CHAPTER i

MATURAL LOW-FREQUENCY MAGNETIC V

-

i1 Vypes and Origins of Some Natural Low-Frequency Magnetic Veriation

Studies mude of the natural low frequency cleciromagnetic field fluctuations
observed at the ecrth's surfoce indicste that there is a mumber of independent geo-
physicol sources. The generation and propogation of some types of oscillations are now
thought to be understood, but liftle is understood of other types . HE||iwe'|l] {1969}
conecludad that csciflations Tn the range 109 Hz to 100 K Hz are caused by lightning
dis::hurg:us, having for @ source a transmitter located below the Tonosphers. The dis—
turbonces propagate within the magnatosshere in one of two modes, "ducted"” or
"nonducted". Only woves propageting i» the ducted mode con be obssrved at the
ground . Below the frequency range associated with these so called sferic” escilto-
tions are the unique geomognetic ficld oscilletions of rather sinuscidat form with saak
energies in the 1 sccond, 20 second, 1.5 minute, and 5 minute period regions and with
average ermplitudes increasing with perlod. Thesc are believed to be due to the solar
wind interaction with the ecrth's magnetic ficld. Disturbonzes origin.uiing in the zons
between the shock front of the wind and the magnetopouse are thought to arise and
propegate earthword partially as hydromagnetic waves, guided by the field lines. Al
the sarth surface the disturbances are often observed as regular oscillation and are
called micropulsations . In this saclion we review the main churocteristies of sfarics

ard micropulsation disturbences.

It.2 ELF Oscillations, Sforics

Although our primary conzern here are the signals in the ultra~low-freou BnCy
region (below 3 Hz), we briefly review the natural signal characteristics in the horder—

ing ELF (extra low frequency) region from 2 Hz to 3 KHz. The natural electromognetic
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fields at 1.0 Hz are in the region of trensition between oimosoheric [sferics) and
georﬁngneﬁc cifects. Campbe”2 {1759} has shown that above 0.2 Hz ond extending
’rhrmisghoul‘ the audio-frequency range the mognetic field cnergy is due grimarily ro
atmotzheric events such as distanice and local lightning dischorges. At 1.0 Hz it has
been found by Lekken, Shand and "'.'".‘righr3 (1943) that the natural background is @
steady, low-level encrgy from sferics, occasianally interrupted by high frequency
micropulsations. The amgalitudes of the magnetic fluzifuations af 1.0 Hz ere consider-
ably less thon I.D.gamma ._However, the observation of Balser and Wugner4 {1960)
show that the amplitude of these variations increases with frequency to o maximum at
obout 8.0 Hz. This maximum, together with the muxima at the higher harmonics,
corresponds to covity resonance modes predicted by 51:?*||..|'f|‘u:|nr"|5 (1952). These sub-audio
resenant modes ore the result of ducted sferic ensrgy propagating around the carth, cor-

fined within the imperfect cavity formed by the conducting earth and the jonosphere .

1.3 Micropulsations

At frequencies below thot of tne sfedics there appear regular oscillations (micro-
pulsations} in the earth's magnetic field. These oscillations have period range from 0.2
te 600 seconds and wre coused by the interaction between porticles (plasma) emittad

“from the sun and the magnetosphere. Micropulsation have been clossified into two
greups: those of o regular and rﬁain[y continuous characker (Pc), ond those with an

irregulor pattern {Pi}. In an ottempt to stendordize the nomenclature Jacobs, Kato,

2 Cempbell, W.H. 1959. "A study of Micropulsations in the earth's mogretic
field". Unpublished Doctorial's Thesis, Institute of Geophysies, Univarsity of
California, Los Angeles.

3 {okken, J.L., Shand, J.A., and Wright, C.5. 1963. Some Choracterisiic
of Electiomagnetic background signales in the vicinity of one cycle per second.
dournal of Geophysical Research, 60: 789-794.

: 4 Balser, M., ond Wagner, C.A. 1960, Observations of Forth-lonmphere
cavity resonances. Nature, 138: 638-640.

3 Schumann, W.O. 1252, Uber die Ausbreit selu Langer efektrischer
Wellenund der Blirzentlanding um die Freda. Zells. fur Ange. Phys ., 4 474-480.
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The first closs, for which the neme Pc is retained, covers the whole ronge of

pulsations (0.2 - 600 sec.). This ¢class is divided into five subgrouss, as shown in Table |1-1.

TABLE 11-1

Ciassificotion of Pc Type Micropulsotions

Type Period Ronge (seconds) |
Pc i 0.2- 5
Pe 2 5- 10
Pc 3 10 - 45
Pe 4 45 - 150
Pc 5 150 - 400

The second class of pulsations is characterized by their irregular form. Thay
hove u elose connection with disturbunces of the magnetic field, with upper Gtmos-

pheric phenemena. This class is divided into two subgroups covering lwo liequency

ranges as shewn in Tabfe 11-2,

TABLE -2

Classification of Pi Type Microgulsctions

b Type Period Range (secends) L
oi 1 - 40
Pi 2 40 - 150 _J

¢ Jagoks, 1. AL, Kato, Y., Matsushite, S., and Treitskaya, V. A. 1964,
Clossification of Geomognetic Micropulsations. Journsl of Gecohysical Researeh,

69 180-183, ,l' —




Figures 1 end 2 ore exomples of Fe and PUoond the micropulsation which we

want fo study s mizropulsation type Po 1.

