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Abstract. Major contributions by Japanese scientists in the period of 1945 to 1960 are reviewed. This was
the period when the foundation of the space weather research was laid by ground-based observations and
theoretical research. Important contributions were made on such subjects as equatorial ionosphere in quiet
times, tidal wind system in the ionosphere, formation of the F2 layer, VLF propagation above the ioncsphere,
and precursory phenomena (type IV radio outburst and polar cap absorption) to storms. At the IGY (1957,
1958), researchforts were intensified and new programs in space and Antarctica were initiated. Japanese
scientists in this discipline held a tight network for communication and collaboration that has been kept to
this day.

1 Introduction Before highlighting individual contributions in the follow-
ing chapters, we should note that the Japanese scientists
On the occasion of the International CAWSES Symposiumthis discipline held a tight network of communication and
held at Kyoto in October 2007, | presented a short historycollaboration. Already in 1946 the Special Committee on the
of research in this field that was made in Japan over th@onosphere was established in the Science Council of Japdn.
period of 15 years from 1945 to 1960. As the designationReceiving the grants from the government to support travels,
of the research discipline, “Space Weather” followed “So- scientists nationwide met together regularly to discuss the
lar Terrestrial Physics” which had developed from the classi-latest achievements and to plan for collaborative programs.
cal disciplines of ionospheric physics, geomagnetism, solarReport of lonosphere Research in Japan” that was inaugu
physics and cosmic ray physics. The year 1945 was wheRated in 1947 was the publication from this Committee. Thé
the World War Il ended and basic research was reactivatedcommittee is still active (though the title has changed) and
and the year 1960 was roughly the time when in-situ obserbeing run by the Solar Terrestrial Environment Laboratory
vations by space vehicles became a common tool of researcs the Nagoya University. While the lonosphere Committeg
and the frontier of the research rapidly expanded. was run by public support, the Society of Terrestrial Mag-
In these 15 years the research depended on remote sensifgtism and Electricity was founded in 1947 as an organit
observations from the ground. Structures and dynamics ofation of individual scientists in this field. Its publication,
the ionosphere and above were inferred from the analyses ofjournal of Geomagnetism and Geoelectricity”, was inaugut
such data and new observations were designed to advanggted in 1949. Society of Geomagnetism, Earth and Planetafy
the understanding. Most of the basic concepts of the solagciences (SGEPSS) is the current name of the same Society,
terrestrial physics that developed out of theflerés stand  and “Earth, Planets and Space” is the successor of JGG.
today as the basis of Space Weather research. This paper The author himself who enrolled in the graduate schoo
reviews important contributions made by Japanese scientistg, 1958 was a late comer to the generation of scientists whio
to this development. were active in the 1945-1960 period. But | remember how
exciting it was to attend the meetings of the above Committeg
and Society and listen to fresh outcomes of the latest research
efforts. For writing this article | went through the literature

Correspondence toA. Nishida of the time and was impressed over again by the world-clas
BY (hirosoph@dj.mbn.or.jp) contributions made by our predecessors.
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2 A. Nishida: Early Japanese contributions to space weather research (1945-1960)

WONTHLY  AVERAGES In geomagnetic research, electric current systems in the
v B AR ionosphere were studied by using geomagnetic data obtained

APRIL 1944 . . . . .
At ——— during the second polar year. Daily variations in geomagnet-

