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CHAPTER I 

1. INTRODUCTION 

1.1 THE ATMOSPHERIC ELECTRICAL CIRCUIT 

The existence of electricity in the earth's atmosphere was first 

discovered by the French scientist T. F. d' Alibart on 10th May 1752 at 

Marly near Versailles, and reported three days later to the Academie des 

Sciences in Paris, although it is generally attributed to the renowned 

scientist-statesman Benjamin Franklin of the United States. Franklin, 

without knowing about the Frenchman's discovery, independently con­

ducted the experiment in June of the same year and obtained similar 

results. Both these experimenters, and several others who repeated the 

experiment, had confined themselves to the observation of the electrical 

nature of lightning strokes. The discovery that the atmosphere exhibits 

certain electrical characteristics even on a day of very fine weather was 

made by another French scientist, L.G. Lemonnier. He soon concluded 

that electrical phenomena are a permanent property of the atmosphere. 

Another important discovery of the early phase was that of C.A.Coulomb, 

who found that a well-insulated conductor, exposed to air. soon lost its 

charge. He concluded that air must be slightly conducting. Although 

this discovery was made in 1785. it was not properly appreciated at that 

time and lay ignored until the experiment was repeated a hundred years 

later. 

The first attempt to explain the observed atmospheric electrical 

phenomena was made by Alessandro VoIta. He hypothesized that as 
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water evaporates from the surface, it carries away some positive charge, 

leaving the earth negatively charged. Although this theory was 

eventually found to be incorrect, it is interesting to note that his 

theory has, in common with the modern understanding of the generation 

process of the atmospheric electric field, the phase transition of water 

contributing to the generation of the electric field. Later, A. Peltier 

proposed a slightly modified version of the theory. He proposed that 

the earth had an acquired negative charge which is carried upward by 

water evaporating from the surface. However, since the resultant 

charge concentration is less in the atmosphere than on the earth, the 

lower negative charge was being observed as a positive charge. In 

spite of its limitations, his theory is considered to be remarkably clear 

and consistent, and it enabled the problem to be tackled mathematically. 

This apparently helped later investigators like W. Thomson (Lord Kelvin) 

to virtually revolutionize the investigation of atmospheric electricity. 

The modern theory of the atmospheric electrical circuit was 

originally formulated by C.T.R.Wilson 0920, 1929) and A.Wigand <1927 

a,b), who were the first to suggest that the driving force behind the 

atmospheric electric circuit was to be found in the so-called "disturbed" 

regions of the atmosphere - namely, the large number of active 

thunderstorms always present around the globe. The existence of ions 

in the atmosphere (EIster &. Geitel, 1899), and that of the highly 

conducting layer in the upper atmosphere, the Kennelly-Heaviside layer, 

had already been established by then. Still the world was not very 

willing to accept the new theory, mainly because it conflicted with the 

existing knowledge about the thunderstorm at that time. Their theory 

has, however, come to stay, and the accepted model of the atmospheric 
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electric circuit largely follows the lines suggested by Wilson and 

Wigand. Generally known as the "spherical capacitor theory", an outline 

of the model is given below. 

1.1.1 The spherical capacitor theory 

Electrical processes in the earth's atmosphere have their origin 

in the production of ions in the air. Ionization of air below about 60 

km is mainly due to galactic cosmic rays. As the cosmic rays penetrate 

deeper into the atmosphere, they produce greater ionization, down to 

about 15 km altitude. Below this altitude ionization is seen to decrease 

progressively down to about 2 to 3 km. Over land, from the surface up 

to 2 to 3 km, the dominant ionizing agent is radioactivity. Very close 

to the surface, the nuclear radiations from the radioactive minerals in 

the soil dominate. Their influence, however, is limited to a very short 

distance. At higher altitudes, radioactive gases released from the soil 

and their decay products which are radioactive, only are important. 

The concentration of these gases, and consequently the ionization 

produced by them, decreases with altitude. 

The ionization of air results in air having a finite conductivity. 

The conductivity of air depends on the concentration and mobility of 

ions. Mobility is the drift velocity acquired by an ion in a unit electric 

field. It depends on the mass, being higher for lower masses. To be 

precise, the conductivity due to one type of ions is the product of the 

concentration n and mobility p of the ions and the charge on the ions. 

If more than one type of ions are present, then the contribution from 
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each type will have to be accounted for. Thus the positive or negative 

polar conductivity can be written as : 

A* = E n*eJ'* 
(Lt) 

+ + .where rr, ~, and e are the number density, the mobility and the charge 

on the ions, respectively, and the summation is taken over the different 

types of ions present. Since both positive and negative ions are 

present in the atmosphere, the total conductivity of air is the sum of 

the polar conductivities, that is, Atot = l + ,f. Virtually all the ions 

found in the atmosphere are singly charged, so that the e in the 

equation becomes equal to the electronic charge. Ion number density 

does not vary very widely in the region of the atmosphere below about 

70 km. On the other hand, ion mobility, being a function of mean free 

path, increases exponentially with altitude. Conductivity also conse-

quently increases rapidly with altitude, except in the region from the 

surface up to 2 to 3 km. (This is the region where ionization is mainly 

due to radioactivity, and conductivity decreases with altitude). A 

typical conductivity profile from the surface up to 35 km, measured 

from Hyderabad, India (Kuraii Das, et al., 1991) is shown in Figure 1.1. 

At an altitude of about 60 to 65 km, the conductivity is sufficiently high 

for any electrical disturbance at one point to be distributed all over the 

globe within a time period) that is small compared to the time scales of 

the electrical processes in the atmosphere. This equalization layer is 

usually called the electrosphere. Often, the ionosphere is taken as the 

equalization layer. 

The electrosphere and the earth's surface together form a 

spherical capacitor that acts as the main element in the atmospheric 

electrical circuit. This capacitor is charged continuously by the 
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roughly 1500 active thunderstorms present around the globe at any 

given moment. The electrospheric potential has been found to be about 

250 to 300 kV (for instance, Mark80n, 1985). This is maintained by the 

cparging current from the thunderstorms and a corresponding discharge 

current that flows through the fair weather region of the atmosphere. 

The charging current from the thunderstorms to the electrosphere is 

mainly a conduction current. Charge transfer from thunderstorms to 

the earth takes place in different forms. Lightning is the most obvious 

process. The rain from these clouds also carry some charge (Chalmers, 

1951 a). Point discharge currents from pointed objects beneath the 

thunderstorm is also important (Chalmers, 1951 b; Kamra • Varshneya, 

1967). Significant currents may be provided even by point discharge 

beneath dust storms (Kamra, 1969,b), which are known to be electrified. 

The discharge current is a conduction current that flows from the 

electrosphere to the earth, the magnitude of which at a given place 

depends upon the columnar resistance of the atmosphere at that place. 

Since it may be assumed. as a first approximation. that there are no 

current sinks in the atmosphere. the electrosphere-earth current can 

be considered to be constant with altitude. This. in combination with 

the varying conductivity. creates an electric field that varies with 

altitude in a manner that is opposite to that of conductivity. This 

electric field is almost entirely oriented in a vertical direction since 

horizontal gradients of electric charge are of a very small magnitude 

throughout the atmosphere. The electric field E. the conduction current 

density J, and the conductivity A at any point in the atmosphere are 

related by the equation J = AE. From the discussion above. it can be 

seen that the independent parameter here is the conductivity A. the 

other two being dependent on it (and the electrospheric potential). 
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The spherical capacitor consisting of the earth and the electro-

sphere, the power source formed by the large number of active 

thunderstorms around the globe that charges this capacitor, and the 

fair weather region of the atmosphere that acts as a leaky dielectric 

and provides the discharge path together forms the a.tmospheric electric 

circuit. Figure 1.2 shows a schematic diagram of the atmospheric 

electric circuit. Analytical and numerical models of the whole circuit 

and parts of it have been constructed and studied by several workers, 

for instance, Hoppel (967), Chand &. Varshneya, (973), Bays &. Roble 
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(979), Roble " Bays (979), Willet (979), Varshneya (980), Tuomi (982), 

Makino " Ogawa (984) Nisbet (985) and others. 

The description given above is for an ideal situation where there 

are no external factors that influence the circuit. Since the earth and 

the electrosphere are considered to be almost perfect conductors of 

electricity, it used to be presumed that electrical influences from 

outside this region would not penetrate below the electrosphere. 

However, there is growing evidence to the contrary. For instance, 

coupling between ionospheric and lower atmospheric processes have 

been reported (Park " Dejnakarintra, 1973; Park, 1976; Dutra et al, 

1992). Solar flare has been found to modify electric fields in the 

stratosphere (Bolzworth " Mozer, 1979) and at the surface (Cobb, 1967; 

Sao, 1967; Reiter, 1969; Reiter, 1970. Markson (978), Muir (979) and 

Markson " Huir (980) have suggested the possibility of sunspots and 

other sun-related phenomena affecting the electrical processes on the 

earth and thereby even the weather. 

1.2 ION PRODUCTION IN THE ATMOSPHERE 

As mentioned in the previous section, the main reason for the 

existence of electrical phenomena in the earth's atmosphere is that air 

is a conductor of electricity, although a weak one. This is due to the 

presence of ions in the air. Both positive and negative ions are 

present in equal numbers so that on the whole the air is neutral. 

These ions are produced in air by the removal of one or more electrons 

from some of the air molecules. This is possible if sufficient energy for 

the removal of the electrons is supplied by some external source. After 
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ionization, the ions formed undergo changes very quickly, through 

electrostatic interactions with other molecules and aerosols present in 

the air, until a relatively stable structure is formed. This survives in 

a more or less unchanged form until two ions of opposite polarity meet 

and com bine to form neutral species. A brief outline of the processes 

involved is given in this section. 

1.2.1 Sources of ionization 

In the earth's atmosphere, ionization is produced by different 

agencies in different regions. Above about 60-65 km altitude, the main 

source of ionization is electromagnetic radiations from the sun, ranging 

from X-rays to the ultraviolet. In the region below, galactic cosmic 

rays form the main source, except in a thin layer, of about 2 to 3 km, 

over land. In this region, the dominant sources of ionization are the 

nuclear radiations from radioactive minerals in the soil, and the 

radioactive gases released into the atmosphere from the soil and their 

daughter products. In the region where ionization is due to solar 

radiation, the rate of ionization shows large variations with time because 

of the variations in the incident radiation. Since galactic cosmic ray 

intensities remain more or less uniform over long periods, the ion 

production rate in the region of the atmosphere from about 2 to 3 km 

to about 60-65 km altitude remains constant with time; but it shows a 

variation with latitude. The occurrence of radioactive minerals varies 

widely from place to place, and the presence of radioactive elements in 

the air is also influenced by meteorological factors. Ionization due to 

radioactivity is therefore strongly dependent on the place and time. 

Since the present work is confined to a region close to the surface, 
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natural radioactivity and its atmospheric electrical effects will be 

discussed later in somewhat greater detail. 

There are other sources in the atmosphere whose contribution to 

the total ionization is rather small, but may be important at specific 
, 

places during specific time periods. The lightning discharge is one of 

them. Lightning is produced mainly as a part of thunderstorm activity, 

although similar discharges have been observed during volcanic 

eruptions, and even during a strong dust storm (Kamra, 1969,b). Snow 

storms and dust storms are known to be highly electrified (Kamra, 1972, 

a). Kamra (1972, b) observed sparks extending a few metres upward 

into the air over gypsum dunes in New Mexico when strong winds were 

blowing large quantities of sand into the air. Apart from these 

phenomena involving intense activity, it has been found that ions are 

generated in several common processes. For instance, it has been found 

that the water splashing at the bottom of a waterfall releases ions into 

the atmosphere (Lenard, 1892; Pierce &: Whitson, 1965). Water drops 

falling from a height, for instance during rainfall, on different types of 

surfaces release ions at different rates (Chate and Kamra, 1992). This 

mechanism does not produce ions of both polarities in equal quantities, 

so that a net space charge results. Sea surf is another mechanism that 

generates ions of one polarity, namely positive, preferentially (Kuir, 

1977). Human activities like industrial plants, automobile exhausts, etc. 

and structures like high voltage power lines and even tall buildings, 

communication towers, chimneys, etc. (Kamra, 1991) can also release ions 

into the atmosphere. 
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1.2.2 Ionization due to radioactivity 

The earth's atmosphere contains radioactive elements that 

contribute to the ionization of air. Of these, the largest fraction is 

.contributed by the radioactive elements present in the rocks and soils 

in the form of minerals. Rocks and soils contain radioactive elements 

like uranium and thorium. Nuclear radiations from them ionize air in a 

thin layer close to the ground. In addition, their decay products are 

radioactive gases which are released into the air and are transported 

vertically and horizontally, and contribute to ionization over a much 

larger region of the atmosphere. Another group of naturally produced 

radioactive nuclei are those generated in the atmosphere by the collision 

of cosmic rays with air molecules. These are insignificant in quantity 

and can be ignored for the purposes of atmospheric electricity. The 

third group is of recent origin and consists of radioactive elements 

released into the atmosphere due to human activity. Nuclear tests 

carried out in the atmosphere were a major source for this before such 

tests were banned in 1964. The effect of these explosions on atmo­

spheric electric parameters have been studied, and are discussed in a 

later section. At present only the inadvertent leaks of radioactive 

gases into the atmosphere fall in this category, and can be ignored. 

However, large scale leaks, like the one from the ill-fated reactor at 

Chernobyl, do produce significant changes in the atmospheric electrical 

parameters, as discussed later. In this section, a brief account is given 

of the naturally occurring radioactive elements and their influence on 

atmospheric electricity. 
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The rocks and soil in the solid earth contain radioactive elements 

like uranium and thorium in the form of minerals like monazite and 

uraninite, their concentration varying from region to region. Decay of 

these elements releases a., ~ and y radiations, along with daughter 

products, which themselves mayor may not be radioactive. Some of the 

daughter elements are gases like radon and thoron. These gases either 

are released into the atmosphere or get trapped within the rock/soil, 

depending on the permeability of the surrounding material. The radio­

active gases released from the soil get mixed with air and contribute to 

ionization during their decay. The concentration of these gases vary 

from place to place, and with altitude at any given place. The distri­

bution of these gases with altitude depends on atmospheric stability. 

The decay products of these gases are mostly radioactive elements, and 

they also contribute to the ionization of air. 

Apart from the radioactive gases released from the soil and their 

daughters, the nuclear radiations from the radioactive minerals in the 

soil also produce ionization in the air. However, only y rays, and to a 

lesser extent ~ rays, are important in this respect. The a. rays and 

much of the ~ and y rays produced beneath the top most surface of the 

soil get absorbed in the soil itself. The a. rays penetrate only a few 

centimetres into the atmosphere, losing their energy very fast through 

ionising interactions with air molecules. While ~ rays penetrate to a 

somewhat greater distance, y rays have a much smaller interaction with 

air and thus penetrate several metres into the atmosphere. Several 

metres above the ground, the intensity of ionization due to the different 

ionizing radiations is as follows (Bricard, 1965): 
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Cosmic Rays 20 % 

From air: 

a. rays 44 % 

prays 0.3% 

y rays 1.5% 

From soil: 

prays 3 % 

Y rays 32 % 

Thus the land surface provides another source for atmospheric 

ionization. Ionization due to radioactivity decreases with altitude and 

becomes comparable to that due to cosmic rays at altitudes around 2.5 

to 3 km. The vertical profile of conductivity is thus modified by the 

presence of surface radioactivity. It may also be mentioned here that 

surface radioactivity has no effect on the air above water bodies 

because the nuClear radiations cannot penetrate the water layer. Above 

the oceans, the total natural radioactivity is reduced to a few hun­

dredths of its value above the ground < Bricard, 1965). Since atmo­

spheric electrical conductivity is lowest in the bottom most portion of 

the atmosphere, the contribution to conductivity by radioactivity 

assumes significance as far as atmospheric electrical processes are 

concerned. And since this source of ionization is at the surface, it 

cannot be ignored during investigations at the surface. A brief 

description of the exhalation of the isotopes of radon from the soil and 

their distribution in the atmosphere is given in a separate section 

below. 
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1.2.3 Formation and recombination of ions 

When ionizing radiation interacts with atmospheric air, the ions 

created are mostly nitrogen and oxygen molecular ions since these gases 

"Constitute about 99% of air. These ions cannot exist as such. D~e to 

electrostatic interaction, they are soon surrounded by neutral molecules. 

