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An axially-symmetrical body rotating inside a resonator cavity 1s capable
of amplifying definite oscillation modes inside the resonator, transferring the
rotation energy to these osclllations.

The frequency of the amplified oscillations 1is not an integer multiple of
the angular velocity of the body, and the instantaneous state of the resonator
does not depend on the time, so that the phenomenon in question differs from
the parametric resonator.

In scattering of a plane wave lincident on the rotating body, it is advis-
able to expand the wave into spherical (or cylindrical) waves with different
values of momentum projection on the rotation axis. In the scattering, the
waves with (sufficiently large) momentum parallel to the rotation vector become
amplified, and all others become attenuated. In the presence of an external
reflector with small losses (resonator), the amplification following single
scattering may turn into generation. The linear velocity on the surface of the
rotating body obviously is smaller than the speed of light, v = Bci B < 1. The
amplified waves have an angular dependence exp(in ¢), where n > B~°. It follows
therefore that the radius of the body is smaller than n wavelengths by at least
a factor of B; this means that the body 1s inside the gzone in which the wave

amplitude decreases more rapidly than (r/k)n. Therefore at small 8 the gain is
exponentially small, like exp(B") or even weaker.

The foregoing pertains to a body made of a material that absorbs waves
when at rest; the conditions for amplification and generation are obtalned after
transforming the equations to the moving system. A similar situation can ap-
parently arise also when considering a rotating body in the state of gravita-
tional relativistic collapse.

The metric near such a body is described by the well-known Kerr solution.

The gravitational capture of the particles and the waves by the so-called
trapplng surface replaces absorption; the trapping surface ("the horizon of
events") is located inside the surface goo = 0. Finally, in a quantum analysis
of the wave field one should expect spontaneous radiation of energy and momen-
tum by the rotating bodg. The effect, however, 1s negliglbly small, less than
fw*/c? for power and Aw®/c® for the decelerating moment of the force (for a
rest mass m = 0, in addition, we have omitted the dimensionless function B).
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The rotating body is regarded classically, and none of the foregoing applies to
particles with quantized angular momentum.

Further generalization to the case of fermions, including charged ones, is
also possible. The rotating body produces spontaneous pair production in the
case when the body can absorb one of the particles, while the other (anti)par-
ticle goes off to infinity and carries away energy and angular momentum. All
that is necessary is that the momentum carried away be sufficient to draw energy
away from the body, which requires a definite value of the impact parameter b;
the region between the surface of the body and a cylinder of radius b is the
barrier. Finally, there is a possible variant in which particle absorption is
replaced by scattering of the particle by the material of the body. Obviously,
rotation alone will not lead to pair production without interaction with the
body.

To prove all the statements, let us consider the simplest case of a scalar
field ¥. In vacuum ¥ satisfies the equation Qy - m?yY = 0. In an absorbing
medium in a coordinate system where the medium is at rest we have Ov +
a(dy/dt) - m2y = 0, where a characterizes the damping. In a system where the
medium moves along the X aXis the Lorentz transformation yields

af_¢_’ ay_a_s/'_ _ ﬁﬂ'_);},:(l_ﬁz)-x/z.
dat dt ox

Let us conslder the cylindrical problem ¢ = f(r) expl[~iwt + ing¢].

Let X = r¢ be reckoned along the circle over which the rotation takes
place, B = rQ/c, where Q is the angular velocity of the body.

In this case the additional term in the wave equation inside the rotating
body (under its surface) is equal to

iBne

r
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Consequently, the additional fterm reverses sign at nf8 < -w, where n < 0 and
In] > w/Q. The medium operates effectively as an amplifier and not as an ab-
sorber with respect to waves with such values of n.

For an n-pole, the boundary of the wave zone corresponds in order of mag-
nitude to r, = [n|x = [n|c/w; the radius of the body is r = v/2 = gc/Q. From

the inequality needed for amplification we get r/rw < B, the body lies deep in-
side L The condition for wave amplification coincides with the following

simple energy criterion: the photon energy is E = hw, the angular momentum of
the photon in the n-pole state is ¥ = nh (we neglect the spin *1), and uf > E
denotes that the decrease in the body's rotation energy is larger than the
energy of the emitted photon. The constant h does not enter in the solution,
being a gift to the modern method of expression in an era when "quantum
mechanics helps understand classical mechanies."

I take the opportunity to mention a stimulating discussion with Misner,
Thorne, and Wheeler of the problem of extracting energy from a rotating col-
lapsing body, and useful discussions with G.A. Askar'yan, G.A. Grinberg, B.Ya.
Zel'dovich, P.L. Kapitza, and I.I. Sobel'man. I am grateful to all these
persons.
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