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ABSTRACT
As an introduction to the thesis, an account is given
of the previous observational studies of geomagnetic micro-
pulsations at all latitudes but special attention is given
to low latitude studies. Results obtained from both
magnetic and earth current records are given in the survey.
Reference is made to existing theories concerning the
production of micropulsational phenomena,
An account is given of the experimental methods for the
study of micropulsations and the theory of the action of the
high permeability core magnetometer, the type used in Zaria,
is given in some detail. This is followed by the experimental
particulars and the results of the analysis on pc 3, pc 4 and
pi 2 band micropulsations obtained on the rapid-run magnetograms
at Zaria for the months of July and August 1967. The. main
results includes-
(1) The dominant periodic times of pc 3 and pc 4 are
(38-+3) sec, and (60 -+5) sec, and that of pi 2 is
(60 -+ 5) sec.

(2) Pc 3 occurs at all local times with two peaks in
occurrence; one in the morning and the other in the
evening, the morning peak at about 06 hrs, (L,T)

being more pronounced. Its peak amplitude is near



| ocal noon.

(3) Pc 4 is essentially a daytine phenomenon with peak
occurrence and anplitude near | ocal noon,

{49 Pi 2is essentially a night time phenomenon with
epeak occurrence between 22 and 23 hrs (LIT.)

(5) Mcropulsation activity is enhanced during nmagneti -
cally disturbed periods and the anplitude is |arger
inthe Hthan in the D conponent.

(6) Pc 3, pc 4 and pi 2 nicropul sations are linearly
pol ari zed al ong the magnetic neridi an.
The observed periods are conpared with resonant peri ods
predi cted by sone resonance theories for lowlatitudes. Al so,
the results obtained on pc 3, pc 4 and pi 2 band ni cropul sations

are conpared with those previously obtained at | owl atitudes.
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GLOSSARY OF TERMS.

Auroral regions: The parts of the earth between
geomagnetic latitudes 70° and the poles whioh

have maximum auroral activity.
C int The points on the earth’'s surface
which mark the ends of a magnetic field line.

The Dip (or inclinati-on): The angle which the lines of force

make with the plane of horrizon.

Equator (or tic equator): At the dip equator, the dip
is zero.
Equatorial Station: Stations which are within + 4 or 5°

of the dip equator,

F Struc : A form of pel mieropulsations which
consists of varying rate of change of frequency
with respect to time during the course of an
event as seen on a sonagram.

Low Latitude Station: Stations within + 30° of the dip equator.

Sonagrams: Frequeney -~ time display records,
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A REVIEW QF OBSERVATLONAL STUDIES OF GEOMAGNETIC MICRO-
ONS WITH REFERENCE 70 LOW LATITUIE S.

In this thesis, micropulsations will be defined,
following common practice, as those natrural fluctuations
of the earth's magnetic field whose amplitudes range from
a fraction of a gemma (1 gamma = 10'5odatod) to as much
as a few tens of a gamma and have periods in the range 0.3
to several hundred sec. On the short period side, micropulsa=-
tions are bounded by the Extra Low Frequency region of the
spectrum. The boundary at longer period side lacks a con-
venient definition, In the thesis, no special attention will
be given to bays, sudden impulses or other morphological
features commonly studied from normal rapid run magnetograms.
Moreover, while experimental work presented in this thesis
deals with micropulsations in the period range 10 to 150 seec.
only, in this review, the properties of other mioropulsations
in the period range 0.3 to 10 sec. and 150 to 600 sec. will
be given, Micropulsations of the magnetic field will be
discussed but reference will also be made to results obtained
from the induced earth ecurrent measurements.

Micropulsation phenomena are investigated in order to
understand processes transpiring in the local ionosphere and

the distant magnetosphere, Even though some of the signals
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in the equatorial region micht have unigme characteristics which could
resolve source and propagation mechanism, the progress of eouatoriel
studies on mecropulsations has been relatively slow compared to those
for middle and high latitudes, largely duve to the lack of wide-spread
equatorial geophysical observation necessary for this type of study.
There has been, however, an increase in the study of mieropulsation
phenomena in the ecquatorial region in the past few years and this is
likely to receive much more attention in the future, Since the
dissertation which follows is on results obtained from an equatorial
station, it will be worthwhile first to review the mein experimental
results obtained so far in this region and to examine the relationship
between the equatorial and non-equatorial phenomena.
Classification of geomagnetic micropulsation

Many attempts have been made by various authors to classify
micropulsations with the subsequent result that the literature on
micropulsations has been plagued with a multiplicity of nomenclature

(Matsushita, 1963). This makes it difficult to compare one paper with
another. In 1957 the International Association of Geomagnetism and
Aeronomy (IAGA) adopted names to be apvlied to different types of
activity, but even these nemes are used with great flexibility and some -
of them are hardly used at all, Names which have been used frequently
in early literature include Pc (or Pc - 1) for regular pulsations with
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periods 10 = 60 sec; Pc® (or Pe = IT) for continuous pulsations
with period 60 - 150 sec; Lpe (or Pc = III) for continuous
pulsations with period from 2 to 7 minutes, The term Pg (giant
pulsations) has also been used for Lpc while the terms SIP and Pt
have been used for short irregular pulsations with period about 6
sec and for pulsation trains (Pt) whioch consist of a series of
damped oscillations usually lasting less than one hour with period
from 40 sec to ui:;:lnutu. The short period pulsations with period
0.3 to 5 sec have been termed pearls (suchsdorff, 1936, TroitsMaya,
1961); PP (TroitsMaya, 1961); type A (Benioff, 1960); and m-
emission (Tepley, 1961), The International Association of
Geomagnetism and Aercnomy (TAGA) at their Berkeley meeting in 1963
agreed on a system of classification which divided micropulsations
into regular and irregular categories, and subdivided these by
periods This classification is now being employed generally and
is the one that will be used in this thesis. The classification

is as follows: -

Regular: Pe 1 0.2 to 5 . sec period
Pec 2 5 to 10 " "
Pe 3 10 to 45 - .
Pe 4 45 to 150 . -

Po 5 1?0t0600 " "
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Irregular: Pi1 1 to 40 sec period
Pi2 40 to 150 sec period

These boundaries are rather arbitrary and Kato and Saito
(1964) have challenged the boundary between pc 2 and pc 3.
However, they afford a more convenient classification system for
micropulsation than that used before.

rties of Pc I mi sations

In recent years, this has been the most widely studied
type of micropulsations (Tepley, 1964; Campbell and Stiltner,
1965; Dawson, 1965; Hirasawa, 1965). They are generally found
in the period range of 0,2 to 5 sec with typical amplitudes
rising to 10 and 100 milligamma, The distinguishing feature of
Pe I is a fine-structure consisting of rising tones repeating
at regular intervals as seen on sonagrams. Most of'ten the tones
are rising, but sometimes they are vertical and occasionaly
falling tones are observed. The amplitude traces have a beat-
like appearance which results, in part, from the overlapping
rising frequency structure,

There isageneral linear relationship between the recurrence
period of emission T(sec) and the average period T(mid) so that
T(sec) = 86 T(mid), (Campbell and Stiltner, 1965). These authors
also report that the duration of the emission seems independent of

of the location, Pc I's are essentially a night - time phenomenon
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at middle and low latitudes, but ocour during the day at high
latitudes. Wentworth (1964) suggested that this may be due to
differences in ionospheric attenuation. He argued that though
the maximum production of pe I is probably in the afternoon,
higher ion densities at that time greatly attenuate the waves
responsible for the generation of the pulsations, At the auroral
latitudes, however, ionospheric attenuation will be much less
and the waves can get through at the time of their maximum
production. But many researchers have failed to relate
experimentally Pc I's and ionopheric aotivity. MNost of the
work reported has been done at the high latitudes. Wentworth,
however, has predicted strong ionospheric attenuvation at low
latitudes so that it will be worthwhile to investigate the
question of correlation of pc I and the various ionospheric
parameters in the low latitude region, The local time variation
of the mid-frequency appears to be similar at middle and higher
latitudes, with higher frequencies predominating dwring the
early aftermoon.

When simultaneous sonagrams for conjugate points are
compared, it is found that between hemispheres, the fine-
structure is displaced by half the repetition rate (Tepley, 1964;
Campbell and Stiltner, 1965). On the other hand, simultaneous

sonagrans from two stations in the same hemisphere do not show
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such 180° phase shift in the fine-structure. Tepley also reports
that at the equatorial station of Canton Island sometimes the
records show a doubling of the fine-structure indicating that at
Canton Island occasionally one can receive signals generated in
both hemispheres, Separate studies by Tepley (1964) and

Campbell and Stiltner (1965) have indicated that pec I events are
wide spread in the low latitude regions but are fairly localized
in the high and middle latitudes. Roquet (1966) has also indicated
that when simultaneous records from Addis Ababa, a low latitude
station and Garchy, a middle latitude station, were examined,
none of the few occurrences of pc I at Addis Ababa coincided with
the occurrence of pe I at Garchy.