The ions become stable only when each ion is surrounded by about 20 

to 30 neutral molecules. This is know n as a small ion, and has a 

mobility of the order of 10-4 m2y-ls-l. The charge can also get trans­

ferred to other molecules or atoms 'present in the atmosphere by ion 

chemical reactions that have not been fully understood. The electron 

released during the ionization immediately attaches itself to a neutral 

molecule, forming a negative ion. This also undergoes growth and 

transformation like the positive ion, although the chemical species to 

which the negative ions get attached are different from that of positive 

ions. The negative ion has been observed to have a somewhat higher 

mobility, or in other words, a lower mass, than the positive one. 

Ions in the air tend to adhere to aerosol particles, thus becoming 

considerably heavier and less mobile. The aerosol particle sizes invol­

ved are mainly between about 0.01 pm and 1 pm. The mobility of these 

so-called large ions become as low as about 10-8 m2V-1s-1 and their 

contribution to conductivity can be ignored for most purposes. Hence, 

from this point of view, it may be said that the small ions that get 

attached to large aerosol particles are effectively 'lost', so that 

attachment is often treated as one of the loss processes of atmospheric 

ions. Jonassen I. Wilkening (965), for instance, show that both positive 
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and negative polar conductivities are well correlated with the corre-

sponding small ion densities. 

The ultimate loss of both polarities of ions is by mutual recombi-

nation. This occurs during chance collisions between positive and 

negative ions during their Brownian motion. If recombination is the 

only mode of ion loss, then we can write an approximate equation for 

the ion balance in air. Let q be the ion pair production rate, n the 

number of positive or negative ions, and a the recombination coefficient. 

a is the number of ion pairs undergoing recombination per second per 

ion pair present, or the probability of an ion being lost through 

recombination. Then we can write: 

(1.2) 

Since the left hand side of the equation will tend to zero under 

equilibrium conditions, we can solve for n to get: 

n = J (ql«) . 0.3) 

1.2.4 Effect of aerosols 

Aerosols are small solid and liquid particles suspended in the air. 

They are of interest to the student of atmospheric electricity because 

atmospheric small ions tend to adhere to these particles and get 

converted to large ions having very low mobility. The simple picture 
'. 

presented in the previous section therefore is only that of an ideal 

situation, and the effect of aerosols has to be taken into account before 

a realistic picture can be formed. 
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The sizes of aerosol particles range from about 10-9 m to less than 

10-4 m. They are generally classified into three, namely, (D Aitken 

particles whose diameters are less than 0.1 !lm, UD large particles whose 

diameters range from 0.1 to 1 !lm, and (tiD giant particles which are 

larger. Their concentration can vary widely, depending on the type of 

environment. In marine air, especially in remote regions like the 

Antarctica, counts as low as 108 m -3 are seen. In continental areas, the 

concentration is around 109 to 1010 m-3 in relatively clean rural air. In 

urban areas, and close to industrial establishments, the count could go 

as high as 10" to 1012 m-3 (Twomey, 1911, p18). Aerosol particles are 

generated mainly from two different mechanisms, namely dispersal of 

materials from the earth's surface, and chemical reaction and conden­

sation from atmospheric gases and vapours (K6sz4ros, 1981, p98). 

Particles injected into the atmosphere from the bursting of gas bubbles 

at the surface of sea water, and mineral particles blown into the air by 

wind are examples of the former. These are usually larger than 0.1 !lm 

and hence fall into the category of large particles. The smaller Aitken 

particles are usually generated by the second mechanism. Apart from 

these, there are other sources that may be insignificant on a global 

level, but could be important at specific locations or times. Volcanic 

eruptions, meteors, forest fires, industrial and automobile exhausts, etc. 

are some examples. Apart from these, particles of biological origin like 

pollen grains and bacteria also form important components in certain 

specific environments. Aerosol particles are usually composed of several 

materials, and the composition can vary with place and time. This is 

because the particles are continuously interacting with the surroundings 

and going through coagulation, condensation and gas adsorption pro­

cesses. The composition is also different for the different size ranges. 
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Ammonium sulphate, sodium chloride, sulphuric acid. organic compounds, 

nitrates, etc. are some of the commonly encountered substances. The 

concentration of aerosols reduces rapidly with altitude. 

The particles of interest in atmospheric electricity are the Aitken 

particles. They are the ones which contribute most to the conversion 

of small ions into large ions. The attachment coefficient of small ions 

to aerosol particles is different for different particle sizes. A theoreti-

cal analysis that takes into consideration the aerosol spectrum and the 

variation of attachment coefficient with particle size is very involved 

and many of the parameters required are still unknown. However an 

approximate calculation using total aerosol concentration and a suitable 

average attachment coefficient can be made. From such an analysis, the 

concentration of small ions in the presence of aerosols is given by the 

equation (Twomey, 1977): 

n= 
- '1tN1 - 11 oNo :I: i (111Nl +11 oNo > 2 + 4.q 

2. 

where 110 and 111 are the recombination coefficients for an ion with a 

neutral particle and ion of opposite polarity respectively. and NO and NI 

are the concentrations of neutral and charged aerosol particles. The 

effect of aerosols on small ion concentration is illustrated in Figure 1.3. 

The values used are: q = 20 cm-3s-l, a. = 1.6 x 10~ cm3s-l, and attachment 

coefficients are the highest and the lowest values given by Israel 

(971), p 162. 

Aerosols thus influence the concentration of small ions. Highly 

polluted regions therefore tend to have much lower electrical conductiv-

ity than regions having clear air. Ion lifetimes are reduced from about 
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Figure 1. 3 Variation of small ion concentration with aerosol concen­
tration. 

300 s in clear air to about 20 s in highly polluted air (Cobb, 1973). In 

polluted regions, therefore, atmospheric electrical measurements may 

have to be supplemented with aerosol measurements if any comparison 

is to be made with data from other regions. 

1.3 DIURNAL AND SEASONAL VARIATIONS 

The atmospheric electrical circuit described above does not remain 

in a constant steady state at all times. Various environmental factors 

influence the circuit so that the circuit parameters are constantly 

changing. Near the earth's surface, two different kinds of variations 

can be discerned. One is global in nature, felt uniformly all over the 

earth, and is mainly due to the variation in global thunderstorm activity 
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and the consequent variation in the electrospheric potential. The 

second is of local origin, and is due to local changes in weather, human 

activity, etc. Pollution is another parameter that varies not only with 

place, but also with time, and influences the electrical parameters. 

Traditionally, the study of atmospheric electrical phenomena has been 

divided into two different areas, namely, the fair-weather and the 

disturbed weather portions. In the former, only data pertaining to fair­

weather periods, defined as periods without rainfall, with low cloud 

cover and wind speed, etc., are selected. Disturbed weather studies 

normally concentrate on periods of thunderstorm activity, including 

effects of lightning. Therefore the normal diurnal and seasonal vari­

ation patterns of the atmospheric electrical parameters usually refer to 

that during the fair-weather periods. A brief description of these 

variations is given below. 

Global thunderstorm activity shows a clear diurnal pattern. This 

follows the movement of the sun across the major continental land 

masses where it initiates thunderstorm activity. A higher thunderstorm 

activity results in a larger flow of charging current, and thus to a 

higher electrosphere voltage. This is reflected in a well-defined diurnal 

variation pattern in the vertical electric field observed over the oceans 

and in remote areas like Antarctica. Since this global variation is 

usually masked by local effects, it cannot be easily observed from a 

land station, especially one that has a significant population. One of 

the earliest observations of the global diurnal variation of the vertical 

electric field was carried out during a cruise of the research vessel 

Ca rllegie. Since the observations were carried out entirely over the 

oceans, local perturbations that are present over land regions were 
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Figure 1.4 Diurnal variation of the vertical electric field aver the 
oceans observed in the cruise of the research vessel car.negie. 

virtually avoided. The observed pattern, shown in Figure 1.4, has come 

to be known as the Ca.rnegie curve, and is universally accepted as the 

standard diurnal variation of the electrospheric potential. 

1.3.1 Temporal variation of conductivity 

Near the earth's surface, electrical conductivity is not constant 

with time. Long period observations at various sites have shown that 

atmospheric electrical conductivity shows well defined diurnal and 

seasonal variations during fair weather periods. The exact nature of 

variation is different for different stations, and the mean values and 

amplitudes are also different. For a given station, the pattern of 

variation of conductivity at the surface normally remains more or less 
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constant during a year. The mean behaviour at each station may 

therefore be said to constitute a characteristic of the "atmospheric 

electric climate" for that station. But some similarities are seen in the 

diurnal behaviour of conductivity at most stations. For instance, 

conductivity is usually high during night time. This is possibly a 

reflection of the general rhythm of the atmosphere, since nights ate 

usually calmer, with low winds and hardly any convective motion, and 

therefore conducive for the accumulation of radon and other radioactive 

species near the surface. A sharp fall associated with sunrise is seen 

at many stations. This is believed to be due to an increase in the 

aerosol concentration due to onset of circulation and human activity, 

and has often been called the "sunrise effect", although a slightly 

different and unexplained phenomenon is known as the sunrise effect, 

as explained later. The behaviour during the rest of the day differs 

from station to station. Some stations show a single oscillation type of 

pattern, with one maximum and one minimum, while some others show a 

double oscillation behaviour. Figure 1.5 shows typical examples of the 

diurnal variation of conductivity. The curve showing the single osci­

llation is for Gulmarg (Raina I. Raina, 1988), and the other is for Athens, 

Greece (Retalis I. Zervos, 1976). 

The situation is different over the oceans, with hardly any change 

between locations. In marine air, the mean conductivity is slightly 

higher than that over land but the diurnal amplitude is very low. And 

unlike over land, conductivity is minimum in the late afternoon and 

early evening hours and remains low during night. It rises to a peak 

in the forenoon and is followed by a gradual decline. This is almost a 

mirror image of the pattern seen over continental stations. Further, 
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while the positive polar conductivity displays a clear variation in the 

manner described, the variation in the negative polar conductivity has 

a very low amplitude and is just discernible. The ratio of polar 

conductivities thus exhibits a clear diurnal pattern over oceans (Israel, 

1971, p 97). 

1.3.2 Temporal variation of the vertical electric field-

Apart from the global variation observed in marine environment, 

described in the previous section, the vertical electric field measured 

at any continental station (other than Antarctica) shows a diurnal 

pattern that is due to local perturbations. If B is the columnar 

resistance of the atmosphere (the resistance of a vertical column of unit 

cross section) and V is the potential of the electrosphere, then the elec-

trosphere-earth current density J will be VIE. Now if !! is the 

resista.nce of an air column of unit height and unit cross section at the 

measurement site, then the potential drop across this height, equal to 

the vertical electric field at that point will be E = J.!! = (!!IE> V. The 

columnar resistance of air is almost constant in all fair-weather regions 

of the atmosphere, having a value of about 1017 ohms per square metre. 

The vertical electric field is thus seen to have a dependence on the 

specific resistance of air at the location, or in other words to the 

conductivity of air. As explained below, the conductivity of air at any 

land station shows a certain diurnal pattern that can vary from place 

to place, and is also affected by environmental factors like the weather, 

pollution, etc. This is consequently reflected in the vertical electric 

field also. 
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Electric field measurements have shown that the strength of the 

vertical electric field is more or less similar over land and sea. Marine 

measurements have indicated a certain latitude dependence, the field 

being higher at higher latitudes. Diurnal and seasonal variations have 

.' 
. been observed over land stations. Israel (1971) classifies these into 

three types, namely, 

D the single oscillation continental type, where the field strength 

passes through a single oscillation with the minimum around 

0400 hr local time and a maximum in the late afternoon; 

iD the double osciJIation continental type, where it shows a 

double oscillation with the minima around 0400 and 1400 hr 

and maxima around 0900 and 2100 hr local time; and 

iiD the universal time type, where a single oscillation is seen with 

minima around 0400 hr UT and maxima around 1600 - 1800 

hr UT. 

The first two types are observed only over continental stations. 

The type of variation depends on the season, weather and locality. In 

winter, the single oscillation type and in summer the double oscillation 

type usually occurs. However, some stations have the same type of 

variation throughout the year. Type (iii) is seen only in the polar 

regions and also over the oceans (Israel, 1971). Some examples of the 

three types of variations are shown in Figure 1.6. Factors that alter 

the normal pattern of variation are solar eclipse (Anderson " Dolezalek, 

1972), sea breeze (Trevitt, 1984), etc. 

An interesting feature in the behaviour of the vertical electric 

field is a sharp increase seen after sunrise. Since a decrease in 



% 
140,----r---r----r--, 

120 t----t----+--:;,y'-'Ir-t 

10,] t-----t--,."-+---+-~ 

72 
Potsdall 

18 2'1 hr 0 6 12 
Kew 

25 

.-- ~ ./ 

"-/ 
V '\ 

6 '2 1~ 21, hr 

oceans and Arctic Re~lons 

Figure 1.5 Examples of the three types of diurnal variation of the 
vertical electric field (after Israel, 1971). 

conductivity is seen around this time, the increase in electric field is 

natural. What makes it interesting is the fact that the change in 

electric field is not commensurate with that of conductivity. In other 

words, it is accompanied by an increase in the air-earth current 

density. The increase in the electric field is in agreement with the 

decrease in conductivity and the increase in air-earth current density. 

The effect is more pronounced at low altitude stations in the plains and 

less evident at mountain tops. It shows a clear increase from winter to 

summer (Israel, 1971, p 405-8). A pseudo-sunrise effect has been 

observed at the end of a solar eclipse also (Anderson, 1972). 

Although first observed by E.H. Nichols in 1916, and rediscovered 

by R.E. Holzer in 1955 (Chalmers, 1967), this phenomenon is yet to be 

explained fully. Kasemir suggested that the positive space charge that 

accumulates near the earth's surface at night is transported upward 

with the onset of circulation, thus constituting a current in the opposite 

direction from the one that normally flows, and that this may be the 

reason for the observed increase in electric field and air-earth current. 

Chalmers, however, showed that this cannot give a complete account of 

the phenomenon. Kamra 0969,a) argued that the effect was related to 
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the increase in air temperature in the morning rather than to sunrise, 

and that the cause is related to the increase in aerosols due to the 

onset of circulation. Muir (1975) suggested that the sunrise effect may 

be due to an increase in the electrospheric potential, and suggested a 

mechanism that could produce the desired effect. 

1.4 RADIOACTIVITY IN THE ATMOSPHERE 

As mentioned in Section 1.1, surface radioactivity plays an 

important role in atmospheric electrical processes near the earth's 

surface. While there have been some investigations into the behaviour 

of atmospheric electrical parameters under the influence of radioactivity. 

detailed studies have been very rare. This section gives a brief outline 

of atmospheric radioactivity and the studies carried out in relation to 

atmospheric electricity. 

1.4.1 Radioactivity at the surface and in the atmosphere 

Radioactive atoms in the earth's atmosphere can be divided into 

three groups based on how they are produced. The first. and by far 

the biggest. group consists of the radioactive gases released from the 

soil and their daughters. These are mainly the three isotopes of radon. 

namely, radon (Rn22~. thoron (Rn2~ and actinon (Rn219). and their decay 

products, which are not all gases. The second group consists of the 

radioactive isotopes produced in air by the action of cosmic rays. The 

third group is of a relatively recent origin - that of isotopes released 

into the air by atmospheric nuclear explosions and other anthropogenic 
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causes. In the context of atmospheric electricity only the first group 

is important. 

The earth's crust contains small quantities of uranium238 , ura-

. nium235, and thorium232 in the form of minerals. They are present 

everywhere in varying concentrations. All of them decay into isotopes 

of the same noble gas, namely radon. These gases accumulate inside the 

soil and slowly diffuse up into the atmosphere. The rate of diffusion 

depends on the porosity of the soil and other environmental conditions. 

Once the gases escape into the atmosphere, they are transported 

horizontally and vertically by atmospheric turbulence. The rate of 

transport then depends on the strength of the turbulence. 

A simple model proposed by Israel (1958) and discussed by Junge 

(1963) for the exhalation and atmospheric mixing of the radioactive gases 

is useful to demonstrate the essential features of the processes. Let ca 

be the concentration of the gas in the soil air, d its diffusion constant, 

and a its rate of production within the soil (in number of atoms per 

unit volume per second). If the soil is sufficiently porous, then the 

equilibrium condition within the soil can be expressed by the following 

equation: 

d 
;PCs 
--+a-Ac 

OZ2 B 
(1. 5) 

where z is the depth, t the time, and A the decay rate of the gas. The 

solution of this equation is : 

Cs = (a/A) [1 - exp (-,fAT(J z)] (1. 6) 

where CsO = a/A is the concentration of the gas in undisturbed soil air 

in deeper layers of the soil. The exhalation rate is then given by: 
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des .r::TTA 
Er= (ddZ> ... o=avu./.lLo (1. 7) 

The constants a and A being fixed for a particular kind of emanation, 

the exhalation rate naturally depends only on the diffusion constant in 

the soil, or, in other words, the porosity of the soil. The corresponding 

equation for the vertical transport of the gas in the atmosphere can be 

obtained from equation 1.5 by setting a = 0 and replacing d by the 

eddy diffusion coefficient D. Although D is highly variable over space 

and time, and also with altitude, we can assume it to be constant with 

altitude, as a first order approximation. The concentration of the gas 

in the air at any altitude h is then given by: 

(1. 8) 

A typical profile of the concentration of radon in the air above the 

surface and in the soil is given in Figure 1.7. 

