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Abstract. VHF Faraday rotation (FR) and amplitude scin- in addition to the daytime maximum around 14:00IST, IEC
tillation data recorded simultaneously during May 1978-shows enhancement after sunset during high solar activity.
December 1980 at Delhi (28.68I, 77.22 E; Dip 42.44 N) This phenomenon is generally called post sunset secondary
is analyzed in order to study the Faraday polarization fluctuaimaximum (PSSM) and has been studied at equatorial and
tions (FPFs) and their dependence on the occurrence of postw-latitudes by Tyagi et al. (1982), Lakha Singh (1990a)
sunset secondary maximum (PSSM) and amplitude scintiland Gupta and Singh (2000).

lations. It is noted that FPFs are observed only when both Sometimes intense and rapid fluctuations in the Fara-
PSSM and scintillations also occur simultaneously. FPFs arelay rotation angle, called Faraday polarization fluctuations
observed only during winter and the equinoctial months of (FPFs), have also been observed during post sunset hours
high sunspot years. FPFs events are associated with intenggcompanying the amplitude scintillations during high so-
scintillation activity, which is characterized by sudden onsetslar activity. Many scientists such as Klobuchar and Aarons
and abrupt endings, and are observed one to three hours aft980), Maitra et al. (1984), Das Gupta et al. (1982), Das
ter the local sunset. When FPFs and scintillation data fromet al. (1988), Vijayakumar et al. (1988), and Rama Rao et
Delhi is compared with the corresponding data from a still al. (1993) have reported intense and fast fluctuations of the
lower latitude station, Hyderabad (17°3%, 78.45 E), it is Faraday rotation angles in association with strong and fast
found that the occurrence of FPFs and scintillations at Delhiamplitude scintillations, respectively. Although the phenom-
is conditional to their prior occurrence at Hyderabad, whichena of PSSM, amplitude scintillations and FPFs have been
indicates their production by a plasma bubble and the asstudied in one form or another, a unified picture has yet to
sociated irregularities generated initially over the magneticemerge. From the preliminary examination of Delhi data,
equator. In addition, FPFs and scintillation data for Octo- Lakha Singh et al. (1990a) reported that FPFs are observed
ber 1979, when their occurrence was maximum, is also exonly on those days when both PSSM and amplitude scintil-
amined in relation to daytime (11:00LT) electrojet strength lations are present. Dabas et al. (1998) also reported that the
(EEj) values and evening hour h’F from an equatorial loca-intensity of the 4 GHz scintillations at Sikandrabad (a station
tion, Kodaikanal (10.3N, 77.5 E). It is interesting to note  near Delhi) is strongly dependent on the occurrence of PSSM
that FPFs and scintillations are most likely observed whenin IEC, and their day-to-day occurrence is strongly depen-
the EEj was 100 nT or more and h'F reaches around 500 kmdent on the evening hours’ h’F and its rate of increase over
These results show that EEj and evening hours h'F valueshe magnetic equator. In this paper, an attempt is made to fur-
over the magnetic equator are important parameters for prether extend the study of the simultaneous occurrence of these
dicting FPFs and scintillation activity at locations such as parameters and to critically examine the dependence of FPFs
Delhi, where scintillation activity is much more intense as on PSSM and the occurrence of amplitude scintillations. The
compared to the equatorial region due to the enhanced backonditions to produce their simultaneous occurrence at Delhi
ground ionization due to the occurrence of PSSM. are also discussed in relation to daytime electrojet strength

Key words. lonosphere (equatorial ionosphere: ionospherica”d the evening hour h’F variations over the magnetic equa-
irregularities) — Radio science (ionospheric physics)

i 2 Data and method of analysis
1 Introduction

The total electron content of the ionosphere (IEC) under_Faraday rotation and amplitude scintillation data for the

. o Iperiod May 1978-December 1980, obtained from VHF
goes diurnal, seasonal and solar cycle variations. Howeve o . .
telemetry transmissions from geostationary satellites, such

Correspondence td:. Singh (laksingh@csnpl.ren.nic.in) as Symphonie-Il (May 1978—April 1979) at 137 MHz and
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tions and FPFs altogether.