ically quiet daysSq were studied extensively by Hasegawa
who was attracted to this phenomenon while he was assigned
to monitoring the magnetic disturbance accompanying the
volcanic activity. He found that the focus of this current vor-
tex was not fixed in latitude changing its position from day
to day (Hasegawa, 1936). He was also aware Sigditad an
anomalously large amplitude at the geomagnetic equator and
noted this phenomenon (that is, the equatorial enhancement),
as one of the important questions to solve. Concerning the
geomagnetic disturbances, Hatakeyama made a pioneering
study of the magnetic bays. He showed that global distribu-
Figure 1. Daily variations offoF2 observed at eight stations at or tion of the bay disturbance was essentially the same as that
near the geomagnetic equator in 1944. Noon time peak is abserf the diurnal part of magnetic storms, and interpreted the
or weak at stations around the geomagnetic equator. This diagrardisturbance in terms of the intensification of the ionospheric
is taken from “Report of Japanese Research on Radio Wave Propeurrent due to enhancement of the electric conductivity by
agation,” published by Pacific fice of the Chief Signal @icer,  the charged corpuscles from the sun. The electromotive force
General Headquarters, United States Army Forces, May 1946. provided by the dynamofkect of the atmospheric motion
was thought to be the same for both quiet and disturbed times
(Hatakeyama, 1938).

McA

2 Prologue

. . . 3 Electrodynamics of the ionosphere in quiet times
lonospheric research had been conducted intensively from y b q

earlier times in Japan because it was necessary to monitof,g equatorial anomaly d6F2 and the equatorial enhance-

and forecast ionospheric conditions in these days of the shoit,ant ofSqwere explained using the concepts of plasma drift
wave communication. The ionospheric warning was partic-5nq Hall conductivity.

ularly important for Japan because the radio wavésoim
North America and Europe traverse high latitudes and are3 1 Equatorial v of foF2
susceptible to ionospheric disturbances. In addition to this,™ quatorial anomaly ot fo
during the wartime when the Japanese forces were deployetihe geomagnetic daily variatioBghad been considered to
to South-East Asia the conditions of the equatorial iono-result from the current generated in the ionospheric E region
sphere had to be monitored in order to select the optimuny the dynamo action of the atmospheric tide. When the at-
frequency for radio communications. For the latter purpose mosphere is in motion with velocity relative to the Earth
fourteen stations were built, spanning the equatorial regiorthe dynamo electric field x B is generated wherB is the
and low latitudes. magnetic field. The total electric fieH is the sum ofvx B

A major outcome from this low-latitude network of sta- with the electrostatic field&s which is produced to balance
tions was the discovery of the equatorial anomalfpf2 that  the polarization produced by the current dugxd, namely,
is the measure of the peak electron density at the F2 layeto satisfy divi(Es+vx B) = 0 whereX is the electric conduc-
Figure 1 shows théoF2 versus local time at eight stations. tivity tensor integrated over the thickness of the E region.
While the diurnal variation ofoF2 peaked in the daytime at This electric fieldE = Es+vx B causes the charged parti-
most of these stations, there were exceptions around the geates to drift in the direction oE x B (Hirono, 1950). In the
magnetic equator. At Singapore (geomagnetic latitude?) 8.9 F region where the collision frequency is lower than the gy-
and Penang (4?7, foF2 was flat in the daytime and were rofrequency for both ions and electrons, the drift motion is
lower than the values that were observed further away fromshared by ions and electrons. Since the electric fietd Sq
the geomagnetic equator. This feature was named later as directed eastward in low latitudes, the drift is directed up-
Equatorial Anomaly by Appleton. (“Report of Japanese Re-ward and transports ions and electrons away from the peak
search on Radio Wave Propagation”, published from Generabf the F2 layer. This acts to reduce the electron density at the
Headquarters, United States Army Forces, Pacificc® of  peak of the F2 layer. Theffect is most pronounced in the
the Chief Signal @icer, May 1946, gives a fair account of geomagnetic equatorial region where the magnetic Bdkl
this activity. D. K. Bailey was instrumental in compiling this in the horizontal direction. Hence a minimum is expected to
report and helping the resumption of ionospheric research irappear at the geomagnetic equator in the latitudinal distribu-
the post-war Japan. See also a review article on the equatoritibn of foF2. The equatorial anomaly &6F2 was explained
F-layer by Rishbeth (2000).) in this way (Hirono and Maeda, 1954).
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tor when the vertical polarization field produced by Hall current is

taken into account. The model A is the relevant case; C is a refe

FIgL;]I’e 2 Theoret!cal modelslof Lhe dalolly Ivaqulatlonhof the _lelgy_;er_ ence model where carriers of the negative charge are assumed to
at the geomagnetic equator. In the model where the vertical drift is egative ion (Hirono, 1950).