Polarization studies of pe I show that the magnetic
perturbation vector is confiined to a plane perpendicular to the
earth magnetic field line, Both left and right-handed elliptical
a3 well as linear polarizations have been observed and in many
cases, the sense is found to reverse itself in the middle of a
beat., It has also been reported that polarization of pec I events
is randomly orientated in the northern mid-latitudes (Dawson,
1965; Lacourly and Goukhberg, 1966). To the best of the author's
knowledge, no polariszation studies have yet been reported for the
equatorial regions for pe I micropulsations.

Benioff (1960) and Heacock and Hessler (1962) have found pe I
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ocourrence to favour magnetically quiet days and Smith (1964)
found the activity to be enhanced on quiet days about five to
seven days following Kp indexes of solar terrestrial distur-
bances, Also Wentworth (1964) and McPherson (1965) have
indicated that pe I occurrence is Mr at, and immediately
af'ter, stovln sudden commencements. These facts imply that
magnetic disturbances promote the production of pe I events,
whereas, the appearance at ground level requires thet the
ionospheric electron density be low., The correlation between
pec I activity and other geomagnetic phenomena has mot, however,
been reported for the low latitude stations,

Wentworth and Tepley (1962a), and Heacock and Hessler (1962)
have sugzested that pc I are produced by bunches of electrons
oscillating along the field lines with a period equal to that of
pe I and drifting around the earth with the spacing period. The
observation by Smith (1964) of a west-ward drift of ve I
occurrence seems to confiem this theory but the theory fails to
explain the 180° phase shift between conjugate stations. There
heve been other hypothesis as to the originating source of these
pulsations., The resonance type features of the event and the '
high latitude conjugate atation coincidence encourage the
presently popular hydromagnetic models of the phenomenon with

propagation along the high L field lines. It is assumed that
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the energy comes from the solar wind and that the necessary
conditions for the resonant propagation must be established
several days after the on-set of the solar-terrestrial distur-
bance. Ionospheric absorption of the energy in these frequencies
is predicted by most models but has escaped measurement,

Equatorial studies of these events are very scarce and
workers enzaged in the equatorial studies of micrepulsations
find 1t difficult to detect pe I. TIP most dimentary features
of pe I such as diurnal variations in frequency of occurrence,
amplitudes and periods are unreported. Campbell (1966) has
suggested that 2 major contribution to the understanding of the
phenomenon can be made by determining the method of arrival of
the fluctuations into the equatorial regions, whether guided by
the earth's field lines (Sugiura, 1965; Dawson, 1965) or from
the high latitudes within a hydromagnetic duct above the
ionosphere (Tepley and Landshoff, 1966; Manchester, 1966).

2 Pe 3 Mie tion

These pulsations are observed in all latitudes with amplitudes
and activity increasing with latitude (Jacobs and Sinmo, 1960).
They are found to have typical amplitudes rising above 0,3
gamma in size, and have periods within the range 5 to 45 sec.
Their period is found to have little or no dependence on latitude
(B114s, 1960; Saito, 1962). There is a diurnal variation of the
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period at middle and high latitudes and the period of'ten rises
to about 25 to 35 sec in the daytime hours and falls to about 5
to 15 sec at night., The variation changes gradually over many
days (Saito, 1962; Campbell, 1959). Saito (1962) indicated that
a similar distribution of period should be expected at equatorial
stations., Fernando (1966) observed at Colombo, a station . near
the geomagnetic equator, pe 3 with dominant period of 38 sec.
whose amplitude is enhanced during the local daytime and
particularly during magnetically disturbed periods., Hirasawa
(1968) showed similar distribution in pe 2 and pe 3 pulsations
at low latitudes with pc 2 having a double maximum in occcurrencg
frequencies, one during the morning hours and the other during
the evening hours, but with pe 3 having a maximum in amplitude
near local noon.

The diurnal variation in the frequency of occurrence of
the pulsations has been studied by many workers. Hutton (1960)
using earth current records in Ghana found that during the IGY
there were three maxima in the occurrence frequency of the pe 3
pulsations, the evening one being the most pronounced. Romana
(1962) summarised the IGY results obtained at four equatorial
stations == Ghana, Paramaribo, Bangui and Hollandia, At Paramaribo
and Bangui, there are two maxima in the daily variation of pe 3
frequency of ocourrence, and at Legon, Ghana, and Hollandia the
evening maximum predominates. The time at which maxima - -
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ocour at the four stations differ slightly from one station to
another, Romana also gave results for diwrnal variation in
activity of the pe 2 and pe 3 pulsations for four sub-equatorial
regions and these showed differing times of peak activity. The
morning maxima at Tamanrasset and Port Moresby were more
pronounced than the evening ones while the evening mexime at
M'Bour and Apia were more pronounced than the morning ones.
There are thus differing results for the diurnael varietions of
activity of the pulsations at low latitudes stations.

Roouet (1967) using magnetic records taken simultaneously
at two equatorial stations: Parakou (100 Km south of the dip
equator) and Louma (430 Km north of the dip equator) found
that there was amplification of po 3 and pc 4 amplitudes by a
fector of about 3 at Parakou compared with the amplitude of the
pulsation at Louma, This tends to confirm the enhancement of
long period pulsations in the equatorial electrojet region as
originally reported by Jecobs and Sinno (1960) in their
morphological study of micropulsations. Further work is now
needed to confirm this property of pe 3 and pc 4 micropulsations
in the equatorial region,

The occurrence frequency of pec 2 and pe 3 is minimum in

sunmer and winter months with peak occwrrence in the equinoxes



(Glover 1963; Saito, 1964). Hutton (1962) also found that the
daily variation of ocourrence of pe3 varied from season to
season at Legon (Ghana),during the IGY,and that the evening
naximum of pe3 occurrence was greatest in the December solstice.
Kato eY al (1956) and Campbell (1959, 1962) found a 27 =
day recurrence tendency for pe2 and pe) in the high and middle
latitudes, Saito (1964e) found a correlation of pe2 and pe3
with the strength of solar wind. Pe2 and pe’l occurrence is also
related to the local Kp index (Campbell 1959, 1962); to changes
in the F = layer (Campbell, 1959; Saito, 1962) and to auroral
pulsations, Very few attempts have been made to study the
correlation between pe2 and pe3 activity with the other geo=-
magnetic and ionospheric phenomens at low latitudes. Hutton (1962),
however, found a significant correlation bekween the magnitude of
the disturbance daily variation BD of earth ourrents at Legon
(Ghana) and the onset of micropulsations at that station. She
also indicated that pc2 were observed predominantly during night
hours and during periods of above average magnetic activity. The
excellent correlation of daily amplitude valuves with magnetic dis=
turbance places pe2 and pel phenomena in the solar terrestrial
disturbance family, Saito (1964) showed that the activity lewel
of pe3 has correletion coefficient of 0,8 with satellite determina-

tions of the sclar wind welocity. It is generally assumed that the
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pulsations have hydromagnetic origin within the magnetosphere.
Purther investigations are neceasary at low latitudes to relate
the diurnal end latitudinal dependence of pe3 amplitude to ionos-
pheric conditions, as has already been done at high and mid-
latitudes, Also the possibility of an ionospheric current mecha-
nism for the transport of high latitude pe3’ phenomena to the
equatorial region should be examined,

1.5 Poh and Ped Micropulsations.

These two distinet forms of micropulsations with typical
periods 45 = 150 sec, (pek) and 150 - 600 sec. (po5) have been
identified at various world stations (Kato, 1961; Matura, 1961;
Saito, 1962; Hutton, 1965; Jacobs and Sinno 1960, Hirasawa 1965,
Roquet 1966, ete.)

Pclh micropulsations have been reported as day - time
pulsations with occurrence maximum near noon at all latitudes
and with amplitudes oftten rising above 10 gamma. Osborne and
Rivers (1963) detected polk on normal magnetogrems at Tamale
(Ghana) and Freetown (Sierra Leone), both of which are equatorial
stations. The pulsations had a period of about 2 minutes and
amplitude of approximotely one gamma; their dwration was from
several minutes to several hours., Glover also detected pok in
the Phillipines and Hutton, using earth currents, in Ghana. Glover

summerised his results on a contour plot which illustrates the
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seasonal changes in the daily variation of activity. The season
during which at his station a single maximum ocours appears to
differ from that at Tamale and Freetom. Hutton (1965) indicated
that there was an inerease in ocourrence frequency of pol as
sunspot minimum was approached and that tlnn:: niddsy maximun
of occurrence frequency of the pulsations, These results agree
well with those obtained by Glover and Rivers., Hytton also
reported that on a few occasions at Legon (Ghana), radiostar
scintillations of the same freouwency accompanied po4, but con=
firmation of ke relationship between these phenomena is, however,
needed.

