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Abstract:  
The response of equatorial ionosphere to different stages of the intensification of symmetric ring current during March 

12-14, 2002 has been studied. The study is based on high-time-resolution (1-min) data of symmetric ring current 

indices SYM (H) alongwith equatorial E-region daytime plasma drift and ground-based magnetometer measurements 

at Trivandrum (8.5oN, 76.5oE, 0.5o diplat.), a dip equatorial station in India. The minor storm activity, as indicated by 

the SYM (H) indices, seem to consistently precede variations in the equatorial magnetic field by ~20-25 min. Further, 

short-period oscillations conspicuous in the radar measured daytime equatorial electrojet irregularity parameters are 

indicative of the prevailing high-low latitude coupling even during minor ring current activity.  

Introduction:  

The daytime radar observations of the equatorial electrojet region over magnetic equator provide valuable 

information on the short (~ min.) and long-term (~ hrs.) changes in the prevalent electric field during varying 

geophysical conditions. The simultaneity of perturbations in the electric field during geomagnetic disturbances, clearly 

indicate that a strong electrodynamical coupling exists between the auroral and equatorial dynamo regions. Since the 

electric field variations not only affect the electrojet current but also the plasma irregularities i.e. Type I and Type II, 

associated with equatorial electrojet, these irregularities have been studied extensively with coherent backscatter 

radars in last three decades. Most of these observations however have been made at frequencies close to 50MHz i.e. 3 

m scale size of the irregularities [1]. However, the factors leading to the ambient conditions suitable for the generation 

of electrojet irregularities vary with longitudes as well as the geomagnetic conditions.  

The quite time variabilities of the electric fields and currents in the equatorial electrojet as measured using 

VHF radar has been investigated in detail from Indian longitude. There had also been a few case studies investigating 

the electrojet during geomagnetically active period over this longitude zone [2].  These studies had shown that the 

penetration of magnetospheric convection electric field, ring current and the field aligned currents significantly affect 

the equatorial electrojet current, electric field and the irregularities therein during disturbed conditions. A recent study 

from the Brazilian longitudes also reveals the prominence of these magnetospheric-ionospheric processes in affecting 

the 3m (50MHz) irregularity dynamics during geomagnetic storms [3]. The present study shows that the electrical 

coupling between the equatorial and auroral activity is important even on a geomagnetically quite day. This particular 

aspect of the high latitude - low latitude coupling during a geomagnetically minor disturbance has been discussed in 

this paper. 

Experimental details:  

The measurements on the drift velocity of the electrojet irregularity and the SNR of the backscattered echoes were 

obtained using a HF radar operating at 18 MHz at Thiruvananthapuram (8.5oN, 76.5oE, 0.5odip) during March 12-14, 

2002. This radar is a coherent pulsed radar with a peak-power aperture product of ~5 x108 Wm-2, pulse-repetition-

frequency 250Hz and has a phased antenna array oriented 30o west from zenith primarily for investigation of the EEJ.  



The fast Fourier transform of the complex amplitude samples of the backscattered signal provides the spectral 

parameters at different altitudes i.e. every 3 km between 91-110 km including the velocity. The symmetric ring 

current indices (SYM-H) used in this study were obtained from the World Data Center, Kyoto. The measurements on 

solar wind proton speed were obtained onboard GENESIS satellite at L1 point.   

Observations: 

There are two aspects of the variabilities that are being investigated in this study. These are (a) the overall variation of 

the radar measured electrojet parameters [Figure 1] and (b) the nature and extent of their variations as a function of 

ring current activity [Figure 2]. These observations are described here.    

Figure1 presents the time history of the HF radar measured SNR and drifts at the altitude region of 

electrojet peak on March 12, 13 and 14th.  It is evident from figure1a that the SNR exhibits a significant change, 

especially after 5.5 hrs UT i.e. 11hrs LT from one day to another.  The SNR for March 12 varies between 2 to 10 

exhibiting quasi-periodic changes (50%) having minimum around 5, 6 and 7 hrs UT. On March 13, it increases 

beyond 5.5 hrs (UT) reaching a maximum around ~ 7 hrs with a decrease afterwards. The oscillations as seen on 

March 12 are apparent on this day also, though the period seems to have decreased to about .5 hrs. Though the SNR 

on March 14 didn’t show any major change, it exhibited short-term (< .5 hrs) perturbations prevailing throughout the 

period of observation on this day. The SNR goes too low for meaningful measurements beyond 8.5 hrs on March 12 

and 13 and ~7 hrs on March 14.  The oscillations as observed in the SNR on these days are seen in the drifts also but 

to a lesser extent. While the drifts for March 12 and 13 are observed to be nearly same before 5.5 hrs, it differs 

significantly afterwards with the difference increasing to about 100m/s at around 8.5 hrs UT.  Nevertheless, drift 

decreases monotonically on both the days, the rate being faster on March 13. The drift on March 14 seem to have 

reached 200 m/s level at least 2 hrs prior as on the other two days. However, it exhibits moderate changes with time 

unlike the previous days.       