ETS-1l (May 1979-December 1980) at 136 MHz recorded atthe course of normal diurnal variation. In addition, from the
National Physical Laboratory (NPL), Delhi, have been uti- analysis of the ATS-6 satellite IEC data, it was noted that no
lized for the present study. No data could be recorded durinf?’SSM or FPFs are observed during October 1975-July 1976,
the months of March 1980, and September 1979 and 198Which is a low solar activity period.

due to satellite ecliptic conditions. The days for which both 5, Delhi, during May 1978—-December 1980, a total of 535
FR and amplitude data are available at NPL have been cong,ys of simultaneous FR and amplitude records are available
sidered for the present study. The data have been surveygdl'yq present study. Out of these 535 days of simultane-
for the presence of PSSM and if present, th_e time of OC-6us data, PSSM occurs on 205 days, whereas PSSM and
currence of its peak, duration and peak amplitude has beepprg together with amplitude scintillations, only occur on
noted, along with the time of occurrences of the amplltude64 days. No FPFs are observed on the days when PSSM
scintillation and FPFs. To examine the relationship between, ¢ apgent Figure 1 contains a typical Faraday rotation and
the occurrence of PSSM, FPFs and scintillations with day-,jide records showing the simultaneous occurrences of
time electrojet strength variation, the electrojet strength ISbgSM. scintillations and EPFs. This record corresponds to
calculated using the scheme suggested by Chandra and Rage night of 17/18 February 1979. On this day, after the diur-
togi (1974) and the detailed procedure is described by Gupta,,| maximum, FR decreases down to 22:45 and starts rising
and Singh (2000) and the references therein. In additionagain from 22:45 IST (showing the presence of PSSM). Dur-
ionosonde h'F data from an equatorial station of Kodaikanali,g this time, at about 22:45 ST, the scintillations set in. At
(dip 3.5) has also been utilized. 22:551ST, FPFs appear and suddenly, the FR is unidentifi-
able, making it almost impossible to count the Faraday fades
up to 00:30IST. The onset of the amplitude scintillation is
seen 10 min earlier than the onset of the FPFs and continues

The IEC shows diurnal variation with a maximum around UP t© OO:_A'O IST and stops abruptly at OO_:A'O IST. Where the
14:001ST and minimum around 05:00IST. However. dur- ©Pservations correspond to a larger duration (30 min or more)
ing the equinoctial and winter months of high solar ac- of §C|ntlllat|ons, the response of FPFs is very good. Obs_er-
tivity at Delhi after reaching its daytime maximum in the vations also show that scintillations may occur even during

early afternoon, instead of its continuous rapid decay, the?©St midnight hours, but that FPFs occur only during pre-
IEC sustains for a few hours and often starts to show Sec[mdmght hours. All the FPFs events are observed when both

ondary enhancements after the ionospheric sunset (frorﬁ’SSM and scintillations are duly present, but the opposite is

18:00IST onwards), reaching another maximum centered'ot true.
around 20:00IST. This phase of secondary maximum lasts Figure 2 shows separately the percentage occurrence of
for 1-3 h (approximately). PSSM, scintillations and FPFs in each month from May 1978
In a number of cases, it is observed that along with or ato December 1980. It shows that the occurrence of PSSM
few minutes after the onset of PSSM, intense and fast flucis maximum followed by scintillations and FPFs in winter
tuations in the Faraday rotation angle (FPFs) also take placeand in the equinox, respectively. It also shows that there are
In viewing the amplitude record, it is found that during this no PSSM and FPFs in summer, whereas nighttime scintilla-
time, intense and fast scintillations also occur (Lakha Singhtions are often present during summer. PSSM peaks equally
et al., 1990a). During the presence of FPFs, it is almost im-high in winter and in the equinox, whereas FPFs peak in the
possible to count the Faraday rotations and also to find thequinox, followed by winter in high solar activity at Delhi.
fading rate of scintillations in that time interval. After the During low solar activity period (ATS-6 data), no PSSM
FPFs are over, the IEC starts to decrease again and followand FPFs have been observed. The PSSM, scintillations and

