A DYNAMO THEORY OF THE AURORA AND MAGNETIC
DISTURBANCE*

By K. D. CorLef
[Manuscript received April 4, 1960]

Summary

A model of an aurora regarded as a plane slab of highly ionized air parallel to the
geomagnetic field within the ionosphere is examined. The model is stable in the presence
of a wind of neutral molecules which, blowing the slab across the geomagnetic field,
generates an electric polarization field perpendicular to its faces and a current along
its length. This current is concentrated in a small height range and is chiefly due
to electron drift.

The aurora moves normal to itself with a speed of the same order as the wind speed,
while the drift carries its luminosity and ionization pattern along its length at a speed
an order of magnitude greater. Measurement of these speeds will permit determinations
of collision frequencies of ions and electrons within the aurora.

Assuming, in the equatorial vicinity of the auroral zone, an equatorwards wind in the
evening and a polewards wind in the night and morning hours it is possible to explain the
major movements of the aurora and associated bay type magnetic disturbances. It is
suggested that the magnetic disturbance indices K and K, are indicators of wind speed.
A likely mechanism of maintenance of luminosity and ionization in the aurora is outlined.
The general features of magnetic disturbance current systems within the auroral zone are
briefly considered in relation to the theory and it is suggested that auroras are visible
manifestations of the current flow.

Qualitative speculation on a possible source of energy for winds in the polar dynamo
region leads to a unified account of the Van Allen radiation belts, auroras, and some
(low latitude) airglow.

I. INTRODUCTION

Two parameters are required to define the atmospheric dynamo problem,.
namely, the conductivity of the ionosphere and the velocity of the wind. The
quiet daily variations in the geomagnetic field can be explained in terms of the
conductivity of the quiet ionosphere in conjunction with the velocity of wind
inferred from atmospheric tidal oscillations (Baker and Martyn 1953). To
define a model for the explanation of geomagnetic disturbance one has, in the
absence of other criteria, the choice of specifying a disturbed conductivity
pattern (Obayashi and Jacobs 1957) and/or a disturbed wind velocity (Maeda
1957).

The present paper does not attempt to explain the world-wide distribution
of magnetic disturbance, but rather considers a highly probable local situation.
A model of the aurora is defined and its properties examined. These are compared
with observational data, especially on large-scale movements of the aurora and
associated magnetic disturbance.

* Preliminary accounts of this work were presented at ANZAAS, Perth, August 1959, and at
the Antarctic Symposium, Buenos Aires, November 1959.
+ Antarctic Division, Department of External Affairs, Melbourne.
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Although a one-to-one correspondence has not been established between the
luminosity, magnetic, and radar observations of the aurora, these are here treated
as aspects of the one phenomenon (Bond 1960) supposed as having the form of the
common auroral “arcs’ and ‘bands”. These are typically long (thousands
of kilometres) compared to their vertical extent (tens to hundreds of kilometres)
and to their thicknesses (a few kilometres).

II. THEORY
The current density at any point in an ionized gas is given by

j:GQE“"l‘GlE_L +G2(H XEJ_)/H, ............ (1)

where E is the electric field and || and | indicate components parallel and per-
pendicular to the magnetic field H. ¢, o,, o, are the direct (parallel to H),
Pedersen (transverse), and Hall conductivities respectively.

In a lightly ionized gas

co=Ne*(1/my,+1/m,yv,),
0-1 =N62(ti +te)7
o= —Ne(h, —h,),

where N =electron density, e=charge on electron,

Bei = Ve,i M i( Vf,i + “)3,1') ’
he,i = O)e,i/ me,c'(vg’i + o‘)ez,i) ;

where v,,;, ®,.;, and m,,; are the collision frequencies (with neutral particles),
gyro frequencies, and masses of electrons and ions respectively. The agssumption
is made that the mobilities ¢ and h are independent of ionization density N.

In general o, is much larger than o, or o, ; however, our first considerations
are restricted to situations in which E is zero. Later (in Section III (b)) limited
consideration is given to the effects of a non-zero E.