Figure 2 (a, b) exhibit the temporal variation of the PPM measured magnetic field strength over equator for 

March 12, 13 and 14, and the symmetric ring current index (SYM-H) respectively. It is evident from the figure 2a that 

the electrojet induced peak magnetic field on surface over equator is nearly same for all the three days. However, there 

are prominent perturbations seen therein on March 12 and 13 that are significantly less on March 14.  The variations 

of SYM-H as seen in figure 2b clearly reveal systematic phases of intensification and subsequent recovery in the ring 

current that last for typically about ~ 2-3 hours throughout on March 12 and 13. However there is no such 

intensification seen on March 14.  

The variation in the solar wind proton speed for this period as measured by the detector onboard GENESIS 

satellite at L1 point is displayed in Figure 3. It becomes amply clear by comparing this figure with figure 2b that the 

periodic episodes of the ring current intensification are caused by an increase in the solar wind velocity during those 

times.   

The important observations here are that the equatorial electrojet-induced magnetic field seems to respond to the 

changes in the symmetric ring current as seen in the SYM-H indices after a time-delay of ~20-25 min. The 

measurements on the electrojet plasma drifts, SNR of backscattered echoes also exhibit changes correlated to SYM-H.  

These aspects are discussed in detail in the next section.  



 

 

Discussion: 

As is understood today, the electric field driving the electrojet, itself could be attributed to different source 

mechanisms. The magnetosphere–polar ionosphere interaction processes that are active primarily during 

geomagnetically disturbed days being one. It has been found that while major disturbances almost always have 

definite imprints in the electric field at both polar and equatorial latitudes simultaneously/time-delayed, it is rare to 

find such an association during minor disturbances. It is in this context, the results presented in this paper become 

important. 

  The storm-induced quasi-periodic fluctuations in the radar measured electrojet irregularity parameters have 

been observed even earlier too. These fluctuations have been seen simultaneously in the strength of the total magnetic 

field on ground as measured using a ground-based PPM and the backscattered signal strength and the east–west speed 

of the type II irregularities as deduced from the mean Doppler frequency of the backscattered signal. However, the 

present observations differ from these earlier ones in one thing i.e. correlation of these fluctuations in electrojet 

irregularities with total magnetic field strength and SYM-H is very strong on march 12 and 13 despite the 

geomagnetic disturbance being small/moderate.  

Theoretical works on the electrojet irregularities have shown that weak ionospheric irregularities move with 

velocity of electrons rather than ions. Therefore, the fluctuations in phase velocity as presented here are ascribed to the 

variation of the electron drift speed, not ions’. On March 12 and 13, the sudden dips in the ∆SNR and Doppler widths 

actually mark the time when the incoming solar wind speed exhibits a definite increase. The simultaneity of the 

beginning of initial phase in SYM-H with enhancement in solar wind indicates towards the intensification of the 

magnetospheric ring current owing to the trapping of solar wind particles. In this context, the appearance of 

variabilities, similar to SYM-H, in total magnetic field over equator after a time lag of ~25 minutes represents changes 

in the zonal electric field over equator. Changes in electric field over equator after such a small time-delay are usually 

associated with the prompt penetration electric field. The same electric field is thought to be responsible for the day-

to-day variation of the radar measured drift and SNR over equator. 
Conclusions: 

The present study discusses the high latitude - low latitude thermosphere ionosphere system (TIS) coupling during 

varying geophysical conditions using HF radar measurements from Trivandrum. This study reveals that the electrical 

coupling between the equatorial and auroral TIS is important even on geomagnetically quite days. These auroral 

disturbances as seen in the SYM (H) consistently precede the variations seen in the magnetic field and radar measured 

EEJ drift velocity over the equator by ~20-25 min.  
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Figure 1. (a) exhibits the time variation of the radar 
measured SNR of backscattered echoes from 
EQUATORIAL ELECTROJET altitudes on different 
days. 
Figure1. (b) temporal variation of the electrojet 
irregularity drift at 3m.  Figure 2 (a) Temporal variation 

of the EEJ induced magnetic 
field on surface on different days 
Figure 2 (b) Time-variation of 
SYM-H indices on different days 

 

 

Figure3. exhibits the 
temporal variation of the IMF 
Bz on different days, as 
measured from the satellite. 
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