3 Observations and results
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FPFs show (a) seasonal and (b) solar activity dependence, as

can be seen from Fig. 2. 8 7]

In order to see the general trend of variation, the monthly,, 7
percentage occurrence of PSSM, scintillations and FPFs havuoq P A FPFs
been obtained for January to December (12 months) by com% g2 ~ ol 3

bining and averaging the corresponding data of the same& i
month in all three years (1978, 1979 and 1980), plotted a3~ *
months versus PSSM, scintillations and FPFs in Fig. 385  * 1] ~

b i i O £ ® —< — SCINT
, and c, respectively. Figure 3a shows that PSSM occur< Z - ™~
rence has two strong maxima in autumn and spring. Thesg % * ¥ ars
equinoctial maxima are separated by a broad summer mini% ZO .

mum. Figure 3b shows that scintillation occurrence is maxi- o 1 L

mum in the summer months and decreases during winter an % 0] N /

the equinox months (obvious on either side of the summer> ™ ,; 1 / PSSM

occurrence). This is almost the reverse of the situation in the 1
case of the PSSM occurrence. From Fig. 3c it is found that . . . . " .
the occurrence of FPFs is almost the same in the equinox and MONTHS
winter months, but they are totally absent in summer at Delhi.
This is comparable with the PSSM seasonal occurrence.  Fig. 2. Diagram showing monthly occurrence of PSSM, scintilla-

It is pointed out here that the characteristics of scintilla- tions and FPFs.
tions observed at Delhi during summer are different than that
observed during the winter and equinoctial periods. During ) ) )
summer, scintillations start just after local sunset and theirtherefore more suitable to use electrojet strength for this pur-
onset is gradual and can continue even throughout the nigh0Se. In addition, it is well established that during equinox
Scintillations observed during equinoctial and winter peri- Periods of high sunspot years, scintillations at Delhi or even
ods are characterized by their sudden onset and abrupt deatheyond are caused by equatorial plasma bubbles and asso-
and are mostly observed in patches one or two hours afCiated |rregula_r|t|es (Somayajulu el al., 1984; Dabas et al.,
ter local sunset and are generally confined up to the localt991) and their occurrences are strongly dependent on the
midnight hours, especially during peak solar activity periods€vening hours h'F variation over the magnetic equator. To
(Dabas et al., 1991: Gupta et al., 1993). At the Delhi lati- €xamine the influence of the daytlme glectrOjet strength (EE]j)
tude, winter and equinoctial scintillations, especially during ©" the occurrence of PSSM, scintillations and FPFs, we have
the high sunspot years, are generated by equatorial plasn‘résed here only Octo_be_r 19_79 data, where the occurrence fre-
bubbles associated with irregularities, whereas summer scirfiu€ncy of PSSM, scintillations and FPFs was observed to be
tillations, which are not dependent on solar activity condi- Maximum (see Figs. 2 and 3). Figure 4 shows the plots of the
tions, are caused by irregularities generated locally (Dabas efaily values ofA,, EEj at 11:00IST, along with the occur- -
al., 1991). Based on the results of Figs. 2 and 3, it is noted©Nce of PSSM, scintillations and FPFs observed at Delhi.
that the occurrence of PSSM and FPFs are minimum durdn addition, in order to examine their association with the
ing summer and have no association with summer scintilla-£vening hours h'F variations near the magnetic equator, h'F
tions, but are strongly dependent on the solar activity condi{19:001ST) values from an equatorial station, Kodaikanal,
tions. The occurrence of PSSM and FPFs during winter andi® &lso plotted in Fig. 4, where it is noted that the simul-
equinoctial periods are maximum during peak solar activitytaneous occurrence of PSSM, scintillations and FPFs Fakes
period. Itis also noted that the occurrence of FPFs are alwayBlace when EEjwas 100 nT or more, whereas when EEj was

associated with simultaneous occurrences of PSSM and scin€SS than 50, none of them were observed. It is interesting to
tillations. FPFs are observed primarily during the period of NOte that EEj and h'F variations also follow the same trend,

intense scintillation activity. i.e. when EEj is more, h'F is also more. It is also noted
that PSSM, scintillations and FPFs are simultaneously ob-
served only when h'F was around 500 km. The magnetic

4 Relationship between daytime electrojet strength and ~ disturbance seems to decrease both the EEj and the h'F. In

the occurrence of PSSM, scintillations and FPFs addition, as can be seen from Fig. 4, that both FPFs and scin-

tillations are observed only when PSSM is present.