(@) The Model
(i) The Steady State.—Clemmow, J ohnson, and Weekes (1955) have
examined the motion of a cylindrical irregularity in an ionized medium. We
. investigate another elementary model now proposed. As with Clemmow,
Johnson, and Weekes, dissipative effects such as diffusion and recombination
are neglected here.

Given a homogeneous, unbounded, weakly ionized neutral gas with ionization
density N (ions) in the presence of uniform and steady orthogonal electric and
magnetic fields E°, H, is there a steady state solution for which an infinite plane
slab parallel to H and of ionization density N’ (ions) persists in the gas without
change of form %

The unit normal (n) outward from the slab makes an angle o with E°,
Rectangular axes 0(z, y, 2) with unit vectors €, €, €3 have the directions of
E°xH, E° and H respectively (see Fig. 1). The superseript 0 is used for
quantities in the undisturbed state in the absence of the slab and the superscript p
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for the incremental quantities resulting from polarization charge. The total
electric field is E° +E». The geometry of the model will make E? orthogonal to H.
Drift velocities of electrons (negative ions are neglected) and positive ions
(assumed singly charged) are given, respectively, by

HxE
Ve=~e(teE_L—{—he T 'L), ............. (2a)

_ o HXE,
Vi__e(t,.E_L h; T ) .............. (2b)

A prime is used to indicate quantities inside the slab. Then, if V denotes
the velocity of the faces of the slab, the condition that the electronic and positive

EO X H

Fig. 1.—Gas between the parallel planes differs in electron density from that

of its surroundings. Magnetic field H is parallel to the planes and orthogonal

to E° (an applied electric field). e,, €,, 3 are unit vectors in the direction

of E°xH, E°, and H, and n is an outward unit normal to the parallel
planes.

jon currents should separately be continuous yields two relations which must be
satisfied on the surface of the slab, namely,

n.(v9 4V V)N =n.(Vo4+vE —V)N', ........ (3a)

0 (Vv V)N =n.(V}4+vP —V)N". ... (3b)
From equations (2) and (3) it follows that

. [©,/v,+;/v;]eE® sin «

TV ed) vm (oD vm

It is thus shown that a steady state is possible in which the slab does not
change form and that this state is independent of electron density either inside
or outside the slab.
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If E® is due to a wind of velocity — Ue, and 3 is the angle between —Ue,
and n, then sin §=—cos «. Then, in a frame of reference moving with the wind,

_((’)e/ve_l_wi/vi) Uesd (5)

V.n:o)e/\‘e—l‘ve/mg"l"wi/vi+Vi/(")i.

Now in the ionosphere ®,/v,> ®;/v;, hence*
Vanr —U cos 3/(14v,v,/@,0;).  «coovinea... (6)

In a frame of reference in which the wind velocity is U (i.e. a rest frame on the
ground) the velocity of the faces is given by

Vo= (U+V). oo, (7)

The ratio V,/U.n is plotted in Figure 2 as a function of w,/v,, assuming with Baker
and Martyn (1953) that (e,/v,).(v;/w;)=1650.
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Fig. 2.—Curve (a), (03/01)/(02/01)max. @8 & function of ,[v,.
Note: (0:/01)max.~20. Curve (b), V,/U.n as a function of
w,/v,. Height scale is approximate.

(ii) Current Flow.—We now investigate the current flowing in the slab.
The polarization field will be entirely internal and normal to the slab faces. The
rate of accumulation of electrons on a face of the slab is

on,|ot=eN'n.(vo+v5 —V)—eNn.(vi—V),
whilst the rate of accumulation of positive charge on a face is
[ on, /ot =eN'n.(vi+v% —V) —eNn.(vi—V).
Thus the rate of charge (q) accumulation is
0q/ot=eN'n.(vi—vo+v% —vE) —eNn.(vI—vY).
* After completion of this work a recent paper by Clemmow and Johnson (1959) came to

hand. Equation (6) is almost identical with their equation (61) for the velocity of propagation
of an irregularity.
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Now the polarization field E?’ is —4mwqn, hence