1.4 rIAcﬁvT’r}r of Pe Type Micropulsetiohs

In the study of micropulsations, the details most thoroughly studiad have been
in connection wilh their morphelogy, e.g. amplitudes, durations and meost crobable
times of occurrence. These facters ere vsually Included in asingle deseriobive word
"activity, The study of micropulsation amplitudes hos been mode by Ho!mberg? {1953),
Angenhgisfera {1934}, Campbe”g (1959) and others. Duffus and Shand1ﬂ (1958) studies
the amplitude of mizrosulsations and feund general nesitive correletion belween aver-

oge micropulsation amplitude and periad. Compbell {1959) found ond deseribed this

alio,

The Pc 1 micropulsations hove o rather regular sinvsoidal form ond often show
a beating charactar which has the form of a "string of beads” when seen on a magneio-
gram; hence the nome “pearls" has been appiied to this type of Pe 1 oscillation. These
electremagnetic field varictions range in frequency from 0,15 to 5.0 Hz. The Pc |
omplitudes arg about 0.1 gamma but tend to be smcller, on the average, of shorter
periods. Bursts of Po 1 activity usuclly last ebout ane-helf hour, but may persist, on

rave eecasions, as long as 12 hours. The Pe 1 and “peurls™ have a lozal fime depend-

Hoimborg, E.R.K. 1953, Rapid periodic fluctuctions of the Geomagneiic
field. Geophysicol Sunoiement, Mentniy Notices of the Royal Astronomical Socieiy,

& 4467-481, T

Angenheister, G. 1954, Registricrungen erdmagnetischer suliationen,
Gosttingen 1952/53. Gerlands Beiir. ur Geophs., &4: 108-132.

? Cam[;-xl:»ell, op. cit., p. 7.

10 Duffus, H.J., and Shend, J.A. 1958, Some olservations of Geomagretic
Micropulsations. Canadian Journal of Physics, 36: 508-526.
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Alaska, pearl-tyaz oscillation eccurred during the loco!

daytime whergas regular Pe 1
oscillabion apremred ot night. At middle and low letitudss stations TroTlchc}-clj {19611,
Kato and Scito (1939}, and Hirasawa and Nﬂguiatﬁ {1968} rofed that both zear! ond
regular Pc 1 oppear mainly of night. Little seasonal or 27-day (solar controlled) peri-

odicity is observed and no latitude dependerice has been found en Pc 1 frequency ond

amplitude between 40° and 68° North.

Tepieylé (1964), Gendtin ond Troi r:'rcc:}fa]? (1945) ard cthers found thar P
are conjugate events. Signals cre penerally nor simultaneous ot most latitude stations,

but o world-wide lavel of high activity usually persists for several days.

No relationshins have been nated hetween Po 1 and K indices or visiblza curera,
but Pe 1's are more likely to occur during high solar activity in the week follawing
lerge, major mogneiic distuibonce, and pearls are likely to follow magnetic storm
sudden commencements. Attenuetion af Po 1 by the {onosphere is relatively smatl but

increases with fraquency and with KF’ index .

! Heacock, R.R., end Hessler, V.P. 1962. Pearl-type telluric current
Micrapulsations at College. Journal of Geophisical Reseaich, 67: 5785-23995,

12 Heacock, R.R. 1966, The 4-tecond summertime Micropulsatien hond oy
College. Journal of Geophysical Rescarch, 71 2763-2775.

3 Troftskaya, V., A, 1961, Pulsotion of the earth's Electremegnetis field with
periods of 1 to 15 seconds and their connection with Phenomena at the High Atmosphers .
io_u’rr?al of Geophysicol Reseoarch, &6: 5-13.

14 Koto, Y., and Saito, T. 1959, Preliminary studies on the. daily behavior of

Ropid Pulsetion. J. Geomag. Geoekolr,, 200 2203-221.

Hirasawa, T., and Nageta, T. 1966. Speciral analysis of Geomagnatic
Pulsations from 0.5 ¢ 100 seconds in period for the guiet sun condition. PAGERM.,
65: 102-124, : o

16 Teoley, 1. 1964, Low lotitude observations of fine structured Hydroemagnetic
Emissions. Journcl of Geophwsical Reasearch, 6% 2273-2290.

Cencrin, RUE., and Troitskeya V.o AL 19285, Preliminary results of o Micro-
pulsaiion exseriment ot Conjugate points. Eodio Sci., 650: 1107-1116.



