
Low latitude sub-ionospheric VLF signal behaviour during the two recent solar
eclipses: observation and simulation

Sujay Pal1, Surya K. Maji1, and Sandip K. Chakrabarti1,2

1 Indian Centre for Space Physics, 43 Chalantika, Garia Station Road, Kolkata-700084, India,
myselfsujay@gmail.com, surya@csp.res.in

2 S. N. Bose National Centre for Basic Sciences, Block-JD, Sector-II, Salt Lake, Kolkata-700098, India,
chakraba@bose.res.in

Abstract

We present the VLF observational data from the VTX (18.2 kHz) and NWC (19.8 kHz) transmitters during
the solar eclipses of July 22, 2009 and January 15, 2010. The data were collected at several receiving
stations in India and the corresponding VLF amplitudes show all possible behaviour with respect to different
propagation conditions. We simulate the observed behaviour of the VLF signals using the most-well known
Long Wave Propagation Capability (LWPC) code and find the corresponding ionospheric parameters during
the solar eclipses. We show that the VLF radio data during solar eclipses incorporate the effects of short-
period (∼min to hrs) atmospheric gravity waves. We find dominant wave-like oscillations with periods
ranging from 10 minutes to 1 hour around the time of maximum eclipse phase. We also present the anomalies
in the topside ionosphere during these two solar eclipses. Measurements of the densities and temperatures of
the thermal electrons and ions were provided by the DEMETER satellite, which flew near India during the
time of partial solar obscuration. We find decrease in plasma density, electron and ion temperatures along
the orbit by several unit.

Introduction

Solar eclipses provide us a great opportunity to study the sub-ionospheric VLF signal propagation effects
under a controlled experimental condition. The ionosphere experiences a virtual sunset and a sunrise in
quick succession during the eclipse period. The UV and soft X-ray photons from the solar disk are totally or
partially blocked for a certain time interval giving an ideal opportunity to study the global variation of ion
concentration in the ionosphere which could be useful for understanding ion chemistry and the mechanism
of long wave propagation inside the earth–ionosphere waveguide. Keeping this in mind, Indian Centre for
Space Physics (ICSP) conducted VLF campaigns during the solar eclipses of 2009 and 2010.

We use the LWPC code to calculate the amplitudes at receiving sites corresponding to normal and
partially eclipsed-ionosphere conditions. Partially eclipsed D-region ionosphere is modelled according to
the degree of solar obscuration S(t) along each propagation path where it is assumed that the D-region
parameters β and h′ vary linearly with S(t) due to the eclipse. We find that the VLF reflection height
parameter h′ has increased by +4.0 km and the sharpness parameter β has increased by +0.04 km−1 at the
receiver site of Kathmandu and Raiganj which experienced the total solar eclipse of July, 2009. The small
time lag between the simulated eclipse minimum and observed eclipse minimum indeed indicates that the
observed eclipse effects are not linear with solar obscuration.

During the solar eclipse of January 2010, a C1.3 type solar flare also occurred which was partly blocked
by the lunar disk, giving the resultant signal perturbed both by the eclipse and by the flare. We extract
the time variation of the electron density profile in the D-region of the ionosphere due to occulted solar flare
from the combined effect of the eclipse and the flare.

Solar eclipse also generates atmospheric gravity waves in the upper atmosphere which propagates away
from the cool spot of the moon’s shadow on the Earth’s atmosphere. The sub-ionospheric VLF waves also
preserve the information about the atmospheric gravity waves. The strong gravity wave periods ranging from
10 minutes to 1 hour during the maximum solar eclipse phase are found for some of the receiving stations.
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