(—1/47)0E? [0t =(N'—N)e(t; +1,)B° cos a+N'e*(t,+t,)EY
+(N'—N)e*(h;,—h,)E° sin a.
Thus,

, N—N’
¥ 0
E ¥ E (cos ot

7;" ::‘e sin a) [1—exp { —47N"e2(t;-+1,)t}].
Let us resolve the total current density j into two components, j, normal to

the slab and j, parallel to the slab in the direction nxH. It follows, since
j=N,(v,—v,), that :

jn=0.E°cos « —c,Esin «

+o pl —,NE0 (cos a— 2% gin oc) exp (—4noit), .... (8a)
N oy
62
Jo=—03E0 sin o —a,E° cos a+ on sin o
1
NN o . .
—0, E° (GOS o— G—j sin oc) exp (—4mnoit), .. (8b)
Ja=0.E%c08 0 —G O8N ot ...iiiii (8¢c)
Jp=—0Esin a—c,B0co8 o, ... (8d)

where
63=0;+02/0;.
Thus the exponential time constant for approaching the steady state is

1/4mci. If E° arises from a wind with speed U of neutral particles in the direction
opposite to e, the internal current in the steady state is given by

n=0,UH sin 8+, UH 08 3, . ..vvvrnnrrnnnnn. (9a)
62
jp=03UH cos §—c,UH sin § — c?ZUH o8 S, ...... (9b)
1
and the polarization field by
E? =N—_1,1£ UH (sin 5+ 22 cos 8). ................ (10)
N Gy

This polarization field has a maximum (in the case of N—0) of
| B? |max.=UHA/(03/G1)  «ovvenvenneen. (11)

when 3=1rn—tan g,/c,. Clearly | E? |pex. may be much greater than UH,
the maximum electrostatic field derivable from the movement of an isotropic
conductor across a magnetic field (Alfvén 1950).

(b) Acceleration of Charged Particles
Under the influence of an electric field E and magnetic field H, charged
particles move in trochoidal paths between collisions. The energies of the
particles continually oscillate by virtue of movement to and fro along E. It
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may be shown from the equations of Chapman and Cowling (1953, p. 324) that
in the absence of collisions the distance d travelled to and fro by a particle of
mass m and charge e is 2(v/w+eB[mw?) where o is its gyro frequency and v its
speed prior to the application of B. In the field | E? |pax. given by equation (1 1),

o2 0UH /o
d‘2(m+mma/ol)' ................ (12)
Thus the maximum change in energy of the particle over a half cycle is
AE=2| £mvU+/(c3/0,) +mU2(cs/0y) |, vnvn... (13)

the sign + or — being used accordingly as the charge of the particle is positive
or negative. Except for gas particles of initially very high velocities and for
even moderate values of U, equation (13) becomes

AER2MU(Gg[01). oo (14)

In an’isotropic gas oy/c,;=1, of course. In a lightly ionized tenuous gas
(e.g. ionospheric F region) o3/c,~1. In the ionospheric. B region o3/c, may
reach a value of about 400 (Baker and Martyn 1953). In stellar atmospheres
values greater than 10 are common (Piddington 1954).

In the dynamo region of the Earth’s atmosphere significant values of U may
arise through the action of a neutral particle wind ; the effects of such winds
are considered in later sections. In stellar atmospheres U may attain significant
values through the action of radiation pressure of the Milne kind (Milne 1926).

It appears likely that the movement of the Earth’s exosphere through the
interplanetary magnetic field or the solar system through a galactic magnetic
field may produce significant electrostatic fields which would manifest themselves
a8 anisotropies in cosmic ray intensities. Such fields may also accelerate
individual charged dust particles.