In recent years, several authors have tried to see the asso-

ciation between the strength of the daytime equatorial ion-

ization anomaly and the occurrence of equatorial and low-5 Discussion

latitude scintillation. This is basically to gain prediction ca-

pabilities of the occurrence of scintillations in the equatorial The present results discussed above indicate that as far as the

and low-latitude region. The strength of the equatorial ion-simultaneous occurrence of PSSM, scintillations and FPFs is

ization anomaly depends upon the electrojet strength. It isconcerned, it is found that FPFs occur only on those days
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4 erage occurrence (of 1978, 1979 and
1979 1980 1980) of (a) PSSM, (b) scintillations
MONTHS and(c) FPFs.

when both PSSM and amplitude scintillations are presentdeveloped in the equatorial F-region are maximum, showing
Although the scintillations are also found to occur in the ab-a prereversal enhancement to be maximum and consequently,
sence of PSSM, FPFs are found to occur only on PSSM dayghe post sunset IEC value. This explains the maximum occur-
In addition, on most of the occasions, FPFs and scintillationgence of the IEC during equinox.

?ccur S|multa|_’1eolustly or V(;”tdh agap tohf about 10 m|(;1, with the Klobuchar and Aarons (1980) and Maitra et al. (1984) sug-
ormer occurring fater and dying in the reverse order. gested that FPFs at 136 MHz are due to the depolarization

At low-latitudes, Rao et al. (1963), Sastri (1982) and Gargef“fect caused by power-law type density irregularities, with

le size in the range of 50-200 m in a background of high
et al. (1983) reported that the post sunset enhancements e s . )
the IEC during high solar activity are related to the upward Ionization density. Lakha Singh et al. (1990b) compared the

movements of the layer and the strengthening of the equa2Scurrence of FPFs and scintillations at Delhi with the corre-

torial fountain, thus underlying the role & x B drifts at sponding data from a low-latitude station of Hyderabad and
low-latitudes ’Basically the post sunset increase in the IEdﬁoted that the occurrence of both FPFs and the scintillation at
has its beariﬁg on the ’electric fields, which play an impor- Delhi is conditional to their prior occurrence at the lower lat-

tant role in shaping the electron density distributions in theItude station, Hyderabad. Dabas et al. (1998) also reported

equatorial region. They drive the electrical fountain that pro-that at Sikandrabad (a station near Delhi), the intensity of

duces the equatorial trough or Appleton anomaly, which is a4 GHz scintillations is strongly dependent on the occurrence

striking feature of the low-latitude ionosphere. Normally, the of F_)SSM n t_he IEC, and their occurrence during equinoxial
daytime eastward electric field changes to a westward direcpe”o.ds of h'gb s,unspo_t years |s.strongly dependent on the
tion, after sunset, but during high solar activity, the eastward®VeN'NY hours’ h'F and its rate of increase over the magnetic
electric field in the F-region of the equatorial ionosphere of- equator.

