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Measurement of atmospheric radio noise field strength during severe
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Atmospheric radio noise field strength in the tropical station Calcutta have been analysed with a special emphasis on its
types and forms. Some typical records of its variations during disturbed weather conditions due to monsoon depression and

cyclonic storm associated with torrential rainfall are presented.

I Introduction

The electromagnetic radiation originating in
lightning discharges may be received by sensitive
receivers as atmospherics. The integrated field
intensity of atmospherics (IFIA) is the resultant of a
large number of individual impulses originating in
different lightning flashes. The impulses numbering
several thousands per second arrive at the receiver
directly as well as through reflections from the
ionospheric layers'”. Energy radiated by lightning
discharges is distributed over a wide range of
frequencies of the radio spectrum, with the greatest
energy per unit bandwidth occurring at very low
frequencies (VLF). The study of monsoon activity
and its associated atmospherics in the tropics,
particularly, for the Indian region has been a subject
of great interest for Iong‘. A period of heavy rainfall
is usually known as active monsoon and that of light
rainfall as weak monsoon®. This paper presents some

interesting  results of the characteristics of
atmospheric noise as observed during severe
meteorological  disturbances due to monsoon

depression and cyclonic storm.

2 Forms of atmospheric noise and its measurement

Generally atmospheric noise appears in the form of
a continuous background over which distinct noise
bursts are superposed’. Extensive investigations®’
classify the atmospheric radio noise into three
different types. These are:

(i) Type-A: Low amplitude continuous noise. This
arises mainly from distant sources.

(ii) Type-B: This is a burst form of noise. This arises
generally from near sources.

(iii) Type-C: This is also a burst form of noise. This
arises invariably from local sources.

The bursts are usually of shorter duration and
higher amplitudes. For the major portion of the time,
atmospheric noise in tropical countries consists
mostly of noise bursts.

The various instruments used for the measurement
of atmospheric radio noise are ‘quasi-peak meter’,
‘peak meter’, ‘average and r.m.s. meter’, ‘atmospheric
noise burst generator’, ‘pulse rate counter’ and
‘lightning flash counters’. Besides these, tuned radio
frequency (TRF) receivers with proper input circuits
are used to record round-the-clock atmospherics. The
field intensity of atmospherics can be specified in
terms of average, r.m.s., peak value or the amplitude
probability distribution of the noise envelope. Of
these, the average value of the noise envelope voltage
provides most extensive information.

The detector circuit in an atmospheric receiver
meant for the measurement of the noise field is
essentially an average envelope detector. A small bias
is applied to the diode to render signals below a small
predetermined ineffective level. A set of pulses
constituting a “complete atmospherics” is followed by
an appreciable interval before another set appears, so
that the overall time average becomes very small. On
the other hand, interference from a relatively weak
transmission could produce a sizeable average output
value. The small bias is adjusted to avoid detection of
such signal. In fact, such a bias would not be harmful
in the detection of the atmospherics, since an
individual atmospheric pulse is much greater in
amplitude compared to the bias applied even though
the average value is low. The output of the detector
due to an atmospheric would be in the form of a
single pulse as shown in Fig. 1. Such a pulse would be
repeated after an appreciable time interval during
which there is no output and so on.
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Fig. I—Set of pulses constituting a ‘complete atmospherics’ and an interval before the second set appears
3 Observations and typical records (ii) An inspection of other meteorological

For investigating the characteristics of fading
pattern in the intensity level of atmospherics, we
examined the round-the-clock records of atmospherics
taken at Calcutta, during severe weather condition®.
Signatures of some typical records of atmospherics at
30 kHz are shown in Fig. 2. Fadings of long and short
period type were experienced both during monsoon
depression and cyclonic storm associated with
torrential rainfall over Calcutta. The upper panel on
LHS of Fig. 2 [marked as (a)] exhibits the diurnal
variation of atmospherics'” on an undisturbed day at
Calcutta. The record shows the sunrise effect (A),
morning minimum (D), afternoon maximum (E), late
afternoon minimum (F) and night maximum (G). The
remaining four records marked as (b), (c¢), (d) and (e)
are as observed during the heavy rainfall days,
indicating clearly a long period fading in the noise
level both during day and night. Similarly the records
on the RHS exhibit both long and short period fadings
during cyclonic storm. Records shown in Fig. 2 are
representatives of those obtained during similar
events and illustrate most of the features of interest.

