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Abstract. The response of the equatorial-low lat
itude nightside ionosphere to the geomagnetic nega
tive sudden impulse(si-) on March 15, 1993 is stud
ied using recordings of Doppler velocity of ionospheric 
echoes at vertical incidence at Kodaikanal(10.2°N) and 
Doppler shift of standard HF signals on oblique paths at 
Lunping(25.0 0 N) and Kure(34.25°N). The si- at 1541 
UT is characterised by a simple decrease of H-field at 
low latitude stations widely distributed in longitude, 
and by a double-pulse structure at mid and high lati
tude stations on the dayside. The usual downward drift 
of F region plasma during the premidnight hours over 
Kodaikanal near the dip equator abruptly increased for 
~ 2.5 min coincident with the first pulse of the si - and 
immediately reversed direction to upward. Recordings 
at Lunping and Kure also showed short-lived Doppler 
frequency deviations simulataneous with those at Ko
daikanal and of the same polarity and sequence. These 
observations constitute the first and direct experimen
ta.l evidence for vertical plasma motions due to si- asso
ciated electric fields in the nighttime equatorial-low lati
tude ionosphere. The case study supports the view that 
si- can be explained by the physical model of sc/si+ 
with a reversal in the direction of the global current 
systems responsible for the groundlevel magnetic field 
variations. 

Introduction 

Sudden increases in the dynamic pressure of solar 
wind lead to geomagnetic sudden commencements(sc) 
and positive sudden impulses(si). The impulsive in
cre~e in the H-field(main impulse, mi) that charac
tenses the sc at low latitudes is widely understood as 
due to an abrupt increase in the magnetopause cur
rent due to shock-induced compression of the magneto
sphere and associated dynamical processes [see Araki, 
l~77j 1994 and references therein]. Ionospheric elec
tnc fields and currents do also contribute to the sc 
at high latitudes as well as at dip equatorial latitudes 
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where the sc waveform exhibits considerable structure 
[e.g. Araki, 1977; 1994]. According to the model of 
Araki [1977,1994], the disturbance field of se consists 
of fields of magnetospheric sources(DL) as well as of 
polar origin(DP). While DL predominates at low lati
tudes during the main impulse(mi) of sc, DP accounts 
for the preliminary impulse(pi) that precedes the mi 
and also contributes to the main impulse(DP mi). The 
model is based on extensive theoretical studies as well 
as ionospheric/geomagnetic observations on ground and 
by satellites [e.g. Araki, 1977; Araki et aI, 1982; Araki 
et aI, 1985; Kikuchi, 1986; Sastri et aI, 1993a; Tsuna
mura and Araki, 1984]. 

Although earlier studies have helped grasp the re
sponse of the magnetosphere-ionosphere system to sud
den compression of the magnetosphere, due attention 
has not been paid so far to sudden magnetospheric ex
pansion, i.e. to negative sudden inpulse(si-). The ba
sic question is whether the electric fields and the cur
rent systems associated with si- are exactly opposite 
to those associated with scjsi+. Based on the similari
ties between positive and negative sudden impulses on 
a global basis, Nishida and Jacobs [1962] asserted that 
any theory of BC should also be able to explain si -. To 
our knowledge, the only work done on this issue subse
quently was the study of Araki and Nagano[19S8] using 
magnetic field measurements on ground and by satel
lites. Based on the equivalent current systems during 
the course of si - (derived from groundlevel magnetic 
recordings), they explained the complex waveform dis
tribution of si- as due to the superposition of the ef
fects of ionospheric currents associated with polar elec
tric fields on the simple magnetic decrease produced by 
the expansion of the magnetosphere as a whole. Their 
study did not touch on the physical situation at the 
nightside dip equator. In this paper we present the re
sults of a case study, for the first time, of ionospheric 
plasma motions at equatorial- low latitudes associated 
with si-. 

Experimental Technique 

The current study is based on ionospheric observa
tions at Kodaikanal (10.2°N, 77.5°E; dip 4°N), Lunping 
(25.0oN, 121.17°E) and Kure(34.25°N, 132.53°E). The 
experiment at Kodaikanal is a HF pulsed phase path 
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sounder that provides continuous data on the time rate 
of change of phase path or Doppler velocity, V If of 
ionospheric reflections at vertical incidence with a time 
resolution of 6 sec [Sastri et al, 1985]. The experi
ments at Lunping and Kure are the conventional pas
sive HF Doppler sounders that record the changes in 
the Doppler frequency shift of standard HF transmis
sions on oblique paths. At Lunping, standard frequency 
transmissions on 5.2 MHz and 7.8 MHz from three 
stations, Keelung, Hsintien and Shihmen are received. 
At Kure JJY transmissions on 5, 8 and 10 MHz from 
Nazaki are recorded with a sampling time resolution of 
10 sec. 

