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[t is shown that ‘frozen-in magnetic field lines” and ‘magnetic field-line reconnection” are unnecessary

and often misleading concepts.

1. INTRODUCTION

The concepts ‘frozen-in magnetic field lines’ and ‘field-line
reconnection® play a certain role in discussions of the theory
of the magnetosphere. The use of these concepts has been
criticized [see, e.g., Alfvén and Fdilthammar, 1971, Heikkila,
1973; and Alfvén, 1975}, and we shall here demonstrate that
both concepts dre unnecessary and often misleading.

2. STATIONARY MODEL OF THE MAGNETOSPHERE

Much of the discussion of magnetospheric theories is cen-
tered on the stationary state, and we shall confine ourselves to
this (Figure 1).

Let us make a model of the electric and magnetic fields in
the earth’s surroundings. We place a current carrying coil in
the earth’s interior, which if suitably constructed gives the
earth’s magnetic field. In case we are satisfied with the ax-
isymmetric dipole component the coil may consist of a very
small circular loop at the center of the earth,

Similarly we let the interplanetary magnetic field be pro-
duced by a current in a very large coil. In the simplified case of
a south-directed interplanetary field the coil may be a Helm-
holtz coil with its axis coinciding with the earth’s axis.

To these we must further add a number of coils representing
the secondary magnetic fields. In a simplified model [4lfvén,
1975] these consist of 4 double coil producing the magneto-
pause current system, a double coil producing the tail current
system, and a system of coils producing the ionosphere-mag-
netosphere current system (Figure 2). By making the coils of
very thin electrically insulated metal wires we can obtain a
good approXimation to the current system which in reality
consists of distributed currents.

Similarly we produce the electrostatic field by a number of
electrostatic charges in suitable fixed positions. For example,
in the simple case v = const, B = const, the interplanetary
electric field which seen from an earth-centered system is

E=-vxB

M

can be produced by two condenser plates separated by a
distance 4 and charged to a potential ¥V = 4 - E. Electric fields
caused by space charge should be represented by a number of
other electric charges.

In the stationary state we consider, both the electric and the
magnetic fields are static. We can depict the magnetic field by
drawing the magnetic field lines (Figure 1), but it should be
observed that a magnetic field line has the Maxwellian mean-
ing. It is a line which everywhere has the direction of the
magnetic field. To ask whether a field line ‘moves’ or not has
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no sense. In our static vacuum model it is natural to depict
them as immovable in relation to the coils which produce
them, which means in relation to the earth.

3. ParTICLE MOTION

So far our model contains no movable charged particles
(outside the wires). In this vacuum model we inject one
charged test particle, either in interplanetary space or from the
ionosphere. Its motion is completely determined by the electric
and magnetic fields. As the magnetic field is static, the energy
W of the particle is given by

W=Wu+efE-ds (2)
where W, is the constant, ds the line element and E the (static)
electric field from the fixed charges, and e the charge of the
particle,

Next we inject a large number of solar wind particles (and
particles from the ionosphere), but still only a negligible frac-
tion e of what corresponds to the real case. Assuming that the
mutual collisions (as well as the collisions with the model
structure) are negligible, they will behave as a number of test
particles. In case our model is constructed correctly they will
increase the space charge given by the fixed charges of the
model by the fraction ¢, and their flow close to the coil wires
will increase the magnetic field by the same fraction. If we
reduce all coil currents and all fixed charges by the fraction e,
we will return to the same electric and magnetic field as before
the injection.

We now slowly increase ¢ to unity. At the same time we
reduce the cotl currents and the fixed charges so that even-
tually they become zero. It is easily seen that this can be done
in such a way that during the whole process, the electric and
magnetic fields remain constant. We can now remove the
model structure, and still every particle will move and change
its energy as if it were a single test particle in the vacuum
model. Our model now depicts how the plasma in our sur-
roundings flows and changes its energy.

4. CONCLUSIONS ABOUT THE STATIONARY MODEL

Our Gedanken experiment shows that neither the injection
of one test particle, or a small number of test particles, nor the
full amount of solar wind particles calls for a change in the
Maxwellian concept of magnetic field lines. There is no need
for ‘frozen-in’ field lines moving with the plasma, still less for
‘field-line reconnection.” The magnetic field the whole time
remains static, and not a single field line is ‘disconnected’ or
‘reconnected.’ The energy of a charged particle is given by (2).
There is no ‘field-line reconnection’ that can transfer energy to
the particles, nor releases energy in any other way. This con-

4019








