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SHORT PAPERS

MAGNETIC OBSERVATIONS AT THE TIME OF THE 23 OCTOBER 1976 SOLAR ECLIPSE IN AUSTRALIA

F.E.M, Lilley and D.V. Woods

Research School of Barth Sciences, Australian National University, Canberra, Australia.

{Received 28 February 1978)

ABSTRACT - The solar eclipse of 23 QOctober 1976 passed across south-east Australia

in the lccal solar afterncon. This paper records the magnetic observations of a

line of ten temporary stations stretching from a region of fifty percent obscuration
to the path of totality. Magnetic conditions at the time were milély disturbed.
Analyses of the data have sought an eclipse effect in the basic guiet daily variation,
and alsoe in the disturbance variations. However, no eclipse effect in the primary
ionospheric currents has been clearly distinguished above spatial uneveness, due to

local differential induction, in the induced secondary currents flowing in the earth.

1. INTRODUCTION

Magnetic effects accompanying solar eclipses have been sought for some eighty years,
following the pioneering work by L.A., Bauer {1900, and see Harradon 1932). Introductory re-
views are included in Egedal and Ambolt (1955) and Matsushita {1967}, and observations have
been reported by Astbury (1952), van Wiik (1955), Roy (1964), Boyd (1966), Bomke et al. (1967),
Lanzexotti et al. {1971) and Stening et al. (1971)}. There are several relevant papers in
Beynon and Brown (1956).

There appear to be a number of examples where clear magnetic effects have accompanied
eclipses, of the order approximately as predicted by Chapman (1933; see also Volland 1956,
1957, and Ashour and Chapman 1965). Chapman's theory is based on eclipse shadow reducing
icnospheric electrical conductivity, and so perturbing the flow of the widespread quiet
daily variation (8q) electric currents. The most convincing observations are those made near
the equator, (for example Y. Kato's 1958 Suwarrow Island observations as reported in
Matsushita 1967, and Bomke et al. 1967}, as might be expected because the Sg current pattern
has its greatest intensity in egquatorial regions. In addition to the ohservations made
during eclipses at times of magnetic calm, there have alsc been various observations at

times of magnetic activity.

2., THE SOLAR ECLIPSE OF 23 QCTORER 19748
The path of the eclipse across Australia is shown in Fig. 1 with the relevant observing

stations marked. Daily-variation current patterns indicate that the Sg currents should be
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almost entirely north-south over Australia at the time of the eclipse, so that the simple

"Chapman® eclipse effect should be sought in the east (D or ¥) component of variation.

3. THE OBSERVATIONS
The stations A to J were Gough-Reitzel variometers as described by Lilley et al. (1975},
recording the three components of magnetic fluctuations on film every ten seconds. They were
calibrated before and after the eclipse. TFour hours of gata, digitized and reduced to geo-
graphic coordinates, are Shown plotted for all stations in Fig., 2, which also includes

chservations from the West Australian observatory Gnangara.

4. ANALYSIS OF THE RECORDS
4.1 X-traces. The X-traces show mild activity about the time of the eclipse, superimposed
cn the daily variation.
4.2 Y-traces. The Y-traces for stations A to J show mainly quiet daily variation, with
appropriate phase shifts for local solar-time differences between the stations 3, B, € and K,
I, J, which lie along west-east paths. There is on all Y-traces a rapid depression commencing
at about 0711 UF, and on most traces a minimum at about 0638 UT superimposed on the smoothly
decreasing daily variation.

The coincidence of this latter event with eclipse totality in south-east Australia led
the authors initially to conclude that the event might have been a simple eclipse effect
(Lilley an@ Woods 1977, see also Scheepers, 1978)}. The amplitude of the event decreases with
increasing distance northward from the path of totality, but its simulteneous occurrence at
all stations is evidence against it being a simple "Chapman" eclipse effect, which would be
expected to move west to east at the same rate as the eclipse shadow, with approximately six
minutes difference between stations B ané C, and H and J.

