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ABSTRACT

Effect of equatorial anomaly on the propagation characteristics of whistlers observed in low
latitude ground stations during magnetically quiet and disturbed periods is studied with the help of
ray tracing computations. It is shown that the propagation characteristics of night-time whistlers
are affected during disturbed periods only. The propagation characteristics of day-time whistlers are

almost similar during both quiet and disturbed periods,

1, INTRODUCTION

ULLOUGH et al! have studied in detail tie
occurrence and intensity of VLF signals at low,
middle and high latitudes with tte Felp of experiments
aboard arial 3 satellite. Trey have reported that
the intensity of VLF waves is greatly enbanced in the
low latitude region (<< 30° latitude) particularly during
afternoon and evening hours, They have attributed
this enhancement to trapping and ducted propagation
of these signals in the equatorial anomaly. Later on,
Hayakawa and Tanaka? and Hayakawa and Iwai®
have also assumed tte same prenomena for alternoon
and evening hour woistlers observed at Moskiri and
Sakishima Jlow latitude ground stations in Japan

Although the trapping and ducted propagation of
day-time low latitude waistlers in equatorial anomaly
are not vet studied thoroughly, there are certain objec-
tions which rule out the above phenomena to occlr,
First, the electron density distribution with tre ano-
maly peak at the field line is not exactly te Gaussian
type at all the altitudes as found in actual ducts, with
the result of which, the trapped whistler waves can
not be guided throughout the ficld, line upto tFe base
of the F region ionosprere. Second, since the wnists
lers are also obsarved diring night-time w. en the dey-
timre type anomnly does not exist, the question arises
as to how t~e whistlers are propagated to low latitude
ground stations during this time, In tle present
paper, we have carried out ray tracing computations
to study the propagation characteristics of day and
mgit-tims w istiers observed both during quiet and
disturbed periods.
assumntion that the day-time w, istiers are not ducted
in the equatorial anomaily but propagatcd under the
influcnce of its negative horizontal density gradients,
This assumption is based on the results of Aubryd
who has found t' e wave normijs of tre downcoming
wiiistler waves oriented towards the cquator in tie
fow latitude ionosphere possibly as a result of horis
zontal density gradients of the equalorial anomualy.
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For this purpose, we make the

2. IONOSPHERIC MODEL AND THE COMPUTER
PROGRAMME

2.1. Background Electron Density Model

The background electron density model employed
by us in tFe present study is similar to tfat employed
by Singh® and Singh er al®, earlier.

2.2. Eguatorial A_r:omaly Model

Topside sounder data have shown that tre electron
density distribution around tle equator is highly
variable, This kas been named as equatorial ano-
maly’,®, During day-time tFe anomaly indicates two
peaks confined to a particular field line. During
night-time tle two peaks coalesce into one that ljes
on t’ e equator and tfe anomaly is limited to a very
small latitudinal range (&£ 5°°. In order to simulate
such a model of the equatorial distribution in our
calculation, we employ an expression for the Forizontal
density gradients given by Singl?,

N@ = Neo e* iz 0-8), (1)

Here Neo is the reference level electron density, a,
an arbitrary constant whose value dcpends on tle
magnitude of the gradient to be applicd, 8, the colati-
tude, and f, a constant whose value is given by the
cosine of tre latitude at 120 Km where the Forizontal
density gradient becomies zero, For quiet periods,
tFe value of a is taken to be 13 between te latitude
range 22° to 11° and —2from 11° to the equator such
that, at 400 Km, electron density distribution is sinular
to that shown by prefile *AYin Fig. 1. For disturbed
periods, the vulue of a 18 taken to be 11 between tro
fatitude range 22° to §° and zcro fromi 5° to.tte
cquator, This diytribution js shown by *B ' in Fig. 1.
T ¢ 18 ficld tine is shown by dotted curve along which
peahs of the anomaly exist. Tlese profiles fit well
with the experimentally obsenved mtegrated clegtron

conteul profiles of King er «f.b,
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Fic. 1. Electron density distribution of the equa-

torial anomaly during quiet (A) and disturbed (B)
periods simulated in the computations of whistler

ray paths. The dotted curve indicates the field line
along which quiet time equatorial anomaly exjsts.

