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The aurora seems to be infinitely
mysterious. When I thought I understood
a little and wrote a paper on it, majestic
auroral displays I saw outside my home
reminded me how little I knew about the
aurora. I have pondered its mysteries for
60 years.

1. Introduction

When I was a child, my mother used
to sing me lullaby. The word aurora was
in the lyrics.

Years later, when I became an
undergraduate student of Tohoku
University, I had a part-time job at the
Onagawa Magnetic Observatory. My daily
job was to change recording photographic
papers of the instruments in a dark room
and to develop the papers. Magnetic
changes appeared as a moving spotlight
on a photographic paper wrapped around
a cylinder that rotated once a day. The
only thing I could see in the dark room
was a slowly moving point of light on
the recording paper. I was fascinated by
delicate movements of the spotlight on the
recording paper. The observatory manager
told me that aurora in Alaska or Siberia
caused some of those movements.

I wondered about the magic hand (not
knowing about magnetic fields) with the
ability to move the spot in my darkened
room from such great distance. I decided
at that moment to study the aurora.

However, I was not sure what exactly
I could do to study the aurora at that
time. During my graduate student days,
I was told that I should “read Sydney
Chapman’s paper.” I tried, but found it
very difficult to comprehend.

Since I was determined to study the
aurora, I prepared a letter to the Chapman in
which I asked him ten questions. I knew that
Chapman was at Oxford University and the
greatest authority in this field. As I pondered

JGL, Vol. 20, No. 4, 2024

Aurora through the ages

this, I hesitated to send the letter I wrote.

About one year later, | learned that
Chapman spent a few months every year
at the Geophysical Institute of University
of Alaska in Fairbanks. The Geophysical
Institute was only place in the world (at that
period), where I could study the aurora.

I dialed up my courage and sent the
letter to Chapman in Alaska in April of
1958. I did not expect a reply.

To my great surprise, just a few weeks
later, I received a return letter from him, as well
as a check (for travel). He said I should consider
studying my questions in Alaska, with him as
my mentor!

I arrived at the University of Alaska
Fairbanks on December 13, 1958.

2. Main phase of geomagnetic
storms

At that time, Chapman was working
on the main phase of geomagnetic storms
and the ring current that produces it.
He told me that he had been working
on the problem since 1931. Then, he
had explained the arrival of solar gas
at Earth, also known as sudden storm
commencement. He suggested to me that
my task was a study of the main phase of
geomagnetic storms after the arrival of the
solar gas.

1 told him that I did not know enough
about geomagnetic storms and their main
phase; I wanted to learn about storm-
time magnetograms before studying the
suggested problem.

After examining a large number of
geomagnetic storm records, I found that
geomagnetic storms develop in a great
variety of ways (such as a large sudden
storm commencement, but no main
phase; a large main phase without sudden
storm commencement, and many others
between). I found that geomagnetic storms
do not develop in the standard way as was

generally considered.

1 was very confused by the great
variety of development of geomagnetic
storms. Finally, I thought that ¢here
must be an unknown factor that caused
the main phase. After much discussion,
Chapman agreed with the presence of the
unknown factor, but I was told by many
people during the American Geophysical
Union meetings that my inference was
completely nonsense.

It was about that time when Gene
Parker introduced the term solar wind.
Jim Dungey suggested correctly that
my “unknown” factor is the southward
component of the magnetic field brought
by the solar gas, namely the IMF (-Bz).

Later, Chapman and I, together with
many others, found that several quroral
substorms occur during the main phase.
We did not know how they were related.

3. Auroral oval, not the auroral
zone

Independent of the main phase
problem, I began to observe the aurora
as soon as [ arrived in Fairbanks. Since
Fairbanks is located in the auroral zone, I
thought I could observe the aurora as soon
as the darkness set in.

1 found that the aurora appears almost
always in the northern sky in the early
evening and moves toward Fairbanks as
the evening progresses and then goes back
to the northern sky in the morning. 1 was
told by the Geophysical Institute director
that it had long been believed that the
auroral arcs (curtain-like forms) formed
at the center line of the auroral zone, 67°
in geomagnetic latitude, and then moved
southward after they were formed.