The Y-record for station K {Gnangara) is more disturbed than for stations A to J, and
also reflects the different time of the local solar day at this western station. The 0638 UT
event is missing, but there are some other disturbances which correlate with the general

pattern of X-disturbance.
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4.3 2~-traces. The change in character of the Z~trace from station to station demonstrates
the differences in geomagnetic induction which occur across the Australian continent. Figure
1 shows the main electrical cenductivity structures found so far for Australia, the effects
of which, together with the coastal contrasts, can be seen in the vertical component data of
Fig. 2. The coast effects, particularly strong at stations H,J and K, have been studied and
described elisewhere {Parkinson 1959, Bennett and Lilley 1974, Lilley and Parker 1976). The
mid-~continental 2 reversal for the 0711 UT event, evident between stations C and E may be due
to a northward extension of the "Flinders conductor" (Gough et al. 1974) the response of which
can be seen at stations F and G.

Because the vertical component of variation reflects local electrical conductivity
structure of the earth so strongly, it does not provide promising data in a search for eclipse

effects.

5. DIFFERESNCING BETWEEN RECCRDS
With a timing accuracy of seccnds for the records A to J, accurate differencing between
them has been possible., These differences are shown plotted in Fig. 3. A number of points
are relevant, (restricting remarks now to the horizontal compenents X and Y only}.

5.1 ¥-differences along H, I, J, and A, B, C. The "Chapman" eclipse effect would be sought

first in the Y~differences H-I and I-J, which shculd both show the same crude time~deriwvative
of the effect, with a phase difference between them corresponding to the speed of the eclipse
along the iine H to J. In fact the characteristics of the E-I and I-J differences are not
similar, and can be seen instead to have some correlation with the basic X-variations of

Fig. 2. This indicates that the H-I and I-J differences may be dominated by local induction
in the "Ctway" conductor of southern Victoria (Lilley 1976) shown on Pig. 1, and any "Chapman”
eclipse effect in them obscured.

The differences hetween the other west-east staticons, A-B and B-C, are less affected by
local differential induction. These two difference traces however, appear too disturbed to
demonstrate a time-derivative of the Chapman effect, expected to be weakened in such a region
of partial eclipse.

5.2 X-differences along the line £ to H. It has been ncoted that for reascns of the north-

south alignment of the 8g currents, a quiet-day eclipse effect would be sought in the ¥-
variation component. The minor activity on the X-records of Fig. 2, however, indicates
east-west disturbance currents which could themselves be affected by lowered ionospheric
conductivity in an eclipse shadow.

The more scutherly stations in the line € to H might then be expected to show relatively
lessened activity about the time of the eclipse, which shouwld be evident in the X-differences
of Fig.3 as a peak in a modulated form of the basic X-activity as the eclipse passes over.

No such effect has been discerned, however, beyond the tendency (evident on Fig. 2) of
station H to respond more strongly to the major X reducticn between about (625 and 0711 UT.
This characteristic may reflect source current distribution or local induction, and has

little justification for being linked with the eclipse.
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Fig. 2. Reduced magnetic variometer records for the four hours 0440 to 0840 UT
23 October 1976, plotted from data points at 1 min. intervals. The time of mid~
eclipse totality on the ground is marked with vertical bars for stations H, I
and J. For station K the bars mark the time of the nearest approach ¢f ground

totality.
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Fig, 3. Differences between the records of adjacent variometers from Fig. 2.
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6. CONCLUSION

& simple magnetic effect oscurring as a resuit of the solar eclipse hag not been satis-
factorily demonstrated. The array of stations might have been a sufficiently powerful tool
to separate cut the minor activity and demonstrate whether or not a "Chapman" quiet-day
effect was present, but for the "contamination" of the cbservations by local inhomogeneous
induction.

There remains the possibility, unexplored here, that some of the magnetic activity was
itself associated with the eclipse, by ionospheric mechanisms more complicated than the
partial avoidance by Sq electric currents of an eclipse shadow.

Related papers on the 23 October 1976 eclipse have been published by Baulch and Butcher
(1877) . Hajkowicz (1277), and Waldmeler (1977).
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