Some of the interesting results obtained from the
analysis are:

(i)  Amplitude of fade, in general, tends to increase
with its duration. For majority of the cases
(>75%) the duration of a fade varies from 15 to
60 min, while its amplitude varies from 5 to 10
dB.

parameters, like temperature and humidity,
reveals an almost simultaneous fluctuations of
all these parameters during those days. The
observed meteorological data at 0830 hrs IST
during the four disturbed days from 27 Sep. to
30 Sep. 1978 are given in Table 1. Table 1
reveals that the monsoon depression during its
active period caused good rainfall. For the
severe cyclonic storm also good rainfall was
observed over a wide region.
(iii) Geomagnetic disturbances affect ionosphere
which, in turn, influences radio communication.
In the present case, VLF atmospherics
propagated via the ionosphere may be assumed
to be affected by geomagnetic activity. The
activity indices have been described by Bartels'
in Annals of IGY. The planetary index Cp is
designed to measure solar particle-radiation by
its magnetic effects. The fadings noticed in the
atmospherics  record reveal their close
dependence on geomagnetic activity. In fact, the
values of the magnetic character figure (Cp)
during the days exhibit considerably higher
values (~0.5) indicating an inter-relationship
between the fadings and magnetic activity.

4 Discussion

It appears that both long and short period fadings
occurred mainly during the monsoon depression and
the active cyclonic storms. It is likely that at such



Fig. 2—Sample records of atmospherics showing the fading pattern at 30 kHz. [The y-axes are in
dB above 1 (V/m at a bandwidth of | kHz, while the x-axes denote time in hrs IST. The record
on the left hand side is marked (a) for an undisturbed day: (b), (¢). (d) and (e) are obtained during
monsoon depression, while records on the right hand side are during cyclonic storm].
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Table [—Meteorological data during the monsoon depression

Date in Rainfall Barometric Temp Dew point Relative Vapour
September mm pressure o o humidity pressure

mbar Yo mbar

27 2239 1005.1 31.9 24.9 098 315

28 369.6 1000.8 25.0 24.0 096 298

29 129.3 1004.0 25.0 239 098 29.7

30 004.9 1003.3 25.5 242 093 30.2

times the sources of lightning discharges associated  Acknowledgements

with the storm serve as a local transmitter. Gherzi'
reported that long period oscillation in atmospherics
level occur when a thunderstorm centre becomes
active within a range of 300 km. In the present case
centres of monsoon depression or cyclonic storm are
likely to produce atmospheric gravity wave
perturbations affecting the lower ionospheric
characteristics'*. Evidence for coupling of energy
from the troposphere into the ionosphere has also
come from the observations of temporal variations in
phase and frequency of the reflected radio waves from
the ionosphere”. The air movements during the
concerned severe disturbances might generate gravity
waves which could reach ionospheric heights. Such
disturbances may be due to the perturbation of
electron density in the ionosphere by gravity waves in
the neutral atmosphere which have propagated
upward from below. Gossard" reported that energy
flux of 107 watt m™ at ionospheric heights derived
from the tropospheric disturbances is sufficient to
produce changes in ionization. The fade period of 15-
60 min for majority of the cases in the present
observation is comparable to that reported by
Gossard"! which was in the range 10-200 min.

5 Conclusions

If the observations are supplemented by some other
stations simultaneously, then one can examine how
the distance between a VLF station and the centre of
meteorological activity controls the fading activity,
e.g. its magnitude, etc. It may be a future problem to
see whether the fadings are the result of gravity wave
activity excited locally by the severe meteorological
disturbances or they are directly excited by the
geomagnetic activity.
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