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Earth-Current Pulsations Observed at Kakioka 

By KAZUO y ANAG町奴A

摘要

柿岡において1934年から 1953年までの20年聞に観測された地電流の脈動について分類の必要性

を考慮に入れて，その頻度の日夜佑，年変化，年々変化， '2:1日再帰性， 一般の地磁気擾乱の活動度

との関連，汎世界的出現と地方時I乙依存する頻度目変化との関係等を調べた．

§ 1. lntrodution 

Since as early as 1859ο入variousinvestigations have been done on pulsations 

of geomagnetic field or earh吋 urrents. They are based mainly on statistical results 

because 。fso scanty data that any definite world-wide distribution of the field has 

not yet been obtained. The results of these statistical works have lead to various 

kinds of statements and opinions according to their di任erentbasis of data, and 

some of them are out of harmony with the others. This inむonsistencymay appear 

invitably when “pulsations”cover all of the periodical variations of periods less 

than several minutes, even apart from the difference in instrumental characteristics 

or locality of observing stations, because pulsations are to be classed. 

The recognition ()f a distinctive group of pulsations has become convincible 

(Angenheister 1954, Scholte and Veldkamp 1954, Troyickaya 1955, Yanagihara 1956) 

的，め，的，（＆） in addition to the group of giant pulsations, distinguished from the other 

pulsations for their characteristic regional appearance. The most typical appearance 

of the now 'distinguished gr.oup is recognized as p s c. They occur most frequently 

on night _hours, as they are sometimes called “night-or evening ... pulsation”. In 

contrast with this, there may be “day-pulsation”which has its diurnal frequency 

maximum in daytime (Utashiro 1949, Troyickaya 1955）句，川， but the detailed 

discussion of it is hardly done for their various and unsettled statistical peculiarities. 

The numbers・ of the specified pulsations counted on the record are seriously 

controlled by the method of measurement. In fact, oscillations of a shorter period 

are found more numerously on the record by the induction-variometer than on the 

records of the magnetic field intensity itself. Those of a longer period, however, 

can be more frequently found oti the ordinary magnetogram. Earth-current records 

play an intermediate role 
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The mean period 。fthe , .. night-ulsati。ns”， say90 seconds, is somewhat 

longer than the “day-pulsations", but the amplitude is not so great that only a few 

of them are recognizable on the ordinaTy magnetogram in middle or low latitudes. 

In earth-current record, however, such a pulsation may be one of the most conspic・ 

uous variations in night hours. Hence, it is possible to obtain their statistical 

characteristics based on the long series of data by ordinary electrograms of earth-

currents without increasing sensitivity and paper speed. 

One of the statistical results based on the 20-year’s data of earth-currents 

observed at Kakioka was given in the preliminary report (Yanagihara, 1955）くの．

More extensive and detailed statistics and discussions will be given in the latter 

sections. 

§ 2. Pulsations of the earth-currents observed at Kakioka (data used) 

As already mentioned, in ordin:ary earth-current records variations of shorter 

or µioderat~ periods, from one minutes up to several hours; are p~edpµiinant; 

for example, ・ ba.y・disturbances, variations with solar flare, irregular or oscillatory 

fluctuations during storms and pu.l~ations. . The sensitivity of the ordinary record 

has been adjusted ~enerally so as -to equalize the range of diurn~l curve nearly to 

that o.f ordinary magnetogram, anc;l the paper speed as 15 mm/hour. 

9enerally speaking; t-he .pulsations. have -not so large amplitude, but they are 

found rather conspicuously on the・ reco.rds, especially on magnetically calm days,. 

9~~at;tse of their rather regular oscillating character. Their occuπences on calm 

days are well known, but it is not only due to the lack of the other conspicuous 

yariations that puls~tions are found often on. magnetically calm days. Their 

OC<;:!Jrren:ces・ appear to・bemore・ favourable in the year of low solar activity. This is 

an important clue -to the present study, and some preliminary works on the said sub・ 

jects have been published. <5> 

After the examination-of long series records of earth-currents and the temporary 

quick-ru~ records ~vail~ble, it ・was found to be necessary for pulsations in middle 

or low 18.titudes to divide them into two groups, . at least. 