The exhalation rate of radon depends on the soil conditions. 

Apart from the variations due to the porosity of soil, soil temperature 

and moisture, and meteorological factors like rainfall are known to 

influence the exhalation rate. Decreases of up to 70% due to rainfall 

have been observed. Seasonal variations generally show a minimum 

during summer and a maximum during winter. There are, however, 

several exceptions to this rule. In the eastern Alps, for instance, it 

shows a maximum in late spring. This is probably because the soil is 

frozen during winter. and radon is not able to escape (Junge, 1963, 

p217). Similar could be the case in the regions of our sub-continent 

where heavy rains during the monsoon could suppress radon exhalation. 

There are several studies on the exhalation of radon from the soil 

and its distribution in the atmosphere. Schery et al. (984) measured 

radon exhalation rate from a gravelly sandy loam in a semi-arid climate. 
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Figure 1. 7 Theoretical profile of the concentration of radon above and 
below the soil surface (after Junge, 1963). 
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They found that the meteorological factors that affected the exhalation 

rate most were pressure and rainfall. Effects of other factors like 

temperature and wind were minor. The exhalation rate of Rn2~ was seen 

to be less influenced by pressure variations than that of Rn222. 

The radon content of surface air depends on the exhalation rate 

and atmospheric turbulence, the latter being the dominant factor. 

During a quiet day, it shows a maximum around sunrise when turbulent 

mixing is minimum, and a minimum in the afternoon when mixing is at its 

maximum. Wilkening (1959), apart from observing this kind of a diurnal 

pattern, also reports a good correlation with the gustiness of air. A 

minimum in the radon concentration that he observes during spring is 

attributed to the higher average wind speed. Moses et al. (1960) 

studied the effect of meteorological variables on the vertical and 

temporal distribution of radon at the Argonne Meteorological Laboratory, 

and found a strong relationship between the stability of the atmosphere 

and the concentration of radon. Liu et al. (984) analyzed the data 

from several reported measurements and showed that in summer t about 

55% of the Rn222 is transported above the planetary boundary layer, 

which is considerably more than in the other seasons. They also found 

that in summer about 20% rises to over 5.5 km. 

The decay products of these gases are heavy metals. They 

adhere to aerosols and are brought down by meteorological processes 

like rainfall. 
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There have been several studies on the effects of radioactivity on 

the electrical structure of the atmosphere. Both natural and artificial 

sources of radioactivity have been objects of study. The former have 

mostly concentrated on ionization and the latter on the effect on the 

vertical electric field. 

Pierce (958) measured the variation in ion production rate with 

height from 1 cm to 1 m. He found that ion pair production rate 

decreased from about 60 cm-3s-1 at 1 cm to about 8 at 1 m. His results 

give a qualitative idea about the manner of variation with altitude of 

ionization by surface radioactivity. 

Pierce (957) studied the effect of nuclear explosions on the 

vertical electric field, and Pierce (972) studied the secular effects of 

nuclear fallout. He found that for the period before 1952, the vertical 

electric field data shows no consistent change from year to year. After 

1952, the field was found to decrease progressively to reach a minimum 

in 1959. A partial recovery was seen in 1960 and 1961 to be succeeded 

by a further decline in 1962-63. The vertical electric field started 

recovering to its earlier values from 1964 onwards. This behaviour 

corresponds to that of atmospheric testing of nuclear explosives carried 

out globally. Israels90n &. Knudsen (986) used polar conductivity, 

electric field and space charge data from Uppsala, Sweden, to identify 

the effect of the accident at the nuclear power plant at Chernobyl, 

USSR. They found that the conductivity increased about 11 times, the 
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electric field decreased about 10 times and the space charge density 

decreased about 10 times. These sudden changes were seen shortly 

after a rainfall on 29.4.1986, before which only a small and gradual 

change in the parameters was seen. They also found that after fairly 

heavy rainfall during May 11 to 13, the values recovered to normal: A 

similar study by Retalis (1981) showed that the small ion concentratIon 

started increasing on May 3rd and reached its highest daily mean value 

on May 5th. These maximum values were four times the normal for 

positive ions and 5 times for negative ions. Retalis" Pitta (1989) 

reported the effect of the Chernobyl accident on the vertical electric 

field, conductivity and small ion concentration at Athens. They also 

compared the results with radionucleide concentration and exposure rate 

in the air near the ground. 

Wilkening " Romero (1981) measured the positive and negative ion 

densities, mobilities and polar conductivities in the Carlsbad caverns. 

Being unventilated, the air inside contained very high levels of Rn, 

although the surrounding rock strata contained only normal levels of. 

uranium. They found the conductivities and ion densities to be two to 

three orders of magnitude higher than in the free atmosphere, indica­

ting ion pair production rates higher by a factor of about 200. The 

small ion mobilities were found to be about half of that seen outside, 

possibly due to the high humidity inside. 

Pierce" Whit90n (1964) measured the vertical electric field in an 

area adjacent to the nuclear test site in Nevada, USA. The measurement 

was carried out both at the surface and up to 2 km using a balloon. 

They found the surface value to be about one third the normal. The 
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vertical profile also was seen to be very much different from that over 

uncontaminated ground. The electric field was found to increase from 

the surface value of about 30 Vm-1 to about 100 Vm-I at about 1.1 km, 

and then decrease gradually with altitude. As per their calculations, 

the normal field should be around 100 Vm-I at about 500 m altitude. The 

difference seen over the contaminated ground was explained as being 

caused by the enhanced ion concentration over that region. 

Thus the study of the effects of radioactivity on atmospheric 

electricity has been limited to a few isolated observations in regions 

that had a relatively higher concentration of radioactive substances. 

In all these cases, except the measurements in the Carlsbad caverns, the 

radioactivity has been from man-made sources. There appears to have 

been no concerted study of the behaviour of atmospheric electrical 

parameters in regions of high natural radioactivity. 

1.5 PRESENT STUDY 

As mentioned earlier, the study of atmospheric electrical phenome­

na has been traditionally divided into the fair-weather and the 

disturbed weather portions. While studying fair-weather phenomena, all 

efforts were made to eliminate the effects of meteorological and other 

influences by monitoring these parameters also and selecting data for 

periods when the values of these parameters were within specified 

limits. The study of disturbed weather phenomena was almost exclusive­

ly confined to thunderstorms and lightning. 
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In the present study, polar conductivity data have been obtained 

from four environmentally different sites in all kinds of weather 

conditions. The data are then analyzed together with meteorological 

data obtained from stations of the India Meteorological Department to 

bring out the influence of these parameters on conductivity. Of the 

four sites, two are coastal, very close to the sea, with one having a 

large deposit of the radioactive mineral monazite. The second coastal 

site and one of the inland sites have very little radioactivity. The 

fourth site is inland, though not very far from the sea, and has a 

moderate level of background radioactivity. The data from three 

aircraft surveys of polar conductivities covering the region of study 

are also presented and discussed. 
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CHAPTER 11 

2. INSTRUMENTATION 

2.1 INTRODUCTION 

The investigation reported here involved the measurement of 

atmospheric electrical polar conductivities in different environments. 

Attempt was also made to carry out measurements of the vertical electric 

field. The instruments for these measurements were identified based on 

the convenience of fabrication and maintenance and on the reliability of 

the data. The Gerdien condenser was adopted for the measurement of 

conductivities, since the instrument has been generally accepted as a 

standard for the measurement of conductivities, ion densities and ion 

mobilities. The field mill was used for measuring the vertical electric 

field. This was found to be better suited than other available tech­

niques. like the radioactive potential equalizer and the agrimeter. The 

radioactive potential equalizer has several limitations, such as the 

strong influence of air motion. The field mill. in comparison with the 

agrimeter. is simpler in operation and maintenance since it does not 

involve any brush mechanism. However. one limitation of the field mill 

is the difficulty in identifying the sign of the field, which requires a 

synchronous detector. A field mill was designed, fabricated and test 

run at one station. The field trials were successful. However. Borne 

modifications were found necessary after the test run. which could not 

be completed during the period of this investigation. Each station had 

a system console, where the recorders were situated along with the 
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major part of the electronic circuitry and the power supply modules. 

The console also had provision for keeping a few tools and other small 

items. The principle of operation and the design of the instruments 

used in the ground stations are described in this chapter. The instru­

ments used for surveys at ground level using a jeep and at higher 

altitudes using an aircraft are described, along with the data obtained, 

in Chapter 5. 

2.2 THE GERDIEN CONDENSER 

The Gerdien condenser is a simple instrument that has been used 

for long for the measurement of atmospheric electrical conductivities, ion 

densities and mobilities. Named after H. Gerdien (905), the instrument 

is basically a cylindrical capacitor through which air is allowed to flow. 

A voltage (the driving voltage) is applied to one cylinder, known as the 

dri"'ing electrode, with reference to the other, known as the collector. 

This results in the generation of an electric field inside the condenser, 

which drives ions of one polarity towards the collector (and those of 

the other polarity towards the driving electrode>. These ions ~ive up 

their charge at the collector, constituting a current (the collector 

current). This current is measured using suitable electronic circuitry. 

For low applied voltages, the collector current is proportional to the 

voltage applied. For a sufficiently high driving voltage all the ions in 

the incoming air are collected. Thereafter the current becomes indepen­

dent of the applied voltage and the condenser is said to be saturated. 

A detailed theory of the operation of the Gerdien condenser is given 

below. The discussion is largely based on Conley (974) and Farrokh 

(975). 
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2.2.1 Theory 

In analysing the operation of the Gerdien condenser, the following 

assumptions are made: 

(0 The air flow through the condenser is plane parallel and 

streamlined; 

(iD The thermal 'diffusion of ions can be ignored in comparison 

with the diffusion due to the applied electric field; 

(iiO Ion production and destruction processes are slow enough 

to be ignored for the duration of the flow through the condenser; 

(iv) The air is essentially neutral; that is, the concentration of 

positive and negative ions are equal in the ambient air. 

(v) Only one ion species is considered; that is, it is assumed 

that all the ions of one polarity have the same mobility. A similar 

treatment would be applicable to the ions of opposite polarity. 

Considering the situation where the driving voltage is positive so 

that only positive ions are collected, the general equation of motion for 

the ions can be written as follows: 

(2.1) 

where J is the current density at the collector, D is the diffusion 

coefficient, p+ the mobility and n+ the number density of the positive 

ions, ~ is the potential at any point inside the condenser, U is the con­

vection velocity of the ions inside the condenser and e is the electronic 

charge. The first term in the equation represents the contribution to 

the current from thermal diffusion. This can be neglected as per our 
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second assumption. The validity of this assumption is demonstrated in 

the next section. The third term represents the contribution from con-

vective motion. This becomes negligible if our first assumption is 

satisfied. We are therefore left with only one term, namely the con-

tribution due to the applied electric field. Assuming cylindrical 

symmetry, we may write this as a two-dimensional equation, namely: 

(2.2) 

where r is the radial distance. The gradient of the potential would 

depend on the space charge density inside the condenser. This is zero 

as per our fourth assumption. The gradient of the potential is then: 

~= 
dx 

v 
x In(b/a) ( 2 • 3 ) 

where a and b are the radii of the inner and outer cylinders of the 

condenser respectively. Substituting in the previous equation, and 

solving we get: 

= J!+n+eVC 
21teoLX ( 2 . 4 ) 

where L is the length of the electrodes, Eo is the permittivity of free 

space, and C is the capacitance of the condenser, given by : 

21teoL 
C = In(b/a) . ( 2 . 5 ) 

The current to unit length of the collector is i = 21LrJ, so that the total 

current to the probe is: 

J!+n+eCV 
I = 21txJL = - ( 2 . 6 ) 
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Eq uation 2.6 describes the current-voltage characteristic of the 

condenser in the conductivity mode, that is when only a part of the 

ions entering the condenser are collected. Here, the collector current 

is proportional to the driving voltage, so that this region of the 

characteristic is called the ohmic region. When the driving voltage is 

equal to or greater than the saturation voltage, all the ions entering 

the condenser are collected, and the collector current obtained can be 

written as: 

(2.7) 

where ~ is the saturation current and v is the speed of air flow 

through the condenser. The collector current is thus directly 

proportional to the driving voltage in the conductivity mode, and 

constant in the saturation mode. The theoretical I-V characteristic of 

a Gerdien condenser should therefore look as shown in Figure 2.1. The 

driving voltage at which the condenser saturates is known as the 

saturation voltage, and is given by the expression: 

( 2 • 8 ) 

which can be derived by analysing the motion of the ions in the electric 

field inside the condenser. Consider a positive ion entering the 

condenser at a distance R from the centre (see Figure 2.2), when the 

driving voltage is positive. The ion enters the condenser with an axial 

velocity equal to the velocity of air flow, VCr). Under the influence of 

the electric field produced by the driving voltage, the ion acquires a 

drift velocity. Ur, in the radial direction given by: 

U, = ". E(r) (2.9) 
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- - - - - - - - - - -r----------------------------

DRIVING VOLTAGE 

Figure 2.1 Theoretical current-voltage characteristic of a Gerdien 
condenser. 

where E(r) is the electric field at the point where the ion is situated, 

and J/ is the mobility of the ion. If V is the driving voltage, then the 

radial field at a distance r from the centre is given by: 

E(r) = V 1 
r ·In(b/a) 

(2.10) 

In a time interval dt, the axial distance travelled by the ion, dx, and 

the radial distance, dr, are proportional to the respective velocities. We 

can therefore write: 

dt = dx/U(r) = dr/Ur. 

Therefore, 

dx = (U(r)/U;>.dr. 

Substituting from equations 2.9 and 2.10 and integrating, we obtain: 
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--t • U (r) 

-- - ~ 

urI~ 
~ - ~---- ---------,2=0-- -- -- --

------r-a V I 
..l.. 

Figure 2.2 Trajectory of an ion inside a Gerdien condenser. 

, , 
% = f U(r) dr = -In(b{a) f U(r)r dr (2.11) 

It J& +E(r) J& +Y It 

The integral in the last term is nothing but the volume flow rate of air 

through the area between radii Rand r, say U(R,r). Equation 2.11 can 

then be written as: 

% = _1 In(b{a) .U(R,r). 
21t YJ&+ 

(2.12) 

Now consider a positive ion that enters the condenser close to the 

driving electrode, that is at R = b. U (R,r) is then the volume flow 

rate of air through the condenser, given by 1tv(b2 -a 2 ). If the mobility 

of the ion and the driving voltage are such that this ion is just 

collected, that is x = L, then the driving voltage corresponds to the 

saturation voltage. We can then write, from equation 2.12: 

(2.13) 

The saturation voltage is therefore given by: 

y = 1n(b{a).l'(b2 
- a~. 

• UJ&+ 
(2.14) 

This is the same as equation 2.8 with the expression for the capacitance 

of the condenser substituted. 
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Alternatively, since the point at which the condenser just satura-

tes may be considered to be still in the linear portion of the character-

istic. we may substitute ~ for I and ~ for V in equation 2.6. Then. by 

substituting for ~ from equation 2.7 and solving, we obtain the expres­

sion given in equation 2.8. It may be seen that the saturation voltage 

and current will be' higher for a higher flow rate. From the eq uations 

given above, the polar conductivity, ion concentration and ion mobility 

can be calculated. by determining the I-V characteristic of a condenser 

for a known air flow rate. Thus, from equation 2.6, we can write the 

expression for positive polar conductivity as: 

1+ = n+~~+ = eo' 
CV 

(2.15) 

where l is the positive polar conductivity. equal to the product of the 

concentration and mobility of positive ions and the electronic charge. 

The expressions for ion concentration and mobility can similarly be 

obtained as: 

(2.16) 

and 

(2.17) 

Similar equations are valid for negative polar conductivity. ion density 

and mobility. 