2.3. Computer Programine

The ray tracing equations and the computer pro-
gramme used by us in our calculations are similar to
those emdloyed by Taylor and Shawhan!®, The pro-
aramme was run at the IBM 360/44 computer installed
at the Delhi University, Delhi,

3. ResurTts AND DISCUSSION

3.1. Propagation Characteristics of Day-time Whistlers

[aitially we calculate the raypaths for the waves of
frequency § KHz in the background electron density
model 2.1 which does not include equatorial anomaly,
The initial latitude is ¢hosen to be 20° at 120 Km and
the initial wave-normal angle Ay = 0° (A, is tre angle
between the vert.cal and the wave-normal, positive
in the clockwise direction-and negative in the anti-
clockwise direction), Tke computed ray path i1s shown
in Fig. 2. We find that the initial and final latitudes
(final latitude means t* e arrival latitude in the oppo-
site Femisptere) of tris ray path are much different
from each otler. Furiter, tfe final wave-normal
angle (wave-noimal angle at 120 KXm in the opposite
hemisplLere) is found to be +110° which indicates
that the waves corresponding to this ray path cannot
penetrate the lower jonospiere to be observed on the

ground,
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Fic, 2, Tke ray path for the waves of frequency
5 KHz computed in the background electron density
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Fig, 3, The ray paths for the waves of frequency
5 KHz computed in equatorial anomaly modz] ‘A°
and ‘B’ for quiet and disturbed periods respectively.
The initial conditions are the same as shown in Fig. 2.

Now we calculate tte ray path for tre same fre-
quency in the day-time equatorial anomaly models ‘ A?
and ‘B’ which correspond to the e¢lectron density
distiibution during quiet and disturbed periods. Tre
initial latitude and tte initial wave-norimal angle are
the same as taken in tte calculation of the ray path
of Fig. 2. Tte computed ray paths are shown In
Fig. 3. We find that the final arrival latitudes of
these ray paths are much closer to the conjugat2 paiot
in the opposite hemijsphere as compared to that of
the ray path shown in Fig. 2. Further, the final waves
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normal angles (Af) of these ray paths are much higher
than that of the ray path shown in Fig. 2, Since the
necessary condition for the ground observation of
such waves is that their final wave-normal angles should
be about +180°1) this condition is nearly satisfied
by the ray paths of Fig. 3 as their final wave-normal
angles are approaching this value. A small change
in the valuz of @ in equation 1 would make tlese wave-
normal angles almost 4+ 180° and the corresponding
waves would be observed on the ground.

3.2. Propagation  Characteristics  of  Nighi-time

Whistlers

Since the equatorial anomaly during night-time is
limited to very narrow latitude range around tfe equa-
tor, perhaps it may not influence tke propagation
characteristics of low latitude whistlers., Tlen the
question arises how the low latitude whistlers arz
propagated to ground stations during night-time, If
these whistlers are not influenced by any brorizontal
density gradients existing in the ionosphere, then t}eir
propagation paths will be similar to those as shown
in Fig. 2 and, as discussed earlier, such waves will
not be observed on the ground. In order to solve this
problem we mention here the results of Singh and
Tantry'? who have computed the ray paths of multi-
flash whistlers observed in the low latitude ground
station of Nainital in an ionospheric model which did
not include any borizontal density gradients, but the
initial wave-normal angle was chosen to be non-vertical
(A, = 6°)., Although the wave-normals of the up-
going whistler waves are normally upward at 120 Km,
they may be sometimes non-vertical also as a result
of refraction from sporadic E layers or from any other
small scale irregularity existing in tle lower region
of the ionospheret. Perhaps on account of these
reasons, the wnistler activity at low latitude ground
stations during night-time and quiet periods is very
low?e,

Experimental evidence has shown that during
magnetically disturbed periods large negative hori-
zontal density gradients in the jonization of the F
region ionosphere exist during night-tume at low lati-
tudes®. Sing4® has calculatzd tl.e ray patls of whist-
ler waves including thece gradients in his jonospleric
mode]l and bas explained the propagation characteri-
stics of low latitude wbistlers at tte ground stations,
H.: has also correlated the bigh whistler activity at
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the ground with the existence of negative F orizontal
density gradients of the jonization during t}e peEriods
of magnetic disturbances, We also feel tFat the nigh t-
time equatorial anomaly which is limited to a narrow
latitude range during quiet periods extends to a wice
latitude range during disturbed periods and produces
a negative horizontal density gradients in tfe ionj-
zation. Under the influence of such gradients tf e low
latitude whistlers will be propagated in a2 manner
similar to that as shown by Singh?.
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