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Whistlers are exotic electromagnetic phenomena produced by lightning discharges and have been
regarded as cheap and effective tool for the case studies of plasmasphare diagnostic since the early
years of whistler research. Recently, at Indian low latitude station Varanasi (geomag. lat. =14°55/
N, long. = 153° 54/ E) an Automatic Whistler Detector (AWD) has been installed in Dec, 2010
for detection and analysis of whistlers. This instrument has two main propose (i) to automatically
detect and collect statistical whistlers data for the investigation of whistlers generation and propa-
gation and (ii) to provide plasmasphere electron densities extracted from whistlers. In the present
paper, we have analyzed the multiple whistlers recorded on 21 Feb. 2011 and computed the various

magnetospheric parameters.

I. INTRODUCTION

Whistlers are electromagnetic phenomena pro-
duced by the propagation of the radio energy from
lightning-generated sferics through the ionospheric
and magnetospheric plasma [1]. Whistlers are
identified as audio-frequency radio signals that
usually begin at high frequencies (on the order of
10 kHz) and typically fall in frequency to ~1 kHz
in about 1 s [2].

Lightning strokes produce sferics, which are
intense impulses of electromagnetic energy with
a spectrum dominated by the very low frequency
(VLF: 3-30 kHz) range. Some fraction of this
energy penetrates up through the ionosphere and
travels through the magnetospheric plasma in
the whistler mode [3]. As the electromagnetic
wave travels through the plasma environments of
the ionosphere and magnetosphere, it undergoes
dispersion. = Because the propagation velocity
decreases with frequency, the lower frequency
components of the wave arrive later than the
higher frequency components [4]. When the waves
have penetrated into the magnetosphere there
are two options: the waves can follow a duct of
enhanced plasma density which is aligned with
the magnetic field lines, or take another curved
path that does not perfectly follow the field lines
[5].

The formation of whistler ducts has also been
studied by many workers theoretically, and it has
been suggested that VLF ducts may be formed
by flux-tube interchange under the influence of
localized transverse electric fields [6-8]; however,
the origin of these fields is still controversial.
Whistler mode waves are approximately guided by

the Earth’s static magnetic field. If, in addition,
the waves are trapped in a duct of either enhanced
or depleted plasma density then the wave normal
is confined to a relatively small range of angles
with respect to the magnetic field [9]. In the
absence of a duct the wave normal deviates
progressively from the magnetic field. Due to the
increased presence of ions at lower altitudes, the
wave is eventually reflected at the lower hybrid
resonance (LHR) frequency, generally at some
significant height above the ionosphere [10]. When
electromagnetic waves reach the ionosphere in the
conjugate hemisphere they are ecither reflected
back into the magnetosphere or infiltrate the
Earth-ionosphere waveguide, where they may be
detected by receivers on the ground [3].

At very low latitudes the inclination of the
magnetic field is not favorable for trapping
whistlers in ducts. So even though lightning
is most prevalent here, whistlers are very rare.
At medium latitudes whistlers become far more
common. Whistlers recorded in this region have
the general characteristics of higher frequencies
arriving before the lower frequencies.  These
whistlers propagate mainly through the plasma-
sphere. At higher latitudes the whistlers have a
distinct nose-frequency. Since night and daytime
whistlers have different occurrence and dispersion
characteristics, their propagation mechanisms
must also be different [11]. The specific shape of a
whistler is determined by the plasma density and
strength of the magnetic field in the duct.

In the present study, we have presented the
multiple whistlers observed at our low latitude
station Varanasi on 21 February 2011. The details
about the experimental setup of newly installed
Automatic Whistler Detector (AWD) at Varanasi
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are presented in section 2 and the theory of and
formulation for computation of magnetospheric
parameters are presented in section 3. The results
of this study with discussions are presented in
section 4. Finally, the conclusion of the study is
presented in section 5.

II. EXPERIMENTAL SETUP

This paper presents the first result obtained by
the Automatic Whistler Detector (AWD) installed
at Indian low latitude station Varanasi. A detailed
description of the system operation and algorithm
development can be found in Lichtenberger et al
[12]. The incoming VLF data stream is sampled
at a rate of 44.1 kHz using a 16-bit soundcard in
a standard personal computer. The data stream
is taken from the magnetic North-South and
Fast-West loop antenna. While the operational
system can independently sample from the data
streams provided from both the NS and EW loops.