Observations and Discussion 

The si- studied here occurred on March 15, 1993 at 
~ 1541 UT. It is observed in groundlevel geomagnetic 
records of a number of sta.tions widely distributed in 
latitude and longitude. Figure 1 shows the signature of 
the si- at the low latitude stations, Alibag and Kakioka 
and the high latitude stations Glenlea, Cambridge Bay 
and Resolute Bay. It is clear from Figure 1 that the 

t 
~T 

RESOLUTE BAV(83.1~287.7j 

GLE NLEA(59.S0, 323") 

~ Df Iz.ss' 
h5nT KAKIO~ 
~ t 

11.41 
All B AG(9.5} i 

14 15 16 17 14 15 16 17 

15MARCH 1993 

Figure 1. Geomagnetic negative sudden impulse (si-) 
on March 15, 1993 as observed at low latitude and high 
latitude stations. Arrow on the time axis indicates the 
si-. The geomagnetic dipole centered coordinates are 
given in the parentheses for the high latitude stations 
and the geomagnetic latitude for the low latitude sta.
tions. 
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Figure 2. same as in Fig.1 but at the low latitude sta
tion, Lunping and the midlatitude station, fredericks
burg in the dark and sunlit hemispheres respectively. 

si- possesses a double-pulse structure at the high lat
itude stations in the forenoon sector namely, Glenlea, 
Cambridge Bay and Resolute Bay (magnetic local time 
was between 0800 and 0900 at 1500 UT) unlike at low 
latitudes where it manifests as a simple decrease in the 
H- field. 

Figure 2 shows the waveform of the si- in H-field 
(based on 1 minute interval data) at Fredericksburg 
(Geomag.lat 49.41°N) in the sunlit hemisphere and at 
the low latitude station, Lunping (enlarged version of 
the original magnetogram) in the dark hemisphere. ~ 
simple decrease in H-field is also seen at the low latl
tude station, Vassouras (22.4°S, 43.65°W) in the sunlit 
hemisphere(courtesy, M. A. Abdu). The double-pulse 
structure of the si- at Fredericksburg can clearly be 
seen from Figure 2. The waveform is such that the 
H-field at Fredericksburg reaches the minimum valu~ 
earlier than at Lunping and then increases to a rn~
mum higher than the initial value. The total dur~tl~n 
of the si- a.t Lunping is ,.; 6 min. The characterlstlcs 
of the waveform distribution of the si- of March 15, 
1993 studied here are in broad agreement with those 
of the five successive si- on July 6, 1977 analysed by 



Araki and Nagano [1988]. We could not, however, con
firm the double-pulse structure (short pos~tive pulse fol
lowed by the main field decrease) of the S1- at the day
'd dip equator due to lack of access to such data. At 
~i~andrum (dip 0.6°N) near. the nightside ~ip equa
tor the si- manifested as a sImple decrease m H-field 
(n~t shown here) with an amplitude of 20.6 nT which 
is more or less the same as at low latitude stations (the 
amplitude of the si- was 16.4 nT and 21.2 nT at Alibag 
and Kakioka respectively). 

Figure 3 displays the transient re~ponse of the low 
latitude nightside ionosphere to the S1-. Measurements 
at Kodaikanal near the nightside dip equator showed 
the F region vertical plasm~ drift, V;e(::=1/2V d) ~o be 
downward just prior to the SI- (curve wIth filled cucles 
in Figure 3), as can be expected for the premi~night pe
riod. It is to be noted, however, that V z .denved from 
Doppler velocity, V d represents the combmed effect of 
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Fi~ure 3. Time variation of F region vertical plasma 
drift, VJ (Doppler velocity, V tl) at the dip equatorial 
st t' K a lon, odaikanal and Doppler frequency shift of sta-
ndard HF transmissions recorded at the low latitude 
s:ations, Lunping and Kure on oblique paths in the 
mg~ttime ionosphere(see text for further details). The 
~ertlcal dashed lines mark the duration of the si- in 
ow latitUde magnetograms. 

vertical plasma motion due to ExB drift and a minor 
positive contribution from chemical loss. The effect due 
to chemical loss is negligible during evening/nighttime 
conditions provided the height of reflection is > 300 
km [Bittencourt and Abdu, 1981]. Since the height of 
F region reflections over Kodaikanal was well below 300 
km around the time of the si - , the observed downward 
drift represents an underestimate because of the contri
bution of an apparent upward drift due to layer decay. 
Corrections for layer decay are therefore made to esti
mate the true values of V z following standard procedure 
(see for example, Sastri et aI, 1992). The upward ver
tical drift, Vp due to chemical loss = f3 L where f3 is 
the loss coefficient and L is the electron density scale 
length. L is determined from the ionograms of a co
located ionosonde and {3 is calculated from the expres
sion ofThitheridge and Buonsanto[1983] using MSIS-86 
model [Hedin, 1987] values of the neutral composition 
for the relevant geophysical conditions. The corrected 
values of V;e (continuous line in Figure 3a) show the 
average value of downward plasma drift to be 19.6 ± 
2.6 m/sec over the interval 1503-1541 UT (2033-2111 
1ST) prior to the si-. The average V z and its standard 
deviation are shown in Figure 3 as horizontal lines and 
shaded for reference. 