( 1) The命st-group. is . the “night骨 pulsation”above・mentioned. The night pulsa-

tions are often ac~ompa~ied py bay-disturbances (psc). But the rather typical. ones 

of night pulsation are found semetimes ,also on, th,e records with no other conspicuous 

disturbap.ces. . Aをthesame time, of・ th~ oc;:cuqen~es of. these pulsations, bay-disturb-

ances or polar st.orms often ・appear in hig}ler latitudes, when the corresponding 

d,is~w·bances· are not recognizable on the: magnetograms or earth-current records at 

~akioka. :· This is _w_ell ~armony with the result of Scholte and Veldkamp (1955）め，

which shows that the pulsation which was recorded in Europe in the absence of 



EARTH由 CURRENTPULSATION AT KAKlOKA 51 

a bay-disturbance was ac叩 mpaniedin Car・ada by the beginning of a local storm. 

It may be true that when a pulsation is found at any place with no other distinct 

variations, a local storm occurs at some other places, probably at high latitude. 

The typical form of this kind of pulsation is a damped oscillation which lasts 

from few minutes up to one hour (Fig. 1). Rather isolated occurrences are also 

familiar, as stressed by Troyickaya, (1955）川. They are well observable not only 

on the quick-run records but also on the ordinary records. 
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a) Sep. 30, 1945 b) Feb. 17, 1953 

Fig. 1. Examples of pulsations (th巴 firstgroup). 

( 2) The second group is the pulsation which may be called “day-pulsation". Its 

most distinct hours of occurrence is found in early morning of storm times or 

of several succeeding days after main disturbed period of a storm. It is distinguished 

from the first group lnight-pulsation) by its peculiarity of prolonged continuous 

waves on the records in contrast with damped oscillations of the night-pulsations 

(Fig. 2). Some of the day-pulsation was often recorded also in daytime as well 

as in earlγmorning, when the noticeable storm or disturbance could not be 

recognized. Hence, it is somewhat suspicious that they all are included in the 

same second group. 
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a) Sep. 4, 1947 b) July 29, 1946 

Fig. 2. Examples of pulsations (the second group). 

The mean period of the五r::;tgroup pulsation, measured from crest to crest, 

is somewhat longer than that of the second group. From this point of view, 
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Terada roughly divided pulsations into two groups and showed that the group of 

longer periods 1. 5～2. 5 minutes predominates in night hours, whereas the other 

group of shorter periods 0. 5-1 minules is more frequently found in daytime 

(Terada, 1917) <7>. 

The classification said above does not mean that the 五rstgroup occurs in 

night hours only and the second group does in daytimes only. An example of the 

pulsation occurred in daytime, whose peculiarity makes it to belong to the first 

group, is shown in the record of June 8, 19tl2 (Fig. 3). On the other hand some 

pulsations, which appear in stormy night hours and do not last so long time, cannot 

be included in the first group at all for their different peculiarity. They are obliged 

~ザ·~帆

f 01' 11~ 

Fig. 3. An example of the first 
group pulsation occurred in 

daytime. June 81 1942 

主2'- ;i3l. 

Fig. 4. An example of pulsation 
occurred in stormy night hours. 
Oct. 28, 1951 

to be什icludedin the second group which has rather vague character. But properly 

speaking, they may be distinguished from the two groups said above as the third 

group (Fig. 4). On the transition period from day to night or vice versa, there 

appear frequently pulsations with intermediate peculiarity of五rstand second groups. 

The amplitude of the first group pulsation is rather larger in general than 

that of the second group. Here it should be noticed that the di旺erent method of 

measurement can deduce di宜erentresults as for comparison of amplitudes. The 

amplitudes recorded by earth四 currentelectrographs are generally larger for the 

first group and smaller for the second group. On induction-variograms this may 

not be true, but on magnetograms larger amplitude may be found also for the 

五rstgroup, bacause the period of the first group pulsation is rather larger than that 

of the second group. It is well known that the ratio of amplitude of earth『 current

variation to that of corresponding magnetic variation is in proportion to 1／、IT,

on the average, where T is the period of the variation. 