The AWD system has been installed and work-
ing at Varanasi since December, 2010 and has col-
lected a lots of VLF data which consists of variety
of whistlers. The detectors algorithm is based on
image correlation where the target image is pre-
processed spectrogram of raw VLF signals and the
pattern is a model whistler. The development phi-
losophy of the whistler detection algorithm was
to ”over trigger” i.e., to attempt to capture all
possible whistlers but accept some events will be
captured which do not represents whistlers. The
whistler detector output is then manually exam-
ined ”by eye” to determine if the 4 s captured
record contains a whistler.

III. PLASMASPHERIC PARAMETERS

For longitudinal propagation the whistler mode
dispersion relation is given as [5]

cE w

where m is the refractive index, P and W are
the plasma and gyrofrequency, and w is the wave
frequency. Since the refractive index depends
on frequency, the whistler mode is dispersive,
which is commonly characterized by the dispersion

Do =Tv/f (2)
wherew = 2nf and T is the time delay of the
signal at frequency f. The dispersion and group
delay are primarily dependent upon the cold
plasma electron density and the Mcllwain L-shell

"

of the whistler duct.

Dowden and Allcock [13] found that the nose
whistler gave a mean ratio of zero-Q frequency (fy)
to observed nose frequency of 3.090.04. This prop-
erty was used to determine the nose frequency (f,,)
of the whistlers, which do not exhibit nose by ex-
trapolating the Q(f) regression line obtained from
t(f) measurements within the available frequency
range. Thus, f,, is determined by using the relation

Jn=fo/3.1 (3)
and hence fgeq, the equatorial gyrofrequency
along the field line, through the relation
fo = 04fpeq[14].

Various models have been wused to calculate

the electron-density variation such as: Dungey
Model (N = Ny e**F) Johnssin-Smith Model
(N = Nofyg e*°F), Gyro-frequency Model (N =
Nogfr) [5]. Smith [15] has derived an average
model based on the gyro- frequency and is given as:

N =1.2x10"fy (4)

where N is the number of electron cm™2 and

fg is the gyro-frequency in Hz. Plasmaspheric
electron densities are an important parameter
for describing the condition of the near-Earth
plasma and the waves that propagate through this
plasma. Plasmaspheric electron densities strongly
determine the resonant energy for energetic
electrons resonating with VLF waves [16].

The frequency of minimum time delay which
dependent on the strength of the Earth’s magnetic
field along the path of propagation was a partic-
ular interest since it provide for the first time a
means of determining the latitude or the path of
propagation [17]. The variation of L-value with
time in the equatorial plane can be determined
from measuring the nose frequency and written as

L=9.56/f] (5)
where fg. in kHz.

Plasma drift velocity is related with the
magnespheric plasma drift caused by large scale
East-West electric field. The central dipole is used
to present the geomagnetic field. The convection
electric field, in a dipole model, in the equatorial
plane [17]

2 d

dt
where f,, in Hz. Hence from this equation we can
derive the convection electric field.

E=207%x10 2= (f23yWvm™* (6)

IV. RESULTS & DISCUSSION

Large no-umber of whistlers has been observed
during routine recording of VLF data by AWD at
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FIG. 1: Typical Example of Doublet as well as Multiple
Whistlers.
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FIG. 2: Variation of the (f")z/?’ with time.

Varanasi in the month of February 2011. Figure
1 shows typical example of multiple whistlers
observed on 21 February 2011. Figure 1 is made
up four sub-figures A, B, C and D. There are dou-
blet whistlers in the sub-figure A and B recorded
at 02:38:50.5 and 02:50:25.8 IST respectively.
Sub-figure C contains six whistlers observed
at 03:13:22.8 IST. Similarly the sub-figure D
observed at 03:18:7.5 IST shows four whistlers.

The characteristic plasmaspheric parameters
are computed using Figure 1 and the equations
(1) - (6). These plasmaspheric parameters of the
discussed doublet as well as multiple whistlers
shown in Figure 1 are tabulated in Table 1.

The whistler propagation path and plasmas-
pheric parameters are derived by determining the
nose frequency f, of the recorded whistlers using
the nose extension method of Dowden and Allcock
[13]. Dispersions of whistlers have been calculated
by equation (2). We have computed the electron
density at equatorial height of the duct and nose-
frequency with the help of equation (4) and equa-
tion (3).