Other research workers whohave recently contributed to our
knowledge of pel and 5 pulsations at the low latitudes are
Fernando (1966), and Roquet (1966 and 1967), Fernando (1966)
working at Colombo near the geomagnetic equator indicated that
the total activity of pol and pel reaches a maximum just before
noon; and that there is a good positive correlation between daily
variation of pe3 and pck mioropulsation aotivity with Kp index;
and the observed activity in pe3 and pel band micropulsations is
mainly confined to periods lying between 30 and 70 sec, with peak
activities at 38 4+ 5 seqs and 60 + 3 sec. There is an indication
of a small peak around 120 sec., Hirasawa working at Kakioka, a low
latitude station reported, amongst other things, the appearance

of pok and pe2 at any local time, exact coincidence of the funda-
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mental component of pi2 to the spectral trend of pok and a slight
dependence of pok period on local time and storminess of the
day. Hirasawa also indicated that pe2, pe3 and pek micropulsa-
tion activity increased immediately after a storm commencement
(Se) end that hizh activity persisted during the initial, the
main phases and the early stage of the recovery of the magnetio
storm. Roquet (1967) compared results obtained simultaneously
from two equatorial stati ons, Parakou in Dahomey and Lowma in
Niger Republic., She indicated that the amplitude of pck at
Parakou (100 Km south of dip equator) was relatively larger than
that obtained at Loume (430 Km north of the dip equator). This
indicates the enhancement of poli amplitude in the equatorial electro-
jet region. Rogquet also reported a maximum near local noon in the
activity of pek micropulsations; that the amplitude of both pel
and pe micropulsations is greatest in the morning or early after-
noon hours and that the amplitude of the pulsations is larger on
the H component than on the D component of the magnetic field.
There is a latitudinal variati-on in the amplitude of both
pck and pe5 as indicated by Jacobs and Simno (1960) with the ampli-
tude of the pulsations increasing with latitude and with a possible
enhancement in the equatorial electrojet region., There is also a
latitudinal variation in the plane of polarization of the pulsa=-
tions with the oscillations perpendicular to the geomagnetic field
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lines at high latitudes but parallel to the field line at
equatorial locations (Saito, 1964). However, the results need
further confirmation since very few reports have been received
of measurements of pol & 5 in the equatorial region.

Matura (1961) analysed samples of simultaneous pe5 pulsa=-
tions at various world locations, He showed that the amplitude
of the pulsations decreases with decreasing latitude but again
with enhancement of the amplitude in the equatorial regions, He
also indicated that the pulsations o the Z component have com=-
parable amplitudes both at the guroral zone and at the magnetio
equator, It would, however, be interesting to investigate the
latitudinal variation of pc5 amplitude across the equatorial
electrojet as has been attempted by Roquet for pcke. It is proba=-
ble that a similar latitudinal effect would be obtained., A closely
spaced chain of stations across the dip equator will be necessary,
however, if a reliable estimate of the correlation of the amplitude
of both pel & 5 pulsations and the properties of the equatorial
electrojet is to be obtained.

There is a peak to peak correlation at conjugate points in
peh and pe5 activity at high and middle latitudes (Saito, 1964;
Nagata, 1963). Heirtzler (1966) comparing results obtained from
two equatorial conjugate stations of Amapa end Barbecena in eastern
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Brazil showed that pols and pc5 micropulsation activity at both
stations was correlated in great detail but with a phase lag of
about 60°, i.e. a time lead of about 13 sec. for Amapa (about
280 Km north of dip equator) with respect to Babercena (about
280 Km south of dip equator). Reports of conjugate points studies
of pulsati ons in this period range are, however, scarce.

A consistent longitudinal variation in pe micropulsations
has not been established in the low latitudes., Hutton (1965),
however, reported that on more than 50 percent of the occasions
when large pc3 ocourred at Legon (Ghana), at least 5 other stations
widely spaced in longitude and latitude showed simultanedus pel.

In non=equatorial regions, pck and peb mieropulsations heve
been shown to correlate with measureble ionospheric parsmeters
such as forz, 4 e OF riometer absorption. Micropulsation activity
inecreases with decreasing solar activity (Saito, 1964). A negative
correlation with Kp index has been demonstrated by Maple, 1969, and
Hirasawa (1965) has shown a correlation between pe5 period and
positive and negative sudden impulses. An association of pek and
pe5 micropulsations with X-ray bursts and auroral radar echoes has
also been reported at high latitudes., Such correlation studies bet-
ween pol and pe5 micropulsations and ionospheric and other geophysical
phenomena have not been carried out on a large scale at low latitudes,
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However, Hutton {1965} noted & dependence of the frequency of
oceurrence of pe 4 on solar aotivity in Ghans and Pernando
{1966) and Hirasawa (1965) gave indications of a correlation between
pc 4 and Kp index. Hutton {1965) also indicated that maximum
ooourrence of pc 4 is in December solatioce.

Some pe k and pe 5 mi.cropulsation phenomena have been
expleined on the theory that they are caused by hydromagnetic
tosional standing oscillations of the geomegnetic field lines
(Kato and Watanabe, 19563 Obayashl and Jacobs, 1958). In 1966
Campbell argued that if 2)l surface pessurements are measures of
arriving hydromagnetic wWeves, then the nature of an equatorial

enhencement of emplitude needs clarificaticn.

Pulsations with irregular formg - pi T and pi 2

These ere the irregular pulsations usuelly found in the
period ranges 1 to 4O sec (po 1) and 40 to 150 sec (pi 2). Their
amplitudes range from a fem hundred gemmas to the lower limit of
the recording systems

At nigh latitudes pi 1 are usually found as the miero—
gtructure of bays, pi 2 ete and oscur during the main phases
of geomagnetic storms. They have maximum amplitude and
potivity in the aurorsl zcnes (Campbell and Matsushita, 1962)
and are found to heve a 27-day recurrence tendencye. They are
observed mainly in the morning end evening hours (Heacock and

Hessler, 1962). No seasonal variation in occurrence frequency
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was found by Heacock and Hessler but, a tendency towards
equinoctial maxime in occcurrence frequency hes been reported
by Campbell and Matsushita (1962). Both pi 1 and pi 2 are
Pound to have a clear associstion with loncspheric phencmena,
Great similarities and also some differences have been found
in events messured at conjugately located stations (Campbell,
1965).

Pi 2 consists of series of damped osclllations usually
lasting lesa than one houre. REarly observers have termed them
as "pulsational sudden commencements” (P.S.C.) to indicnte
thelr burst begimuings. Others referred to them as pt or
"pulsation trains" or "pulsation temporares" to indicate
ahort dquretion. They are observed in all letitudes more or
less simultaneously and always accompany bays (Duncan, 1960;
Kato and Ossako, 1552). They are essentially a night-time
phenomena., Troitskaya (1953) reported a G.K.T. dependensy
with the cccurrence maxime cccuring between 18 and 19 hours
G.M.T. Other observers have shown that both pi 1 and pi 2
oceur most frequently sbout 22 - 23 hours loocal time (Billaud,
1953; Kato et al 1953) while others added that the maximum
occurrence is found near mid-night, although longitudinal
scattering ias observed (Benioff, 1960; Romana and Cardus,

1962; Kato and Saito, 1961}« In the eguatorial region, Hutton



(1965) indicated similer dlwrmel variations in pi 2 at Legon,
and equatorial station, and stated that the maxdimum in the
ocourrence frequency wes found between 22 and 23 (L.T.).
Fernendo working at Colombo, also an eovatorial station
reported a maximm in the ocowrrence frequency between 22 and
23 hours (LST) and that 60 sec was the dominant peak in the
period spectra. Hirasewa (1968) obtained exact coincidence of
the fimdamental frequency component of pi 2 and pe 4 mieropul-
sations at a low latitude station and found that pi 2 and pe L
are sometimes accompanied by wvery short period pulsations with
period in the range 1 to 5 sec. (pi 1). Roguet (1966) revorted
that pl 2 oceurred simulteneously at Addis Ababa and Parakou
{two equatoriel stations) and at Garchy in Frence (a middle
latitude station), with similar amplitudes for the H component.
Amplitudes for the H component at the low latitude stations are
normally grester than those of the D component. Seito (1961)
also found pi 2 to be synchronous in low latitudes but Rostoker,
(1965) indicated a phase shift of the order of a few seconds
between stations separated by a few kilometers along an East-
West 1ine for high and middle latitude stations, Heirizler
{1966) observed o phase shift of about 13 seconds for pi 2
between two low latlitude conjugate stations. Low latitude

conjugate station studies of pi 2 are, however, rare.
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The dependence of pi 2 amplitude on geomagnetic latitude
has been reported by meny observers who indicated that the
amplitude appears to decresse with decreasing latitude (Kato
and Saito, 1961; Jacobs and Sinno, 1960), with a poesibility of
enhancement in pi amplitudes in the equatorial electrojet region,
Roquet (1967) @id not find such an enhancement.

The rotation of pi 2 micronulsation polsrization hasa been
reported to have a diurnal variation, being counterw-clockwise
before midnight and clockwise after midnight (Kato and Saito,
1961). No clear polarization messurements for pi's have yet
been reported for low latitude stations.