III. APPLICATION TO THE AURORA AND MAGNETIC DISTURBANCE
Baker and Martyn (1953) have calculated the conductivities as functions of
height in a model ionosphere. It is seen from their work that the bulk of atmos-
pheric dynamo current flows between 90 and 120 km height. Also between the
same height limits Hall currents far outweigh Pedersen currents. Thus a good
approximation in the dynamo region is

G3RI020[01. et (15)

Weekes (1956) exhibits graphs of the mobilities of electrons and ions
separately as functions of height. From these graphs it is seen that in the
dynamo region the Hall current due to electrons dominates that due to ions.
Hence throughout the greater part of the dynamo region we may say

sorG Nez o,
27" O g(electrons) = —— 3 2
M, Vet

Since ®,/v,>1 in the region considered,

coreNe[H. .................... (16)
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Since electrons dominate the flow of current,
JRa—Nev,, i (17)

where v, represents the drift velocity of electrons.

We now identify the model described in Section II (@) above with an aurora
immersed in the ionosphere and identify U with the velocity of horizontal wind
perpendicular to the (near vertical) polar geomagnetic field. The current flow
within an aurora is given by equations (9). From equations (9b), (15), (16),
(17), we obtain for the drift velocity of the electrons within the auroral mode

vy~ —(0afo)U 08 8 oo (18)

in the direction +nxH. (It is assumed that N'>N so that the first term of
equation (9b) is the dominant one.)

Figure 2 shows the variation of ¢,/c, as a function of ®,/v, and height. The
ratio o,/c; reaches a maximum value of about 20 in the dynamo region (cf.
Baker and Martyn 1953). The maximum value depends on the value chosen
for the ratio of collision frequencies of ions and of electrons. This point will be
discussed below (Section III (c)).

We now identify the speed V, given by (7) with the horizontal movement
of an aurora normal to its length and the velocity of drift of electrons v, with
that along the aurora of large-scale features of the luminogity pattern and of the
ionization pattern producing radio echoes. This is justified when N'>N, for
E¥ (equation (10)) and hence v, (equation (2a)) and v, become independent of N'.
The theory predicts that for the lower portion of the ionosphere V| is of order U
and v, of order 10U (see Fig. 2).

(@) Auroral Movements and Magnetic Disturbance

If we now suppose that patterns of ionization established within the auroral
zone are blown by a neutral particle wind it is possible to account for a number of
observations on auroral morphology. Appropriate wind speeds, generally
10-100 m/sec and sometimes more, are observed in the dynamo region (Elford
1959a, 1959b).

In the vicinity of and equatorwards of the auroral zone, auroras are oriented
on the average roughly east-west. If then the wind in this region has a diurnal
variation, being equatorwards in the evening and polewards later in the night
and morning, one would expect a similar movement of auroras. This is observed
(cf. Bond 1960). Similarly we explain the diurnal variation of latitude of ares
reported by Jacka (1953). Equations (17) and (18) also explain Robertson’s
(1960) observation on the occurrence of positive bays in the evening and negative
bays later in the night and morning.

The drifts of auroral ionization (Unwin 1959) and luminosity patterns
(Bond 1960) along the aurora with speeds an order of magnitude greater than
typical wind speeds are explained by equation (18). The diurnal variation in
ionization drift speed (Kaiser 1958) is explained by the cos o term in (18).

Heppner (1954) shows that the bulk of the magnetic bay producing current
does in fact flow in or near auroras. This indicates that N<N'. To estimate
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the magnitude of a magnetic bay we take account now of only the current flowing
in visible auroras (equation (9b)). The currents flowing outside an aurora
indicated by equations (8c) and (8d) may contribute significantly to disturbance
if they occupy a great enough region. At Macquarie Island when the magnetic
K-index is 6 there is a magnetic disturbance of order 500 gamma and auroras
typically fill the whole sky. Thus the total effective (latitude) thickness of
auroras is of order 100 km. Recent rocket measurements of electron densities
in auroras give values of 10%-107 per cm® (Jackson and Seddon 1959). If the
auroral dynamo be 10 km thickness in height and at 100 km above the ground,
then a disturbance at the ground of over 500 gamma is easily explicable.