taken into account (solid curve) the depression in density that haé1
been observed as “equatorial anomaly” was reproduced, while the
Chapman layer (dashed curve) was peaked at noon. Top: virtual N

height and bottom: electron density at the F2 peak (Hirono and ’°°_' 1 " o
Maeda, 1954). L 2
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This was demonstrated in Fig. 2 where daily variations of g 3°°j ] " S
height (top) and electron density (bottom) at the peak of the b 2 8
equatorial F2 layer were compared between the above mode= ° [ f
(solid lines) and the Chapman model (dashed lines). The§ .t :
above model gave higher height and lower density at the F2 ~ *°[
peak in the daytime than the Chapman model in agreemeni ol T fs’
with observations. (Horizontal flusion was not incorpo- L —_ e
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3.2 Equatorial enhancement of magnetic variations

SOLAR TIME
In the E region where the drift motion of ions is impeded by

collisions and only electrons can drift, thx B drift pro- ke 4. Tidal wind system in the E region derived from the geo-
duces a downward current. In other words, the Hall cur-magneticSqvariation (Maeda, 1955).

rent flows downward under the eastward electric field and

the northward magnetic field. The downward current builds

up negative charges at the top of the E region and the polars 3 Tidal wind system in the E region

ization produces an upward electric field. The Hall current

due to the upward electric field adds to the eastward PedOn the basis of the dynamo theory, the wind system in th
ersen current generated by the eastward electric field that imnosphere was derived from the observation of Slgeur-
originally imposed, so that the eastward currént;is given rent system. Using the current densityobtained fromSq

by Jeast= (Zp+2ﬁ /Zp)Egass WhereXp andXy represent Ped- and the conductivity modell = X(Es+ v B) was solved for
ersen and Hall conductivities, respectively. Figure 3 showsEg andv using the conditions divJ =0 and rotE=0. In
the ratio betweenZ(p+2ﬁ|/Ep) andXp against latitude. Case an earlier calculatiorn was assumed to be derivable from a
Alis for the case where electrons carry negative charges whil@otential (Maeda, 1955) but a more general expression fg
case C is for a hypothetical case where negative ions do sos including the rotational component was considered late
For the relevant case A, a pronounced peak is seen at th@Kato, 1957). Figure 4 shows the distribution of the tidal
equator. The equatorial enhancement was attributed to thigvind velocity obtained by the former author. In both cases
effect (Hirono, 1952). the tidal motion at the ionospheric height was found to be
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Figure 5. lonospheric disturbance in the F2 layer obtained by averaging ten storms in 1950-1951 every six hours after the beginning. Top:
Kp index, middle: percentage deviationsfoF2, and bottom: deviations tfF2 in km (Obayashi, 1954).

predominantly diurnal. This made a marked contrast to theseem to show fair agreement between (A) and (B) in the cases
atmospheric tidal oscillation observed on the ground whereof negative changes fioF2. Solid curves representiagdy F2

the semi-diurnal component was dominant. THeedénce in  seem to dfer but when theféect of retardation of the sound-
predominant modes of the tidal oscillation between grounding radio wave is taken into account (yielding solid curves
and ionospheric heights posed a serious question. with small circles) the agreement seems improved. However,
the calculated and the observed valueafol-2 do not agree

in the cases of positive changesfoF2 (Sato, 1957). In the
light of the findings in later years that F2 storms involve sev-
4.1 lonospheric disturbance in the F2 layer eral mechanisms, it has to be considered reasonable that the

) ) ) _ drift alone was not able to fully explain the observations.
Disturbances in the F2 layer were studied extensively