With regard to the seasonal variation of pl occurrence it
has been found that they occur most frequently in the spring
equinox with & second maximum in the autum equinox at high and
middle latitudes (Kato and Akasofu, 19%56), Yansgihara (1957) has
found that the number of occurrences of pi 2 is inversely
proportional to the sunsport number, TroitsMaya reported the
minimum emplitude of pi 2 in summer months while Benioff
(1960) obtained the minimum amplitudes in the equinoxes,

Pi's have been shown to correlate with solar activity and
with jonospheric phenomena at high and middle latitudes. Fi 1
i3 well correlated with suroral fluctuations (Campbell, 1959;
Troitskays, 1961), with ionospheric ebsorption of cosmic noise

and with ccowrrence of X-ray burats (Anger et al 1963).
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Troitskeyn also reported that »i 2 amplitude and frequency of
occurrence deaorease as solar activity increases and that
moderatsaly disturbed days favour pli 2 occurrence. Fernando
(1966) and Hirasawa {1965) reported pi 2 occuring more
frequently after a storm sudden commencement at low latitudes
and Fernando also obtained a strong positive correlation of pi
2 aotivity with Kp index.

The lack of sufficient detail of equatorial features

It is significant to note that magnetic observatories at
low latitudes are few and thoze recording micropulsations are
even fewer, Consequently, there has been g gap in our knowledge
of magnetic micropulsations in the equatorial region. In
particular, the most basic features of pc 1 such as diurnal
variations in frequency of occurrence znd of mmplitudes are
unreported. More effort i1s essentizl in order to find out and
ascertain the basic properties of pe's and pi's in the
equatorial region, Suech investigations should include the
study of:-

(a) the polarization propertles of mioropulsations

(b) low latitude conjugate point relations

(e) diurnal, s=ezsonal and solar cycle variation of
activity of ell types of micropulsation,

(d) the effect of the equatorial elsctrojet on micro-
pulsation properties.



(e) the correlation between the micropulsation phenomena
and the ionospheric and other geophysical phenomena.

(£) speotral content of the pieropulsations.

The main results already obtained for the low latitude

region are sunmarised in Table T .
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2.0, DEVELOPMENT OF THEORIES TO EXPLATN GEOMAGNETIC MICROPULSA-
TIONS.

Hany theories have been proposed to explain the rapid

variations of the earth's magnetic field, such as poc and pi,

but there i#8 as yet, no generslly accepted theory of the pheno=-

BEeNON e

are e

Three main theories have been under gonsideration. Theze

(1) Stormers theories (1955) in which olouds of cherged
corpuscles are thought to be exoouting periodio orbital
notion in the magnetic dipole field of the earth,

(2) +theories which sssume the existence of hydromagnetic
waves within the jonosphere (Keto and Watanabe 1995;
Lehnert, 1956; Coulomb, 1959) and

(3) theories whish postulate the existence of hydro—
magnetic waves in the earth's outer atmpsphere (Dungey
1954; Kato and Akasofu 1956; Temoa, 1959). Akasofu (1956),
Wetanabe, {(1957) and Dawson (1965) have also considered
the provlem of propagation of the hydromagnetic wowves in
the exosphere through the ionosphere and the possibility
of the ionosphere having a sorcening effect on the weves,

From experimental end other theoretical considerations

there is a tendency at present to discard 3tormer's theory., In

order that the values of the period and amplitude of the pulsations

cbtained from his theoriea should agree with the experimental values,
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it is necessary to asaume either that the periodic trajectoried
exist at a very great distsnce from the earth or that the energy
of the charged perticles is great. From other considerations,
neither of these assumptions is regarded as reasonable.

VWhen the second theory, in which ik is assumed that
standing waves are set up between layers of the ionosphere, is
congidered there is a lack of agreement between the calculated
and experimental values of the period and amplitude, But
Coulomb {1959) working on the suggestion by Dessler (1958) that
there are longitudinal hydromagnetic waves in the equatorial
belt, hes postulated the exlstence of standing waves belng reflected

between the upper and lower boundaries of the P, layer of the

2
ionosphere and having a wavelength of approximately 100 . On
this assumpiion, the pericd of the waves would be of the order of
one second or less. The theory then excludes the long period
piilsations.

The third theory iz receivineg much more attention at the
present time, In tids the mature and mechanism of pulsatiocna are
thought to be gaused by hydromagnetic waves which can be generated
on the boundaery of the meghetosphere and within it. The waves
then propggate in the magnetosphere along {toroidal pulsations)
and across {poloidal pulsations) the lines of force to the lower

1limit of the ionosphere where they are trenagormed into electro-
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negnetioc waves whioh are observed on the surface of the earth
as pulsations of the magnetic fleld and of the earth currents.
The mathematicsl analysis of these modes = toroidel and
poloidal was first conducted by Dungey (4 954} and applied by
hin to a preliminary intervretation of mioropulsations., This
work was extended by Obayashi and Jacobs (1 ©58) and more recently
in much greater detail by MacDoneld {(1961). In the latter analysis,
attention was focused on a third {ype of resonance, which results
from a ducting of wave energy between the earth's surface and
the relatively low magnetospheric height ~ 1000~2000km- where
the speed of hydromagnetic propagation reaches a maximum.
Little progress has been wmade in correlating the different
types of resonant modes with the different kinds of micropulsa-
tion. The periods of resonant toroidal oscillations increase

with latitude as indiceted by the equetion

*Ao d.S
1. 25 A
T ﬁj Voodp 3
-

where s 1is the are, v, the wave velocity, A the gzeomagnetie
latitude and + A the limits, and the reported observational
increase in the pericds of pe and pi with latitvde msy be explained
on this basis. DBut the enhancement of long period pc and pi in
the equatorial eleoirojet region has not yet been explained
satisfactorily,

In the recent years much attention has been given to the



theoretical interpretation of the shortest period mieropulsa-
tions, pel. Prominent among the various workers who have attemp-
ted to explain the properties of pci are Tepley and Wentworth
(1962), Jacobs and Watanabe (1962); Stefant (1965); Gendein (1965);
Cornwall (1965); Lendshoff (1965); and Dawson (1965). Most of
the available evidence seems to indicate that pel are caused by
a magnetic disturbance at about five or six earth radii in the
vieinity of the equatorial plane, A reasonable hydromagnetic
model for the propagation of the pulsations is one in which Alfven
(1eft hend) waves travel along field lines to reach the earth's
surface at auroral latitudes and then propegate equatorward as
modified Alfven (right hand) waves just sbove the ionosphere.
The isotropic right-hand wave is constrained to a duct between
400 and 2000 km above the earth by refractive processes, It has
been shown thet many of the observed properties of pel can be
related to such a model.

There has been much speculation about the mechanisms for
the generation of pe! micropulsations, Jacobs and Watansbe (1962)
postulated that the interaction of the solar wind with the magneto-
pause would generate noisy fluctuations which propagate as left-
hand waves along the maegnetic field lines down to the ionosphere
at high latitudes. They also suggested that standing waves are
established between the top of the ionosphere and the height of
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of the proton model, whose bounce period was equal to the observed
repetition time., This would account for 180° phase shift.

Of the seweral resonance theories,that which has been
found to be most partinent to equatorial micropulsations has
been worked out by Prince and Bostick (1964). Their work is an
extension and elaboration of similar treatment carried out by
Jacobs and Watanabe (1962, 1964). Jacobs and Watanabe suggested
means by which hydromagnetic waves reaching high latitudes could
be responsible for micropulsations observed at the equator. Table
2 sumnaripes the predictions of resonance periods applicable to the
high and middle latitudes,

Table 2
(from Westphal and Jacobs, 1962).

Latitude, deg 80 70 60 50 4O 30 20

Period, see 111 124 252 245159 69 46
Table 3 shows the resonance periods predicted by Prince and
Bostick (1964) for equatorial mieropulsations which fall within
the period range of interest of the present thesis, The results
obtained will be compared with these, The resonances are for sun-
spot minimum conditions under which the experimental data was
collected.
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Table 3
(from Prince and Bostick, 1964).

Day Sec 10 7 45 25 20 10*
Night See¢ 120 60 37 20 16 &.%*

* Strongest of all the predicted resonances.
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It can be seen from the graph that @ should be of the order
of 20 for a suitable system to be used to detect mioropul-
sationsg over a fairly wide frequency band.

In order to increase the induced voltage, u; n and A
should be large but because of construction and portability
considerations a compromlse is necessary., The detecting
coll together with the galvanometer amplifier should be of
s slze and welght compatible with the requirements of
instellation and portabllity. The coil should be pleced
some distance from the recording building and from
vehicular traffic, and preferably buried to minimize wind
motlon, ‘The impecdance of the coil should be zuch thet the
Bignal can be transmlited over seversl feet to the recording
equipment using coaxial cable,

The sensitivity of the coll as a deteoctor is given by

Vv =nm k% 4B
at

where R is the radius of curvature of the coll and n the
nuzber of turns,,and its self inductance, L will be given by
2 8r 7!
L =n uoR{loge-;:-- el
permeability of fvee air '

where e
and » = cross-sectional rsdius of coil
Thus the sensitivity inoreases as the soquare of R, and self

inductance only linearly as R, implying advantages in using
coils of large radius of curvature, Thisz iz useful when air
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cored coils are used as d.ebe.ctors.