I examined all-sky images at Fort
Yukon (67°, the center line of the auroral
zone) and found that the arcs also appear
first in the northern sky. Even at Utqiagvik



(the former Barrow, at 70°, the northern
edge of the auroral zone), the arcs also
appear first in the northern sky. I thought
that something was wrong about the well-
established classical auroral zone.

Then, I found a paper by Yasha
Feldstein on the quroral oval (not the ring-
shaped auroral zone) in 1963. Since his
auroral oval clarified my question, I wrote
to Feldstein that I agreed with his results.
Then, he wrote me back, mentioning
his great difficulty in convincing his
colleagues about the auroral oval. I found
also myself that it was so difficult to
convince my colleagues on the concept of
auroral oval.

I set up a meridian chain of all-
sky cameras between Fairbanks and
Thule, Greenland (located close to the
geomagnetic pole), which can scan the
polar sky once a day like an azimuth scan
radar at an airport. The results were very
clear in proving the auroral oval, but those
results did not seem to convince many
colleagues. It was 1972, when a Canadian
satellite provided the first image of the
auroral oval. It took nine years to convince
them after intense controversies. After all,
it is not that the aurora moved southward
shift, but we rotate under the oval.

4. Auroral substorms

I noted also that the aurora is not
quietly sitting in the sky. It shows an
explosive display or two in one night,
lasting about two hours or so, covering the
whole sky in a matter of a few minutes.

At that time, it had long been thought
that auroras were relatively quiet (quiet
arcs) in evening hours, active in midnight
hours (violent arc motions) and became
patchy (disintegration of arcs, often
referred to as “break-up” of auroral arcs).
Thus, it had been thought that the earth
and an observer on it rotate under such a
pattern in the sky once a day.

However, I found that the “quiet-
active-break-up” pattern can occur twice
or even three times on active days. Since
the earth does not rotate three times a
night (momentarily, I thought), I decided
to examine simultaneous Siberian (in the
evening) and Canadian (in the morning)
films, when auroras over Fairbanks (at
midnight) became active. I was simply
interested in auroral displays over the
whole polar sky because I was curious.

The IGY all-sky camera network
made this work possible. Chapman was
responsible for establishing the IGY
network and was very happy to see my
results. He suggested the term ‘quroral
substorm’ for the phenomenon.

I submitted my first substorm paper
to Journal of Geophysical Research, but
it was rejected. I sent it on to Planetary
Space Science, and it was fortunately
accepted. The reason for the rejection was
highlighted by a friend of mine, who said,
“The aurora over Alaska and other places is
the same. Why do you want to waste time
examining auroras in other locations?”

It was not easy to convince others of
the concept of auroral substorms, because
no one had a chance to observe the aurora
from well above the north pole.

Both NASA and US Air Force gave
me many opportunities to fly what we
called “constant local time flights” from
the East Coast of the U.S. to Fairbanks.
Those flights allowed us to stay in the
midnight sector for six hours, and to prove
that substorms can occur twice a night.

Finally, the real chance of the
confirmation of the concept of auroral
substorms came. A series of satellite
images of the development of an auroral
substorm from high above the north polar
region was successfully obtained by Lou A.
Frank at the University of lowa in 1982.

Thus, it took 18 years to confirm my
all-sky camera analysis by a satellite after
the publication of my first paper in 1964.

1 was just interested in auroral displays
over the whole polar sky in order to fulfill
my curiosity and interest. I had no idea that
I opened a new branch of auroral research
at that time. On the other hand, this concept
is now 60 years old, and someone will
perhaps propose a new concept soon. I
do not want to see that my concept will
become a solid paradigm, which hinders
the progress in auroral research.