(Uyeda, 1949). Worldwide morphology of the disturbances

was constructed by superposing the observations of ten typ4 2 Magnetic disturbances and the dynamo theory

ical ionospheric storms during 1950-1951 (Fig. 5). The dis-

turbance irfoF2 is characterized by bifurcation between pos- Geomagnetic bays and elementary disturbances that consti-

itive and negative changes. The positive and the negative retute magnetic storms were compared with the popular model

gions appear on the evening-night and the morning-day sidegyhere the electromotive force was the same dynamo field as

respectively, and then the negative region expands, spreadirigy quiet times but the electric conductivity was locally en-

the decreases 66F2 to the global scale (Obayashi, 1954). hanced along the auroral zone. But the model did not agree
Attempts were made to interpret the disturbance observedvith the observation; there was a very significarffedence

in the F2 region in terms of the drift motion. The drift ve- in phase (that means the direction of the current system in the

locity was derived from the electric field obtained from the frame of local time) amounting to 110150 (Nagata and

simultaneous measurement of the magnetic field. In Fig. 6Fukushima, 1952; Fukushima and Oguti, 1953).

calculated values df F2 andfoF2 (B) are compared with the Viewed from the vintage point of the present, it is amaz-

observed deviations from quiet times (A) at Washington D.C.ing how broadly and deeply the success of the dynamo the-

for two intervals of 48 h. Dashed curves that repreadof2 ory in interpreting the quiet-time features of the ionosphere

4 Disturbances
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Figure 6. Comparison betweeff\) the observed an(B) the calculated variations of the F2 layer at Washington during ionospheric disty
bances. The bottom panels show observatior{f€pthe magnetic field an(D) the ionosphere (Sato, 1957).

influenced the research in these days. It was even suggeste
that winds in the Mlower E layer and in the upper E lay- %7 -+
ers have dferent configurations so that the transition of the ..;| . me
current system fronsqto SD is caused by the switch of the o serEmaER
current layer from one to the other (Matsushita, 1949; Na- - :
gata et al., 1950). Combination of the wind-driven dynamo : o
and a localized enhancement in the ionospheric conductivity ¢ )
was invoked also to explain the preliminary impulse of SC* . — S
(Nagata and Abe, 1955).

The enhancement in the electric conductivity in high lat-
itudes was attributed to the ionizingfect of the impinging ast
solar corpuscles. The “corpuscular stream” in these days cor-
responded broadly to what we call the solar wind today, but ==
the properties attributed to them were not entirely the same.

(1) It was supposed that the corpuscular stream was emittegiy ;e 7. Horizontal axis is the caBicient that is obtained by fitting
from the sun for some limited intervals or from some limited the recombination model and vertical axis is the inversdasfZ.
locations. (2) As a typical speed, values of 1000-1508km There should not be a linear relation if the recombination mode
were often quoted. This was partly because the sudden conwere applicable (Yonezawa, 1951).

mencement of magnetic storms was attributed to the en-

counter with the corpuscular stream itself rather than to the

impact of the shock wave that propagated ahead. (3) Somé Formation of the F2 layer

of the corpuscles were supposed to penetrate deep into the

geomagnetic field. This accessibility should have been takemccording to the classical theory of formation of the iono-
as a very serious problem since a strong energy dependenspheric F2 layer by Chapman, electrons are supposed to
was already established by Stormer’s theory of the motionost by recombination. This means that the rate of the loss i
of charged particles in the geomagnetic field. (4) Dynami-proportional to the square of the electron density. Howeve
cal dfect of the momentum of the corpuscular flow was notwhen the apparent recombination ffagent was derived
considered. from observations at sunset, this was found to depend on tf

."1.“
"
Poct

3 % Tox i eotser!
RECOMBINATION COEFFICIENT ¢4
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ODIFFUSIVE EQUILIBRIUM