Although the sensitivity of induction eoils may be
increaged by filling the coil with a high permablility
substance, this may incresse the a#lf-inductance and #ill
change the frequency response gignificantly as 2 result of
eddy currents snd hvsteresis losses. This effect may be
minimized by us:lng a lominated core., Within the winding
itzelf, proximity effect, distributed capacity and wire
resistances contribute to losses in the coil, Hill and
Bostick (1962) have shown that skin effect is neglipgible,

Mumetal i3 the most commonly unsed core material
which satisfies most of the conditions stated above but
dve to the larpe demagnetizing factor of the long rods,
the effective permeability is not strongly dependent on
the trve permeability nrovided the permeability is a few
thousand (Bozorth, 1951 ). The effective permeebility is
more dependent on the length to diameter ratio of the rod.
In order to avoid saturation in the earth's ambient field,
the field in the bar should be less than 1000 gauss, It
has been shovn that for an amblent field of about 0.5
cerasteds, this leads to a permeability between 1000 and 2000 -
and a length to diameter ratio of between 70 and 100 will

produce the desired permeability. The induced voltage decreases
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toward the end of the rods rather parabolically resulting in
optimum winding cross-section being parabolic as indicated
on fig. 3« When this is so the ratio of flux to resistance
per turn is also kept constant.

Another source of error is the gereration of thermal
voltages at joints in the wires, or due to small temperature
changes differences along the wire, Since it is not possible
to insulate the entire system thermally, negative feedback can
be applied to reduce drifts and keep the recorder on scale

by atternuating the low frequency response,
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take the . sigrials’ = from the detectors to the recording
equivment whioh was set up in 2 room egbout 300 metres from
the detectors, The coaxial cables were placed in insulating
pipes and buried a few ¢m. under the ground

’ 1}-.2.1 The Detactor:_ﬁ_c

Each detector consists of coils of 10,000 turhs of J4
8.WuG. covmer wire wound on a mumetal bar of length 20% om,

and dismeter 2.2 oms The coll was wound in sewven layers as

Follows: =
First layer $ 2,500 turns
Seeond layer : 2,400 turnsa
Third layver $ 1,780 turns
Fourth layer 1 1,420 turns
Fifth layer ] 1,060 turns
Sixth layer : 700 turns
Seventh layer : LOO turns.

The first Layer was wound on the centre of the bar
leaving an allowance of 70 cm. on ¢ach end, The successive
layers had an allowance of 10 cm. on both ends of the previous
layers so that the detector in general had & parabolic shape
as indicated in Mg, 3« The layers were inmilsted from each
other by frenoh cloth, The feedback coils of 3,500 turns { Swé3w Coppar )

1re

were wound wniformly on top of each detector, The mumetal bar
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has permesbility of 1000 with length to ddameter ratio of 92,
The total resistence of the detector is 70 ohms with an
jnductance of about 250 H, The coil generates an esm.f, of
02 x 10~70 yotts for a field of 1 gamma/sec.

One detector was inseted in a vertical concreter hole
being shielded by a eylindrical wooden box and thin copper
plates at both ends of the box. The other two detectors are
placed in cemented trenches in the north - south and east-west
geomagne tic directions, The three detectors were under one
aluminium roof to protect them from rains and vibrations due to
winds.

he?.2 The Galvanometer - Photocell Differential Amplifier and
the Sefram Recorder

The essential parts of galvanometer - photocell
amplifier are shom on the ecircuit diagram in fig. L while
fig. 5 illustrates the optical arrangement, The galvanometers
were placed on a concrete table while the Sefram Recorder,
the photoresistor bridge and the lamps were arranged on two
geparate tables at different elevations as shown in fig. 5.
Pig. 6 is the circuit diagram of the Sefram Recorder as
given by the manufacturer.

The photocell (type 183118315, French mede) and the

10K O pesistance which make up the photoresistor bridge were
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mounted on a square eluminium plate with terminals for the

battery eecross the bridge and for the outnut signals from

the bridge. Two such mounted photoresistor bridges were made,

one for the signals from the North-South direction and the

other for the East-West direction.

The signals from the two detectors (the vertical

detector was not used dwring this preliminary investigation)

were fed to the first stage galvenometers which have the follow=

ing characteristies : =

Coll Resistance | Period (Sec) | Sensitivity  |oritical Damp
(ohms) esistanoo(ol::g
519 8 0.31::10"3 PA/mm 10,800
540 8.3 0.278x10™ pA/mn 9,800

The displacements of the first stage galvanometers were arranged

to fall on the photocells of the photoresistor bridges which

amplifiied the signals. The output from the photoresistor bridges

are talcen through short leads to the second stage galvanometers

which have the following characteristics: -

Number | Coil Resistance| Period (Sec)

Sensitivity |Critical Damp-

ing Resistance

= Sl

(ohms)
182,492 147 2 550 mm/pA 3, 500
182, 588 149 2 550 mm/pA 3,500
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The displacements of the mirrors of the second stage galvano-
meters were allowed to fall on the sp¥litenhotocells on the
Sefrem Regording equipment, The Sefram Recorder contains a
power amplifier which measures signals pronortional to the
differential light on the photocells and drives a pen recorder.

There were two photfells on the Sefram Recorder so that only
two elements of the signals could be recorded simultaneously.

The H and D components of the signals were recorded through-
out the period with which this thesis is concerned, The
recorder has chart speeds renging from 0.6 mm/min. to 600 mm/min.
There are two time markers which can be operated by connecting
two relay clocks to the Time Marker Terminals on the Recorder.
Time merks were registered every minute and these were cali-
brated once a day with a radio receiver tuned to a standard
time signal, From these time marks the chart could be divided
into hourly intervals.

Power supply from ac. stabiliser was conmnected to
a) the four lamps which provide light spots for the galvano-
meters,
b) the Sefram Recorder, and
¢c) the tape recorder,
Arrangements were also made to take a portion of the signal from

the photo-resistor bridge to a tape recorder which was set up
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in an adjacent room, The tape recorder has its om power
amplifier and ean record sigpnels simultaneously with the pen
recorder, The tape recorder was not, however, in use during
the period of the present study, as a means of analysing the
magnetic tapes were not immediately available,

A 1000 ;;f condenser placed in the cireuit helped to
minimise disturbsnces due to 50 ¢/a mains pick up. The equip-
ment was mede insensitive to low period fluctuations by
inserting a 4.7 K 0 resiatance in series with the output eo
that the lack of low-band-pass filters had little effect on
the long period fluctuations which are the objects of this
thezis, The response curve of the eoil galvanometers system
used is shown on fig, 7.

Le3 Calibration

The system was calibrated by rotating a small magnet
of known magnetic moment at a constant speed at a point on
the axis of the coll at a fixed distance from its centre,.
The field indneed in the coil was then given by 24/r’ gauss
wvhere M was the magnetic moment of the magnet in c.gs. units
and r em was the distance from the centre of the detector to
the position of rotation of the magnet., This was equivalent
to a field of al/r3 x 10° gamma, These artificielly produced
pulsations were recorded on the Sefram instrument, operating
at a chart speed of 12 mm/min,
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If A inmm is the pesk-to=-peak amplitude of the pulsations

then

Lz %x105 gamme,.

Hence the response in mmy/ gemme could be caleulated correspond-
ing to the period of the pulsations which could be read from
the chart. (M = 2620 c.g.s, unitas and r = 9.95m for the
detector in the North-South direction and r = 101 m for the
Epst=West detector). By rotating the magnet at various speeds
a response curve could be plotted.

When a satisfeotory experimental arrangement had been -
achieved, the response curves for both H and D component
detectors were obtained and the following sensitivities were

estimated from them in the period renge 5 = 120 secs

Duration Elementi Sensitivity

Jul,1 - Aug, 3 H 0.5 gemma/em
July 1 = July 3 D 0.3 gemma/cm
July 4 = Aug.31 D 0.4 gamme/om

The celibration was checked from time to time during
the period of study but the response was found to be constant
as all the components of the cirouits were kept constant and
the emf across the photresistor bridge was malntained at 10 volts.

Whenever an alteration was made in the installation it was

eagential to check the calibration of the system. Table I gives
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an exsmple of the response of the system for different pulsa-

tion periods. From this information the response curves were

cons truc ted.
Table &.
D(E-W)T = 2 sec 2.5 on/¥
10 *» 2.69 »
15 » 2.69 .
3 " 2,69 "
60 " 2,69
126 n 2.70 "
H(N-8) T = . I 2,02 "
10 " 2.05 "
20 " 242 .
" 2,42 "
60 " 2,42 »
95 * 2,42 »

Lo Trial Exveriments.

While the specifications of the most suitable galvano-
meters, viz, periodic time, internal resistance, and sensitivity,
are related to the type of pulsations which one wishes to study,
in this partioular experiment use had to be made of galvanometers
already available in the Department. From these the most suit-
able were chosen for inclusion in the installation.

