GENERATION OF MAGNETIC FIELD IN BINARY CELESTIAL SYSTEMS
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It is customary to disregard the generation of magnetic fields by tidal flows in binary
and multiple celestial systems (e.g., binary stars, the earth-moon-sun systems, stars surround-
ed by nebulae or protoplanetary clouds, etc), since the tidal deformations are almost reversible
and the body resumes its previous configuration after a relatively short period. The energy
is then reconverted to its gravitational form. We note, however, that the dissipative part of
the tidal energy is usually quite sufficient to maintain a magnetic field. For example, the
tidal energy dissipated in the earth's core exceeds 10!° erg/sec, whereas the Joule losses of
the earth's magnetic field do not exceed apparently 1017 — 10!8 erg/sec. Although the shapes
of the bodies in binary systems return periodically to their previous configurations, the matter
elements that take part in the tidal flows do not return to their previous positions. Their
trajectories become more and more entangled, and this lengthens the magnetic-field force lines
that are frozen in them, and by the same token strengthens the field.

Tidal flows in binary systems whose componeents rotate about axes inclined to the plane
of orbital motion were investigated in [1]. The Navier-Stokes equation was solved with allow-
ance for the gravitational, tidal, and Coriolis forces (disregarding viscosity, which is insig-
nificant here). It was shown that the tidal-velocity components Ves Vg and v¢, in a reference
frame rigidly coupled to the body, are given by

vty = X F(r, B)cos [(Q 4+ mo)t + $, 1, (1)
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where ?(re¢) are the polar coordinates of a point inside or on the surface of a body of mass M
and radius R; 9 is the angular velocity of rotation about the axis, w? = GM;R73 is the square
of the angular velocity of revolution of the tide-producing body of mass M) or its orbit, R; is
the distance between the bodies, 8 is the angle between the rotation axis and the perpendicular
to the orbit, and ¢km is a certain fixed angle determined, as is the function F, (r, B), by

the solution of the Navier-Stokes equation. The tidal velocities determined by (1) ensure the
entanglement of the force line frozen into the matter. The precession motion also leads to
entangling of the force lines. In binary systems with axis inclined to the orbit, the components
v¢ and vy are anomalously large. Accurate to terms of order (w/wo)zﬂr, whereu% = GMR‘3, we have
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The radial velocity v, is of the order (w/wo)zﬂr, and since wp >> w, it is much less than Vg

and v, if Q@ < w. For example, for a binary star with M = M; = Mp, R =Ry, R; = 10R, w = Q = 10”3
sec™ !, g = 45° and ¥ = 7x10!0 cm we obtain v, = vy = 5 km/sec, while vy is smaller by a factor
10 . At certain ratios of the frequencies, e.g., when w%w = g3, where g is a quantity of the
order of unity, resonance sets in and the velocities are limited only by the dissipative and
nonlinear phenomena. During the course of evolution, when wg, f, and w all vary, resonance con-
ditions can arise. At the same time, the regime of internal flow and heat transfer can change
appreciably, especially in the radiative regions of stars, where there are no other large-scale
high-velocity motions. This peculiarity of tidal flows in bodies having axes inclined to the
orbit is particularly favorable for field generation. If the known equation of dynamo theory

is averaged over the period of the tidal pulsations then, in analogy with the case of generation
of a large-scael field by small-scale turbulence [2], we obtain an equation of the type
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The quantity o depends on the coordinates. 1In the spherical case it contains terms proportional

to cosf, i.e., having different signs in different hemispheres. This is important for the

generation of a large-scale field. Equation (3) does not make it possible to determine the mag-

nitude of the field, only its feasibility and its characteristic growth time. This time is of

the order of 1 = L/a :3L2wt/v% » where L, wy, and vt are the average characteristic dimensions

of the system, the frequencies, and velocities of the tidal flows. For growing solutions to
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exist we must have v, > 3Dwt. The value of vy is determined by precisely those velocity compo-
nents that ensure the entanglement of the "liquid ‘article" trajectory. In a star with L ~ 1011
em, w, v 1075 sec™!, and A 105 cm/sec the value of T is of the order of one year. Such a
rapid filed growth can alter radically the character of the heat transfer and can lead by the
same token to catastrophic processes such as flares. It is not excluded that outbursts of no-
vas, all of which are binary, are due to this effect.

If the star gurface has a well-conducting layer that is ineactive in field generation,
then the field produced inside the star need not necessarily break through to the surface. If
such a layer exists at the surface of the earth’s core (o ~ 10!6 cgs), then, regardless of the
generation mechanism, fields with periods < 10" years will not penetrate to the earth's surface.

In binary systems, there should also act an inductive field-generation mechanism compris-
ing typical dynamo enhancement for the case of doubly-connected geometry. Hertzenberg [3] has
shown that a stationary field can be produced in a system of two rotating spheres in a conduct-
ing medium, From the fundamental point of view, this system does not differ essentially from
a binary-star system. We have considered generation of a field in a star surrounded by a disk-
like cloud that revolves around the star with its axis inclined to the rotation axis of this
star. In first approximation, the conditions for field growth are satisfied for only those mag-
netic moment components of the star, which are perpendicular to its rotation axis. Since the
magnetic moment is connected with the star, the cloud is acted upon by an alternating magnetic
field and it must be taken into account that such a field does not penetrate deeply into the
mantle. Nonetheless, the growth increment may be large enough to permit a strong field to be
generated in a time much shorter than the evolution time. We note that unlike field generation
by tidal flows that produce a field in the entire interior of the body, the inductive mechanism
generates a field primarily in the surface layers, since the inner layers are screened, and only
stochastic flows of various types can carry the field to the interior. Magnetic Ap stars are
frequently single. There are data, howevey, indicating that many are surrounded by shells. The
presence of a shell could explain such properties of these stars as the relatively slow rota-
tion, the appreciable magnetic field, and the anomalies of the chemical composition. These ano-
malies could result from differentiation of the matter in the shell with subsequent accretion
onto a star.
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We discuss the possibility of observing the neutral-cur-
rent interactions predicted by weak—interaction gauge models,
using P-odd effects in deep inelastic scattering of polarized
muons

1. There have been many recent discussions of gauge models of weak interactions in which
interaction takes place between neutral-vector and axial currents of leptons g, with the hadron
current ha [1]. The existing experimental limitations on the interaction constants of neutral
currents with AS = 0 are quite weak, and the best of them, which follows from an analysis of
the process v, p + vupﬂo [2] yields

GV g 0,46¢ . (0

Moreover, in many models (see [1]) the neutral current contains no neutrinos, and in this case
the neutrino experiment is generally insemnsitive to its existence. The experimental limita~
tions on the interaction constants of a neutral current of charged leptons Gne) and Gnu with
a hadron current with AS = 0 is much worse than the limitation (1). The experimental gata on
muon scattering and on the test of -e universality yield only a very weak limitation?/:

G{H) < (500 - 1000) Gg . (2)
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