We have computed the paths of propagation i.e.
L-value of analyzed whistlers of the sub figure A

as 3.4 and 3.9. For the figure B, L-values are 3.9
and 4.5.; for the figure C it lies between 3.9 and
4.9. Similarly calculated L-value for the figure D
is 3.6, 3.9, 4.6 and 5.07 respectively.

Dispersion for the whistlers varies between 12
and 17 sec’/2. The dispersion of the whistlers
observed at the Indian stations range from 10
sec!/? to 70 sec'/? [11]. Thus our computed
results are comparable to the other reported
results at low latitudes. Dispersion of the whistler
depends upon the path length, electron density
and magnetic field distribution along the path
of propagation. Low dispersion may arise if the
propagation path is small. In that case the to-
tal propagation path may lie in the ionosphere [17].

The equatorial electron densities of the ob-
served whistlers varies between 10.09x10? cm™3
and 95.70x10%2 cm™3. The equatorial electron gy-
rofrequency varies between 6.23 to 20.49 kHz and
the nose frequency of these observed whistlers lie

between 2.3 to 8.9 kHz. The variation of ff/‘3 with
time is shown in the Figure 2. The slop of the
trend line gives the electric field as 0.051 mVm™1.
Singh et al. [18] shown that the quiet time elec-
tric fields usually lie between 0.05 mVm~™! and
0.15 mVm™!. Thus our results derived from the
whistlers observed at Varanasi during quiet period
of 21 February 2011 lie well within the range re-
ported by other workers.

CONCLUSION

Whistlers are very useful means for exploring
the ionosphere and magnetosphere and play an
important role in the physics of magnetospheric
plasma waves and particle and are responsible for
the estimation of many atmospheric parameters.
Whistlers acquire their characteristic frequency-
time structure as they propagate through the mag-
netospheric plasma by virtue of the dispersive na-
ture of the whistler-mode. The large numbers
of doublet and multiple whistlers observed at our
low latitude station Varanasi on 21 February, 2011
have been analyzed using Dowden-Allcock linear
Q-technique. Our dispersion analysis shows that
the observed whistlers have propagated in ducted
mode along higher L values and after exiting from
the duct they penetrate the ionosphere and are
trapped in Earth ionosphere waveguide and are
received at Indian low latitude station, Varanasi.
The electron densities varies 10 to 95 102 cm~3.
The electric field is found to be 0.051 mVm™!.
The electron density and electric field derived from
whistler data at Varanasi compare well with the
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Date: Dispersion Do | Nose Equatorial L-value Equ. electron
21-03-2011 (Sec'?) Frequency Electron Density
£ (kHz) Gyrofrequency oy x 107 cm™)
Jiteg (KH)
A | W1 12.19+1.3 8.19+0.4 20.49+0.8 3.49+0.2 24.59
W2 17.35+0.75 5.76+0.8 14.40+0.9 3.92+0.3 17.28
B | W1 17.30+01.9 5.7+00.7 14.40+02.3 3.9+0.2 17.33
W2 27.04+3.5 3.69+0.6 9.24+1.9 4.5+0.2 10.09
C [ W 17.19+4.5 5.81+0.8 14.54+2.1 3.9+0.3 17.45
W2 23.12+6.8 4.32+1.1 10.81+£2.9 4.32+0.3 12.97
W3 25.73+8.2 3.88+0.8 9.71+2.05 4.48+0.4 11.65
W4 26.13+6.8 3.82+0.7 9.56+1.8 4.50+0.3 11.47
W5 31.34+2.7 3.19+0.1 7.97+04 4.7+0.1 95.70
Wé 34.97+8.7 2.86+0.7 7.15+£1.9 4.96+0.4 85.88
D | W1 13.52+1.1 7.39+0.2 18.48+0.6 3.61+0.1 22.18
W2 17.98+3.8 5.55+0.7 13.89+1.9 3.97+0.2 16.67
W3 29.36+6.7 3.40+1.1 8.51+2.8 4.68+0.3 10.21
W4 37.36+9.8 2.67x1.7 6.23+4.2 5.07+0.4 80.29

other measurements made by other techniques.
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