2.2.2 Sources of error 

The discussion given above of the principle of the Gerdien 

condenser is valid only in ideal conditions. Many of the assumptions 
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given at the beginning will not be valid in practice. This can lead to 

deviations from the theory derived above, and hence to errors in the 

measurement. Sufficient care has to be taken while making measure-

ments so that these errors do not become too large. A brief examination 

of this problem is given in this section. 

The first assumption made while deriving the expressions for the 

Gerdien condenser is that the flow through the sensor will be laminar. 

This means that the Reynolds' number for the configuration remains 

below a certain value that is dependent on the configuration. For two 

very long coaxial cylinders the Reynolds' number is defined as: 

R = (b - a)U 

• v 
(2.18) 

where U is the average flow velocity across the cross section and v is 

the kinematic viscosity. The critical value for such a configuration ia 

2000. The exact value for a given condenser has to be determined 

experimentally. For ground based instruments, where the flow rate is 

determined by the flow generator used, it can be ensured that the 

Reynolds' number remains below the critical value. However, there is 

bound to be turbulence at the inlet end of the sensor. In order to 

ensure that this does not affect the measurements, it is generally the 

practice to leave a certain portion of the cylinder at the inlet for flow 

stabilization. Care has to be taken here also to see that the ions that 

enter are not lost in this portion of the sensor. 

The second assumption is that the thermal diffusion does not 

contribute significantly to the current. The validity of this assumption 

can be verified from Einstein's equation, DIp. = kTI e, where k is 
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Boltzmann's constant, and T is the ambient temperature. For normal 

surface temperatures, the right hand side of the equation works out to 

less than 0.03. The contribution of diffusion is therefore less than 3 

percent. This is within tolerable limits. 

The third assumption is that the ion concentration in the air 

inside the sensor is the same as that in the outside air. That is, ion 

pair production and loss processes that take place inside the sensor are 

small enough to be ignored. Small ion life times in air are of the order 

of 100 s, which is significantly larger than the time the air parcel takes 

to move from the inlet of the sensor to the outlet. Ion production will 

be taking place inside the sensor due to radioactive elements that are 

present in the air. However, the ion balance will remain the same inside 

and outside since the conditions do not change when the air enters the 

sensor. 

The question of charge neutrality inside the sensor is one that 

has to be addressed in detail. This assumption was used in deriving 

equation 2.3 which gives the variation of the electric field inside the 

sensor. In the presence of space charge, the electric field variation 

could be different. In order to determine the extent to which this 

could affect the measurement, Conley (1974) assumed a uniform charge 

distribution of one polarity inside the condenser and solved the corres­

ponding Poisson's equation. He found that for charge densities as high 

as 1011 m-3, the perturbation to the field is very small. This effect can 

therefore be ignored for most purposes. 
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The last assumption that all ions have the same mobility is not 

strictly valid. However. the ions that are detected by the Gerdien 

condenser are the small ions which have mobilities within a narrow 

range. The effect of having a range of mobility values is to modify the 

linear portion of the characteristic of the condenser. If ions of 

mobilities Ill' 112' 113'" are present in the air, then there will be a 

saturation voltage for each of these ion species. The region of the 

characteristic between the origin and the point corresponding to the 

saturation voltage of the ions with the smallest mobility will therefore 

consist of several short straight line segments. This would not affect 

conductivity measurements if the driving voltage used is sufficiently 

small. The different mobilities can be obtained by determining the 

saturation voltages for each ion species. Conley et al. (983) have done 

such an exercise for their measurements using a rocket-borne Gerdien 

condenser. 

Apart from the points discussed above, errors can occur due to 

the fringing of the electric field at the inlet to the sensor. These field 

lines can deflect some of the incoming ions to some portion of the 

sensor other than the collector, resulting in the collector current being 

less. This effect is clearly seen when the driving voltage is gradually 

increased from zero to a value that is much higher than the saturation 

voltage, V" The collector current can be seen to reach a broad maximum 

around V = V, and then decrease. The effect is small for small driving 

voltages. For conductivity measurements. when the driving voltage 

used is small compared to the saturation voltage. the error introduced 

can be ignored. Moreover. near the surface the low mobility of the ions 

also helps to keep the error due to fringing of the electric field low. 
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Modifications to this basic design has been attempted by several 

workers. In the modified McClelland method, for instance, the driving 

voltage is kept fixed at a high value and the collector current is 

measured for different air flow rates. Whipple (1960) suggested a 

method to obtain a single characteristic from the current obtained by 

varying either the driving voltage or the airflow rate. This has been 

extended to include the capacitance of the sensor so that the character-

istic becomes valid for any Gerdien condenser (Dhanorkar .. Kamra, 

1991). Rosen I. Hofmann (1981) used a pumped Gerdien condenser 

having two separate parts for the collector to measure conductivity and 

ion concentration. The instrument used in the present investigation is 

the normal type without any basic modification. 

2.2.3 The Gerdien sensor 

The Gerdien instrument consists of the sensor and the electronic 

circuits for generating the driving voltage and measuring the collector 

current. The sensor basically consists of two cylindrical electrodes. 

The one that is used as the collector has to be insulated from the rest 

of the sensor using a material that can give very high impedance. Both 

the electrodes are usually mounted inside another cylinder that is 

earthed. This outer cylinder protects the sensor from external distur-

bance, prevents the driving voltage from being accidentally short 

circuited, and often acts as a flow stabilizer and guard ring (to reduce 

the effect of fringing fields). The guard ring has also been found to 

reduce pickup at the collector. For a ground-based system, since the 

currents obtained are very low, of the order of to-13 ampere, the 

measuring electronics has to be very sensitive, and consequently 
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susceptible to external disturbances. Therefore, it is desirable to have 

at least the front end of the amplifier close to the sensor. 

When the instrument is used for ground-based measurements, it 

should incorporate some provision for generating the required air flow. 

A suitable air-blower or fan can be used for this purpose. When used 

on moving platforms like aircraft, balloon or rocket, the airflow can be 

generated by the movement of the vehicle. While this arrangement is 

satisfactory for measuring conductivities over limited altitude regions, 

pressure changes over large height ranges in balloon measurements 

create errors due to the variation in Reynolds' number, as reported by 

Paltridge (965). A force-aspirated condenser is preferred for accurate 

measurements on balloons. In the present investigation, ground-based. 

jeep-borne and air-borne measurements have been conducted. The 

sensor was force aspirated for measurements at the surface. For jeep­

borne and air-borne measurements, self-aspirated sensors have been 

used. These are discussed in Chapter 5 where the results of the 

measurements are presented. 

2.2.4 The ground-based instrument 

The Gerdien condenser for ground-based measurements was 

designed to be operated at three stations, two of which were near the 

coast and hence susceptible to severe corrosion. They were to be used 

for measuring both positive and negative polar conductivities alter­

nately. The design also took into consideration the fact that the 

instruments were to be maintained by technicians who may not be very 

skilled in handling sophisticated instruments. 
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A sectional elevation of the Gerdien condenser sensor developed 

for the study is shown in Figure 2.3. The dimensions are as follows: 

radius of collector, a = 8 mm; radius of driving electrode, b = 32 mm; 

length of the electrodes, L = 500 mm. The driving electrode is fixed 

inside a longer cylinder with high voltage insulating sheet between 

them. The diameters of the two cylinders are such that, with the sheet 

between them, the inner cylinder fits tightly into the outer one. The 

shield along with the driving electrode can easily be removed when the 

collector assembly inside has to be accessed. The outer cylinder 

extends about 300 mm beyond the driving electrode at the inlet side. 

This helps to stabilize the air flow through the sensor. The bottom end 

of the outer cylinder is fixed onto a base with the help of flanges. The 

base has a horizontal tube with short vertical tubes at either end. The 

driving electrode assembly is bolted onto the top of the vertical tube 

at one end. The bottom end of this vertical tube is closed and holds 

the collector. The collector is insulated from the body of the instru­

ment with the help of a PTFE sleeve. The collector and the sleeve pass 

through a conical tube fixed on the metal plate that closes the bottom 

end of the vertical tube of the base, mentioned above. The bottom end 

of the collector projects below the metal plate where a nut threaded 

onto it and insulated using a PTFE washer holds it in position. 

The top end of the other vertical tu be is also closed, and the 

bottom portion contains an instrument cooling fan that draws air 

through the sensor. The actual sensor part and the flow generator are 

thus separated. This configuration was adopted for three reasons. 

First, this enables the collector to be fitted firmly at the bottom end of 

the sensor. Secondly, the electrometer can be mounted just beneath the 
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Figure 2.3 Sectional elevation of the Gerdien condenser used for 
ground-based measurements. 
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collector so that it can be directly connected to the collector without 

using long cables. And thirdly, the bottom end of the collector and its 

PTFE insulator can be protected from dust and dirt. The front end of 

the electronic circuit is mounted directly beneath the collector. The top 

.of the driving electrode assembly holds a conical hood that prevents 

rain water from entering the sensor. The entire sensor is made in 

brass and is chromium plated to protect it from corrosion. It stands on 

four legs that can be anchored to the ground. 

The electronic circuitry of the instrument consists of two parts: 

the driving voltage generator and the signal conditioner. The former 

generates suitable voltages at regular time intervals to be fed to the 

driving electrode. The output current from the Gerdien sensor is 

converted to voltage and suitably amplified for recording by the latter. 

A block diagram of the circuitry is shown in Figure 2.4. A discussion 

of their design considerations and operation are given below, along with 

the detailed circuit diagrams. 

The instrument was designed to measure both positive and 

negative polar conductivities. This was achieved by alternately giving 

positive and negative driving voltages. Voltage of each polarity was 

given for 20 minutes, after which the driving electrode was earthed for 

5 minutes. Thus a zero reference was available between every pair of 

samples. The driving voltages used were ± 4.3 V. This is much lower 

than the saturation voltage (about 20 V) of the condenser. The voltages 

were derived from stable regulated sources, and the polarity was 

selected using relays driven by a clock and suitable control circuitry. 

Figure 2.5 gives the circuit used for controlling the driving voltage. 
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The instrument cooling fan used in this instrument was found to 

deliver a volume flow rate of about 17 m3 per hour. For this flow rate 

the collector current obtainable for an ion density of 108 ions per cubic 

metre is of the order of a pico ampere. For measuring such currents, , 

amplifiers with good long-term stability and very low input bias current 

are needed. This was achieved in the following way. The signal condi-

tioning circuit was designed with a current to voltage converter at the 

front end, followed by a three stage voltage amplifier. The front end 

current to voltage converter was built around an AD 515L operational 

amplifier, which has bias currents as low as 75 fA. A sensitivity of 0.1 

V IpA was obtained from this. This was achieved using a Victoreen glass 

encapsulated 100,000 Megohm resistor in the feedback .. The input end 

of the resistor and the input terminal of AD515L were mounted on PTFE 

stand-offs to minimise the leakage current. The voltage amplifier had a 

unity gain buffer at the input, followed by two successive gain stages 

of x5 and xlO. The output of any of these amplifiers could be selected 

for recording, thus making it possible to adjust the gain level acqording 

to the sensitivity required. A 3.3 second filter was used to reduce the 

noise in the output signal. A level shifter also was provided since the 

type of recorder used could accept only a unipolar input. Limiter 

circuits were included in order to confine the output levels between 1 
\ 

and 5 V, which was the range acceptable to the recorder. The detailed 

circuit diagram is shown in Figure 2.6. The parts of the circuit that 

correspond to the blocks given in the block diagram are enclosed in 

boxes drawn with broken lines. 
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In addition, a circuit was included to suppress the transient 

signal that accompanies the switching of the driving voltage. These 

transients are caused by the displacement currents, which are propor­

tional to the rate of change of voltage, that flow through the condenser . 

. The transients were suppressed by disconnecting the recorder input 

during the switching periods and reconnecting after a delay of about 

20 s. The circuit used for this is shown in Figure 2.7. 

The entire system was calibrated by giving input at the collector 

from a Keithley Instruments pico ampere source and recording the 

output on the strip chart recorder. The output was also measured 

using a digital voltmeter. A typical calibration curve is shown in 

Figure 2.8. The non-linearity seen at the extremes is because of limiter 

circuits that are used to ensure that the recorder is not damaged. The 

current-voltage characteristic of the condenser is shown in Figure 2.9. 

The instrument was operated at Trivandrum in the premises of the 

institution to evaluate its performance. It was run continuously over 

several days and its performance was found to be satisfactory. 

2.3 THE FIELD MILL 

The electric field mill is an established technique for measuring 

the vertical electric field in the atmosphere. It does not have the 

disadvantages of other probes like the radioactive potential equalizer 

which modifies the electrical environment through nuclear radiations. 

However, obtaining the sign of the field from the output of the field mill 

involves the synchronous detection of its output signal, which is usually 

not simple. In the present study, a field mill was designed and fabri-
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cated and test run for a short duration at one station. Since certain 

modifications were found to be needed if continuous monitoring was to 

be carried out, the instrument was dismantled and brought back. The 

required modifications could not be carried out in time, and hence data 

.are available only for a short duration. In the field mill used in . the 

present study, although the basic design allows for the derivation oC 

the sign of the field, this was not implemented due to certain problems 

faced in the fabrication of the instrument. Further development of the 

instrument is being taken up. 

2 . 3 . 1 Theor y 

The electric field mill works on the principle that an electric field 

that terminates on a metal plate that is earthed induces electric charge 

on it. The surface density of charge, p, is given by the expression: 

P = eoE (2.19) 

where E is the electric field and eo is the permittivity of free space. 

The sign of the charge depends on the direction of the field. A field 

pointing towards the plate induces a negative charge, and a field in the 

opposite direction induces a positive charge. 

In the field mill, an earthed metal plate is alternately exposed to 

and shielded from the vertical electric field. When the plate is exposed 

to the field, a charge is induced on it so that the opposite charge flows 

to the earth. When the plate is then shielded from the field, the excess 

charge on the plate gets neutralised by charges that flow from the 

earth to the plate. Thus, when the plate is alternately exposed and 

shielded, two currents of opposite polarities flow between the plate and 
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the ground. The directions of these currents depend on the direction 

of the electric field, and the magnitude of the currents depends on the 

magnitude of the field and the exposed area of the plate. In the basic 

instrument, the plate is alternately exposed to and shielded from the 

,vertical electric field by using two electrically grounded metal plates 

with alternately open and closed sectors of which one rotates. The 

instrument normally is mounted at the surface with the collecting plate 

facing upward. Modifications to this basic design have been attempted. 

Johns &. Kreielsheimer (967), for instance, suggested an end-on field 

mill, and Kamra (983) designed a spherical field mill that could give 

simultaneous measurement of all the three components. The agrimeter 

(for instance, Kamra &. Varshneya, 1968) is a slightly different type of 

instrument that works on the same principle. The instrument used in 

the present study is a normal field mill mounted upside down. 

2.3.2 The sensor 

The field mill consists of three parallel plates, namely, the stator, 

the rotor, and the collector. Each of the first two is divided into equal 

sectors that are alternately closed and open. Each plate may have four 

six or more sectors, the present design having six. The three plates 

are mounted one above the other such that by turning the rotor, the 

open sectors of the two plates can be brought one above the other, 

thus exposing the corresponding area of the collector. If the rotor is 

now moved through an angle equal to the angle subtended by each 

sector, the closed portion of the rotor is brought in line with the open 

portion of the stator so that the collector is completely shielded from 
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the external field. When the rotor is continuously rotated, the collector 

is alternately exposed to and shielded from the field. 

The mechanical design of the sensor used in the study is shown 

.in Figure 2.10. Here, a small 6 V dc motor was used to drive the rotor. 

This motor was adopted since it is compact, easily available for replace­

ment, and avoids bringing lines carrying large voltages close to the 

instrument. The motor was mounted on the stator with its shart 

projecting inside. The rotor was mounted on the shaft with the help 

of a solid cylindrical shank into which the shaft fits tightly. The rotor 

was earthed through the shaft of the motor. The collector plate was 

mounted on PTFE blocks screwed onto the base of the field mill. The 

front end of the signal conditioning circuit was mounted on the field 

mill itself. As in the case of the Gerdien condenser, this helped in 

avoiding a long input cable from the sensor leading to the electronic 

circuit. 

An inverted configuration was adopted in this design, where the 

field mill is kept inverted so that the field that impinges on the 

collector plate is due to field lines that curve upward from the sides of 

the sensor and terminate on the collector. Such a configuration has 

been used by Takagi and Iwata (980). An optical sensor was designed 

to sense the position of the rotor in order to synchronously detect the 

output signal. This part of the instrument could not however be com­

pleted and installed due to certain difficulties encountered during 

implementation. 
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The instrument was successfully operated only at one site. name ly 

KottB.rakara. There. the instrument Was mounted on 1 ', ; MS angles fixed 

on two bric k masonry pillars about four feel high and six feel apart. 