Pulsations with larger amplitude than a threshold value, which is suitabl)• 
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decided here, may belong mostly to (1) group. And if these 

chosen, any statistical investigation of (1) grou・p・ pulsation 

wit.hout introducing any mistake due to self-su伍cientdecision 

are only 

carried 

classification 

pulsations 

may be out 

as to 

of pulsations. In this case, it is not evitable, of course, that the data con~ain the 

other kinds of pulsations than (1) group. But the percentage of such chances 15 

a as small as t? be negligible, provided the thr~shold value is suitable. As such 

threshold value, 20 mV/km is adopted for the earth-current pulsations at Kakioka, 

where 20 mV/km is approximately the same as the range of diurnal variation. The 

frequency of pulsation may be represented by the numbers of the hour interval 

in which the pulsation of maximum amplitude over the threshold value, 20 m V /km, 
is found on the record. In the following, the term“frequencr”will be used in 

place of this numbers, and any statement will be confined to the抗rstgroup only 

except the section 7 and the remarked cases. The total numbers of such hour 

interyal. which are chosen are 2155 for 20 years, 1934-1953. 

§ 3. Diurnal variation of frequency 

Mean hourly frequencies for 20 years, 1934-1953, are shown in Fig. 5. 

it is expected, the frequency is very high in 

night hours, and its maximum is found near 

local midnight. The mean level of the curve 

is not zero in daytime, being mainly due to 

pulsations occurred in storm times. Similar 

noise level may exist in night hours because 

some pulsations, which may be counted in 

the third group, 

stormy night hours. 

are often found during 

These two noise levels 

are likely to be of the same order. Slight 

increase over the noise level near noon or in 

forenoon is somewhat distinct. 

The results obtained above are well 

harmony with the results of Scholte and 

Veldkamp and Angenheister gained from the 
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Fig. 5. Mean diurnal variation 
of frequency fur 1934-1953. 

As 

data of (1) group pu~sation observed at some other localities of the world. They 

point out that the maximum frequency occurs near local midnight, though someone 

reports the frequency curve depending on the universal time (Troyickaya, 1955). 

The hour of maximum・ frequency, however, may depend slightly on longitudes, 

and this subject will be discussed in the next paper. 
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§ 4. Sea卸 nal,annual and 11-year variations and recurrence tendency 

The a・nnual variation and the change in annual means of frequency were 

outlined in the previons report by means of the number of day on wh.ich some 

pulsation occurred with the amplitude over 20 m V/km. The same variations are 

calculated again on the frequency criterion defined in § 2 and shown in Figs. 6 

and 7. They are nearly the same as those in the previous report. That is to say, 

the change of annual mean frequency from year to year is in inverse proportion to 

the solar activity, whereas the annual variation shows the maximum frequency in 

equinox as weli as the general geomagnetic activity. The frequency for sunspot 

minimum years is higher than that for sunspot maximum years by the ratio of 4 or 5. 

Though this factor 4 or 5 seems to be somewhat large, but it is a likely supposi-

tion that the amplitude may be suppressed 

with increasing ionospheric conductivity 

for sunspot maximum years. It is inter-

esting that the variation of annual mean 

frequency of giant pulsations is also 

anti-parallel with that of the solar activity 

(Sucksdorff, 1939) ＜め. The range of 

annual variation is about the same as 

AN NU Aし
HEAN 

1f"MAM11-'SON O  

Fig. 6. Annual variation of 
frequency. 
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・Fig. 7. Annual mean frequency of ・ 
P.ulsation and sunspot numbers, 
1934・1953.

the mean monthly frequency. 

If the ionospheric conductivity 

controls considerably the frequency of 

pulsation obse.rved through the manner 

of screening effect or so, the diurnal 

variation of frequency should depend 

upon the season considered. But the 

diurnal variations of percentage frequency 

for winter, equinox and summer are not 

so different each other. Fig. 8 shows 

for 3 seasons the hourly percentage of 

frequency, in which the mean level during 

daytime is not comprised. In spite of this 

minor opposition, screening or self-im-

pedance effect of the ionosphere influences 

d~ubtlessly upon the observed amplitude-

or frequency of pulsation~. 