5. Cause of auroral substorms and
the main phase

When [ began to consider the cause
of auroral substorms, it was the period
when magnetohydrodynamics and theories
of magnetic reconnection were extremely
popular. Researchers thought that
magnetic reconnection was the universal
source of energy for all astrophysical
phenomena, including substorms.

It so happened that I had the first
chance to meet Hannes Alfven in 1967.
Even as early as then, he was recognizing
the limitation of magnetohydrodynamics
for application to space physics. He
emphasized this limitation in several
papers, but most people did not want to
listen to him. He suggested that I should
take the electric current approach, instead
of the magnetic field line approach.

In order to take the electric current
approach, however, it is necessary to
consider a dynamo process as power
supply, current/circuit and dissipation
(substorm phenomena). In order to
consider the power supply, it is necessary
to interpret the solar wind-magnetosphere
interaction as a dynamo and prove it.

Further, it is necessary to monitor
continuously the development of
substorms at a ‘single’ point in the
magnetosphere; we chose the ionosphere
as the single point. However, for this
purpose, we had to establish six meridian
chains of magnetometers. With an
international group, the network was
completed. Yosuke Kamide joined me
as a postdoc and completed this vast
task of determining the electric current
distribution. His work provided us to
determine for the first time how much an
auroral substorm consumes the energy
as the Joule heat (about 90 % of the total
consumption); even now, this is the only
way to determine it.

The analysis of the electric current
allowed us to infer that the ionospheric
current is not capable of flowing (initial
low conductive) during the growth phase,
and thus the power/ energy is accumulated
in the jnner magnetosphere. It seems that
there occurs a sequence of interesting
processes, which results in the sudden
release of the accumulated energy.

As Alfven pointed out, the field-
aligned part develops the double layer,
accelerating magnetospheric electrons to 10
keV. Without the double layer, we would
not recognize the great electrical discharge
in the magnetosphere and the aurora.

Further, it is this double layer that
accelerates O ions upward in the
ionosphere. O' ions become ring current
particles for the main phase of geomagnetic
storms. Thus, the substorm study could
solve partly one of the Chapman’s problems,
the origin of the ring current particles. There
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are many processes in the sequence of the
dynamo to the dissipation, which require so
much more detailed studies.

6. Solar flares

From the point of view of auroral
substorms, solar flares are basically very
similar to auroral substorms in spite of the

fact that there is 1010 difference in terms
of the power involved. It is possible to
consider a sequence of process beginning
from a photospheric dynamo, not
unknown processes below the photosphere
and magnetic reconnection. Further, solar
physicists and magnetospheric physicists
have to work together the magnetic

PaH FE5A

configuration of CMEs and IMF (-Bz).

7. Acknowledgments

I would like to thank all of my
colleagues, regardless of agreements
and disagreements, who have tirelessly
worked on substorms.

FHIRFAIITEAT Stk

CA bl 22 ) IR

HERWEZ D2 Ik 0 IR 5

COE[F, “FRIREZTO—" [EDE
WERZEFELTRIBLTEDET. AR
ZMMCEEN, Z2<ORES LWMPRE T
BEH[CTDZIENTERLE, DHSRK
HUTHEDET.

FAAMIERDIIR (TR ZE S 272 Z o HN\T
F, XBREEDEINTHELALOR
EPBEDERALIETUE, A24E
o7 195TFEICRT— 2D (BRAODA
THE) NEND, FEEEEUBOHRE
BHIZVWERSKSICHRDFLE. RBABR
£ 08, XBELELCHFYICITLRERL
he@MNTHFYIChizD, TUF1w
22230YVETPKRE (UBC) D J. A. Jacobs
HEDDHETHRLBLESERSINE
L.