It was also necessary to experiment with the value of

resistance and cspacitance to be put in series with the output
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circuit to obtain a suitable sensitivity for the detection

of long period pulsations in the period ranges of pc3, pok
and pi2, Resistances in the range 2 to 5 M#® and cepacitances
between 500 pF and 1000 pF were tried. The frequency response
curves were obtained for the following different cirouit
characteristiocs:

(e) With and without feedback,

(b) Series resistance 2.2 Ma. , 3.36 Ma, 4.7 22 and

5 Ma. with the following corresponding shunt
resistances scross the second stage galvanometers:
5k , 7.5k , 7.5 k2 , 7.5 ks

Series cavacitances of 500 pF and 1000 pF were tried with each

of the arrangements, Typicel response curves are shown in fig. 7.

It was found that feedbeck did not alter the resnonse
very much but helped to minimise drifts due to fluctuations in
the meins voltage and dve to temperature variations.

It was also found that in order to maintain suitable
amplitude and to minimise drifts, it was necessery to put 4.7 Mo
and 1000 pF in series with the output and 7.5 ka in parallel
with the Tinsley galvanometers.
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5.0 DATA HANDLING AND ANALYSIS

Several analytical methods were used in an attempt to bring
out the main features of micropulsation activity, and in order
to investigate the amount of detail which it is possible to
obtain from a general analysis of this sort. Records were

scaled by hand and computations carried out on an office
adding machine., This was desirable because of the high
degree of variability exhibited by the micropulsations, and
in order to identify distinct types of events and to ccmment
on their quality. It must be added here that visual analysis
is not an ideel method particularly as regerds to spectral
contact of the various micropulsations. It is for this
reason that it is planned to record simultansously on magnetic
tape in future experiment, These together with a precise
statement of the criteria adopted in the measurement of the
parameters are listed below,

The records were analysed in hourly intervals in the
first instance, and pulsations occurring in each hour were
classified into events in the same category i.e., as pc 8, pc L
or pi 2. The information for each hour was tabulated and in a .
typical hour, many events each with a different period and
perhaps showing different formswere found to occur, The
approximate time of commencement of all the events was also

noted,



5.1 Period (T

Period was measured as the time between adjacent peaks
in well developed waves. This was easily obtained from the
knowledge of a chart speed and the graduations of the chart
itself, The chart speed used throughout most of the period
of study was 6 mm/minute, so that it was possible to measure
a wave with an accuracy of + 5 se€, In some cases a chart
speed of 12 mm/min was used so that a wave period could be
measured with an acouracy of + 2.5 seo. Where the period
was attributed to an event in a general way it was usual
to measure a representative sample of the waves in the
train., When a particular train of waves showed variability
of period it was necessary to bresk the trsin into events
of constant period or to aclknowledge the period spread in
the computation which followed. Events having pulsations less
than three complete cycles were exciuded from the final
analysis,
5.2. Amplitude (A)

Peak to peak amplitude was measured first in millimetres
from the scaling of the chert peper. This was later con-
verted into gamma f'rom the calibration curves, Again it was
necessary to eastimate the average amplitude to be aseribed
to an event, Events having amplitude less than 0,02%

were excluded in the final analysis,



5¢3 Continui c

The continuity of an event was defined to be its duration
in units of five minutes. Thus an event could have a maximum
continuity of 12 in any hour, The approximate time of
commencement of an event was first noted and from this the
continuity of event was estimated. It was necessary to
break an event into two where it overleps between two
adjacent hours for the purnose of the analysis.
5¢4 Energy (E)

The energy ascribed to an event was computed from GAz,
where C is continuity and A amplitude and energy spectra
and distribution curves were drawn, Energy is not, however,
a good parameter for representing micropulsation phenomena
because of the very large range of amplitude and continuity
which occurs in micropulsations. A 5 gamma pulse lasting
for 15 minutes is, in energy, equivalent to a perfectly
homogenous continuous train of amplitude 0.2 gamma lasting
for 15 hours. Considerable attention to the importance of
the qualitative properties of micronulsations is necessary
bef'ore broad conclusions may be drawn from information
based on energy characteristics.

5¢5 General remarks on the Analysis

A reasonable amount of data was obtained during the two
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months of operation of the jnstellation which was operated
sontinuously with a chart speed of 6 mm/mia.. on all days,
There was no interruption in the recording except for some
few intermittent days when there was failure of the local
electricity supply. The months during which data was
obtained for the present analysis were July and August 1967.
During May and June, 1967, preliminary recordings of
micropulsations had been obtained both on paper chart and
magnetic tape. Sonagram analysis of the tape recordings
was obtained by Dr, Hutton at the Institug de Physique du
Globe, Paris. She also made a preliminary visual comperison
there of the Zaria pen-recordings and similar observations
from Addis Ababa, Ethopia and Garchy, France.

Both the sonegram analysis and the visfual comparisons
confirmed that the pulsations recorded at the Zaria station
were natural pulsations of the earth's magnetic field.

5.6 Presentation of results
The pesults obtained were first arranged in tabular

form and then plotted as described below. BExamples of the
traces of the various events were photographed and are
presented for comparison and refertence.

5.6.1 Occurrence versus time of day
From the continuity analysis, it was possible to deter-

mine the muber of events which occurred during an hour of
the day. The hourly values of the number of occurrences of
+he events pe 3, pe 4 and pi 2 were thus obtained end the
diurnal veriations in occurrence frequancy during the period
of study were obtained.

5.6.2 Amplitude versus time of day
Because of the doubt cast on the energy as a good
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measure of mecropulsation as stated earlier, it was thought
advisable to give alsé the &urnal variation in amplitude of
the three events atudied., The hourly measns of the amplitude
were computed and graphs of amplitude against time of day were
plotted,

5.6.3 Energy versus time of day

Graphs of energy against time of day were plotted from
the hourly means of energy obtained for the two months of
study. From these a measure of micronulsation activity was
deduced and the result compared with that obtained from other
parameters such as occurrence frequency and amplitude,

5.6.) Period versus time of day

The averace period for esch hour was computed and the
meen hourly values for the two months obtained, Curves
showing diurnal variations in periods for some of the events

studied were plotted.

5¢6.5 Oceurrence versus period

For each of the events pe 3, pc 4 and pi 2, the graph of
occurrences against periods was plotted. From the nlots the
regions of neak occurrence for each of the events were
de termined,

Be6e6 Energy versus period

Graphs of energy versus period were nlotted for the
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two months of study for the different ranges of period which
were chosen to correspond with the TAGA classification i.e.
pc 3, pe 4 and pi 2, The diffioculty due to emergy range

in events which occurred was minimised by excluding events
of short continuity showing an energy greater than 1,000
unitse

5.6.7 Polarization studies - H/D versus time of day
Graphs of H/D of pe 3 end pe L against time of day ywere

plotted for the two months of study, The ratio H/D was obtained

from the mean amplitude of vpulsations on H and D components.
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6.0 DESCRIPTTON OF RESULTS

6.1 Traces

Figures 8 to 10 are examples of pec 3, pe 4 and pi 2
traces respectively as obtained on the rapid-run magneto-
grams at Zaria at the times indicated on the charts.

Pig. 11 showstracings of simultaneous Zaria and M'Bour
(Senezal) (14.5° W, 17.0° W Geographic and 21.2° N, 55°
Geomagnetis) mecords which is ineluded for comparison, For
the H comnonent, the sensitivity of the Zaria instellation
13 0.5 /em while that of M'Bour is about 1.8 ¥f/em and on D
component, the Zaria installation has sensitivity of 0.4 §/om
and M'Bour 1.4%/cme The sensitivity of the Zaria installation
is thus about three times that of M'Bour, The records from M'Bour,
however, give a very useful comparison with what is obtained
in Zaria, There is a reasonable degree of correspondence
between the Zaria and M'Bour records as can be seen, making
allowance for the difference in freouency response of the
installations. The low frequency components which are seen
on Zaria records are, however, not obvious on the M'Bour
records but this is probally also due to difference in
frequency response of the two installationse This may also
arize from the fact that the dip latitude of Zaria is less

than that at M'Bour (M'Bour is just outside the electrojet
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reglon) so that large irregular pulsstions are likely to be
erhanced at Zaria with reference to M'Bour,

It is also worthwhile tc aedd here that Dr. Hutton
hes compered some records obtained with the ssme equipment
at Zaria in May, 1967, with the ccrresponding ones obtained
with similar equipment from Garchy (France) a middle latitude
station (47.30 N, 3,1° 7 Geogranhic and h9.6°, 8., 8°
Geomasnetic) and has found in general that fhere is good
correspondence betwoen the records from the two stations
though there were fewer ~ood quality nc? micropulaations on
Zarie records. This mgy be due $0 lack of equipment sensiti-
vity or to a lstitudinel effeect and the masing of pe
micropulsationsby the enhanced irregular fluctuations
observed near the dip equator.

These comparisons, particularly that between Zaris and
M*Bour records which are two equatorial stationg,indicate that
a real geophysical phenomeéna is being measured, not something

apurious,
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6.2,  Pg3 MICROPULSATIONS.