It is quite evident from Figure 380 that with the on
set ofsi- at 1541 UT, the ambient downward drift over 
kodaikanal underwent a sudden enhancement over a pe
riod of ~ 2.5 min, followed immediately by a reversal 
of direction to upward. The usual nighttime downward 
drift seems to have resumed around 1551 UT. The time 
of onset of the sudden enhancement in downward drift 
coincides with the preliminary impulse of the si - at mid 
and high latitudes as shown by the first vertical dashed 
line in Figure 3 (see also Figure 2). The short-lived 
perturbation in V z over Kodaikanal thus indicates the 
presence of a transient westward electric field near the 
nightside dip equator at the time of the preliminary im
pulse of the si- and an eastward field thereafter. The 
amplitude ofthe westward (eastward) electric field is ~ 
1.0 m V 1m (~ 1.08 mV /m) corresponding to the seg
ments marked XY(YZ) on the V;e curve in Figure 3a. 

Doppler frequency recordings at Lunping and Kure 
(Figure 3b,c) corroborate and confirm the occurrence of 
a transient disturbance in vertical motion of the low lat
itude ionospheric plasma in the dark hemisphere. The 
Doppler frequency shift on all the paths at Lunping as 
well as Kure underwent first a rapid increase(indicative 
of downward plasma motion or westward electric field) 
and then a decrease (indicative of upward plasma mo
tion or eastward electric field) in close temporal associa
tion with the vertical drift perturbation over Kodaiknal 
as can be seen from Figure 3. The fact that the sense 
and sequence ofthe frequency deviations(and therefore 
the plasma motions they imply) at Lunping and Kure 
are consistent with those evidenced at Kodaikanal bear 
testimony to their genuineness. Moreover, the larger 
amplitude of the disturbance in Doppler shift observed 
on the Shihmen-Lunping path on 7.8 MHz(O.71 Hz) 
than on 5.2 MHz(0.5 Hz) supports the interpretation 
of the frequency deviations in terms of vertical motions 
of the reflection point under the influence of electric 
fields. So also is the feature of a larger amplitude (and 
therefore better definition) in general of the frequency 
deviations at Lunping than at Kure. This is because 
other factors being equal, the vertical plasma drift due 



to an electric field of a given a.mplitude decreases with 
increase in dip angle being proportional to cos I where 
I is the dip angle. It is pertinent to add here that verti
cal plasma motion due to ExB drift is one of the three 
mechanisms generally invoked to explain HF Doppler 
observartions [e.g. Poole et aI, 1988]. 

The present case study provides unambigious exper
imental evidence for the presence of a transient electric 
field disturbance of composite polarity in the low lati
tude nightside ionosphere at the time of si-. The elec
tric field disturbance is westward field at the time of the 
first pUlse(negative at middle latitudes on the dayside) 
of the si -, and eastward field thereafter corresponding 
to the second pulse (positive at midlatitudes) and the 
main decrease of H-field at low latitudes. According to 
Araki and Nagano [19881, the net consequence of the 
physical initiated by a sudden magnetospheric expan
sions is the imposition of a dawn-to-dusk electric field 
on the polar ionosphere by a pair of field-aligned cur
rents (FAC). The dawn-to-dusk electric field, in turn, 
drives a twin vortex type ionospheric current system 
such that, as viewed from the north pole, the rota
tional sense of the current is clockwise on the morning 
side and is anticlockwise on the afternoon side. As per 
this scenario, the small positive pulse that precedes the 
main field decrease of si- near the dayside dip equator 
can be understood as in terms of an extension to the 
equator of the afternoon current vortex as it can cause 
an eastward current. If this physical situation is valid, 
then, the extension of the morning current vortex to 
lower latitudes should produce a westward electric field 
at the dip equator and low latitudes on the nightside. 
The westward sense of the transient electric field dis
turbance evidenced at Kodaikanal, Lunping and Kure 
is, therefore, consistent with the current understanding 
of the physics of si - . 

The study of Araki and Nagano [1988] showed that 
the ionospheric current system associated with the sec
ond pulse of si-it has the same pattern but opposite 
sense to that of the first pulse. The current system 
has been interpreted as the effect of reduced magnteo
spheric convection due to reduced dynamic pressure of 
solar wind. One can therefore expect an eastward elec
tric field near the nightside dip equator and low lati
tudes at the time of the second pulse/ main field de
crease of the si-. This is precisely what is observed at 
Kodaikanal, Lunping and Kure with the si- on March 
15. 1993(see Figure 3). It is to be noted here that the 
amplitude of the main decrease in H-field of the si- is 
more or less the same near the dip equator(Trivandrum) 
and at low latitude stations(Alibag and Kakioka) in the 
dark hemisphere. This is in sharp contrast to the day
side situation where the amplitude of the main compo
nent ?f si- is greatly enhanced (by a factor of 3.27) aL 
the dIp equator when compared to low latitudes [Araki 
and Nagano, 1988]. We hypothesise that unlike on the 
dayside, where the contribution of the westward cur
rent associated with the second pulse leads to an en
h~nce~ amplitude of the si- at the dip equator; on the 
rughtslde, because of the contribution of the eastward 
current, the amplitude of the main field decrease of si
remains essentially the same near the dip equator and 
low latitudes. 
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