Z D%, C.Hines EEDRRARKOY &L
TIYNTRET—EH¥ERESBIZLELE
Hines £ & WS FHEBHARO TN ZE
Eo eER [CEBNLIAREDEKICET D
CENTERZET, HREE L TOERE
ZRIZENMNBRZEB>TVWET

PHT, FAOEKEHSBEEDS 1+
TORE, ZNHES U THRETDOHE
WS ZEREBLTWEER UL, KBEAD
TORVPBENET D EEHRBORYT —
D EDKLSCEDZH, KBRADIHERER
EDZEDDDFBENCDODVNTHRZE UE
Lz, ZOEOERT—VEHEBTSX
N OARUREITTIEEN T, ZOREEEE
REMEEHISC & DHIE, BEERNIEE
BEADFE, BHiRVIROY3Y (HAhH
RODBEBRZ) ORI EICDVNTHRX
EHRELEUL.

JGL, Vol. 20, No. 4, 2024

1980F (/23 &, PAUVARB4ED
BEZE> THIRAD OB ZE#N
CHREIDEVWSHEZLEBLX UL,
OPEN (Origin of Plasmas in the Earth’s
Neighborhood) &WLWWEK T,

—7, BREZDEBEXTICFHEIZ (O
Ty hDITSE LT ORENDDEBKECE
U, W<OHLDEEBITELEFTLWERL
fo. FAIHSBEESE “Geotail” (CH (T BT
[ IRV Y 3 ViBEROME (BBFY IR
VY 3aVEBRBY A I OROEERT
BERIBIE) ZBATLEVERL, PRI
D 1980 FtEH S EERF =B R UL,

ET 3D, 1983 F(CH > TNASA O
REDNTAVADEFEROHBOHEZ
REULTERLUE. ®B5ICELDE, 45D
5 EFEERBIHINDEBEZDT, B
REPRAUDDHBZEHELT “I5 LT
(X NASA, EE2EFHH, RIS
RITHEK " LES&RbHRLE. BAAID
BHZE O ANS BRI D EMEVEIAR
ETS5IvyyaveEWNSZEICRED, @
FF(C ESA ©250L T OPEN 5@ (S B#wA
&N, ISTP“International Solar Terrestrial
Physics” stBIE DX U

19927824 B (T Geotail (3T 5 & A
DEULE —HIBRIECTSIVEHIEE
(LEP) CRIEAFEEL, BOERKXTHE
EZEHo> TV THESHS IR ERDT
RETURD, LEP @EEDFREF LV
L7z DT, Geotail BEH 5 (FENTZH
ROSESENE LR, LEPRIAYP
EFORED AL ZS VRS R TR
EUEDT, BKVIRIIYIVHABEDS

BIACTSAVHED LS [CIhERE NS H
Moah ozl s, ZOENIORIRDE
WaFRE UTERILEE T TRINZ &
D TERVWFHELRR TS5V DOERIGE
FEVWKDEHESHNICT DI ENTESR
Lz,

HARREEENICES<FHBSNFL
fe. BHO—D(E, BRI TY. BKB
EBRE2AHNICFREL, BHTOHHEARY
ARDYIVEWSKAAZILEHUKER
BMTBDENSEHICEILT, FIHERD¥
RO20E0WHETE<TEZELED, R
[CHBERHEAR D 20 ~ 305D ERE (CiRMh R %
HZLTYUIRI Y3 VEEEZAELER
LERLUE BRCERIFHIRERD 10
ZEOBEHICHVWTABRAEBSBORERE
#UBAREULE, ZDOBDEBEFEH UL
BREBIMENTWVZZETT. B8,
8, T3V, KE), SIRILF—HTFIC
DVWIERE, anRiEDT—9ZBEL
FUk, F=0BHEENT—yZ22BH
AL, HRPOHRENFABTED K
SlElfec&TY. TNESDORMDERIC
FEEARGETBHIE, =5(CTF—90=
% ZPREEEROLHBEIMOANBHDF
Lz,

NASA & DBfR(E, BEEEEBRIENR
EREBMERIEHHDE LD, iKY
PMHBICEVTORAFBAKERLA—XT
Lz, RLWHWEDHBZEBU TEE LT
TEEBEREN D o feh 5T ERBWET,

Znh5bd, < OANICTEHZR(CHE
ZH2THBL, BLARIKE, HARZEZRD
THSSZEZDHBRBVIELTWET.