6+2,1 Diurnal variation in occurrence frequency.
FPige. 12 shows the diurnasl variastion of pe3 occurrence

fﬁqmmy on both H and D components, It appeared thet pel
pulsaetions could occur throughout the day but there was a
pronounced morning peak between Ok and 08 hours (L.T.).
There was little difference in diurnal variation between the
two months of study but pe3 occurrence appeared to be more
numerous in August than in July. During the period of study,
66 cases of pe3 were detected in July while 109 cases were
detected in August, Pe3 pulsations were seen rather more
frequently on the H component then on the D component (95
cases on H and 83 cases on D component),
6¢2.2 Diurmal variation in amplitude.

Pige 13 shows the plots of pe3? amplitude versus time
of day for both H and D components., The plots show that there
was a clear peak amplitude at about 09 hours (L.T.)s The
meén pesk amplitude on H was 0,38¥ and 0.,18Y on D. In
general the amplitudes were larger during the day then at
night, Also the amplitude were larger on H component than for
the D component by a2 factor of about 2,
6¢2¢3 Diurnal variation in energy.

Fig. 14 shows the diwrnal variation in energy of pej

as detected on H and D components. The energy variation was
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gimilar fto the amplitude wvardation but peak energy ocourred
at about 06 hours (L.T.') i.e., at the same time as pemk ocour— -
rence frequency.

6,2, Diuwrnal Variation in Period.

Fig. 15 shows the diurnal variation in period of pel
events during the period of study. It had a U-sghaped type
variation with minimum period ocevrring at sbout 16 hours (L.T.).

642.5 Qccurrence versus Period.

Pig, 16 shows the variations of pe3 spectrum at Zaris.
The histograms show that the basic spectral shspe remained
the same on both components, The maximum frequency of oocur-
rence was in the period range (37,5 + 2.5) sec.

6.2.6 Energy versus Period,

Fige 17 shows the plots of energy versus the period of
ne3 mileropulsations. Mo consistent trend is visible. |
f£.2,7 Polarization,

The fact that the emplitudes were larger on H than on D
component showed that pe3d micropulsations were linesrly polariged
in the north-south direction. Fig. I8 shows the plot of ratio
of amplitude on H to D versus fHime of daye The wlot showed that

the ratio remained constant at about 2 throughout the day.
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6.30 Pol MICROPULSATTONS

6e3e1 Diurnal variation in occurrence frequency.

Pig. 19 shows the plots of number of occurrences
of pols microoulsations versus the time of day. It appeered
that peh mieropulsations occurred malinly during the day with
peale ocecurrence at sbout 11 hours (L.T.). During the periocd
of study, 142 casesg of pch were detected in July and O
cases in Auvmust while 152 cnses were on IH component with
81 caseas on D ocomponent.

6+3+2 Diurnal variation in amplitude.

Plotes of the amplitude of pok micropulsations versus
time of day are shown on fig.20 for both H and D compnonents.
There was e clear diurnal variation in amplitude of voh.,
with peak amplitude at sbout 11 hours (L.T.) or both compo-
nents., The amplitude wis blgger in size on H comnponent than
on D component by a factor of about 4., The mean peak amplie

tude on H wer 0.85% and on D 0.25% .

64343 Diurnal Varistion in Energy.

Fige 21 shows the graphs of energy of pel versus
time of day for both H and D components. The diurnal varia=
tion in energy were similar to the diurnal veriation in

amplitude. The peak energy occurred at 12 hours local noon
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as indicated on the graphs for both components.
6e3sh Diurmal Varistion in Period.

It was not necessary to plot graphs of periods versus
time of day for pch as the variation was very irregular and
it would not be possible to make any useful deductions,

6.3.5 Ogcurrence versus Periods.

The histograms on fig. 22 show the July - August pel
period spectra on both H and D components. The spectral
shanes on both components are similar with maximum occurrence
frequency at (60 + 5) sec. There appeared to be a minor
peak in the region of (100 4 5) sec.
6¢3.6 Energy versus Period.

Pig.23 shows the graphs of energy versus period of
peh on both H and D components, No consistent trend is visible.
6347 Polarization of pek pulsations,

It was seen that the amplitudes of pck on H component
were greater than those on D component and on many occasions
vwhen pol. were detected on H, no simultaneous pcl were seen on
D. These facts might show that pek were linearly polarigzed in
the north-south direction i.e., along the magnetic meridian,
The retio of amplitude of peok on H over D was plotted against
the time of day as showm on fig, 2., The ratic varies with
time of day and had vealt near local noon indicating that pelk
had tendency to be strongly linearly polarized along the magnetic
meridian during the day.
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6.440 P42 MICROPULSATTONS

641  Diurnal varietion in occurrence freugency.

Fig.25 shows the plots of occurrence frequency of
pi2 versus time of day as detected on both H and D components.
The plots indicate that pi2 occurred mainly during the night
hours with peak occurrence between 22 and 23 hours (L.T.).
During the period of study 97 cases of pi2 were detected in
July and 134 cases in August, Of these 138 cases were recorded

on H comporent and 73 cases on the D component.

6olie?2 Diurnal Variation in Amplitude.

ble 5,
Time (hrs.L.T.)| Mean Amplituds (x107Y)
H D
O-ﬁ, 11 o!i- 3.9
4=8 13.5 3.5
16.20 1.0 LA
200% 13'9 ll"'"

Table 5 above shows the variation of amplitude of pi? with
the time of day. The veriation is not significant although it
appeared that longer amplitude pulsations occurred nesr the
mid=night, Amplitudes are greater on H than on D component by

a factor of about 4. Peak amplitude on H was 1,88 and on D 0.5% .
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SJie3 Diurnal Variation in Period.

Table 6.
-;.’me (hrs.L.T.) | Mean Poriod'
- B 4
H D

Ol 73 Ie)

L=8 70 67

16-20 69 72

20-2 83 83

Table 6 above shows the variation of period of pi2 with time
of day. It appeared that the longer period pi2 micropulsations
oceurred between 20 and 2 hours (L.T.)

6ot  Oceurrence Versus Period,

Pig.26 shows thn plots of mmber of pi2 miecropulsations
azainst the period. The histograms show that the region of
maximm occurrence was in (60 + 5) sec. on both H and D compo-
nents,

6.“]‘.5 M‘plit\laﬁ Versus PBI‘:’.O&.

Because of the short duration of pi2 trains and because
of the definition of the energy used here (E = c# where C is
continuity in units of five seconds and A the amplitude in
gamma) it was found more useful to nlot the amplitude rather
than the energy versus the periodic time. Mig 27 shows the

plots for both H and D comporents, No consistent trend is visible,
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6.406 Polarization of pi2,

It was found that the amplitudes of pi2 on H component

were larger than those on D component,

This might indicate

a northesouth polarization of pi2 mieropulsations,

6+5.0 Sudden Commencements and Storm Time Pulsations.

A sudden commencement (Sc) oceurred at 0557 (GMT) on

the 11th of August 1967, as indicated on fig.28 on Zaria

rapid-run megnetigrams. The Sc was also clearly seen on

M'Bour records and on the normal slow = run megnetograms at

Zaria. Immediately after the Sc.

and for some days after,

it was noticed that the amplitude and continuity of the irregu-

lar perturbations were greatly enheonced,

Also both the pe and

ri micropulsations occurred more regularly, with larger ampli-

tudes and continuity during the storm period,

Teble 7 is given

for comparison of storm time pulsations with non-storm time

ones for the month of Auzust 1967.
Table

5 storm days

26 non-storm days

Mean number of pel & 4 occurrences
Mean number of pi2 occurrences
Mean amplitude of pe3 and 4

§ Mean amplitude of »i2

10

046 gamma
0.5 gamma

6

5
0.15 gamma
0.3 gamma




It was also found that the periods of the pulsations

were larger at storm times, as indicated in table 8,

Tablﬂ B.
Pulsations | Period (Storm time)| Period (non-storm time)
pe3 37 sec. 32 sec.
el 70 sec. 69 sec.
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7 Some General Comments

The analysis is based on rather limdted data, and hence,
one must be careful as to the conclusions which can be #rawn.
Broad features are clearly evident and emphasis will be placed
on them in the following discussion. The statistical sample
is too small, to meke meaningful deductions about some of the
detailed phenomena described in the previous chapter,
7+2 Principal conclusions

The main characteristics of pe 3, pe 4 and pi 2 band
mieropulsations observed at Zaria during the months of July and
Auvgust, 1967 are as follows: -

1. Pe 3} micropulsation had a mean diurnal mariation in
occurrence frequency and amplitude, The occurrence
frequency had a mein peak around 06 hrs (L.T.) with
a secondary minor peak in the evening., Peak ampli-
tude ocourred at about 09 hrs (L.T.). Roquet (1567)
and Fernando (1966) gave similar results for
equatorial stations, But Hutton (1961), Cardus
(1962) and Romana (1962) observed greater evening peaks
in occurrence frequency and amplitude during the IGY,
Can these discrepancies be simply attributed to any
error in the individual method of analysias? If

they are real then there seems to be a strong solar



2.