DISTRIBUTION OF

ELECTRON-ION GAS ,
7/

7

DIFFUSIVE EQUILIBRIUM
DISTRIBUTION OF
ELECTRON - |ION GAS

STEADY - STATE
ELECTRON DENSITY
DISTRIBUTION
EXPECTED IF NO
DIFFUSION .~

s
/A STEADY - STATE
/” ELECTRON DENSITY
,°  DISTRIBUTION
EXPECTED IF NO
DIFFUSION OGCURRED

Fa LAYER
ELECTRON
PRODUCTICN
RATE

ELECTRON
PRODUCTION
RATE
REGION OF \ F2: LAYER
ATTACHMENT TYPE

ELECTRON REMOVAL

S STEADY - STATE
ELECTRON DENSITY
DISTRIBUTION

HEIGHT

REGION OF STEADY - STATE

BOUNDARY ATTACHMENT TYPE ELECTRON DENSITY
ELECTRON REMOVAL DISTRIBUTION
Fr NO Fi LAYER
BOUNDARY
REGION OF RECOMBINATION REGION OF RECOMBINATION
TYPE ELECTRON REMOVAL TYPE ELECTRON REMOVAL
(a) BOUNDARY IS ABOVE THE PEAK OF (b) BOUNDARY IS BELOW THE PEAK OF
ELECTRON PRODUCTION RATE ELECTRON PRODUCTION RATE

Figure 8. Schematic illustrations of the height distribution of the electron density. See text. (With kind permission from Springer Sci-
ence+ Business Media: Space Sci. Rev., Theory of formation of the ionosphere, 5, 1966, 3-56, Yonezawa, T., Fig. 5.)

maximum electron densit)nax Of the F2 layer (Fig. 7). The curs at a relatively high altitude in the left-hand case and at
proportionality of the presumed recombinationfméentto  a lower altitude in the right-hand case. In both cases, the
1/Nmax suggested that the electrons are lost by attachmentlashed curves that extend to high altitudes represent the den-
rather than by recombination (Yonezawa, 1951). sity distribution is expected when the loss is by attachment.
Based on this finding, a new theory of the F2 layer for- However, Yonezawa (1956) proposed that the peak of the
mation was developed. It was argued that the electron losglectron density at F2 could still be produced by tlffec
proceeds in two steps. The first is the charge transfer beef diffusion in the earth’s gravitational field. Electron-ion
tween atomic ions of oxygen and neutral molecules of oxy-pairs generated in the upper portion of the F2 layer come
gen or excited nitrogen molecules. The second step is thelown quickly by difusion, so that the distribution takes a
dissociative recombination between the resulting moleculaform of the difusive equilibrium. When thisfect is incor-
ions and electrons (Yonezawa, 1955). At higher altitudes inporated, the electron distributions have a peak as drawn by
the F region the first step, that is, attachment, is the ratesolid curves in Fig. 8. The model is compared with observa-
determining, while at lower altitudes the second step is thetions in Fig. 9 where variations of the F2 maximum electron
rate-determining because of rapid decreases in the nhumbelensity with latitude are compared between the model (solid
densities of N and Q with height. curve) and the observations (dots). They agree very well ex-
This reaction alone cannot produce the density peak of theept in the equatorial region where thefdsion in the hor-
F2 layer. The loss rate of electrons by attachment is proporizontal direction need be incorporated. Thus, a new theory
tional to the density of molecules §Nand Q) while their  of the formation of the F2 layer was established (Yonezawa,
production rate is proportional to the density of atoms (O or1956).
N), and the electron density is proportional to the ratio of the
latter to the former. Since density of atoms decreases MOre . cma waves
gradually with height as compared to molecules, the above
ratio increases monotonically with height and no peak would
result. The decrease of the attachmentitcient with height
enhances this tendency. While the ionospheric sounding used high frequency radio
This can be seen in Fig. 8 which schematically illustrateswaves in the HF range, radio emissions of natural origin
the distribution of the electron density with height. Two pan- were observed in the VLF range. In this frequency range the
els correspond to fferent cases of the transition height of whistler atmospherics are produced by lightening discharges.
the loss mechanism from recombination to attachment; it ocExtraordinary ray component of these waves penetrate the