2.3 . 3 The electronics 

A block diagram of the electronic circuitry used for the electric 

field mill is shown in Figure 2.1 L The output from the collector is led 

to a c urrent to voltage converter having a sensitivity of 0.1 V IpA. This 
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stage is similar to the one used for the Gerdien condenser. The output 

of this stage is amplified and filtered to remove the noise present in 

the original signal. This noise is mainly due to the wobbling of the 

rotor and the vibration due to its rotation. The filtered signal is 

rectified, amplified and again filtered to obtain a dc output. Detailed 

circuit diagram of the circuitry is shown in Figure 2.12. 

A rough calibration of the instrument was done by generating an 

electric field between two plates kept one metre apart. This calibration 

is unsatisfactory for making good measurements. The field mill has to 

be calibrated inside a Faraday cage where the influence of external 

fields would not be felt. The simple calibration was resorted to since 

this was only a test run, and also because a suitable Faraday cage was 

not available. The results from the electric field measurements there­

fore are used only as a supporting data. 

2.4 THE SYSTEM CONSOLE 

The major part of the electronic circuits (except for the front end 

amplifiers), the power supplies, the recorders, etc. were integrated in 

a console, shown in Figure 2.13. The console was designed to accommo­

date the electronics associated with up to four sensors, and two dual 

channel recorders of the panel mounting type. The rack is divided into 

three parts. The top part holds the two recorders. The electronic 

circuits are mounted on a sliding rack in the middle part. The front 

panel of this part has a digital panel meter which can display the 

voltages at various points in the circuit as selected using a thumb­

wheel switch below it. Two push-button switches are provided for 
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button switches are provided for disconnecting the inputs so that the 

zero levels of their amplifiers can be checked. Three LEDs of different 

colours display the polarity of the driving voltage of the Gerdien con-

denser. 
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CHAPTER III 

3. THE EXPERIMENTS 

3.1 INTRODUCTION 

Much of the work described in this thesis was carried out under 

a research project financed by the Department of Science and Techno­

logy, Government of India. The primary objective of the project was to 

understand the behaviour of atmospheric electrical parameters over the 

highly radjoactive region along the Kerala coast. However, measure­

ments were carried out at sites with low levels of radioactivity also. In 

addition, measurements were carried out in the campus of our institu­

tion. using the instruments developed for the project. These measure­

ments have helped in determining the effect of some of the meteorologi­

cal parameters like temperature, rainfall, winds, etc. The results are 

presented in this thesis. The influence of certain environmental 

parameters like pollution have not been studied during this investi­

gation. 

As part of the study, observations were carried out at different 

places at the surface. In addition, a few surveys were carried out at 

the surface and up to an altitude of about 660 m using an aircraft. A 

brief description of the physiographical and meteorological characteris­

tics of the region where the study was conducted. the sites where 

observations were made, the kind of environment at each site, data 

reduction and analysis techniques used, survey routes, etc. is given in 

this chapter. 
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3.1.1 The study region 

The study described in this thesis was carried out in the south­

western region of India, mainly in the state of Keralil, with some 

measurements extending beyond the southern border into the adjoining 

state of Tamil Nadu. Kerala is a small state confined to a narrow region 

between the Western Ghats on the east and tha Arabian sea on the west. 

The physiography of the state is shown in Figure 3.1. The land area 

of the state can be divided into three regions, namely, the low land 

consisting of the coastal areas and adjoining lakes and wetlands, the 

high land consisting of the Western Ghat region, and the midland 

between them. The state has a high density of population, with the 

highest densities in the coastal region. Blessed by good rainfall during 

the more than six months of the year, the state is also densely covered 

with vegetation. 

Since the width of the state is rather small, the Western Ghats 

have a strong influence on the climate of the state. Being oriented 

almost perpendicular to the flow of the monsoon winds, the Ghats act as 

an obstruction to the clouds and thus bring copious rainfall to the 

state. 

In the state, the year may be divided into three main seasons 

from the climatological point of view. These are: (0 the south-west 

monsoon season, from June to mid-October, (iD the north-west monsoon 

season, from mid-October to February, and (tiD the hot, or summer, 

season from March to May. The third season is marked by relatively 

high temperatures and high humidity. The mean maximum temperature 
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is generally the highest in March, around 33° C, and is higher in the 

northern parts. The diurnal range in temperature is lowest in July and 

August, and highest in January. The total rainfall received per year 

increases from about 1800 mm in the south to about 3800 mm in the 

.north. In the southern parts, about half of this is obtained during the 

months of June, July and August. The fraction increases towards the 

north. During the north-east monsoon, the southern parts receive 

around 25% of the annual total rainfall, the fraction decreasing towards 

the north UMD, 1986). 

The monsoon, therefore, has a dominant influence on the climate 

of this state. The monsoon is a south-easterly wind system that 

develops over the Indian ocean south of the Equator and crosses over 

to the northern hemisphere over the Arabian Sea. The wind then turns 

and becomes south-westerly, and strikes the Indian sub-continent, 

bringing plentiful rain. The wind system normally reaches the coast of 

Kerala on the 1st of June. This brings a sudden transition in the 

weather conditions in this region. The hot, sunny days of the months 

of April and May are suddenly replaced by cold, rainy days. Almost 

completely overcast skies, heavy and continuous rainfall and continuous 

strong winds are characteristic of the month of June, especially for a 

coastal station in Kerala. Since the weather has a significant influence 

on atmospheric electrical parameters, these factors have been kept in 

mind during the interpretation of the results. 

One of the unique features in this region of the country is the 

rich placer deposit of the radioactive mineral monazite along the south 

western coast of south India. Figure 3.2 shows a map of the region 
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(adapted from Sankaran et al., 1986) where the terrestrial radiation 

levels for this region are marked. The region along the coast from 

around Chavara southwards is seen to have high values. This is due 

to the high concentration of thorium in the sands in this region. 

Estimates of the concentration of thorium in the beach sands in the 

southern part of Kerala (Prakash, et al., 1990 show that it varies from 

about 200 ppm to more than 2000 ppm, with a mean value of about 550 

ppm. The range of average content of thorium in igneous and 

sedimentary rocks is considered to be 4 to 15 ppm (Junge, 1963, p 213), 

The lowest concentrations of radioactive su bstances are found in 

extremely alkaline igneous rocks, and the highest in acidic igneous 

rocks, with the values for sedimentary rocks somewhere in-between 

(Israel, 1971, p 185). These coastal sands, therefore, contain about 100 

times the global average level of radioactivity. This was therefore one 

region which was selected for the study. Since the deposits are found 

mainly in the coastal sands, it was decided to make observations at 

another coastal site that does not have any radioactivity so that effects 

common to coastal areas could be eliminated. Such a site can be 

obtained towards the north of Chavara. As explained below, a suitable 

site was obtained at Ambalapuzha. An inland non-radioactive site also 

was chosen for observations so that the difference between continental 

and marine environments could be discerned. The radioactivity levels 

are lower in the midlands than in the coastal region, but the lowest 

values are seen in a patch almost straight to the east of Chavara. A 

site was found at Kottarakara, about 25 km east of Chavara, which falls 

at one corner of this patch. Apart from these sites, some observations 

were also carried out in the campus of our institute at Trivandrum. 
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3.2 MEASUREMENTS AT THE SURFACE 

During the present investigation, measurements were carried out 

at four sites at the surface, and jeep-borne and air-borne surveys were 

. carried out. This section gives a brief description of the sites selected, 

and the operation and maintenance of the instruments. 

3.2.1 Monitoring sites 

For monitoring atmospheric electrical parameters at the surface, 

sites had to be identified where it would be possible to install and run 

the instruments conveniently. The requirements were that the place 

should have convenient access so that the equipment could be carried 

in a vehicle, power should be available for running the instruments, 

sufficient security should be available for the instruments, and some 

amount of open space should be present so that the instrument would 

not have to sit under trees or other vegetation. These conditions are 

not easily met in a thickly populated and vegetated state like Kerala, 

especially when the site has to be located within a small specified 

region, as in the present case. 

For the station within the radioactive region, a convenient site 

was found at Chavara (8° 59' N, 76° 31' E), a place that has a very high 

concentration of monazite sands. The site was near a factory of the 

Indian Rare Earths (IRE) where the sand mined from the region is 

mechanically separated to extract monazite and other useful minerals. 

A lighthouse belonging to the Department of Lighthouses and Lightships, 

Government of India, exists near the factory and close to the seashore, 
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which can be reached through a muddy jeepable road. The place is 

well protected, and some open space is available for installing the 

sensor. A small building was available where the power supply and 

control and recording instruments could be kept. Power disruption was 

minimal since the lighthouse had its own generator that would take over 

within a few minutes in case of power failure. The proximity of the IRE 

factory did not cause problems because it generated very little pollu­

tion. The nearest main road is the National Highway (NH47) about 1 km 

east of the lighthouse, so that pollution due to automobile exhausts is 

also small at this site. The coast line is protected by a sea wall that 

was about 30 m to the west of the place where the sensor was situated. 

Being so close to the sea created problems during the monsoon season 

due to excessive corrosion, especially in the sensor. 

The second station was established at Ambalapuzha (gO 23' N, 16° 

46' E), in the premises of a building of the Kerala State Fisheries 

Department. This was situated on the Am balapuzha beach. The sea was 

about 100 m from the building. Due to safety reasons, the instrument 

could not be installed outside. The sensor was kept inside a room in 

the ground floor of the building, but care was taken to ensure that 

there was free passage of air through the room at all times by keeping 

the windows open. The sensor was occasionally kept outside for short 

durations in order to compare the values obtained outside with those 

obtained inside. The two sets of values were in good agreement with 

each other. No significant difference was noticed. The building had 

the open beach to its west, with fishermen's huts on the eastern and 

southern sides. A road leading from the Highway about 1 km to the 
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east terminated in front of the building. A similar buiding was situated 

on the opposite side of the road, with more huts behind it. 

The third station was located at Kottarakara (9° N, 76° 46' E), 

about 25 km to the east of Chavara, in the campus of the Kallada 

Irrigation Project office of the Kerala state Irrigation Department. The 

sensors (Gerdien condenser and field mill) were kept on the terrace of 

their dormitory building, and the rest of the system was kept inside 

one of the rooms. The dormitory is a two-storied building and it stands 

on the slope of a small hillock close to the town. At this site, the 

instruments were kept at a height of around 10 m from the ground. 

Moreover, the site is different from the other two in that it is close to 

a small town. These factors would affect the conductivity values 

obtained. This has been kept in mind while interpreting the data. 

Measurements were also made at the campus of the Centre for 

Earth Science Studies (CESS). _ Here, in addition to conductivity, rainfall 

also was measured using a self-recording rain gauge certified by the 

India Meteorological Department. The CESS campus is situated at 

Akkulam in the outskirts of Trivandrum city. The Centre is situated in 

its own land of about 18 ha in the Ulloor Panchayat, in a region where 

population density is low and there is virtually no industrial activity. 

There is no major highway nearby. The area thus has very little 

pollution. The sensor was kept on top of a single storied building, and 

the rest of the system inside. The rain gauge also was kept near the 

sensor since a suitable open area was not available on the ground. The 

terrace, however, provided a relatively large open space without any 

obstructions nearby. This arrangement was more or less sufficient for 
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the present purpose since the precise value of rainfall was not of much 

interest, but only its variation. The locations of the monitoring stations 

are marked in a map in Figure 3.3. 

3.2.2 Operation and maintenance 

The monitoring stations were manned by technicians trained in 

their operation and maintenance. Since the data were recorded on chart 

paper, the technician was required to mark time on the chart tw.ice a 

day, in the morning and in the evening. He was also required to 

ensure that the instrument functioned normally. A log book was 

provided at each station in which the technician was required to note 

down the values of certain parameters that could be read from the 

digital panel meter (DPM) on the system console. These included the 

driving voltage levels and the output voltage levels at different stages 

in the Gerdien condenser and field mill circuitry, the input voltages to 

the recorders, and the power supply voltages. This provided a very 

useful check on the system performance, and also was of considerable 

help on trouble shooting. Periodic cleaning of the sensor, lubrication 

of the fan in the sensor, ensuring that the recorder functioned 

smoothly, noting the periods when power failed, and noting down in the 

log book his observations about general weather conditions like 

thunderstorm activity, rainfall, cloudiness, etc. were also part of the 

dutiesof the technician. In case of any problem that he was not able 

to tackle, he was required to immediately inform the investigator. In 

addition, the investigators visited the stations at periodic intervals to 

ensure that the instruments were running smoothly. 
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3.2.3 Data reduction and analysis 

The data were recorded on chart paper using a strip chart 

recorder running at a speed of 20 mm per hour. The chart rolls were 

brought to Trivandrum every month, along with the log book, by the 

technician, who also reported on the performance of the station. The 

log book and the chart record together give a clear picture of the 

functioning of the station with regard to accuracy and stability. For 

reducing the data, time marks were put for each hour of the day by 

interpolating between the time marks put by the technician. While 

doing this, care was taken to ensure that the intervals are more or less 

uniform for all hours of the day. If there had been any power failure 

during night time that the technician had failed to note, then the time 

interval would not match with the distance on the chart paper. Periods 

when the time marks and the distance on the chart paper do not match 

within reasonable limits have been excluded during data reduction. Data 

have been lost also during periods when the record was noisy due to 

heavy rain or some other extraneous interference, or during periods 

when the recorder did not function properly. Data for short durations 

were lost also when the maintenance of the instrument was being 

carried out. These are limited to about half an hour on each occasion. 

Figure 3.4 shows a sample portion from a chart. 

The readings were taken for each hour of the day. For a given 

hour, the readings were taken for the period between half an hour 

before the time mark and half an hour after. For instance, the output 

recorded between 0030 hr and 0130 hr was noted as the values for the 

time 0100 hr. Since the period of the driving voltage waveform was 50. 
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minutes, normally there would be one positive value and one negative 

value for each hour of the day. The change over from one voltage to 

zero, or vice versa, need not coincide with the midway mark between 

two time marks. Therefore, the output for each polarity of driving 

voltage was ascribed to the hour in which the larger part of it fell. An 

average value for the period of the particular driving voltage (about 20 

minutes) was noted down as the reading for the corresponding hour. 

But once in a while, three readings, one of one polarity and two of the 

other, would be present for one hour. In such cases, for the polarity 

for which two readings were present, an average was taken. 

The readings were converted into conductivity values by 

multiplying with the proper conversion factor. The conversion factors 

were determined from the calibration of the system. The polar conduc­

tivity values were separately tabulated for each month. From this, the 

monthly mean for each hour of the day and the daily average of the 

hourly values were computed. The standard deviation also was deter­

mined for each average value. For each polar conductivity, an average 

value was derived from the daily means for each month. 

3.3 JEEP-BORNE AND AIR-BORNE SURVEYS 

The data from the monitoring stations at the surface were useful 

for understanding the temporal variation of the atmospheric electrical 

parameters and studying the nature of of the influence of the radioac­

tive deposits. It was also desired to study the horizontal and vertical 

extent of the influence. For this, air-borne surveys were carried out 

over the region of study. A Pushpak trainer aircraft of the Kerala 
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Aviation Training Centre (KATC), Trivandrum, was used for the purpose. 

The survey routes were chosen such that they would cover the sites 

where the monitoring stations were set up. Thus one survey was done 

from Trivandrum to Alleppey and back along the coast, which went over 

the sites of the monitoring stations at Chavara and Ambalapuzha. A 

second survey was carried out from Trivandrum to Kottarakara, from 

there to Chavara and about one kilometre beyond the coast over the 

sea, and back along the same route. A third survey went southward 

from Trivandrum to Manavalakurichy, in Tamil Nadu, and some distance 

beyond almost up to Kanyakumari, along the coast and back. This was 

done because this region also has significant deposits of monazite, 

especially in the areas around Manavalakurichy. Data were recorded on 

magnetic tapes and later transferred onto chart paper. The details 

regarding the aerial surveys are given in Chapter 5. 

The instrument developed for the aerial surveys was tested in 

some surveys at ground level where the instrument was carried in a 

jeep. Of these, only one survey gave good continuous data. The 

results from these are also presented in Chapter 5. 



