
,T. 

oscillations 
geomagnetic oscillations [see references in 

1987 and Poole et al., 1988]. Most of previous researchers have attempted 
in terms of x B drift mechanism by the oscillating E 

and Gariott, 1964]. However, all observed characteristics 
could not be accounted for. Recently, Poole et al. [1988] theoretically demonstrated that 
the factor contributing to the oscillations in the delay of the radio waves is 
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associated 

ionosphere in association 
The 

by 

= 2 f R V* cos ()I c 

where JR, V*, B, care the probing radio 

where ZR, w, JJ, N, 
real the reira<:tnre 
formula [Budden, 
compressional 
the so-called 

rZR 
:: Jo [( dJJ/ dz)(E X Bo)/ B~]dz, 

the field aligned 

(1) 

(2) 

(3) 

viewing as an average of Vz = -Ey cos I/ Bo with the dip angle "I" through ionosphere, 
weighted by the function ( -dJJ/dz); where Vz is the vertical component of drift motion 
the electron gas under the influence of an eastward directed electric field Ey. Poole et al. 
[1988] numerically solved above-mentioned equations, and obtained the following relations: 
(1) The shows anti-phase relation with wave fields, while the V_E shows -90° 

phase relation. (2) The Vc* is directly proportional to the frequency w, while the 
does not depend on w. 

In the present 
locity oscillations and sc- and 
storm of February 1986. Then, we will a causal rela
tionship between the oscillative phenomena in the ionosphere. Detailed results of the HF 
Doppler measurements will be represented in this issue by Ogawa et al. [1989]. 
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2. 

One of the largest geomagnetic storms in recent decades began with a sudden com
mencement at "'1312 UT on February 6, 1986. It developed slowly over the next two days, 
and, with a rapid intensification late on February 8, reached a minimum Dst of -312nT 
during the first hour of February 9 [cf. Hamilton et al., 1988]. The magnetosphere was 
greatly compressed several times during' the storm, and then the geostationary satellites, 
GOES-5 and -6, were in the magnetosheath at "'1635 UT and "'2127 UT on February 7, at 
"'1442 UT and "'2017 UT on February 8, and at "'1750 UT on February 9, 1986. These so
lar wind compressions of the magnetosphere excited scfsi-associated ULF magnetospheric 
and ionospheric HF Doppler velocity oscillations. 

Figure 1 shows simultaneous amplitude-time variations in (north-south) and 
(total) components of the interplanetary magnetic field (IMF) at IMP-J in the solar wind, 
H (parallel to the ambient field), V (outward), D (eastward), and (total) components of 
geomagnetic field at the geostationary GOES-5 satellite (A= 7 4° W), magnetosphere, 
H-component normal-run magnetogram at Kakioka (KAK: q} = 25.64°, A= 210.95°), 
H-component induction magnetogram at Onagawa (ONW). The H- V-components 
variations at GOES-5 show the dipolarizations associated with magnetospheric substorms 
at "'0500 UT, "'0735 UT, and "'0955 UT on February 8. The magnetosphere was greatly 
compressed at "'1442 UT and "'2017 UT, when the GOES-5 satellite was outside the 
magnetosphere, where negative H component was observed. The maximum phase of the 
geomagnetic storm occurred a few hours after a major increase in the solar wind speed 
and a southward turning of the IMF. The solar wind speed is believed to have reached a 
very high level on February 8, probably faster than 1200 km/s. It is suggested that the 
solar wind compressions stimulated si- and sc-associated magnetospheric and ionospheric 
oscillations. 

Figure 2 shows a correlation diagram of ionospheric Doppler velocity oscillations ob
served at Kokubunji (KOK: q} = 25.5°, A = 205.8°) and Akita (AKI: 29.5°, 205.9°), and 
induction magnetograms obtained at Onagawa during the major sudden commencement at 
"'2012 UT on February 8. The phase induction magnetograms in the lower panel have -90° 
phase relation with normal-run magnetograms. Because of a superposition of dominant two 
magnetic waves with ~ 2-min and s; 1-min periods, it is not easy to examine the phase 
relation between the ionospheric Doppler velocity oscillations and the induction magnetic 
fields. However, one can see anti-phase and in-phase relations between dH/dt pulsation with 
2-min period at ONW and longer-period V* oscillations at KOK and at AKI, respectively, 
i.e., =t=90° relations between the ionospheric Doppler velocity and the ordinary geomagnetic 
field oscillations, indicating that the sc-associated geomagnetic oscillations observed on the 
ground are caused by the circular current driven by the ionospheric E field around KOK 
and AKI. 