6.1 Ray paths of VLF waves
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Figure 9. Comparison between the observed and the calculated .
variations of the electron density at the peak of F2 layer with lati- Figure 10. Calculated ray paths of VLF waves (solid curves) and

tudes (Yonezawa, 1956). geomagnetic field lines (dashed curves) (Maeda and Kimura, 1956).
ionosphere and propagate through the outer region along ge , O ordinate: umr;(f) pulsations
omagnetic field lines. In a classical paper published in 1953 4} « veraged frequency of occurrence

Storey found that the plasma extended above the F2 layels
and derived the electron density of 400¢hat a height of ! - AT
two earth-radii by analyzing the frequency dispersion of the ; J\ Y \Jp . .
whistler atmospherics. b A s e e o=
His work demonstrated that VLF waves of natural origin
could be a powerful tool for investigating the physics of the
outer ionosphere. (The term magnetosphere not yet existec
at the time.) In order to provide the basis for interpreting the
whistler observations Maeda and Kimura (1956) performed
an exact calculation of ray paths of whistlers. Rays were_. . . '
emitted from several locations in the ionosphere; the highes&gure 11. Harmonic structure of .the spectrum of giant pulsations .
e . . ato and Watanabe, 1954). Top: observed spectrum, and bottom:
L valug of the 'emlttlng site was 45 Tracing was performed comparison with harmonics.
graphically using Fermat's principle.
The result of their ray tracing is shown in Fig. 10. They
found that for the sources that are located at relatively low
geomagnetic latitudes the rays arrive at a latitude higher thafent nomenclature) are characterized by amplitudes of 15
the source latitude. For the sources located at high latitudes30 N'T, periods of several minutes, and occurrence in aurora
on the other hand, the rays are more symmetric but deviatéatitudes. Kato and Watanabe (1954) found that the spectfa
appreciably from geomagnetic field lines. This paper hasof these pulsations had harmonics at af the fundamental
played a pioneering role to later studies of VLF waves asPeriod (Fig. 11), and suggested that they were resonant oscjl-
it became known that there are many other kinds of wavdations of magnetohydrodynamic waves excited by externg
sources that are generated by wave-particle interactions iffisturbances. This suggestion was published in the same year
the magnetosphere. as Dungey's well known report from the Pennsylvania State
University. It was unfortunate that Kato and Watanabe dg
not seem to have been aware of Storey’s paper on the plasma
density above the ionosphere. Later Obayashi and Jacops
Waves in the ULF range seen in magnetograms are calle@1958) calculated the resonance period of pulsations by us
magnetic pulsations. They are classified into several typeing a realistic model of the density distribution and found that
according to frequency, regularity and spatial distribution. the latitude dependence of the period can be well explaine
Giant pulsations (which are called Pc5 according to the curby this model.
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6.2 Resonance model of magnetic pulsations
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dio outburst moved outward through the corona. Hence the
occurrence of solar eruptions that eject corpuscular clouds,
that is, “coronal mass ejections” according to the current
nomenclature, could be monitored from the ground by look-
ing out for this type of the outburst.

The polar cap blackout is caused by the abnormal enhance-
ment in the radio wave absorption in the polar cap. It was
found that the polar cap blackouts began several hours after

100 - 300 (Toyokawa) . . .

o0ox 20000 1A the solar flares accompanied by major Type-IV radio bursts.

- A AW (Toyokawo) ol oo An example is shown in Fig. 13. The absorption was caused
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order of 10—-100 MeV which were high enough for entering

the geomagnetic field and producing anomalous ionization in
the D region. Since it began well ahead of a storm, the polar
cap blackout served as a very useful tool for forecasting dis-
turbances in the radio propagation. At the onset of magnetic
storms the region of the blackout spread to auroral latitudes

3-SHF inp3 and took a spiral-like shape centered on the morning side

(Hakura, Takenoshita, and Otsuki, 1958).