3

cycle effect on pc 3 miercpulsations, These
discrepancies can only be solved if the number
of stations operating rapid-run observation are
increased in the equatorial region =0 that re-
search in the micropulsation band is carried out on
a larger scale over many years.
Pec k4 micropulsation was essentially a daytime
phenomena with neek occurrence frequency and ampli-
tude just before losal noon, Osborne and Rivers
(1963), Fernando (1966), Glover (1963) and Roquet
(1966) have given similar results for pe 4 in the
equatorial stations., Workers in high and middle
latitudes also gave similar results,
The pi 2 micropulsation was found to be essentially
a night time phenomena with peak occurrence frequency
between 22 and 23 hrs (L.T.). Other workers who
have found similar results for pi 2 at the equato-
rial stations are Hutton (1965), Fernando (1966),
Roquet (1966), Legeat (1967, private communication).
Workers at high and middle latitudes also gave

gimilar results for pi 2 (Campbell and Matsushita,
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1962; Heacock and Hessler, 1962; Billapd, 1953;
Kato et al, 1955; Benioff, 1960; Hirasawa, 1968;
Romana and Cerdus, 1962)

The emplitude of pe 3, pe 4 and pi 2 pulsations were
larger in size on the H than on the D component and
in general pulsationa were more numerous on H than
on D component. Saito (1964) end Roquet (1966)
indicated similar results. These facts indicated
that the pulsations were lineerly polarized in the
north - south direction i.e. along the magnetic
meridian, Pc 4 tended to be strongly linearly
polarized along the magnetic meridian near the
loecal noon but pe 3 d@ld not show such diurnal
variation in polariszation.

The pulsations studied were more numerous in the
month of August then in July. This might indicate
that equinocial months are more favourable than the
June solstice.

The periods of pe 3, pe 4 and pi 2 showed a slight
dependence on the time of day. Pc 3 had a U -type
diurnal variation in period with shorter periods
oceurring during the af'ternoon hours,

During magnetic storms, micropulsation amplitude

and frequency of occurrence were increased while
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irregular perturbations were greatly enhanced in

amplitude and occurrence.

There was a slight increase

in period of the pulsations at storm times,

The observed pe 3 and pec L4 micropmlsation bands were

mainly confined to periods lying between 20 and 80

seconds with dominant periods at (38 4+ 3) sec. and

(60 + 5) sec. The dominant period of pi 2 was
(60 + 5) seec.
9. There was an exact coincidence of the fundamental

components [(60.+ 5) sec] of pi 2 and pe k.

The main results obtained are summarised in the following

table 9 and these are compared with those previously obtained

at the equatorial stations,

TARLE [ 9

Pec 3

Zaria 1967 results

Previous results

e of maximum
ocourrence

Around 06 hrs (L.T.)

m s (L.T) (Hutto

Moximm emplitude

0.50f on H, 0,18% on D

1960 during the IGY)
0,95y on H 0.1

D (n uet, 1955§'Xq

-lt--- SPUPN P ES——

0.5 (Hutton, 1945)
of peak During the morni
litudﬂpe 09 hrs (L.T-) hrs (Roquet, 196?
£ peak
F“"; pe 06 hrs (L.T.) -
(38 & 3) sec. (38 & 5) sec

ibanﬂ.vunt period

Fernando, 1966)

1



Table 9 (continued)

p—

Pe 3 Zaria 1967 results Previous results
Polarigzation |[Linearly polarized along | Fernando (1966), Saito,
the magnetic meridian (196)

 Pe 4 =

Time of maximum

14 hrs (1.7.)

Near loeal noon

occurrence (Hutton, 1965; Fernandq
1966; Roquet, 1966;
Glover, 1963; Heitzler
1966)
Maximum 1.#)’ onH, 0.9}’0!11!
anplitude 1.5%on H, 0,58% on D (Roquet, 1966)
Time of peak
emplitude 11 hrs (L.T.) Between 09 and 10 hrs
(Roquet, 1966)
Time of peak
energy 12 hra (L.T.) -
ﬁgsnt 60 + 5 sec. (168 6‘3)5) sec (Fernando,
Polarizati Linear larized
zation oy epo ol f:gm&m) do (1966), Saito,
meridian
Pi2
Time of Between 22 and 23 hrs
maximm ?gt,'r‘*gn 22 and 25 hrs {L.'I'.) (Hutton, 1965)
occurrence o Fernando, 1966)
Near mid-night. (Roquet
1969
Maxel mum 1.&.3 on H, 0.11.5 on D -
ampli tude
} S J SR—
Doninant (55 £ 10) sec.
Period (60 & 5) sec. Fernando, (1960)
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Pable 9 (continued)

m-2

Polarization | Linearly polarized alonz | Fernando (1960)
the magnetic meridian | Saito (1964)

-—

7.3 Discussion,
Hydromagnetic oscillations of the plasma in the atmos~

phere have been proposed to account for both pe and pi
magnetic pulsations. There are two modea of propagation;
the Alfven and the modified Alfven commonly lmown as left-
hand and right modes respectively. The left-hand mode
propagates along the field lines while the right-hand mode
propagates isotronically.

The hydromagnetic mbdel commonly considered is that of
a standing lef't-hand mode oscillation of 2 whole line of
force, It is exdtited by hydromagnetic disturbances due to solar
wind interafting with the magnetosphere on the day light
side of the earth (Jacobs and Watanabe, 1962). The line of
force in the plasma is considered to act like a string

under tension and the period of the fundamental wave is

1
f 2ds
g v(s)

where 1 is the length of the field lime and V(s) is the veloeity
at the line element ds

v(s) = 1(s)| G / r(a)]"’



where H(s) is the magnetic field intensity, p is the per-
meability of the medium and P(s) is the mass density at a,
Jacobs and Watansbe (1964) considered another model in
which they assumed a current vortex system where the hydroma-
gnetic waves on the sun—earth line induces electrojets in the
ionosphere at high latitudes. The oscillating charge then
produced 'leaks' to lower latitudes to form an oseillating
current vortex, The current system is fixed on the sun-earth
1line, Geomagnetic micropulsations, at least, in the high and
middle latitudes are claimed to be due to such current systems,
A layered ionosphere model, based on rocket and satellite
data, has been used by Jacobs and Watansbe (1962) and Prince
and Bostick (1964) for theoretical calsulations of wave trans-
missions, The right-hand mode is assumed to be dominant in
the lower lat!tudes and the left=hand mode in the high latitudes,
The resonance periods predicted by Prince and Bostick (1964)
which are applicable to lower latitudes are shown in table 3,
Table 10 is given to indicate the comperison between the
predicted resonances and the dominant periods of the pulsations
studied in Zaria,

Table 10,
Predicted Obseryed experimentally |
70 sec. (Day) (60 + 5) sec. (Day)
45 sec. (Day) (38 + 3) sec. (Day)
60 sec. (Night) (60 + 5) sec. (Night) - J




This comparison shows that the agreement is quite good
inspite of the uncertainties in the ionospheric parameters,
This is an indication that the micropulsations detected at the
equatorial stations originate, at least primarily, from the
hydromagnetic waves propagated in the right-hand mode and at
right angles to the field lines, The polarization of the
miocropulsation vector as observed is slong the magnetic
meridisn and this too is consistent with such a mode of
propagation,

Hirasawa (1968), Fernando (1966) and Saito (1967) have
indicated the resemblance between the period svectra of pe 4

and pi 2 micropulsations, Saito (1967) inferred that it
was quite possible that both pc 4 and pi 2 which he referred
to as psc are caused by the same hydromagnetic resonance
system involved in the earth's magnetosphere, It seems
possible that at least part of pe L is a superposzition

of many damped oscillations like pi 2. The exact
coincidence of the fundamental comnonents of pe 4 and pi 2
mioropulsations obtained at Zaris supnorts this inference,
It seems likely that po 4 and pi 2 erriving at the

equatorisl rezion are ecangsed hv the same phenomenon,
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8.0 AN OUTLINE OF FURTHER RESSARCH

The study of micropulsations already carried out for
fne two months of July and August 1967 suggests the need for the
work to be continued in the following main directionse.

(1) The continuation of the Zaria recording to obtain
e sufficiently long end complete get of data to facilitete
detsiled stotisticel study of micropulsation activity in the
pquatorisl region.

(2) The establisiment of a permanent earth~current
recording system ot Jaria so that the relation between the earth
currents and the magnetic field can be determined.

(3) The establishment of micropulsation recording system
st sbout three stetions spaced in a north=south direetion acwoas
the equatorial electrojet so thet o atudy of the variation of
migronulsation activity across the electrojet can be carried
out. Stations such as Ibadan, Zaria and Sokoto would be some
jdeal ones in Nigeria.

(4) Any further study of mieropulsation activity would
also include the reletionship of micropulsation parameters with
jonospheric parameters and the Kp index, and the investigation
of the polarizetion of the mieropulsation vector wiich have not

been carried out in the present study.
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(5) Spectral anslysis of semultaneous magnetic tape

recordings,
{6) Adjustment of the frequency resvonse of the insta-

1lation to enable the atudy of shorter period phenomena - pec2,

pel and pid,
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