It has been observed (Zaborshchikov and Fediakina 1958) that during
positive magnetic bays hyn K, is generally above 100 km, whilst during negative
bays hpinF, is generally below 100 km. Moreover, increased absorption of
extraterrestrial radio waves is more associated with negative than with positive
bays. These observations can be qualitatively explained by a modification of
the theory which will not impair the foregoing conclusions.

We consider the effect of allowing for the inclination of the Earth’s magnetic
field to the vertical. Figure 3 illustrates a cross section of an aurora in the
magnetic meridional plane with the wind blowing equatorwards. Positive
charges will gather on the leading face of the aurora and negative ones on the
trailing face. Thus in this situation electrons will tend to be lifted out of the
lower regions of the ionosphere so that their effect on absorption is lessened.
Apparently they are lifted to a region where their horizontal drift velocity is less
(namely, above the peak in drift velocity near 100 km, cf. Fig. 2). However,
when the wind is polewards electrons will be depressed into lower regions where
their effect on absorption is increased yet the bulk of them still occupy a region
of high drift speed. This also explains Robertson’s (1960) observation that
negative bays are of larger amplitude in general than positive bays.

The two physically distinet components of velocity of an aurora are V,
and v,. Since v, is of order 10 and more times V, the arbitrary resolution of the
movements of auroras north-south and east-west will not in general give informa-
tion about ¥V, and v, unless the orientation is known. However, as mentioned
above, near the auroral zone the average orientation of auroras is east-west, so
that on the average we may associate north-south movement with V, and
east-west movement with v,. Now Bond (1960) exhibits a graph for the latitude
of auroras as a function of K ,, whilst Unwin (1959) exhibits a graph for the drift
velocity of auroral ionization as a function of K at Macquarie Island. The
average values from these two sets of data are plotted in Figure 4. (The fit is
achieved by choosing the same ordinate for the drift 3000 m/sec and 41° gm.
co-lat. at K, K=9 and K,=0 corresponding to 100 m/sec and 27° gm co-lat.)
In terms of the present theory, the correspondence revealed in Figure 4 suggests
that K and K, are indicators of wind speed.

Thus, though changes in ionization density are important, it appears that
the wind in the polar dynamo region is a prime factor in determining the mor-
phology of auroras and magnetic disturbance. A source of energy for this wind
will be discussed later (Section IV).
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(b) Luminosity of Auroras
In the model presented in Section IT the only electric field available for the
acceleration of charged particles is that given by (10), which is orthogonal to H.
The maximum energy acquired by a charged particle which does not suffer
collision is given by equation (13). Thus a 100 m/sec wind may accelerate

U x H

Fig. 3.—Effect of inclined magnetic field.

charged nitrogen and oxygen molecules to energies of approximately 1 eV.
Under favourable circumstances this field may contribute to the luminosity of
auroras.

However, in a real aurora significant electric fields may develop parallel to
the geomagnetic field. For conductivity is a function of height and therefore
the build-up of polarization at the faces of the aurora will not be uniform at all
heights. TUnder these conditions current must flow along H—this is equivalent
to creating an electric field parallel to H. The effect of this current flow along H
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will be to delay the steady state suggested by equation (9). An upper limit to
this electric field parallel to H may be obtained by assuming that in the initial
stages of luminosity development all the current which flows in the direction
of the normal n (see Fig. 1) is redirected along the geomagnetic field lines. Thus
from equations (1) and (8a) (putting =0, E°=UH, §=%ir4a and N'>N)

B, ~r(c1UH sin 3403 UH cos 8)[co, .von.... (19)

where r i the ratio of the height extent and the latitude extent of the dynamo
section of an aurora. An auroral dynamo may be 20 km in height extent and
less than 1km thick. Since in the dynamo region (c,/6¢)max. and (61/6¢)max.
are about 10-2 (Baker and Martyn 1953), it may be shown that B, values of order
10~3V/em are obtainable from a wind of 30 m/sec. Chamberlain (1955) in a
study of auroral rays concludes that an electric field of order 10-5 V/em is
adequate to explain their luminosity.
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Fig. 4.—Superposition of two sets of data: (Q) the EWE average

drift speed of auroral ionization as a function of K-index at Macquarie

Island (Unwin 1959) ; (X ) the average maximum co-latitude of auroras
as a function of K (Bond 1960).