The delay time between the Type-IV radio outburst and the
beginning of the polar cap blackout, that is, the propagation
time of energetic particles having energies of 10-100 MeV,
depended on the solar longitude of the outburst site and was
shorter for outbursts that occurred on the western side of the
solar central meridian than those on the eastern side: see
Figure 12. Comparison of spectrum of solar radio bursts (five top £jg 14, This was interpreted in terms of the spiral structure
curves), interval of flare (shaded box), field intensity of intercon- of the interplanetary magnetic field where the field lines that

tinental radio transmission indicating the strength of SWF (bottom O .
e . reach the Earth originate from the western side of the cen-
curve) and property of magnetic disturbance (handwritten at the bot- - . .
ral meridian. Particles from the west could stream directly

tom). Left: a case of low frequency burst and magnetic storm, an ’ ] . )
right: a case of high frequency burst and no magnetic storm (Sinnd0ng the field lines while those from the east had ttude
and Hakura, 1958). across field lines. No such asymmetry was found for the de-

lay between the Type-IV outburst and the onset of storms
(Obayashi and Hakura, 1960b).

The above sequence of events, namely, (1) solar flare ac-
companied by Type-IV burst, (2) polar cap absorption, and
From the intensive féorts during the IGY to forecast geo- (3) onset of magnetic and ionospheric storm at the arrival
magnetic and ionospheric storms, two important phenomenaf the solar corpuscles, was demonstrated by numerous case
were identified that preceded the storms. One was the typestudies, and it presented a powerful tool for warning the dis-
IV solar radio outburst and the other was the blackout in theturbance in the radio propagation. This study may have been
ionospheric radio propagation across the polar cap. Whesymbolic of a happy marriage between the curiosity-driven
solar radio outbursts from 200 MHz to 9400 MHz were com- basic research and the applied research to improve the social
pared with the ionospheric disturbances, it was found that thenfrastructure.
spectral property of the outbursts was related to the character It was also recognized that there were exceptions to the
of the disturbance they produced. As shown in Fig. 12, out-sequence of events (1), (2) and (3). There were events
bursts whose spectral intensity increased toward lower frewhere (1) type-1V burst was followed by (2) polar cap ab-
quencies (left panel) tended to cause storms but not SWFsorption, but magnetic storm did not follow and absorption
(Short Wave Fadeout (SWF) means sudden increase in thdid not spread to auroral latitudes. The only signature of
absorption in the D and E regions due to enhancement inhe magnetic disturbance was a sudden impulse (Obayashi
the ionization.) In contrast, the outbursts whose intensityand Hakura, 1960a). There were also events where magnetic
increased toward higher frequencies (right panel) almost aldisturbance was produced several hours before a sudden im-
ways caused SWFs but no storms. There were also casqmilse (Hakura etal., 1961). These suggested that some of the
where two types were combined (Sinno and Hakura, 1958)key factors in the solar terrestrial relation remained unidenti-
Outbursts with the low frequency component were identifiedfied at the time.
with the synchrotron radiation emitted by energetic electrons
and were called Type-IV. The source location of Type-1V ra-
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7 Solar terrestrial relation
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Figure 13. Sequence of the ionospheric absorption following a solar radio burst. Times in the parenthesis are counted from the geom
storm sudden commencement. (2) Absorption begins several hours before the storm onset, (3) fills the polar cap, and (5 to 8) move
auroral zone after the onset (Obayashi and Hakura, 1960a).
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Figure 14. Heliographic distribution of time delays to the polar cap dle latitude up to the height 0£200km in the afternoon.
absorptions (where solid lines are drawn throughout their durationsiMaximum electron densities of E, Es and F layers obtaine
and of geomagnetic storms (where dots indicate the storm intensitypy the vertical incidence sounder at a nearby ground statio
from the Type-1V radio outburst (Obayashi and Hakura, 1960b).
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The auroral zone absorption was also attributed to the d
rect entry of solar particles and the shift to lower latitudeg
was interpreted to be due to decrease in the magnetic fie
by the ring current. This interpretation had to be change
when more became known about the internal dynamics of th
magnetosphere and the auroral zone absorption was found

result from the precipitation from inside the magnetosphere|

8 IGY programs of sounding rocket and
Antarctic research

The International Geophysical Year (IGY, 1957-1958) gave
a great impetus to the geophysical research worldwide. Jap
was no exception. Most significantly, programs of the sound
ing rockets and the Antarctic research were initiated on thi
occasion.

