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ABSTRACT

Conjugacy of variations in the period range 2 to 24 hours has been
examined from coherence spectra of horizontal intensity at stations which
are conjugate or nearly conjugate and stations which are in similar dipole
latitudes but are not conjugate. The coherence spectra computed for sta-
tions located in the auroral zone, on the equatorial side of auroral zone and
at low-middle latitudes suggest that, so far as the principal lines in the
spectra corresponding to 24, 12 and 8 hours are concerned, magnetic conju-
gacy is confined to disturbed periods and to stations in the auroral and sub-
auroral zones. In the continuum spectrum, however, the percentages of
estimates, for which coherences are statistically significant, are very high
for conjugate stations in the auroral zone but decrease progressively for
pairs in the equator side of the auroral zone and lower latitudes.

INTRODUCTION

THE phenomenon of conjugacy has received considerable attention in the
last decade. Simultaneity of magnetic oscillations (Sugiura, 1961; Nagata,
1963), a high degree of similarity of records during stoims (Nagata and
Kokubun, 1960; Wescott, 1961, 1962), similarity of magnetic disturbance
variations (Nagata er al., 1962; Ondoh and Maeda, 1962; Boyd, 1963),
similarity in the cosmic noise absorption events (Hook, 1962; Leinbach and
Basler, 1963; Little et al., 1965), simultaneity of telluric current distur-
bances (Mather and Wescott, 1962), F-region perturbations (Cummack,
1967) and aurora (Dewitt, 1962) at conjugate points have provided strong
support to the phenomenon of conjugacy. The most notable correlations
in disturbance variations at conjugate stations were noticed in the H compo-
nent (Wescott, 1961). Comprehensive reviews of the magento-conjugate
phenomena have been given by Wescott (1966) and Roederer (1969).
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The problem of an electric linkage between the nothern and southern
hemisphere by geomagnetic field lines was considered by Dougherty (1963).
Earlier, it was suggested (Farley, 1960) that when the dynamo wind system
is asymmetric with respect to the equator a tendency will exist for the flow
of electric currents along the lines of force and that this flow will equalize
the electric potentials in conjugate areas in the dymano layer. Sq variations
at geomagnetically conjugate stations have been examined by Wescott et al.
(1963). From the data of very quiet days from conjugate pair San Juan-
Trelew, they, however, did not find any particular similarity in the Sq varia-
tions at these stations. In the 1961-62 programme of conjugate point obser-
vations of the U.S. Bureau of Standards, Boyd (1963) obseived a close
correspondence between all magnetic variations, with the exception of Sg,
between stations in Quebec and their close conjugate station, Eights, in Antar-
tica. In this communication the problem of conjugacy at diurnal and semi-
diurnal frequencies has been examined from cross-spectra of series of hourly
values of H from conjugate or near conjugate stations. For comparison,
cross-spectra between the southern stations of the pairs and northern stations
at about the same dipole latitude but well separated in longitude have been
examined. The coherences have also been examined for the entire spectrum
for data samples covering both relatively quiet and disturbed periods.

COMPUTATIONS AND RESULTS

Hourly values of the horizontal intensity at the selected pairs of stations
were subjected to cross-spectral analysis following the procedure outlined
by Blackman and Tukey (1958) and Munk er al. (1959). The cross-spectra
yield the coherence, the degree of association between two time series, as
a function of frequency. The coherence at a given frequency between the
time series tend to be small or zero if the components of the series are not
related to each other. It tends to be high if the components -are closely
related, irrespective of the magnitude of the phase difference. Conjugate
stations whose hourly magnetic data have been used in the computations
are listed in Table I. The power densities corresponding to 24 hr, 12 hr and
8 hr lines and coherences between the pairs are then compared with those
obtained from cross-spectra of the same southern station with a northern
station whose dipole latitude is almost the same but whose dipole longi-
tude is widely different. These stations, with their dipole co-ordinates, are
also given in Table I.  30-day periods over which samples of data were used.
for computations for quiet and disturbed intervals are shown in Table II
togetlier with respective values of the index Ap of magnetic activity averaged
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over the 30 days. The choice of sample was restricted by availability of conti-
nuous data, especially for San Juan—Trelew pair.

TABLE I
Station Dipole co-ordinates Conjugate | Dipole‘ co-ordinates Comparison Dipole co-ordinates
Latitude Longitude Station Latitude ﬁongitude Station Latitude Longitude
Mzcquarie Island ..| 61-6°S 243-0°E | College 64-6° N 256:-6° E| Lerwick 62:5° N 88:6°E
Port-aux-Francais ..| 57-2°S 128+(°E | Nurmijarvi 57:6%- N¢112.6° E| Meanook 61-8° N 301-0° E
Trelew 31-7°S  3.2° E| San Juan 29.9° N 3.20 E| Memambetsu | 34-0° N 208-4° E

Using series of length 720 and a maximum lag of 120, the estimates
were computed with reasonably high stability (11-5 degrees of freedom),
High power density and low continuum level in the spectra suggest the exis-
tence of a well-defined 24-hour component and its principal harmonics.
The power densities corresponding to frequencies 1/24, 1/12 and 1/8 cph
at these stations for quiet and disturbed periods as also the coherence between
pairs of stations at the three frequencies are listed in Table III.