The luminosity of an aurora appears to move with the same velocity at all
heights. This observation does not conflict with the theory. The electric field
causing luminosity at great heights moves with a speed dictated by the electron
flow at the base of the aurora in the dynamo region. The auroral dynamo may
occupy only a small height range and so only a small range of values of V., and
v, may be effective in determining the speed of luminosity. It appears that the
values of V and v, associated with the bulk of “ dynamo *’ electrons will dominate
and that values of ¥V and v, associated with other electrons may contribute to
diffuseness at the edges of auroral luminosity.

As mentioned above, the leakage of charge along the field lines increases the
time to reach the steady state (maximum) electron drift (v,) in an aurora. Tt is
thus expected that the luminosity peak of an aurora should precede the associated

magnetic disturbance at the ground, as has been reported by Bless et al. (1 959).
C .
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(¢) The Collision Frequencies of Ions and Electrons with Neutral Particles
From equation (18) it follows that ¢,/c,~v,/U cos 3. It can be seen from
the equations of Baker and Martyn (1953) that when v,;/v,Z10 (as is presumably
the case in the ionosphere), then (c,/c;)max.~~%(v;/v,) (to within 1 per cent.).
Thus
v

ivof Y
o ~2(U L 8)Im. ................ (20)

Ve v
(65/01) Ucos 8~ o,
Therefore, from equation (18)
Vo~V [ o (21)

Also it may be shown that

Thus the collision frequencies of electrons and ions may be determined by ground-
based observations of wind and auroral movements.

(d) World-wide Magnetic Disturbance

Dynamo theory of world-wide magnetic disturbance (Maeda 1957 ; Obayashi
and Jacobs 1957) in its usual form argues from a diffuse continuously (spatially)
varying current. It does not envisage structural discontinuities of the kind
discussed here. It may be capable of explaining on a world scale average magnetic
disturbance but would fail to draw out the small-scale and short-term detail.

It is suggested that auroras are just visible lines of the magnetic disturbance
current system. This is a natural outcome of the above theory and is supported
by observations as follows. At Macquarie Island (just outside the auroral zone,
Bond and Jacka (1960)) the orientation of auroras is generally east-west (Bond
1960) ; at Mawson (just inside the zone) the aurora often shows large-scale
curvature (as distinct from relatively small-scale convolutions and kinks which
appear as a general feature of auroras in most places) (ANARE records) ; at
Scott Base (well inside the zone) the aurora often takes the form of complete
loops in the sky (Carter Observatory 1957, 1958); at Dumont d’Urville (well
inside the zone) the orientation of arcs in 1954 generally lagged the orientation
of the Sun-Earth line by an acute angle (Weill 1958). These observations are
qualitatively what could be expected following inspection of diagrams for
disturbance current systems (see Figs. 227-240 of Vestine et al. 1947).

The polar disturbance current system (Vestine et al. 1947) could be explained
in terms of a wind system with a source at the centre of the * afternoon ”’ current
cells and a sink at the centre of the ¢ morning ”’ current cells. The lines of flow
of the wind would be roughly orthogonal to the current lines, hence across the
polar cap wind in the dynamo region would blow from the afternoon sector to
the morning sector.

IV. ENERGY SOURCE FOR THE WIND SYSTEM
Corpuscular bombardment of the Earth may be effected by a solar wind
(Parker 1959) or hydromagnetic shock waves (Singer 1957) or weak hydromagnetic
waves (Cole 1959). Let us consider the last mentioned. Hydromagnetic waves
can deliver energy in two modes; the extraordinary and the ordinary mode.
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The extraordinary mode travels with the Alfvén speed V, in all directions,
whilst the ordinary mode travels with the phase velocity V , cos ¢, where ¢ is
the angle between the wave normal and the magnetic field (Piddington 1955).