The rocket program started in 1955 with the developmen

of the rockets themselves. The first observation of the iona-

sphere was made in September 1960 with a Langmuir prob
Its record (Fig. 15) shows the electron density profile at mid

are also shown for reference. It is noffitiult to imagine the
excitement at seeing for the first time the topside structur
that had been hidden to traditional sounders.
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BRI ?;’;/ 1532 SEPT. 22,1960 Figure 17. Japanese leaders at the time of IGY: K. Maeda (1909—

&0 P S =] 1995), M. Hasegawa (1894-1970) and T. Nagata (1913-1991). All
the pictures were dated between 1955 and 1958.
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POSITIVE ION  DENSITY

Figure 15.  Electron density profile obtained at 15:32JST, The Japanese community in geomagnetism and iono-
22 September 1960 by a K-8 rocket launched from Michikawa, sopavic physics has benefitted from having enthusiastic and

Japan. (Reprinted from Planet. Space Sci,, 9, Maeda, K. and HI'c:ompetent leaders. Figure 17 presents pictures of three

rao, K.: A review of upper atmosphere rocket research in Japan, . . L
355-369, Copyright 1962, with permission from Elsevier.) promlnent' leaders e}t the t'r_m_e of the IGY. Ken-lchl Maed,a
(left), an ionospheric physicist, promoted experiments in
space by organizing developments of rocket-borne scientific
instruments. Takesi Nagata (right), a geomagnetician, led

the Antarctic Research Expedition and established the Syowa

,’;’] \ Base. Mankichi Hasegawa (center), a geomagnetician who
w ! had founded the Japan Society of Geomagnetism and Geo-
ol T W, electrity, chaired the Japanese IGY Committee. We have a
~90° M wealth of research programs that have been developed upon

the heritage built by them. The scientific satellite programs at
ISAS/JAXA, Antarctic Research conducted by the National
Institute of Polar Research and the atmospheric radar pro-

H ~ Component

I""" gram at the Institute of Sustainable Humanosphere at Ky-
oto University are the outstanding examples. CAWSES is
also along the line of international programs in which the
Japanese community has been deeply involved.

May31 . . Junel 9 Epilogue
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Figure 16. Comparison between directions of ionospheric current I.n the preced!ng Chapters | have noted that three major qugs-
and lower boundary of aurora (Oguti, 1960). tions were raised from the space weather or solar terrestrial
research before 1960. The first is why the tidal wind in
the ionospheric E region is predominantly diurnal while the
In the Antarctic, the Japanese Syowa Base was estatsemi-diurnal tide prevails in the lower atmosphere. The sec-
lished in January 1957. Observations of magnetic field, iono-ond is how the electric field can be generated in the magneto-
sphere, aurora and airglow were basic elements of the prosphere and ionosphere by mechanisms other than the atmo-
gram. Since Syowa is located under the auroral zone it repspheric dynamo. The third is what other factors govern the
resented an ideal platform for studying aurora and its relategolar wind-magnetosphere interaction than the properties of
phenomena. A full set of instruments were deployed dur-the solar corpuscles themselves.
ing the wintering in 1959. An example of the observed re- The diurnal mode of the tidal oscillation which is essen-
lation between aurora and geomagnetic disturbance is showtially confined in the ionosphere was found in the solution
in Fig. 16. The solid line in the upper part of the figure is of the tidal equation when the eigen value (representing the
the direction of the overhead current flow and the dots showthickness of the layer) is allowed to be negative. Such a mode
the direction of the lower boundary of aurora. Their excel- does not propagate but decreases or increases exponentially
lent agreement demonstrated that the ionospheric current waa the vertical direction, that is, the oscillation is confined to a
flowing along the latter (Oguti, 1960). region where the energy is supplied. The solution of the first
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