BOOK REVIEW

RS Z 2 BNz REb R 72Dh

—V a7 DLHDFEZLEL

B AEE

ERES

2024428, 150p.

i1 1,500 3 (AAAEAS)
ISBN  978-4-00-029724-0

PAIVR RF2XVTY-ELTD
MaPaia 2 e < BeE

RE2XVIU—D—RHELTHAIT
VR - RFAXAVIU—EWSDH DL
DOTEFBEWD, EUEULERSZENH
%. B, NHK TE70FMK, LWETIHE
REBOIERIZRF XY BDIY—
DR NI=Z ENH DD, REFZEN
FERE2S—TEHRBVDONLSLKIEEZT
H3. ETEHFPRS MSHEORF2
AVHY—HHELBIESN, EmEREICD
BOTHABRICHERB 2TEDEEVE o2
CLTH, ZORBE, E55HEVSE
Ea1—vYY - RFaXVHU-TH-T,
RZOEASZEAY)> TERDRFa X
VAU —[C@F o> TVWEN27ZDIE, LW
IHERZTH T

(ERCREN DL BH > b T TR
WHDD) MEPRE2; AHEDICHIER
[CEATWKKSECRZTWEZ END,
HBMEBRENSE RO, W
SBRESZABMIATCERIENHD, BAA
HERIPURBHEVNVZVWEZBTREH >
eht, ZNTHREBREMMNEBE L TN
TV, bnbhORFEIZ2 =27«

NEERERE [FPSE2] MEERo2U 10T ODGEKRSRT
8D, UaDTDERBROESE. BOEGOMBOLON. HE5E
SNEEEROPMLHERFEUREEED, RO OMRESE

Ekxs  ES E—
[CE->TRAKDTHSD. ZLT, Z0
MERRNEDEIC, TLRAUU =N
Thh, TNERE[CZE >LTEHL
CRHNBDZ & FELW.

Tl HERSBD, TORREXFICE
CEE ZOFRFHAIVR- RFa X
VAU —[CIEBIHEWVNDS EZSEREN
=W, Z2<ORREREERDHN
HDVEEBOBIDEAEDLE TITH
N3ZENBV. EREBO>TVDIHRE
BVHARIIN—THEP L TREKOE
RELEHELTWREDC, BELS
WEIFTR<, LELEFtoHzEREDD
BNDP, INFETOREDOTFNODPT
DB I IHLRAETEL, 2EENEBR
BWEE, BROTHWHBFORRICESP
LTUERWHABENSTE. Z09H2K
MWK EABRTNICHD, TOPTORK
ROz OUBDFEEH UL,
EDHTEIVWTLRAUY -RHBZ DD
HDHDD, INEFEFEBELNSL, Y
U—28b%ZW\E, FIT—MRDOARICE
BHENBREBZBSEFTE, RHDH
5a<RBDZEHLIEELETE.

2HRDOABHBRNDOP TOEERH
ROEBZFRICHERLTHSZRBLE

a5l
HESAITSU—
B6¥ Effi1650M

250, EB2TVNBEZBCBNEZON,
AREMIPRE 2, FZEFER> IO\
TH3. BBEY19T00EOEEREL
EHD, £EQ MR TTRUEMO T
BIR D TR (CIRZ TVND. /NS TR
SRBRYVTILD, WHI(CHFR(CYEEZE -
TWBH, ZUTESV2EREIHRDER
N, KBROTLEDKRFPEMDERE
WO e RERT—VICEDLSKRTTO—
FT, EDREEB> TLRDHEKBERE
Bo TGEHUVLENSETND. SHEDF
ERREDDL<OLBENECB>TET,
RBEOYAIVR - R¥FaXVHU—-TH
ZEVOTHRULTGASTEARL.