Geomagnetic activities show the well-



EARTH-CURRENT PULSATION AT KAKIOKA 

known '2:1寸ay recurrence 

tendency, but the. occur..: 

rence of pulsations does 

not show any recurrence ,-. 

tendency during up to 40 20 

succeeding days as shown 

in Fig. 9. As it is seen in the 

figure, conservation ・of high 

frequency is also not found. 

Occurrence of any pulsa- 10 

tion in a day does not 

affect whether a pulsation 

appears in the following day 

or not. To interpret these・ 

two ihelinations, o・pposed 

to those of general geomag-

netic activity, it must be ・ 

taken into consideration 

that for the present case 

the pulsations of . rather too 

larger amplitude only are 

u叫 Recurrent(27-day）ぎ
or repeated (successive day）也 50

pul則 ionsmay have smaller ~ 
amplitudes, and can escape 毛

from our data adopted.・: Ac-

tually, repeated occurrences 

of pulsations can be found 

sometimes on succeeding 

days as well as bay-disturbances. 
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Fig. 8. Diurnal variations of 
frequency for three seasons~ 
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Fig. 9. Average frequencies for 40 days following 
a set of days on which pulsations促 curredin 1934. 

§ 5. Relation between pulsations and.general disturbances 

・ The annuar mean frequency of pulsation is controlled by solar・ activity in such 

a manner as to make the frequency in solar active years lower than that in quiet years 

by the ratio, 1/4 or 1/5," whereas pulsations are oftenly accompanied with bay ・or 

baylike disturbance. To examine the relation between pulsations and. general 

geomagnetic disturbances the well-defined Kp-inde文isused, firstly, ・for the expression 

of general level of geomagnetic activity. Fig. 10 shows・ the frequency of .. Kp-indi-ces 
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o. 1. 2. 3. 4. ~ら 6. 7. 8. 9. 

Fig. 10. Frequencies of Kp-index assigned for 
the interval in which the pulsation. is found 
(Curve I, full line) and for the whole three-
hour-interval during the period, 1937-1952 
(Curve II, broken line). 

assigned for the interval in 

which the chosen pulsation is 

found (Curve I). The frequency 

of Kp-indices assigned for 

the whole three-hour-interval 

during the period, 1937-1952, 

is also shown in the figuτe 

(Curve II). In the Curve I, 

the frequency increases with 

mcreasing geomagnetic activity 

up to its maximum at Kp=30, 

and then decreases gradually. 

At Kp=30, the Curve II is in 

the decreasing stage. 

In view of these Curves 

I and II, geomagnetic fi.eld is 

slightly disturbed at the time of occurrence of pulsation, and this may be due to 

accompanied bay or baylike disturbance. Even when the Kp－・indexis very low at 

the time of occurrence of pulsation, in some regions of auroral zone, probably 

nearest to the observing station (Kakioka, here), some peculiar disturbance may be 

recognizable. For example, at 11 h May 8, 1951 

(U. T.), a bay like disturbance was recorded 

at College, Alaska<9> for Kp=l0, and at just 

the time of its opening a pulsation was found 

at Kakioka (Fig. 11). Pulsations occur also 

during the entirely quiet interval on the same 

record or on the available auroral zone data, 

but the lack of high latitude data along or 

near the 135°E meridian, on which Kakioka 
2oh t . 

. t 

is situated, restrain us from fully con cl ud ing. Fig. 11. May 8, 1951 

r、．”

Diurnal frequency curves of pulsation are altered somewhat by levels of 

background Kp. Fig. 12 shows these curves for Kp=00-2+, 3_-4+, 5_-6+ and 

7--9+. The五rstcurve, for Kp逗2+, shows the frequency maximum at about 

23. 5 h (L. T. ) and symmetrically decreases towards day-side. At a glance this 

symmetric variation is remarkable. The maximum of frequency approaches 

towards earlier hour with increasing activity, except the curve for Kpと7+which 

is derived from the scanty data. 
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World-wide appearance and local 

It is fairly well-known that the pulsa-

simultaneously almost all 

with 

time control 

§ 6. 

0 

100 
over occur t10ns 

regional 

Fig. 13 shows 

observed 

the contrast 

appearance of giant pulsations. 

exaロiple of the 

in world the 

at 

Kakioka at just the same time of the 

rence of pulsation reported by Toledo Obser-

vatory (Lat 39。53'N, Long. 4° 03'W)<a). 