109 



....----2o 

10 

0 

lL. -10 

::c -20 

-30 

IHP-J MAGNETIC 

BZ SE 

BT 30 

20 

10 
r---------~-

0 

100 

so 
0 

-so 
150 

100 

50 

0 

0 

-50 

-100 

-150 

ISO 

100 

50 

0 

0 6 

H 

Fig. 1. The variation at 
at the geostationary 

8 10 12 

component normal-run magnetogram on the 
::::: UT + 9.0 hr), and H-component induction 
1.3) during February 8, 1986. 

110 

14 16 18 20 22 24 UT 

24 UT 



AKI 

I W 

KOK I 
r-~--+-------.--~ ' 1 

~~' ~\f .. ~::: , I ";\! : , r ONH 

~~~~~~ 
I I I I 

20H5M UT 10M 30M 
FEB. 8, 1986 

Fig. 2. The sc-associated ionospheric geomagnetic oscillation event at 2012 
UT on February 8, 1986. (Upper panel) Ionospheric velocity vari-
ations at Akita ( ~ = 29.5°, A = 205.9°) and Kokubunji , 205.8°). (Lower 
panel) Induction magnetogram at Onagawa. 

30 ~--------------------------!----~--~~~-~~~~ E
~: 
20 

to 

Q ~~~~~-L~-~~~-~~~J-~~~~~~~~~ 
0 2 4 6 8 I 0 t 2 14 16 l 0 20 22 2 ~ UT 

~ :::~GoEp HRG~E;IC,'%~'.~ 
~50:~~ cd : 
~ :00 !\;:"~ ; ~ :'-' ----------1 

~ 50 -V :lf:v ~/-"-~.../'\-./1 
CL I 

23 Q 0 
l:;:j 0 h-n--~c:--..L-.......1--;::------=,.....---~----==:J'-===~~=t 

= <..!:>-50 

~ 

0 
= = 0 
0::: 
l!J 

Fig. 3. Same as in 
9 FEO. 1986 

1, except the si-associated event on 

11 

9, 1986 



Si-associated 17 48 UT event on February 9 
The rapid Dst recovery in this storm occurred ....... 10 hours after the minimum Dst at 

,.,..Q1 UT as shown on the normal-run magnetogram (lower panel) in Fig. 3, which may 
be related with the positive Bz component of the IMF (top panel). The final, impulsive 
compression took place at ......,1748 UT on February 9 during the recovery phase of the storm. 
The 1-min averaged magnetic field data from GOES-5 and -6 (not shown here) indicate 
that the spacecrafts were in the magnetosheath for a few minutes. At that time the asso
ciated magnetic impulse of about 80 nT was also observed on the ground at low latitude 
(KAK). The si-associated pulsations with ......, 2.5- min period were excited globally in the 
magnetosphere and the ionosphere as shown in Fig. 4. The top panel shows H (parallel to 
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Fig. 4. Same as in Figure 2, except the si-associated 17 48 UT event on Febru
ary 9, 1986 and the magnetic variations at the AMPTE/CCE spacecraft in the 
magnetosphere. 
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3. 

.... ...., ... u..,v ... .-~ ..... , normal-
si-associated ionospheric 

ground were caused 
v'U.Jl,vV'-•'-A. by Poole et 

The sc- and si-associated ionospheric Doppler velocity oscillations and geomagnetic 
pulsations at ......,2012 UT on February 8 and ......,1748 UT on February 9 during the great 
geomagnetic storm of February 1986 are interpreted by considering the "dynamo-motor" 
mechanism of ionospheric E field and the global compressional oscillations in the magne
tosphere and the ionosphere, respectively. It is also found that the sc- and si-associated 
ionospheric and geomagnetic oscillations were excited during the periods of negative and 
positive Bz components of the IMF, respectively. 

Further theoretical and observational studies on the magnetospheric response with 
respect to various kinds of impulsive solar wind compressions and rarefactions are needed 
to investigate how the two type ionospheric and geomagnetic oscillations can be stimulated 
in the magnetosphere. 
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