In the case of hydromagnetic waves coming all the way from the Sun or
being generated at the interface of the Harth’s outer atmosphere and the inter-
planetary medium, the energy of the ordinary mode will accumulate principally
in high magnetic latitudes and in the lines of force connected to them, whilst the
energy of the extraordinary mode may be expected to accumulate in low magnetic
latitudes and in the lines of force connected to them because of the curvature of
the geomagnetic field lines. This would explain in a simple unified fashion the
occurrence of the two maxima in the radiation intensity at heights above the
Earth’s surface (Van Allen 1959). This mechanism is without the difficulties
of the actual transmission of particles. For, whereas disruption of the Earth’s
magnetic field must be invoked to explain how low energy extraterrestrial particles
become trapped in the Earth’s magnetic field, no such disruption is necessary for
the capture of energy from hydromagnetic waves. The latter is merely a function
of the geometry of the capturing system.

Let us consider the effect of hydromagnetic waves of all wavelengths coming
either from the Sun or from interplanetary space near the Earth. Waves of
length less than the scales of inhomogeneities (e.g. in density or magnetic field)
in the Barth’s exosphere would retain their character as waves and suffer damping
and loss of energy, as demonstrated by Piddington (1959). However, waves of
length greater than the scales of inhomogeneities would soon degenerate into a
system of gyrating particles in the Earth’s field. These particles will lose energy
chiefly at their mirror points by collision ; in this way ionization is established
and energy is delivered to the dynamo region. Also the polar dynamo region
may receive energy from low energy cosmic rays.

One would expect an ¢ auroral zone ’’ associated with each of the naturally
occurring radiation belts, just as a temporary ¢ auroral zone ”’ was associated with
the man-made radiation belts of the Argus experiments (Christofilos 1959).
This would account for the maximum of intensity of the airglow observed near
gm. lat. 35° by Nakamura (1958) as the ¢ auroral zone ’’ of the inner Van Allen
radiation belt. Also Sandford (1959) has observed that ¢ the intensity of the
O, lines 5577 A and 6300 A in the airglow and aurora vary as similar functions
of the K ,-index and therefore suggests that the increased O; emissions in the
airglow during periods of increased magnetic activity are essentially the same
phenomena as aurora ”’. This supports the above thesis.

V. DISCUSSION

The above theory correlates many widely dispersed observations. The
application of the dynamo idea to the theory of auroras is not new; Vestine
(1954) quotes references to work up to that time. However, the present approach
is new. : '
The theory leads to the inference that the ‘ weather ” of the polar dynamo
region is under the control of corpuscular or hydromagnetic wave bombardment ;
these effects dominate the effects of tidal oscillation.
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The following picture of an aurora has evolved from consideration of the
above theory. Some agency, probably charged particles from the outer Van Allen
radiation belt or hydromagnetic waves directly from interplanetary space,
establishes a wind system in the polar dynamo region. The wind blows an
established pattern of ionization across the magnetic field. This generates
electric fields, in the region of high electric conductivity, which drive currents
and cause luminosity and maintain ionization for very much longer times than
would be permitted by ¢ quiet’’ ionospheric conditions.

To test the theory simultaneous observations of wind velocity (by the meteor
trail drift method) and auroral orientation, movement, and height are required.
These are required to check that indeed the speed of an elongated aurora normal
to itself is just V. If this were established, the aurora would become a very
valuable visible adjunct to the study of winds in the polar dynamo region.

VI. ACKNOWLEDGMENTS
The author thanks Dr. F. Jacka, Chief Physicist, Major F. R. Bond, and
Mr. G. Cowling of the Antarctic Division for stimulating discussion. To Dr.
Jacka thanks are due for help in presentation of the final manuscript. Miss
J. Cummings-Wright performed the numerical calculations and drew the graphs.

VII. REFERENCES

Avpvin, H. (1950).— Cosmical Electrodynamics.” (Clarendon Press: Oxford.)