CHAPTER IV 

4. CONDUCTIVITY VARIATIONS 

AT THE SURFACE 

4.1 INTRODUCTION 
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Polar conductivities at the surface are known to vary in a rather 

well defined manner at any given place. The variation pattern at any 

place is, in fact, often taken as a characteristic of the electrical 

climatology of the place (Israel, 1971, p 97). Therefore, in the present 

investigation, for studying the influence of environmental parameters on 

atmo8pheric electricity, the first requirement was to form an idea about 

the normal hehaviour of conductivity in this region. As shown in this 

chapter, conductivity has a more or less similar pattern of variation at 

all the sites in most of the months when it was monitored (the few 

exceptions are also discussed and explained beloW). This is taken to 

indicatf' that this region has a uniform electrical climate. 

In this chapter, the data from the ground stations are presented 

and discussed. The salient features of the variation pattern of 

conductivity iT? this region are br'ought out. The influence of the 

radioactive deposits on the conductivity values at Chavara, and the 

effect of meteorological variables on them, are demonstrated, Finally, 

ill(' explanation that is currently accepted for the observed pattern of 

diurnal variation of polar conductivities is show n to be unsatisfactory, 

and some suggestions are given for an alternative explanation. 



82 

4.2 DIURNAL VARIATION OF POLAR CONDUCTIVITIES 

At any station, polar conductivities show a certain regular pattern 

of variation. As explained in Chapter I, two types of variation are 

. usually seen - the single oscillation type and the doubl,e oscillation 

type. The variation patterns observed in this study mostly fall into the 

latter category. This, therefore can be taken to be typical of this 

region, Figure 4.1 shows the -'.:~riation pattern of the monthly mean 

hourly values O'm) , that is the average of the values for each hour of 

the day f0r a month, of positive and negative polar conductivities, 

respectively, for the months of May, June, .July, August and September, 

1991, for Kottarakara. The pattern can be seen to remain constant for 

all these months. This period covers one month prior to the onset of 

the south-west monsoon (May), three months (June, July and August) 

during which heavy monsoon rainfall is present, and one month 

(September) when the rainfall is generally low, The fact that the varia­

tion pattern has remained virtually constant over such varying weather 

conditions indicates that the pattern is characteristic to this region. 

Figure 4.2 shows the diurnal variation of )..+ and )..- for five 

months from June 1991 for Ambalapuzha. The variation pattern is the 

same as for Kottarakara. Chavara also shows a similar pattern in June, 

as discussed later. These three stations are widely separated, and are 

situated in different environments. The fact that all of them show the 

same type of variation indicates that the pattern is typical of this 

region. The results from Chavara will be discussed later. 
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The reason for this kind of diurnal variation is usually explained 

as given below. This explanation largely follows Kamra 0969, b) and 

Ret8.1is &. Zervos (976). During night time, the atmosphere is relatively 

calm with low winds and hardly any convective motion. The radon 

exhaled from the soil therefore accumulates near the ground and causes 

an increase in ionization, thus increasing conductivity. Early in the 

morning, due to human activity and also due to the onset of convection 

resulting from increase in atmospheric temperature in the morning, 

aerosols are pushed into the atmosphere. This causes a conversion of 

small ions into large ions through attachment, thus virtually preventing 

them from contributing to cond uctivity, and an increase in the destruc­

tion of small ions through recombination with large ions of the opposite 

polarity. The onset of circulation also removes radon from near the 

ground to higher altitude regions. These contribute to the observed 

decrease in conductivity around 0600 to 0800 hrs in the morning. 

Once the temperature increases and convection Luilds up, the 

aerosols are pumped higher into the atmosphere so that their con­

centration near the ground decreases. Conseq1lently, a smaller fraction 

of the small ions only is lost due to attachment to aerosols, and the 

conductivity increases. Convection becomes maximum in the afternoon, 

thus giving rise to the mstximum in conductivity around 1600 to 1700 

hrs. In the evening, with decreasing ground temperatures, the aerosols 

that had Lc~n pushed to higher altitudes begin to settle down and a 

greater fr~ction of small ions are lost through attachment. Conductivity 

therefore again decreases and reaches a minimum around 2000 to 2300 

hrs. Finally, after nightfall, the aerosols settle dow n, and the 

conductivity gets back to its normal night time high values. The 
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concentration of small ions is known to be smaller for higher aerosol 

concentrations (for instance, Hani &. Huddar, 1975). RetaUs (983) found 

that the large ion concentration has a double oscillation type of diurnal 

variation. The double oscillati.on type of behaviour of polar conducti­

vities is thus ascribed to the conversion of small ions into large ions 

by attachment to aerosols. This hypothesis is more closely examined at 

the end of this chapter, and some suggestions are made based on the 

observations during the present investigation and reported measure­

ments from elsewhere. 

4.3 EFFECT OF SURFACE RADIOACTIVITY ON CONDUCTIVITIES 

Ionization near the earth's surface is mainly due to nuclear 

radiations from radioactive species in the air and in the soil. The 

former are released into the air from the soil where they are produced 

by radioactivity. In a region where the soil contains high concentra­

tions of radioactive substances, therefore, the conductivity of air should 

be correspondingly higher. In the present study, one of the stations 

where conductivity was monitored, namely Chavara, has a high concen­

tration of the radioactive mineral monazite. The conductivity at this 

station is therefore much higher than that at the other stations. The 

monthly mean values of positive and negative polar conductivities at the 

three stations are given in Table 4.1. The values for Chavara are much 

higher than those for the other two stations. In June, for instance, the 

positive conductivity at Chavara is about 6 times higher than that at 

Ambalapuzha. In May, it is about 11 times that at Kottarakara. The 

observed conductivities at Ambalapuzha and Kottarakara are comparable, 

although the values for Kottarakara are slightly lower. It has to be 
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Month Chavara Ambtpzha Kttrkra 

+ve -Ye +ve -Ye +ve -Ye 

Mar 8.59 8.56 

Apr 12.06 10.09 

May 10.51 9.28 0.91 0.88 

Jun 7.09 7.23 1.13 1.26 0.88 0.81 

Jut 1.55 1.58 0.93 0.81 

Aug 1.07 1. 09 0.87 0.73 

Sep 1.88 1. 61 0.88 0.82 

Oct 1.66 1. 55 

Table 4~1. Monthly mean values of conductivity at the three stations. 

remembered that the measurements at KoUarakara were made at a higher 

altitude from the ground than at Am balapuzha, and that the site was 

located near a town, so that the values would be lower. The ratio of 

Chavara and Kottarakara values is therefore higher. 

In order to test the assumption that the high values at Chavara 

are due to radioactivity, spot measurements of the y-radiation level 

were taken at Chavara, Kottarakara and Ambalapuzha using a portable 

scintillometer. At the last two places, the levels were too low for 

reading clearly. However, it was found that the ratio between the 

levels at Chavara and the other places was at least 40. This is in 

broad agreement with the observed conductivities, as discussed below. 

Conductivity, A!, of air due to ions of one polarity alone is the product 

of the concentration, n!, and mobility, p!, of that polarity of ions and 

the charge on the ion. Since virtually all the small ions in the 
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+ atmosphere are singly charged, the conductivity can be written as A.-
+ + . = n-e}.l-, where e IS the elementary charge. The ion density, in the 

absence of aerosols, is given by the equation n! = (Q / a.)l, which is the 

same as equation 1.3. Assuming that the recombination coefficient, <1., is 

the same at all the above places, then ion density, and hence conductiv­

ity, should be proportional to the square root of ion pair production 

rate, Q. The fact that the y- radiation level at Chavara was about 40 

times that at the other two sites would indicate that the ion pair 

production rate there also would be correspondingly higher. This is in 

good agreement with the observed ratio in conductivities. This shows 

that the measured conductivities are in broad agreement with the 

radioactivity levels. 

An interesting feature is seen in the behaviour of the monthly 

mean values, and of the percentage variation of conductivity values 

over the mean, at Chavara. The monthly mean positive polar conducti­

vity, 1n+' ie. the average of the daily mean values over a month, is the 

highest for April, followed by May, March and June in that order. Th,e 

variation in A.
III

- is also similar. The percentage variance of the hourly. 

means, that is the variance expressed as a percentage of the mean, of 

"'m+ and 1.- also follow a similar pattern. This could be a reflection of 

the seasonal variation of the exhalation rate of radon, as mentioned 

earlier, coupled with the effect of meteorological parameters. The mean 

maximum temperatures for these months recorded at India Meteorological 

Department's observatory at a similar coastal station (Alleppey) about 60 

km north of Chavara are the highest in April, followed by March, May 

and June. The monthly mean temperatures, the monthly mean polar 

conductivities and the percentage variances of the monthly mean hourly 
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values are presented in Table 4.2. Except for the monsoon month of 

June. the other three months show a linear relationship between the 

mean maximum temperature and the percentage variance of polar 

conductivities. The percentage variances are plotted against tempera-

ture in Figure 4.3. Another point that may be noted from the table and 

the figure is that the variability in negative polar conductivity is 

higher than that of positive. The rate of change with temperature also 

r --

Mean max Conductivity % Variance 
Month Temp. +ve -ve +ve -ve 

---- --
March 33.71 8.59 8.56 47.1 61.1 

Apri 1 33.83 12.06 10.09 61.9 86.1 

May 33.38 10.51 9.28 21.9 25.5 

June 29.62 7.09 7.23 17.5 16.0 

Table 4.2 Monthly mean rna.xirmnn t~eratures (in cC) at AlleppeYi 
rronthly mean conductivity (in 10-1 srn 1 ) and percentage variances 
of monthly mean hourly values of polar conductivities at Chavara. 
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appears to be higher for negative values. This is probably due to the 

influence of aerosols. Since negative ions have a larger attachment 

coefficient to aerosols, changes in aerosol concentration can affect them 

more than positive ions. 

In spite of the limited extent of data, the observed relationship 

could be real. This behaviour is possibly due to the dependence of 

radon exhalation rate on soil temperature, and that of atmospheric 

transport of the gas on turbulence, which again depends on tempera­

ture. Higher soil temperatures induce higher exhalation of radon from 

the soil so that night time values of conductivity would be higher. On 

the other hand, higher air temperatures during day time increase the 

transport of the gas from the vicinity of the surface, so that day time 

values of conductivity would be lower. Another factor that could 

contribute to this is the change in aerosol concentration. The variation 

over a day would therefore be larger for a warmer day. But this 

relationship is not seen when each day's data are taken. This is 

possibly because of the influence of other random factors like wind, 

rain, etc., which would average out when a monthly mean is taken. 

Also, this dependence may be seen only at a highly radioactive site like 

Chavara. Similar relationship is not seen for the Ambalapuzha data. 

There, the variance is found to be more or less the same for the months 

of July, September and October, but is somewhat lower for June and 

August. 



91 

4.4 DIURNAL VARIATION OF CONDUCTIVITY AT A RADIOACTIVE SITE 

It was shown in Section 4.2 that the diurnal variation pattern of 

polar conductivities in the region where this study was carried out is 

of the double oscillation type. The results from Chavara were not 

presented there because they showed a behaviour that was different 

from that of the other stations. In this section, the diurnal variation 

patterns seen at Chavara during the four months from March to June 

are presented and an explanation is suggested for the observed 

departure from 'normal' behaviour. 

The diurnal variation pattern of conductivity is generally 

understood to remain more or less the same in all seasons. RetaUs and 

Zervos (976) for example, present the diurnal variation patterns for 

Athens, Greece, for all the months, averaged for a period of 4 years. 

The difference between seasons is seen to be minimal. The pattern of 

variation seen at Pune (Dhanorkar, 1992) also remains constant 

throughout the year, with low values during day time and high values 

at night, although the amplitude of variation is much larger during the 

winter months. This is the case at Kottarakara and Am balapuzha, at 

least for the five months for which data have been presented. Israel 

(971) states that 'since the nature of the trend at the individual 

stations displays a low variability throughout the year, the diurnal 

variation of the conductivity at one station apparently constitutes a 

certain characteristic for the local "atmospheric electric climate" .'(vol. 

1, p 97). Chavara is one station for which this is not true. The most 

striking feature of the behaviour of polar conductivities at Chavara is 
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th€' significant difference in the pattern of diurnal variation between 

the pre-monsoon months and a monsoon month. 

The pattern is more or less similar for the first three months for 

which data are presented in Figure 4.4. The values are high during 

night time. There is a rather sharp drop early in the morning reaching 

a minimum around 0700 hrs 1ST. The behaviour after that is slightly 

different for each month. In March the conductivities recover as 

rapidly as they fall, and reach a sharp peak around 0900 hrs. They 

remain low almost throughout the rest of the day, and recover only by 

nightfall. In April, the 9 O'clock peak is not as sharply defined as in 

Harch, and the profile almost resembles the trough of a sinusoidal 

variation. The daytime trough is less marked in the profile for May, 

and the variation in conductivity is rather small for this month, except 

for the sharp early morning drop. 

The situation is quite different in June. For this month, the 

curve is similar to the diurnal variation pattern for the other two 

stations. and also those reported by Retalis &. Zervos (1976). Conductiv­

ity is large during night time. It starts decreasing around 0400 to 0500 

hrs and falls rapidly to a minimum around 0700 hrs 1ST. A slow 

increase follows, leading to a broad maximum around 1400 to 1700 hrs. 

A secondary minimum around 2000 to 2100 hrs is also seen. The day 

time variation is almost the mirror image of what is seen in the other 

lJlonths. 

A qualitative explanation for the observed behaviour may be as 

follows: The dominant winds at the site, a coastal one, will be the land 
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and sea breezes during the months from March to May. The sea breeze 

would bring in fresh air from over the sea, and carry away part of the 

radon released from the soil near the instrument. This would explain 

the low values observed during day time in these months. The sharp 

drop in the morning is often attributed to the destruction of' small ions 

through attachment to aerosols and recombination with large ipns of 

opposite polarity. The rapid increase in conductivity after the minimum 

around 0700 hrs must be due to the relative calm between the subsi­

dence of the land breeze and the onset of the sea breeze, when radon 

exhaled from the soil remains in the same locality. 

At night, the sea breeze subsides about two hours after sunset, 

and the land breeze begins to pick up. Land breeze is generally a 

weaker phenomenon compared to sea breeze. Since the monazite deposit 

extends somewhat into the land region, the land breeze, unlike the sea 

breeze, would bring along with it the radon released from the soil. 

During night time generally the vertical circulation is also inhibited. 

All these factors contribute to an increase in the concentration of 

radon, and therefore in conductivity, near the surface. 

In June, with the onset of the southwest monsoon, the local wind 

systems are overridden by the large scale winds of the monsoon. These 

winds blow almost continuously from the sea, so that variations over a 

day are relatively small. The diurnal profile in June therefore agrees 

with that observed at other sites in this region. 
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4.5 EFFECT OF RAINFALL ON CONDUCTIVITY 

Conductivity can be influenced by several environmental and 

meteorological factors. One of them is rainfall. Most of the rainfall 

pbtained in this state is from the two monsoons. During this period, 

rain is widespread and continuous. The clouds seen most often are 

stratus and stratocumulus. Most parts of the state also obtain a small 

amount of rainfall during one or two months before the onset of the 

south-west monsoon. These are isolated intermittent spells of rain due 

mostly to thunderstorms, and are often obtained in the evenings. The 

general weather conditions will therefore be different in this period 

from that during the monsoons. The effect on atmospheric electrical 

conductivity also could hence be expected to be different. 

4.5.1 Effect of pre-monsoon rainfall 

Polar conductivities were measured in the institute campus during 

the period from April to June 1993. Rainfall also was measured 

simultaneously using a self-recording rain gauge (SRRG). Comparison 

of these two sets of data shows an interesting relationship. The results 

for the pre-monsoon months are presented here. 

The daily mean positive polar conductivity for the months of April 

and May is plotted against day number in Figure 4.5. This shows large 

fluctuations. The daily rainfall is also plotted in the same figure. It 

can be seen that conductivity starts decreasing after a rain. A large 

decrease is seen especially after a heavy rainfall of 29.4 mm, which fell 

within 15 minutes on 25.4.93. Conductivity tries to recover during days 
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Figure 4.5 Daily mean positive polar conductivity at Trivandrum for 
April and May, 1993, and the daily rainfall. 

of dry weather. The reduction in conductivity associated with rainfall 

may be due to the suppression of radon exhalation. Increased humidity 

could be a contributing factor. But in a hot month like April. the high 

humidity caused by the thundershower may not persist for long. 

4.5.2 Effect of monsoon rainfall 

The period over which conductivity data are available at the 

radioactive site (Chavara) and the inland site (Kottarakara) covers one 

month prior to the onset of the monsoon and one month after the onset. 

