namely that one which
fixes the position of the pole of the dressing matrix in the complex plane of the spectral
parameter w, that is wpole = iσ (we should locate this pole on the imaginary axis of the
complex plane of the spectral parameter since the real part of wpole produces the NUT-
parameter). After calculations we obtain the Kerr metric in which the Kerr mass mk and
specific angular momentum parameter a are the following functions of the background
Schwarzschild mass ms and pole position parameter σ:

mk = ms
m2

s + σ2

m2
s − σ2

, a =
2m2

sσ

m2
s − σ2

.

From these formulas our main result follows:

m2
k = m2

s + a2.

The physical interpretation of this relation between mass and angular momentum of
the Kerr black hole and its possible link to the Christodoulou-Ruffini theory [7,8] of the
black hole irreducible mass need further investigation.
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