ten shows a significant and fairly sharp increase just before it The current results of the simultaneous occurrences of
reverses to its nighttime westward direction. At post sunsetFPFs and scintillations in the presence of an enhanced back-
the E-region electron density drastically drops. During thisground ionization are in line with the results discussed above.
time, thermospheric winds are strong and the F-region elecTheir characteristics and occurrence patterns suggest that
tron density is still quite high, leading to a strong F-region these are caused by an equatorial plasma bubble and the as-
dynamo, which produces polarization fields that are perpensociated irregularities generated initially over the magnetic
dicular to the geomagnetic field and currents along the fieldequator and subsequently mapped along magnetic field lines
lines in the equatorial region. The driving force for the polar- to low-latitudes, especially during the equinoctial period of
ization field, which generates the vertical drift or zonal elec- high sunspot years. In addition, it is interesting to note that
tric field, is the zonal neutral wind. Goel et al. (1990) have the day-to-day variation in the occurrences of FPFs and scin-
shown that the polarization field is dependent upon the Edillations at Delhi is well associated with the daily variations
region density, so its effect will be maximum when both the in the daytime electrojet strength and evening hours of h'F
conjugate points in the E-region correspond to the F-region avalues over the magnetic equator. These are more likely to
the equator sunset. Thus, during equinoxes, with the sunseatccur when EEj is 100 NT or more, and h'F reaches 500 km
in the E-region being simultaneous, polarization fields thator more. These two parameters are very important and can
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DELHI (OCTOBER -1979) 2. The occurrence of FPFs is a pre-midnight feature,
whereas scintillations may occur throughout the night.
The scintillations associated with FPFs are character-
4 ized by a deep fading (Sf 60%) with a fast fading rate

600

h'F

500

hF (about 10-15 fades/min).
400 . . 3. The onset of scintillations (associated with FPFs) is of-
ten abrupt, with explosive growth reaching fluctuation
FPF levels of 10-15 dB within a few minutes.
14— 0000—0—0000—————— 000
00000600066 966  CNT. 4. The comparison of Delhi and Hyderabad results show
i IO ST S S that the occurrence of FPFs and scintillations at Delhi

is conditional to their prior occurrence at Hyderabad
(a low-latitude station within the equatorial anomaly

_, 100 + EEJ zone), especially during equinoctial periods of high

w sunspot years.

o Ap

= o ' | ' | o | ! 5. The occurrence of PSSM and FPFs takes place only in
0 10 20 30

the winter and equinox seasons of high solar activity

DAYS ( OCTOBER 1979 ) and they are totally absent during summer at Delhi.

Fig. 4. Diagram showing the daily values df;, electrojet strength
(EEj) and h'F at an equatorial station, Kodaikanal, for the month
of October 1979. In addition, (for comparison) the occurrences of
PSSM, scintillations and FPFs are shown on a daily basis.

6. The occurrence of FPFs and scintillations at Delhi are
strongly dependent on the daytime electrojet strength
variations and are observed only on those days when
EEjis 100 nT or more.

7. Evening hours h'F values are well associated with day-

be used for predicting the FPFs and scintillation occurrences time EEj strength at an equatorial station.

at low-latitudes.

At this point, it is also important to view the relationship  From the present study, we find that FPFs are observed
between the scintillations and FPFs. At the outset, thesgvhen irregularities are intense and occur over a large spa-
are caused by irregularities with different scale sizes. Whenjal extent in the vertical direction. During the develop-
strong VHF amplitude scintillations are considered alone, themental phase in the post sunset and pre-midnight hours, the
order of the scale size involved is a km, while FPFs areequatorial irregularities in the form of plasma bubbles are
caused by irregularities of scale sizes of the order of 50-very strong and occupy several hundred km of the topside
200m. The equatorial irregularities during the post sunsefonosphere. Irregularities with scale sizes extending over
development phase follow a power law density spectrum. Inhundreds of km to cm coexist in this phase. The ambient
order to cause VHF depolarization, the irregularities in theplasma density at locations near the Appleton anomaly crests
scale size range of 50-200 m should have sufficient scattefis higher than those at the equatorial stations by a factor of
ing power; in other words, the overall strength of the irregu- 2—4 during the high solar activity period. This, together with
larities should be very intense. It is also noted that the overkm size irregularities and very intense irregularities of the
all strength of the irregularities is high when the backgroundsjze of 50-200 m, creates a favourable atmosphere for the
ionization is more, i.e. in the presence of PSSM. The factproduction of PSSM, scintillations and FPFs at Delhi.
that the temporal extent of scintillations is always invariably
larger than that of the FPFs shows that the irregularities ofacknowledgementsTopical Editor M. Lester thanks R. Leitinger
smaller scale sizes evolve and decay in a much shorter timand another referee for their help in evaluating this paper.

(an hour or two), compared to the kilometer size irregulari-
ties that may continue to exist even after midnight hours, thus
giving rise to weaker scintillations. References
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