The behaviour of conductivity has been found to be different during 

these two periods. The change is striking at Chavara, where the 

positive polar conductivity showed a significant reduction after the 

onset of the monsoon. The average values of positive polar conductivity 
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for the months of May and June are 10.51, and 7.09, in units of to-14 S 

m-I (see Table 4.0. The variation in the daily means of positive polar 

conductivity during these two months is shown in the graph in Figure 

4.6. The sharp reduction after June 1st is clearly seen. The decrease 

in conductivity is more or less uniform for the entire length of the day. 

The data obtained from Trivandrum also show similar reduction with the 

onset of the monsoon. The daily mean values for May and June for 

Trivandrum are presented in Figure 4.7. The rainfall during this 

period, measured alongside with an SRRG, is also shown in the figure. 

The reduction is probably due to two reasons: one, the suppres­

sion of exhalation of thoron (Rn21J) gas from the soil by the rain water, 
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Figure 4.6 Variation of daily mean positive polar conductivity at 
Chavara during May and June, 1991. 
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Figure 4.7 Variation of daily mean conductivity at Trivandrum 
during May and June, 1993. The daily rainfall is also shown. 

and two, the prevalence of strong monsoon winds that blow almost 

throughout the day from the sea, as mentioned earlier. It is known 

that rain fall can cause large reductions in exhalation rate (Junge, 

1963). Another possible factor could be the higher humidity leading to 

a larger fraction of ions becoming heavier through attachment. How-

ever, the data from Kottarakara does not show any significant reduction, 

the average values for the months of May and June 1991 being 0.91 and 

0.88 (xlO-14 S m-I). This could mean that the increase in humidity may 

not have contributed significantly to the reduction in conductivity. For 

the station at Ambaiapuzha, data for the month of May are not available 

since the station was established only in June. 

Another effect of the onset of monsoon is a change in the ratio 

of polar conductivities. The ratio of the monthly mean of the positive 
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polar conductivity to that of the negative polar conductivity was 

greater than unity for the pre-monsoon month of May at Chavara. In 

June, after the onset of monsoon it became less than unity. The ratio 

of the monthly mean hourly values of the polar conductivities shows a 

consistent decrease from May to June, but the ratio is not less than 

unity for every hour of the day. Figure 4.8 shows the monthly mean 

diurnal variation in the ratio of polar conductivities for the months of 

Hay and June for Chavara. The ratio for June for this station is seen 

to be al ways below unity. The reason for the observed increase in the 

ratio of polar conductivities could be the so-called Lenard effec.t, the 

ejection of negative charges when rain drops hit the ground and break 

up. A second possible reason is the reversal of the sign of the space 
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Figure 4.8 Monthly mean diurnal variation in the ratio of polar 
conductivities at Chavara for May and June, 1991. 
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charge near the ground during periods when electrically charged clouds 

are present overhead. Large negative potential gradients have been 

observed under monsoon clouds (Kamra I; Sathe, 1983). 

4.6 DIFFERENCE BETWEEN COASTAL AND INLAND SITES 

The behaviour of polar conductivities may be expected to be 

different at a coastal site from that at an inland site. Several factors 

may contribute to this difference. The weather conditions at the coast 

is different from inland. Apart from the moderating influence of the sea 

on temperature, the higher humidity and the effect of sea and land 

breezes are also important. Another factor that is important is the 

space charge generated by surf (Muir, 1977). The breaking sea waves 

are know n to release positive space charge into the atmosphere. In the 

present study, however, striking differences have not been observed 

between the behaviour of polar conductivities at Ambalapuzha and 

Kottarakara. 

The polar conductivities at Ambalapuzha are slightly higher than 

those obtained at Kottarakara. One of the reasons for this difference 

is possibly the fact that the measurements at Kottarakara were made at 

a higher altitude from the ground. However, the influence of marine air 

is also one possible reason since conductivities are known to be slightly 

higher over the sea compared to the average values over land. An 

interesting observation is that the amplitude of the monthly mean 

diurnal variation of polar conductivities is the maximum at Ambalapuzha. 

This appears to be a genuine effect of the proximity to the sea. In 

marine air, the amplitude is small (Israel, 1971, p 97). But at a coastal 
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station like Ambalapuzha, where the influence of marine and continental 

air may be felt alternately, this could lead to a larger amplitude of 

variation, compared to an inland site where the effect of marine air is 

not felt. The diurnal variation patterns at these two sites do not show 

any other difference. The effect of surf-generated space charge also 

is not seen at either Ambalapuzha of Chavara. This could be because 

the sea is rather shallow with a small slope at both these places, as 

along much of the Kerala coast. 

4.1 DIURNAL VARIATION OF CONDUCTIVITY -

TOWARDS AN ALTERNATIVE EXPLANATION 

4.1.1 Need for an alternative explanation 

As described earlier, the diurnal variation of conductivity shows 

a double oscillation pattern in this region, except at Chavara in the 

pre-monsoon months. The generally accepted explanation for this 

behaviour also was given in an earlier section. However, one of the 

intriguing features of the pattern is the sharp decrease seen in the 

morning, which is usually attributed to the destruction of small ions 

through attachment to aerosols and recombination with large ions of 

opposite polarity. As per the hypothesis, the variation seen in 

conductivity over the period of a day is mainly due to the variation in 

aerosol concentration. In the morning, the concentration of aerosols 

increases as the atmospheric temperature increases, and consequently 

conductivity decreases. Kamra 0969 a), for instance, found that there 

was rather good agreement between the time at which atmospheric 

temperature started increasing and the time at which the vertical 
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electric field started increasing. The variation during daytime is also 

attributed to the variation in aerosol concentration near the ground due 

to changes in the strength of the convective motion of air. Retalis 

(983) found a double oscillation type of variation in the large ion 

concentration at Athens. This is in agreement with the observed 

conductivity variation. The explanation therefore appears to be well 

supported by observations. 

A closer inspection, however, would reveal some limitations of this 

hypothesis. One drawback of this hypothesis is that some stations show 

a single oscillation type of diurnal variation. For instance, of the data 

from five stations shown by Israel (1971, p 98), two, namely, Watheroo 

and Davos, show single oscillation type of behaviour. If the above 

hypothesis is to be accepted, then one would expect all stations to show 

the double oscillation type of variation. Another difficulty is that the 

morning decrease often starts very early, around 0400 hrs. This is too 

early in the morning for either human activity or sunrise to affect 

conductivity. Also, in the present study, it is seen that the morning 

decrease is seen in all the months in all the stations. Even at Chavara, 

during the pre-monsoon months when the pattern is on the whole 

different from the normal pattern for this region, the early morning 

decrease is consistently seen. Moreover, in June, when continuous and 

heavy rainfall is present, the explanation for the decrease seen in the 

morning does not appear to be satisfactory. The phenomenon therefore 

appears to be independent of the season, weather, etc. 

The diurnal variation patterns at Athens for the different months 

obtained by Retalis & Zervos (976) are shown in Figure 4.9. Here 
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Figure 4.9 Diurnal variation of posi tive and negative polar conduc­
tivities at Athens for each m:>nth and for the year (fran Retal1s & 
Zervos, 1976). 



the morning decrease is seen to be a regular phenomenon. 
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They 

mention that the morning minimum and the afternoon maximum present 

a time shift according to the time of the year - the morning minimum 

occurring earlier in summer, and the afternoon maximum and the 

evening minimum occurring later in summer. However, they later 

mention that the morning minimum usually occurs between 0700 and 0900 

hrs. The spread in time appears to be small for a station like Athens, 

where the time of sunrise varies by about four hours over a year. 

Considering all these factors, it appears that an alternative hypothesis 

is needed to completely explain the diurnal variation of conductivity. 

4.7.2 Harmonic analysis of conductivity 

In order to obtain a better understanding of the variation pattern 

of conductivity, the mean hourly values were subjected to harmonic 

analysis. In the case of Chavara, the first three months (ie. March, 

April and May) and June show different types of diurnal variation. 

Only June has a pattern that is similar to that of the other stations. 

The second harmonic of the mean hourly values for this month are 

shown in Figure 4.10. In the case of the other stations, the second 

harmonics shown are for the average data for all the months. In spite 

of the relatively small extent of the data, all the curves show a similar 

behaviour, the morning crest falling around 0400 hr. The phase of the 

second harmonics may be affected by random influences on conductivity. 

This influence will be limited if data for a longer period is studied. 

Retalis &. ZerV08 (916) have presented the results of harmonic 

analysis of conductivity data for the period 1968-12, averaged for each 
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Figure 4.10 Second hanronics of the nean hourly values for the three 
stations_ 
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month. The second harmonics of the data for all months are shown in 

figure 4.11. Their behaviour is similar to that obtained in the present 

investigation. They show a maximum around 0400 hra and a minimum 

around 1000 hrs. As mentioned earlier. the sunrise time at Athens 

varies widely over the year. If the observed diurnal variation paltern 

is mainly determined by sunrise and human activity. one would have 

expected some significant change from month to month. The phase 

angles of the second harmonic of positive conductivity given by them 

shows a variation from a high of 343' in February to a low of 315' in 

June for all weather, and from 313' in June la 342' in December for 

fine weather. This represents a variation of about ±l hour, which is 

the time resolution of their data, over the year, 
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4.7.3 Towards an alternat;ve explanat;on 

From the discussion given above, the limitations of the present 

explanation are clear. While the role of aerosols and the effect of 

sunrise cannot be totally ruled out, it appears to be necessary to look 

for additional mechanisms that may be influencing the behaviour of 

conductivity over a day. In this context, one factor that emerges as 

important is the relatively small variation in the time at which the 

morning maximum and minimum occur. As seen in the present study, 

the conductivity starts decreasing around 0400 hrs irrespective of the 

season, weather, location, etc. The explanation, therefore, has to be 

sought in some phenomenon that shows a constant behaviour in all 

seasons, and is independent of the weather conditions. 

One such phenomenon is the semi-diurnal variation in atmospheric 

pressure that is seen predominantly in the tropics. This is a well 

known, but poorly understood phenomenon, which is independent of the 

seasons, weather conditions, and other effects. In the tropics, 

atmospheric pressure goes through a well defined semi-diurnal osci­

llation that has a minimum at 0400 hrs and a maximum at 1000 hrs. A 

mean profile is shown in Figure 4.12 (Nieuwolt, 1977). The amplitude of 

this variation is highest in the tropics, around 3 to 4 mb, and decreases 

towards higher latitudes. The reason for this behaviour has not been 

successfully explained. But we see that the conductivity variation is 

almost the inverse of that of pressure. In particular, the conductivity 

maximum around 0400 hr almost coincides with the pressure minimum. 

Hgure 4.13 shows the second harmonic of a typical day's pressure 

variation at Trivandrum along with the second harmonic for Kottarakara. 
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Figure 4.12 Diurnal behaviour of atnospheric pressure in the 
tropics (fram Nieuwolt, 1977). 
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Atmospheric pressure can influence conductivity through its effect 

on ion mobility. The mobility, Po' at STP and that at pressure p and 

temperature T are related by the expression It = Po .(pO/p).(T/TO>. A 

decrease in pressure would, therefore result in an increase in conducti­

vity. This, however, cannot explain the observed diurnal behaviour of 

conductivity, since the variation in pressure at the surface is very 

small, as mentioned earlier. The causal link, therefore, has to be found 

in some other process. One such possibility is the influence of 

atmospheric pressure on radon exhalation. An increase in atmospheric 

pressure would tend to reduce radon exhalation from the soil, and 

consequently reduce the ionization and conductivity. To what extent 

this may be effective in producing the observed variation depends on 

the extent of the influence of pressure on radon exhalation. The strong 

influence of isolated rainfall on conductivity, presented earlier, shows 

that reduction in radon exhalation can significantly affect conductivity. 

It thus appears that the present explanation for the daily 

variation of conductivity may not be complete. Factors other than the 

variation in the concentration of aerosols may have to be taken into 

consideration. Aerosols do influence small ion concentration and 

therefore their effect on conductivity cannot be ignored. However, some 

aspects of the behaviour of conductivity over a day, especially the 

reduction that starts early in the morning, is not satisfactorily 

explained by the influence of aerosols alone. What is attempted here is 

only to present a new relationship that has been observed. Conductiv­

ity is most certainly controlled by a combination of factors, and a 

simplistic explanation based on one of them alone may miss some of the 
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important aspects. The difference in the phase of the second harmonic 

for the months of March, April and May at Chavara, for instance, must 

be due to the dominating influence of another factor, the wind, for 

instance. A complete understanding can emerge only after the question 

is closely examined in a comprehensive study. 



CHAPTER V 

5. SPACIAL VARIATION 

OF CONDUCTIVITY 

5.1. INTRODUCTION 

The measurement of atmospheric electrical conductivities at 

various altitudes above the surface is important for obtaining a clear 

understanding of the electrical processes in the atmosphere. Instru­

ments carried on rockets, balloons and aircrafts are used for this 

purpose. Each carrier works well in a particular region of the 

atmosphere, and has its own advantages and disadvantages. Rockets 

are useful when measurements above fifty kilometres are desired. 

Balloon-borne instruments usually give good data from about two to 

three kilometres up to around 35 km. The region between around 35 km 

and about 50 km is difficult to access. One method is to use parachute­

borne instruments deployed from rockets, although this has limitations. 

Most of the balloon-borne experiments carried out so far have not given 

good data below about 2 km. This is the region where aircraft-borne 

measurements are very useful. This also happens to be a very 

interesting region since the effects of radioactive mineral~ in the soil 

are felt up to about two to three kilometres. Of the three platforms 

mentioned above, aircraft also happens to be the cheapest. Moreover, 

instruments can be carried in an aircraft over virtually any terrain, 

whereas special facilities are required for launching rockets or high 

altitude balloons. 
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Aircraft-borne instruments have been used by Gish &. Wait (1950), 

Callahan et al. (1951), Kraakevik (1958), Paltridge (1966), and others for 

measuring electrical polar conductivities in the troposphere and the 

stratosphere. Gish &. Wait (1950) found that electrostatic charge 

accumulates on the aircraft and affects the measured values. They also 

found that if the charge on the aircraft was positive, then it affected 

only the positive conductivity values and not the negative ones, and 

vice versa. Coroniti et al. (1952) investigated this phenomenon using 

both laboratory experiments and aircraft flights. They concluded that 

the effect is negligible under fair weather conditions. 

In this chapter, the aircraft payload used for the present 

investigation is described, and the results obtained are presented and 

discussed. Before the air-borne measurements were carried out, the 

instrument was tested by carrying out a few test surveys at ground 

level with the instrument mounted on a jeep. Of these, only one gave 

continuous data. The results of this measurement are also presented. 

5.2 PAYLOAD DETAILS 

The Gerdien condenser aircraft payload consists of a sensor, the 

electronic circuitry for generating the driving voltage and for process­

ing the output signal from the sensor, the system for recording the 

signal, and the power supply units for all these. The aircraft used for 

the surveys was a Pushpak trainer aircraft of the Kerala Aviation 

Training Centre (KATC), Trivandrum. The payload was designed with 

the capabilities and limitations of the aircraft in mind. These sub­

systems are discussed separately below. 
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5.2.1 Design of the sensor 

The sensor developed for the present study, along with the clamp 

for mounting it, is shown in Figure 5.1. The driving electrode is 300 

mm long and 60 mm in diameter. This is fixed inside a tube having a 

slightly larger diameter (65 mm) with two layers of Milnex insulating 

sheet in-between. The tube diameters are such that the driving elec­

trode with the two layers of Milnex sheet over it fits tightly into the 

outer tube. The inner tube acts as the driving electrode and the outer 

one is electrically grounded and acts as a shield. The shield is slightly 

extended beyond the driving electrode at either end. The extensions 

act as guard rings and reduce the fringing of the applied field. The 

collector is a copper wire 0.6 mm in diameter. This is mounted at the 

axis of the tubes using two PTFE insulators at the ends. The PTFE 

pieces are held in place by 4 mm chromium plated mild steel bolts that 

run across the tube at either end. The driving electrode and the outer 

tube are fabricated in brass and chromium plated, and the collector wire 

is tin coated. The capacitance of the sensor is about 1.3 pF. The 

sensor was mounted with aircraft quality bolts and nuts onto a strut of 

the aircraft using a clamp. Neoprene rubber padding was provided 

between the clamp and the strut. 

5.2.2 Design of the electronics 

A block diagram of the aircraft payload is given in Figure 5.2. 

The electronic circuitry for the instrument consists of two parts - the 

signal conditioning circuits, and the fm modulator and 

circuits used for recording the data on tape. 

associated 
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The circuit diagram of the system is given in Figure 5.3. The 

saturation voltage of the sensor for an aircraft cruising speed of 80 

kmph and for the type of ions normally encountered during the flight 

is about 800 volts. Therefore the driving voltage used was of the order 

of 200 volts. This was obtained from a bank of 9V dry batteries. 