TaBLE 11
i Quiet Distarbed
Station Interval A, Interval A,
College -
. 1—6-1954 to 5-8 922-2-1953 o’ 23-8
Macquarie Island, _a _ :
Lerwick 30—8-1954 23—3-1953
Nurmijarvi, e ) e )
Port-aux- Francais, léi%_igg; to 6.1 g_lg_}ggg to 2340
Meanook -
Sap, Juar, 12-11-1958 to 10-2 1—6-1958 to 23-8
Memambetsu 11-12-1958 30—6-1958
DiscussioN

If the coherences of the conjugate pair and the comparison pair at any
frequency are nearly the same, it would imply that the periodicity is not con-
fined to conjugate points. If, on the other hand, the coherence is signifi-
cantly higher for the conjugate pair as compared to the coherence between
stations which are not conjugate, a conjugacy in the variations at the parti-
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cular frequency is established. At the principal frequencies, 1/24, 1/12 and
1/8 cph, shown in Table III, the coherences between conjugate and between
comparison pairs, especially during quiet periods, are of the same order,
suggesting that these frequencies are global with no preference for similarity
at conjugate stations. During disturbed periods, however, the coherence is
noticed to be higher for the conjugate pair when compared to non-conju-
gate pair for the auroral and sub-auroral zones. Inlow and middle latitudes
(San Juan-Trelew-Memambetsu) there is no magnetic conjugacy even
during disturbed periods.

The spectra over the entire frequency band were next examined for
significant coherences, subject to the restriction that higher frequencies where
the power densities were too small for meaningful coherence were omitted.
The least value of coherence to be significant should satisfy the condition
(coherence) 2> 4/v (Munk and Macdonald, 1960) and for » = 11-5 it should
be in excess of -590. Table IV shows the percentage of estimates with signifi-
cant coherences out of the total number of estimates computed. It is imme-
diately noticed that during disturbed periods, the percentageis very high for
conjugate stations. For the conjugate pair College-Macquarie Island,
near the auroral zone with 117 estimates having significant coherence out of
120 computed estimates, almost the entire spectrum is similar, establishing
a high degree of conjugacy of the variations between 2 hours and 24 hours

TABLE 1V
Qui. t Interval Distorbed Interval
St;:;:n Number of Number of Percen- | Number of Number of Percen-
coherences  significant  tage coherences  significant  tage
considered  coherences considered  coherénces
College,
Macquarie Island J' 40 30 % 120 117 97+5
Macquarie Island, )
Lerwick i 40 10 25 120 21 17-5
Nurmijarvi,
Port-aux-Francais } 40 16 817-5 120 94 783
Port-aux Francais 1 l
Meanook ’ J 40 12 30 120 45 375
San Juan ] ' .
Trelew I 40 18 4 | 40 32 80
Trelew, '
Memambetsu )‘ 10 24 60 J[ 40 27 7245
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during disturbed periods and confirming the results of Wescott (1961). For
stations on the equatorial side of the auroral zone, the similarity of variations
between the conjugate pair is still high but some frequencies are not common.
This is indicated by reduced percentage of significant coherences. Consi-
derably lower percentages of significant coherences for the non-conjugate
pair in these two cases further confirms these results. For the low latitude
stations, the percentages are nearly the same for both conjugate and compari-
son pairs. This suggests that variations during disturbances in low lati-
tudes are not confined to magnetic conjugate points but are discernible at
other stations m the same latitude. During quict period, a pronounced
similarity of occurrence is confined 1o conjugate stations in and near the auro-
ral zone. For low and middle latitude stations the principal components
of the quict day variations have no preference for conjugate stations and
confirm the results of Wescott et al. (1962) and Chikovani (1970).

CONCLUSION

Diurnal and shorter period variations (> = 2 hours) in low latitude
conjugate stations show ncarly the samc characteristics as stations in the
same latitude belt but which arc not conjugate, during quiet as well as distur-
bed conditions. Ncar the auroral zone, conjugate stations are linked by
field lincs both during quiet and disturbed periods. Coherences between
stations for 24-hour linc and its harmonics suggest a conjugacy during dis-
turbed conditions but little conjugacy during quiet periods. For the conju-
gate stations on the equator side of the auroral zone also, the conjugacy is
restricted to disturbed conditions. There is a progressive decrease in the
pereentage of significant coherences during disturbed conditions from auro-
ral zone through cquatorial side of auroral zone to low-middle latitudes.
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