On the other hand, there is a conspicuous ~ /'v._.J 

variation of frequency…l individual station oド 一一斗
in the course of a day. This contradiction 叶 l
may be removed if the diur 

f工叩肌y is considered to be due to the h_ ＿／＼へJ ベ
depression of amplitude in daytime. In this 。 い~ ' : . 

12 18 0 6 12” 
point of view, many examples of regional ..・ ILT)

appearance of pulsation must be found for Fig. 12. Diurnal variations of 
frequency for Kp=O。－2+,

the small amplitude, together with the world- 3_-4+, 5_-6+ and 7--90・

wide appearance for high intensity. For the (1) group pulsation which occurred in 

daytime at Kakioka, the example shown in Fig. 13 is a most representative 

12 percent of the pulsations listed in the annual report of earth-currents at Toledo, 

1951<10), are clearly found simultaneously on the earth-current records at Kakioka, 

but 75% of them can not be entirely recognized. The rest is barely found at 

Kakioka. 
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§ 7. }'reguency of second group pulsations （“day-pulsation” 

It is not a main purpose of this paper to make a study of the second group 

pulsations, but for the sake of contrast with 

the first group some brief statistical descriptions 

of the second group -pulsation will be added as 

follows. Diurnal,・ annual and ll-year variatiot's 

of activity on the second group are given here. 

Differing from the case of the first group pulsa-

tion, maximum amplitude in one hour interval 

is used as the measure of activity for the diurnal 

variation. Means of these maximum amplitudes 

for each three-hour-interval during the first days 

of the 
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I Fig. 14. Diurnal variation of 
! activity for the second 

group (day-pulsation). storms 

which 'qccurred in the period from Mar. 

1947 to .July. 194~ .~re sh~wn .in Fig. 14. In 

addition to the general tendency of increase-

d activity in daytime, the appearances 

Q~ two maxima in ・themorning:and evening 

are interesting, especially with a remark-

able -magnitude of the former. Then, fre-

quencies in五ve-hour-intervalfrom 7 h to 12 h 

(L. T. ) are used as the measure of activity 

for the annual or 11-year variation, where 

frequency means the same number as used 

in the preceding sections. Fig. 15 shows 

the annual and ll-year variations thus 

calculated. 

The curve of annual variation shows 

the maxima in spring and autumn as in 

the case of first group pulsation or general 

geomagnetic activi-t}'." The spring max-

imum, however, is very conspicuous .. in 

this case. The year-to-year change of 
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Fig. 15. Annual variation and year-
.to-year change for the second group 
(day-pulsation). 
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frequency is very different from the case of the first group. 

§ 8. Conclusion 

Earth-current pulsations observed at Kakioka fduring 20 years from 1934 to 

1953 are examined. It is ascertained that two groups of pulsation must be 

distinguished, that is, first and second groups in § 2. Their statistical peculii;lrities 

based on the long continued series of data are made clear. Some of them, for 

example, diurnal variations of frequency, are about the same as the recent results 

reported on this old subject taking into consideration the necessity of classification. 

The diurnal variation of frequency depends on local time, showing the conspicuous 

predominance of occurrence in night hours. If it depends on the universal tir;tie as 

said by Troyickaya, the maximum of frequency must be found at 3. 5 h (L. T. ) at 

Kakioka, but the observed fact is not so. 

Much more numerous finding of pulsations on the record during the geρmag・ 

netically quiet years than disturbed years, are now clearly shown in the fre~uency 

change with the anti-parallel variation to that of the solar activity. On the o~h~r 

hand, each individual pulsation appears to be related to some geomagnetic disturbiuice, 

and then the pulsations are found rather frequently during the slightly dist1.1rbed 

period. This apparent contradiction may be removed by taking into consider~tion 

the depression of the amplitude of pulsation due to the high ionospheric conducUvity 

during the active years. A similar depression of the amplitude in daytime may be also 

the cause of the diurnal variation of frequency. A possible explanation of ~pese 

depressions of the amplitude may be given by considering the ionospheric scree.ning 

or self-impedance e妊ect.
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