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INTRODUCTION
In the earth ' s atmosphere electrical phenomena
(electric fields , lightning discharges , etc . ) are commonly
associated with strong convective motions in clouds . Ob servations show that t hunderstorm clouds are typ i cally
positively charged near their tops and negatively charged
near their bottoms . The mechanisms producing the space
charge and the attendant electric fields are poorly under stood .
In fact , ~here is some question as to whether pre cipitation is involved in the generation of the space charge
or whether the formation of the space charge and electric
fie l ds causes precipitation .
The presence of electric fields associated with
dust devils would indicate that water is not necessary or
is not the only mechanism for the production of space charge .
It would seem reasonable therefore to expect some electrical
phenomena in the atmospheres of those planets which have
clouds and/or high wind velocities .
Lightning Discharges
The discharge process begins with the formation of
weakly ionized pilot streamers which advance in steps of
10 - 100 meters in times of the order of 10 to 100 ~sec .
The
pilot streamer is followed by a highly ionized leader carrying
a current of several hundred amperes and traveling at a velocity
of approximately 100 m/sec . The advance of the leader is fol lowed by the formation of a new pilot streamer and the sequence
pilot- leader - pilot is repeated every 10 to 100 ~sec , over a
period of about 1 msec . The short time scales involved in
these current motions give rise to radiated energy at high
frequencies (up to 10 MHZ ) .
In particular the repetition
of the strong current pulses in the leaders at intervals of
10 to 100 ~sec results in considerable energy being radiated
in the 20 to 50 KHZ region of the spectrum .
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If one of the leaders reaches the ground a return
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stroke of high intensity (10 amps) starts toward the cloud .
The time of travel or the return stroke from the ground to
the cloud bottom (1 - 2 km) is about 50 to 100 ~sec .
This part
of the dis charge radiates considerable energy in the 5 to 10 KHZ
port ion of the spectrum . Howe ver , lightning discharges do not
always reach th e g round and in tropical latitudes where the
cloud bottoms tend to be high there are many discharges within
cloud. or from cloud to cloud .
In discharges of this type
(no ground return st r oke) the intense band of radiated energy
between 5 and 10 KHZ is absent .
The time occ u pied by that part of the discharge process
described abo v e is a l ittle over 1 msec (pilots and leaders 1 msec , return stroke . 1-. 5 msec) . However at l east half of
the clO Ud - ground discharges are composed of multiple strokes
separated by approximately 100 msec so that the total time
for the complete discharge process can be as large as 200 to
500 msec .
Observations of sferics have shown that the energy
at the lower frequenc i es (10 to 50 KHZ) from the leaders and
retu r n strokes arri v es i n a series of discrete pulses while
at the higher frequencies (>1 MHZ) the ~nergy arrives almost
cont i n u ous l y ov er the period of the complete discharge (200 - 500 msec) .
Observations of the Spectra of Sferics
.
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The e l ectromagnetic radiation produced by li ghtn ing
discharges r ang es in frequency from the visual to a few HZ .
The study of sfe r ics (the longer wavelengths) encompasses the
region from 1 0 HZ to 20 MHZ with a preponderance of observa tional data in the range from 1 to 100 KHZ .
The average amplitude spectrum of nearby (30 to 50 km)
lightning discharges typically exhibits a broad maximum between
5 and 10 KHZ and a mi no r peak or plateau near 30 KHZ . Above
l
50 KHZ the spec t rum falls off as f From the discussion in
the previous section we can attribute most of the energy in the
5 to 10 KHZ r egion to ground return strokes and the energy above
30 KHZ to the precurso r s (pilot streamers and leaders) .
The spe c tr um as outlined above is essentially the
same as the source spectrum . However for distances greate r
than a few hundred km the source spectrum will be modified by
the res po nse of the earth - ionosphere waveguide . This waveguide
has a maximum attenuation of - 20 db/lOOO km at 4 KHZ ; above this
frequency the attenuation falls off rapidly to a minimum of - 2 to
- 5 db/lOaD km near 20 KHZ . Above 20 KHZ the attenuation increases
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slowly so that it is - 10 db/lOOO krn at 100 KHZ . The major
effect of the waveguide is to introduce a sharp minimum near
~ KHZ in the spectrum of discharges which originate at distances ~ reater than a few hundred km .
\,

The observed spectra of distant lightning discharges
exhibit a steady ci.ecrease in amplitude bet~...,een 1 and ~ YI ' Z by a
factor of 10 , a broad maximum between 7 and 20 KHZ and a rate - 1
of decrease of amplitude above 20 KHZ roughly proportional to f
.
In addition to the waveguide attenuation the field
has an inverse dependence (d - l ) on the distance t o the storm
center . ~he measured amplitudes in a 1 KHZ band at a distance
of 10 km from the source are given in Table 1 (Horner , 1965) .
The Frequency of Lightning Discharges
Horner (1965) estimates the time - area density (II)
of the number of discharges in a typical storm as

N = 5.0

10

-6

/km

2

- sec

For a storm of 104km2 (106 km 2) this results in an average
separation between discharges of 20 sec ( . 2 sec) . At the
higher occurrence rate the time between discharges (200 msec)
becomes of the same order as the total time occupied by the
discharge (200 - 500 msec) and the resolution in time of in dividual discharges is not possible . However , the low fre quency energy (10 - 100 KHZ) of the discharge is present in
discrete pulses of a few msec duration and these will be
separated in time . A detector with a resolution of 1 to 10 msec
should be able to resolve these discrete, low frequency pulses .

SUMMARY
Electric phenomena (space charge , electric fields ,
lightning , etc . ) are to be expected on any planet with clouds
and/or high wind velocities and convective motions .
If the discharge process is similar to that in the
earth 1s atmosphere the optimum frequencies (from the radiated
power viewpoint) at which to observe sferics would fall in
the range between 10 KHZ and 100 KHZ . For a planet like Venus
where the cloud bottoms may be quite high (20 km) the discharges
ar e more likely t o be within the clouds .
I _ this case the peak
radi a ted energy , due to the leaders , should be near 30 KHZ .
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The frequency range 20 to 50 KHZ i~ also desirahle
from the stand~oint of the time resolution of indiviJual events
since the energy at these fr equencies is distributed in a ser i es
of di~crete pulses of short duration (2 msec) .
Seve ral aspects of the ground - ionosphere wavefuide
of the earth and Venus are similar ; for example , the planetary
radii and the a l titude to , as well as e lectr on density in the
low e r ionosphere . The thickness of the two waveguides (70-90 km)
is similar provid~ng the surface material of Venus is a reasonably
good conducto r . However , the electron collision freauency in
the lower ionosphere of Venus is g~e ater than that of the
earth Ts ionosphere and this wou l d l~ad to g reater attenuation
factors .
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ABSTRACT

Electric phenomena (electric fields , space charge
and lightning) are to be expected in any planetary atmosphere
that has clouds and/or high wind velocities .

The characteris -

tics of the electromagnetic radiation from lightning dis charges on earth are reviewed and from this it is concluded
that the optimum frequency band for the detection of sferics
(the low frequency electromagnetic radiation) on Venus lies
between 20 and 50 KHZ .

- - - - _. _- - - - - - .

- 0BELLCOMM, INC .

'l'A.BLE 1

CH.ARACTERISTICS OF SFERICC', IN A 1 KHZ EMW
AT 10 KM FROM THE SOURCE

Fr e q uency

Peak Amplitude
(Millivo lt s/meter)

KHZ

1 600

10 l'-1HZ

1. 1

100 r1HZ

.1

10

Flux
2
(Joules/meter)
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