The reguiar sinuseidal escillatiors P 2 have amplituder of 0,5 Y ond ecccur
in the period range from 5 to 15 seconds. Sometimes thero is o baating form. Hl::nlrrﬂ::-as:rg]B
(1933} reported that thore are slight sessonal varicticns jn Pe 2 activity, The amplitudes
of Pe 2 depend on geomaagnetic fatitude; they are a moximwm in the coraral zone {(Kafa,
1262], 19 and seidam exceed one gamma Tn middle latitudes. They often cecur at r;[gh’r
0

in middie latitude olservations. At eguatorial sites (iess then 7° Tatitude), Hutron®

(}965} reported that the Pe 2 is dominant in the daylime.

Jacohs end Wright {1?;‘55}2] found that there is similar octivity of Pe 2 of high
tatitude station thot are nearly conjugete . Simultoncous signals have boen recerded
in Alaska, Colorudo, Hawali and Mocgunri= fslend {sauth of New Zealand), but there

is nc evidence for world-wide simultancous aetivity,

There are corrclations between Pe 2 and K_index; the characteristic freque NGy
of Pe 2 increases with K and enhancement lags behind an increasing of K . The 5577°A
aprarel luminesity fluctuations in concurrent with Pe 2 activity., Pc 2Z's with a domped-
type form apoear mostly with the sudden commensement mugnetic storms ond sulslaorms.
The omplitudes of Pc 2 increwse during the initial phase of moygaetic substorms. The
daytime amplitudes ahenges of Pe 2 related with clectron density variations in FT-region .

Pc 2 also oppears to be attenvatad by jonosphere.

The Pe 3 pulsations are sinuseidal regular oscillation in the period range 15 fe
45 seconds. All of their activity characterisiics are similar te those of Pc 2. but ot

middie latitudes station Pc 3% cre most proncunced al midday.

8 Holmberg., cp. cit., p. 9. h
19 Kate, Y. 1942. Geemagnetic Pulsetions. Sci. Remt. Tohoku Univ.,
13 141-143. : S

0 Hutten, R.M .5, 1965 . Equatorial Effecrs. |, Res. tNBS, Rodic Sei .,
68: 116&%-1177. ) o

] Jacobs, J AL, and Wright, C.S. 1965. Ceomagnetic Miecrcpulsation
results from Byrd stction and Great Whale River. Conadian Joumal aof Pliysics,

43 2099-2122, : o
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The Pc 4 pubsations are c3zilictions with periods betwoon 45 (o 150 seqoads.
Amplitudes at high latitudes may reach 5 1o 2 gammus, The signals have o duralion
from 10 minutes to several hours, and a beaiing form and damaed oapeoranczs is regular-

ly observed.

The occurcence ¢f Pc 4 depends on local time oad latfitude . At middle and
equaterial latitudes the maximuam dﬂ}rﬂﬁe ooccurrence is at midday . ln the north euroral
zone there are bwe aczkivity peaks; one necr 0300 and the other at 1000 LMT. In Antarc-
tica maxima occur near 0300 and 0800 LMT. Greater amplitudes ar aureral latitudes
occur after midnight, whereas peck amplitude in middle and equatarial Yatitudes occur
during i.:pe duytime,

The occurrence of Pe 4 depends on scason. At equatorial and northern curoral
latitudes, the'signals occur most frequently in summer and much less in vinter, but ot

the middle latitudes only ¢ generc! decrease of activity in winier 13 apocrent.

Pc 4 oscillations; similar in amalitude ond period, have been alserved simulbo-

necusly at the Byrd, Antaretice ond Great Whale River, Canada, conjugcte stations,

MNo special relatienships with the geomagnetic K indices or the 27-duy soler
rotation hove been found for Pe 4. At all latitudes, the occurrence scem to be con-
nected with the soler cycles; there is more activity in years of sunssof maximum. In

general, the changing of P¢ 4 period related with variation of FOF?. region in icnosatere.

The Pe 3 ere pulsations with the longest periods, 150 to 600 seconds. They have
extremely large amplitudes, reaching several hundred gommas et high latitudes. Near
the northerm aurcral zone Pe 5's occur most often ot 0400 and 1800 LT. The maximum
cccurrence of Pe 5 appears ot middle latitude. The meximum asmplitudes of Pe 5 appear
in winter and summer seasons. AT the various faetifudes there are diurnal change in

omplitudes of Pc 5.
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Jacobs and "'.“'w."r':_t;ﬂﬁl?2 (1263) showed thet P 8 are congugate events. The ocgure
rence of Pc 3 is independent of K index; they tend to cocur neither en quiet nor on
disturbed days but apaear several doys after ¢ moderaie magnelic distu-beace. A¢ with
the Pc 4, the periad of 2¢ 5 changes when there iz variation of FDF?. Pe 5 is also

otteruated by ionesohersa .

= Jacobs, end Wright, op. cit., p. 1.
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