BARICE, EPICHENDZXENSD3]
BICHEEMBDEDLHD. KEEDTH
MEF, TOBSHRE REONKEY 2D
TODORIFEEBARLD, SLZEVRH
ERBNOPTHMNENDE-—UR - LTS
VO TPIE—XR I V) —-XD—
1E T, ©, ZREBOD "t/ KRKZ
TOHB, BE, XRICHHINDIERDS
GEERD EIFRASEEEDH TN &
Z3(F, BHFBWHRFOLVWRHOBEDET
HO, AROBBIZEALS ETIHR
ZRUSEZHODE,

EoZL, IELLWDOEEMNT, D ER
IBEURNEDAGRNKRAEEIF—(C
BEETZANEUVTEEVWL, RFONE
ERFAODONONICEDHDPT BN
WeleWie,. $53A, X F—DX V(=
[C&EDT, TNEEFREFLTIEPRE
2 DEREXNDZENTERZD(EHHT
Thofc. BERCHEDEXEISETIE
BlE, ZOBOEKREMND, ThZlzZd
ZEBVWTH, FIElCERTH-ZS
EERBICARELTETS.

W:&i r— /A, T101-8002 HRHTHEE—/152-5-5
ans 5 s www.iwanami.co.jp

JGL, Vol. 20, No. 4, 2024

Japan Geoscience Letters



Japan Geoscience Letters

INFORMATION

Bt o#Em &H1ER%Z JGL
ICEHELIEAN?

JGL T, HIRBRENZII 2 2T A\l
SPRFIBREFE7E-ILIEVWEEER
DEEERELLFELTEDRT. 58D
FEEL, HWIRRERPICEELIREY
MAEBEDIRE - HEE - FEFTIODT,
Z5UIEHEENRE U PR [CRETY.
FHATEE4E, PR web T PDF 25 UL—A%
DAHICHTBEWELETERY. EERHIIER
T, LSERBOERBIRESTTBHICD
DET. ESZTHRBLCHBUVEDLETE
L\, 5B, LUTD URL ZSSRT SN
https://www.jpgu.org/jgl-advertise/

(BEWEHhE]

JGLRE18E ZAxK3

(RRKF KREFRILFRMARER)
Tel 03-5841-7027
hm@sys.t.u-tokyo.ac.jp

(B8 LAH]
AFEHEEABRHIKBRENSES B
T 113-0032  RRECREIMRAE 2-4-16
FRtLVI-EIL 45
Tel 03-6914-2080
Fax 03-6914-2088

office@jpgu.org

BAZEZHRO B

ZDZa1—RLY—F, BAREERS
NIEAITERFLET BRI TLRL
731, https://www.jpguorg [C TEOEA
KEEFEBEVLEYT. ERETHE
FTEEXY, ITEBERSNTVDADS,
EESAEPTEDERZHEVUET.

(%) RE—RBICEXFIEP TS, PDF TTELE
=L\, https://www.jpgu.org/publications/jgl/

2025 &

1H 16 H
IR (R

2 B 18 H 17:00 #&#a##t
(RHAfHY) 2 A 6 B 23:59)

FEL Y a3 URX MR
2024 12H6H

FETELSODCRBEZEFELTEYVETT ! !

JpGU2025 255325528

ora]
https://www.jpgu.org/meeting_j2025/

AARMIRRENFEG -1 — ALY —

AAMIRRERIFES=2—ALY—  Vol.20,No4

178 1 2024%F 11818
TR - RBHEEABAHIRBERSES

T 113-0032 RRECREKIRAE 2-4-16

FREVI-EIL4FE

Tel 03-6914-2080 Fax 03-6914-2088

Email office@jpgu.org
URL https://www.jpgu.org/

JGL, Vol. 20, No. 4, 2024

R & & LBREREER
RESE R=BE
REHSE BES

e N apan

FTHAY L (#R) REIATIL Gp .
https://www.studio-net.co.jp/ € 9 science

Union

ED R PR - RSt AC UIR— b

Earth, Planetary, and Space Sciences

FIEEER : N2D Punisk 2 L—% — © NASA/IPL/MSSS



	_Hlk171671432