Baker, W. G., and MarTyN, D. F. (1958).—Phil. Trans. A 246 : 281.

Bress, R. C., GarTLEIN, C. W., KIMBALL, D. 8., and SPRAGUE, G. (1959).—J. Geophys. Res.
64 : 949.

Bonp, F. R. (1960).—Aust. J. Phys. 13 : 477.

Bowxp, F. R., and Jacka, F. (1960).—Aust. J. Phys. 13 : 610.

CArTER OBSERVATORY (1957, 1958).—Log of Auroral Display, C.0.A.7, Scott Base 1957, 1958.

CHAMBERLAIN, J. W. (1955).— The Airglow and the Aurora.” p. 206. (Pergamon Press :
London.)

CmapmaN, S., and Cowring, T. G. (1953).— Mathematical Theory of Nen-uniform Gases.”
2nd Ed. (Cambridge Univ. Press.)

Crristorimos, N. C. (1959).—J. Geophys. Res. 64 : 869.

Cremmow, P. C., and JomNsoN, M. A. (1959).—J. Atmos. Terr. Phys. 16 : 21.

Cremmow, P. C., JounsoN, M. A., and WEEKES, K. (1955).—‘ The Physics of the Ionosphere.”
p- 136. (Phys. Soc.: London.)

Core, K. D. (1959).—Planet. Space Sci. 1: 319.

Errorp, W. G. (1959a).—Planet. Space Sci. 1: 94.

ErLrorp, W. G. (1959b).—Antarctic Symposium, Buenos Aires. November 1959.

HeppNER, J. P. (1954).—Thesis, California Institute of Technology 1958. D.R.B. Canada Rep.
No. DR135.

Jacka, F. (1953).—Aust. J. Phys. 6: 219.

Jacgson, J. B., and Seppon, J. C. (1959).—IGY Bulletin No. 28, October. National Academy
of Sciences.

Kaiser, T. R. (1958).—Ann. Géophys. 14: 1.

Maepa, H. (1957).—J. Geomagn. Geolect., Kyoto 9: 119.

Mrrvg, E. A. (1926).—Mon. Not. R. Asir. Soc. 86 : 459, 578.

NARAMURA, J. (1958).—Rep. Ionosph. Res. Japan 12: 419.

Osavasar, T., and Jacoss, J. A. (1957).—J. Geophys. Res. 62: 589.

Parker, BE. N. (1959).—Proc. Inst. Radio Engrs., N.Y. 47 : 239.

PropiNgToN, J. H. (1954).—Mon. Not. R. Astr. Soc. 114 : 638.

PropiNerox, J. H. (1955).—Mon. Not. E. Astr. Soc. 115: 671.



DYNAMO THEORY OF THE AURORA AND MAGNETIC DISTURBANCE 497

Pippineron, J. H. (1959).—Geophys. J. R. Astr. Soc. 2: 173.

RosertsoN, C. S. (1960).—Aust. J. Phys. 13 : 470.

Sanprorp, B. P. (1959).—Ann. Qéophys. 15 : 445.

SiNGER, S. F. (1957).—Trans. Amer. Geophys. Un. 38 : 175.

Unwin, R. S. (1959).—Nature 183 : 1044.

Van ALreN, J. A. (1959).—J. Geophys. Res. 64 : 1683.

VestTiNg, E. H. (1954).—J. Geophys. Res. 59 : 93.

Vesting, E. H., Laporte, L., Laxceg, 1., and Scorr, W. E. (1947).— The Geomagnetic Field,
its Description and Analysis.”” Carnegie Institute of Washington. Publication 580.

WEeEKES, K. (1956).—Polar Atmosphere Symposium, Part 2, p. 12.

WemnL, G. W. (1958).—Rapport d’Activité des Expéditions Antarctiques Francaises. AGI
Sous-Comité Antarctique Francais.

ZABORSCHIKOV, F. Ya., and FEp1aRINA, N. I. (1958).—Defence Research Board, Canada. Trans-
lation No. T288R.