Positive or negative driving voltage could be selected using a DPDT 

switch (SW1 in Figure 5.3). The reference level of the measurement 

system was obtained by grounding the driving electrode through the 

switch (SW2) at definite intervals. An alternative for the battery bank 

is a dc-dc converter run on batteries. In this case, care has to be 

taken to see that the invertor output is filtered properly since any 

ripple in the driving voltage would cause a large noise in the signal. 

Care has also to be taken to see that the invertor does not contribute 

electrical noise to the rest of the electronics. 

The current range from the sensor for the conductivities normally 

expected in the region of measurement is from about 0.1 to 5 pA. The 

current was converted to voltage using a current to voltage converter 

(CVC) with a sensitivity of 0.1 V per pA, built around an Analog Devices 

AD515L operational amplifier. The output of the CVC was fed to a signal 

conditioner having three gain stages of xl, x5 and xlO respectively. 

Thus the total circuit had a sensitivity of 5 V per pA. This is 

sufficient for the kind of currents expected from the sensor. This part 

of the circuitry is essentially similar to the one used in the ground­

based instrument. Output from all the three stages were available, and 

the appropriate one was selected for recording by the operator on 

board using a thumb-wheel switch nWS). The invertor shown in Figure 



) 
1+

 

FR
O

M
 

E,
M

 

10
 

IN
V

E
R

T
E

R
 

10
 

+
v
e

 

l)
'-

--
-'

-
• 

7
4

7
 

-v
e

 
+

 

471
 

-
6
V
~
 

R
EG

U
LA

TE
D

20
 

I 
,... 

~
 

R
E

SI
ST

O
R

 
V

A
LU

E 

+
 

T
 

3 

L
E

V
E

L
 G

A
IN

 
T

,\J
,S

 

SH
IF

T
E

R
 

10
 

12
 :s: 

8 

F
IL

 T
ER

 

M
h7

X
2

 r
-
-
,
 
-
-
-
-
,
 

.... 

+
9 

:s: 
6 

TO
 

T
A

PE
 

v 
L..

 
U

 
2 

I 

R
EC

O
R

D
ER

 
;.

.J
 

81
 
-9

 

IN
 

K
IL

O
 

O
H

M
S,

 
C

A
PA

C
IT

A
N

C
E 

V
A

LU
E 

IN
 

M
IC

RO
 

FA
R

A
D

. 
F

io
u

re
 5

.3
 

C
ir

cu
it

 d
ia

gr
am

 o
f 

th
e 

el
ec

tr
on

ic
 c

ir
cu

it
ry

 u
se

d 
in

 
th

e 
ai

rc
ra

ft
 p

ay
lo

ad
. 

.... .... .....
. 



118 

5.3 was used to maintain positive the polarity of the signal at the input 

to the modulator. 

The output from the signal conditioning circuits was fed to a 

positive input fm modulator built around an 8038 which gave frequency 

output in the range from about 300 Hz to about 2500 Hz. Whenever the 

driving voltage polarity or the gain stage was changed. the proper 

polarity signal for the modulator was provided using the invertor and 

the switch SW 3 shown in Figure 5.3. The modulated signal was 

recorded on good quality C90 cassettes during flight. In order to 

facilitate the selection of the proper gain stage during flight. the 

modulator input was monitored on an analog meter. This also gave an 

indication that the system was functioning properly up to that point. 

Complete calibration of the system was done before and after each 

flight by giving known currents from a pico ampere source (Keithley 

Instruments) to the collector of the sensor and recording the output on 

the cassette used for the flight. The cassette was played back through 

an fm demodulator and the data transferred to paper chart after the 

flight. Calibration of the entire system. from the sensor to the 

demodulator and the paper chart recorder. was taken and it shows very 

good linearity. Typical calibration curves are shown in Figure 5.4. 

The sensor was mounted onto a strut of the aircraft using a 

simple clamp. The clamp also had provision to holds the current to 

voltage converter inside it. This eliminated the problems that a long 

cable running from the sensor to the amplifier could create. The total 

weight of the sensor with the clamp is about 1.7 kg. 



Figure 5.4 calibration curves of the complete aerial survey system 
for the t~ gain stages which were used in the surveys. 

5.3 GROUND SURVEYS 

In order to test the instrument designed and fabricated for the 

aerial surveys, the sensor was mounted on a Maruti Gypsy, and a few 

surveys carried out. Due to the fact that these measurements were 

during the development of the instrument. data are available only over 

part of the distance covered, except in the case of a survey from 

Trivandrum to Manavalakkurichi. Some interesting results that have 

come out of these measurements are presented here. 
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Figure 5.5 gives the results from t he survey from Trivand r u m to 

Manavalakkurichi. In this s u rvey I positive polar conductivity wa s 

measured during the onward journey and negative during the r eturn 

journey. The vehicle maintained a more or less constant speed of a bou t 

60 kmph. At p laces where t he vehicle had to slo w down, the data have 

been rejected. The polar conductivities are lar ge f rom arou nd Karingal 

onwards up to the Kadayapatnam beach at Manavaiakkurichy. 

Another survey was conducted from Trivandrum u p to and beyon d 

Chavara. However, data were obtained only at inte r vals. This also 
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showed a peak at Chavara, falling off rapidly towards the north and the 

south. 

In one test run along the MC Road from Trivandrum to Kottara­

kara, it was observed that conductivity values were high around a 

granite quarry near a place called Venjarammoodu. Figure 5.6 shows 

the portion of the chart corresponding to the location. The high values 

are probably due to the release of nuclear radiations and radon from 

the freshly exposed faces of the rock. Radioactive nuclei present in the 

freshly exposed surfaces of the rock, including that of small particles 

of rock released into the air, would provide an abundant source of 

radiation. Also, since the permeability of the rock is low, radon 

produced by the decay of radioactive nuclei in the rock would be 

locked up inside. When the rock is broken, whatever radon remains is 

released, adding to the ionization in the air. 

5.4 RESULTS OF AERIAL SURVEYS 

In order to investigate the extent of the influence of radioactivity 

on electrical conductivities, three surveys were conducted. Aerial 

surveys in both north-south and east-west directions, covering the 

regions having radioactive deposits, including a short distance into the 

sea were done. Initially, a test flight was conducted which was useful 

for understanding the problems and intricacies involved in such 

experiments. Three more successful flights were carried out, which 

helped to validate the technique and to demonstrate its utility in 

atmospheric electrical investigations. The flights were from Trivandrum 

to Kanyakumari and back, Trivandrum to Alleppey and back, and 
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Trivandrum to Kottarakara to Chavara and back. The flight paths of 

these surveys are shown in Figure 5.7. 

The results of the individual surveys are presented and discussed 

below. The data from each survey are shown in the form of a graph. 

Finally, the values from all the surveys are classified into ranges and 

presented together in a map along with the terrestrial radiation 

measurements of Sankaran et al (1986). 

5.4.1 Survey 1 Tr;vandrum - Alleppey 

A survey was carried out from Trivandrum to Alleppey along the 

coast to study the north-south extent of the radioactive deposits. The 

flight took off from Trivandrum at about 1150 hrs on 1.10.1992, reached 

Alleppey around 1300 hrs, and returned to Trivandrum at about 1400 

hrs. The aircraft was maintained at an altitude of about 1000 feet 

(about 300 m) and at a distance of roughly 500 m from the coast. 

A verage readings for each minute were taken from the chart and 

reduced to conductivity values. The results obtained are ploUed 

against distance from Trivandrum in Figure 5.8. Conductivity remains 

at about the same value up to a distance of about 45 km from Trivan­

drum. It is slightly higher there onwards up to about 10 km before 

Chavara. From here. conductivity increases rapidly, goes through a 

maximum at Chavara and then decreases. The region north of Chavara 

shows relatively lower conductivity compared to the southward portion. 

This is because the deposits of monazite sands are not found to the 

north of Chavara. 
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FiQU,re 5.8 Conductivity variation along the coast fran Trivandrum to 
Alleppey. 

An interesting observation is the fluctuations seen between 

Chavara and Alleppey. The data show large fluctuations covering 

spatial distances from around one kilometre to several kilometres. A 

sample portion of the chart that shows these fluctuations is given in 

Figure 5.9. This can be caused by isolated convection cells that bring 

up air from near the ground which would have a much higher conduc-

tivity than the ambient air. These convection cells could be formed by 

the presence of large and small water bodies. The land regions between 

these water bodies would support convective motion whereas the water 

bodies would not. The region between Chavara and Alleppey has many 

water bodies, and rains a few days prior to the flight had created 

isolated water bodies in the coastal region. 
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5.3.2 Survey 2: Trivandrum - Kanyakumari 

Apart from the Chavara region of Kerala state, large deposits of 

monazite are present around Manavalakkurichi in Tamil Nadu. A survey 

was therefore conducted southward along the coast almost up to Kanya-

kumari and back. The aircraft took off from Trivandrum at about 1625 

hrs on 1.10.1992 and landed back at about 1745 hrs. This survey also 

was carried out at an altitude of about 330 m (1000 feet) and almost 

hugging the coastline. The results are plotted against the distance 

from Trivandrum in Figure 5.10. The values show two peaks one at 

about a few kilometres north of Kolachel and the other at Manavala-

kkurichi. 
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5.3.3 Survey 3: Trivandrum - Kottarakara - Chavara 

To study the east-west extent of the effect of the radioactive 

deposits on the atmospheric electrical conductivity the third survey was 

conducted. This survey started from Trivandrum, went up to Kottarak-

ara, and then turned west, flew over Chavara and a short distance over 

the sea, and then returned along the same route. In this survey the 

aircraft was maintained at about 2000 feet (650 m). The flight took off 

around 1340 hrs on 30.9.1992, and landed back at about 1515 hrs. 

Mean values for each minute of the flight are shown in Figure 

5.11. The data show the conductivity decreasing towards Kottarakara, 
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Figure 5.11 Conductivity data obtained in the survey between Tri­
vandrurn and Chavara via Kottarakara. 
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where it reaches a minimum, and then increasing up to Chavara. 

Monazite is present all along the coastal region and a few kilometres 

inland. Near and around Kottarakara the radioactivity is low. This is 

reflected in the conductivity being low over Kottarakara. 

As the aircraft moves towards the coast after crossing Kottara­

kara, the conductivity increases, and reaches a peak at Chavara. The 

peak value at Chavara is lower than the one seen in the first survey 

because this survey was conducted at a higher altitude. During the 

short flight over the sea, the conductivity is seen to decrease rather 

rapidly. However the effect is seen to persist for the distance the 

flight went over the sea, the conductivity being larger than typical 

marine values. This has to be due to the transport of radon from over 

the land. Normally one would expect the conductivity to be high to the 

cast of Chavara and decrease rapidly towards the sea. Because sea 

breeze is normally expected to carry away the radon and bring in fresh 

air from the sea, conductivity even at the coast should be close to that 

of marine air. This is not seen here. The ground station located at 

Chavara has also shown that conductivity values were higher than that 

of marine air even during periods when strong monsoon winds from the 

seaward side were present. 

At a distance of around 20 km from Trivandrum, the negative 

polar conductivity measured during the return journey is seen to be 

much higher than positive. This is because the aircraft had taken a 

slightly different route during its return journey, and flew over a hill 

towards the north of Trivandrum. This hill is about 160 m high and 

has a somewhat higher level of radioactivity compared to its surround-
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ings. The high negative values seen are therefore due to the reduction 

in ground height of the aircraft as it flew over the hill and the higher 

level of radioactivity there. 

In the survey to Alleppey and back the positive and negative 

conductivity values are comparable. In the other two surveys the 

negative conductivities are higher than the positive conductivities. One 

possible cause for this difference is that the two polar conductivities 

are not measured simultaneously. Therefore, any change in polar 

conductivities with time will be reflected in the data. It is known that 

the conductivities do show a diurnal variation. Another possibility is 

that it could be due to a charging of the aircraft, as mentioned earlier. 

But since the first survey to Alleppey does not show any difference 

between the two polar conductivities, either the aircraft did not get 

charged during that flight, or the two processes could have combined 

to neutralize the effect of each other. Since the flights were carried 

out on consecutive days, when the weather remained more or less 

uniform, it is difficult to understand why the aircraft did not get 

charged in one flight alone. Therefore, the difference in polar 

conductivities could be due to a combination of these two causes. 

The results of the conductivity surveys are plotted on a map of 

the region in Figure 5.12. The positive conductivity values alone are 

plotted in four convenient ranges. The ranges are different for the 

Kottarakara-Chavara survey because this survey was carried out a 

different altitude from the other two. Over Chavara, therefore, polar 

conductivities have been obtained at two different altitudes, namely 1000 

and 2000 feet, in addition to the data obtained at the surface. These 
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measurements show that conductivity decreases with altitude in this 

region of the atmosphere. This is a direct result of the high radio­

activity at the surface. In the horizontal plane, the higher conductivity 

is more or less confined to the region having the deposits. 

The relationship between the polar conductivities at low altitudes 

and the presence of radioactive deposits at the surface points to the 

possibility of adapting this technique for preliminary surveys of 

radioactive deposits. The instrument is simple, light weight and 

inexpensive, and no special attachments or fixtures are needed on the 

aircraft. However, some more work has to be done to validate the 

technique and work out its feasibility. 
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CHAPTER VI 

6. SUMMARY AND CONCLUSION 

6.1 RESUME 

This thesis presents the results of an investigation of the 

relationship between certain environmental factors and the behaviour of 

atmospheric electrical polar conductivities. The study was carried out 

in the southern part of Kerala state and the adjoining region of Tamil 

Nadu. One of the important environmental factors in this region is the 

large deposit of the radioactive mineral monazite in the coastal sands. 

This was, therefore, a major factor that was studied. Other environ-

mental factors included rainfall, temperature, wind, etc. While the 

electrical conductivities were measured using instruments developed for 

the purpose, meteorological data were mostly obtained from the India 

Meteorological Department. 

For the investigation, a Gerdien condenser instrument was 

designed and developed for continuous monitoring of atmospheric 

electrical polar conductivities. Three such instruments were fabricated 

and installed at suitable sites at Chavara, Ambalapuzha and Kottarakara, 

Positive and negative polar conductivities were measured for four to 

five months at these sites. Subsequently, one of these instruments was 

operated at the campus of our institute and data from here for about 

three months are used, along with rainfall measured simultaneously 

using a self recording rain gauge, to demonstrate the effect of rainfall 

on conductivity. 
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An electric field mill was developed for measuring the vertical 

electric field. It was test run for about one month at Kottarakara. 

Some modifications were found necessary, which were taken up. 

A Gerdien condenser aircraft payload was also developed for 

conducting aerial surveys of polar conductivities using a Pushpak 

aircraft of the Kerala Aviation Training Centre, Trivandrum. Three 

surveys were carried out, namely, Trivandrum to Alleppey along the 

coast, Trivandrum to Kanyakumari along the coast, and Trivandrum to 

Chavara via Kottarakara. The third survey also went over the sea for 

about 1 km. Before the airborne surveys were conducted, the payload 

was tested by mounting it on a jeep and driving it along the highways. 

The highlights of the results are given below. 

6.2 HIGHLIGHTS OF RESULTS 

The data from the measurements at ground level indicate the 

following: 

(i) Polar conductivities have a similar behaviour in the region of 

study, as evidenced by the data from Kottarakara, Ambala­

puzha and Trivandrum. 

(ii) Conductivity values are six to seven times higher at a site 

like Chavara having a rich deposit of radioactive minerals, 

compared to areas without significant deposits of these 

minerals. 

OH) The diurnal variation pattern of polar conductivities is of the 

double oscillation type at all the sites, except during the 
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pre-monsoon period March to May at Chavara. Here the 

pattern is strongly influenced by wind during this period. 

(iv) The monthly mean amplitude of diurnal variation at Chavara 

during the pre-monsoon months is dependent on the mean 

maximum temperature. This can be attributed to the influ­

ence of temperature on the exhalation and atmospheric 

transport of radon. 

(v) The polar conductivities at Chavara show a sharp reduction 

after the onset of monsoon rainfall. The suppression of 

radon exhalation by rainfall must be the reason for this. 

(vi) Pre-monsoon rainfall, which is isolated, causes a reduction in 

conductivity, which recovers slowly after the rain. 

(vii) The vertical electric field at Kottarakara shows a double 

oscillation continental type behaviour that is more or less 

complementary to that of conductivity. 

(viii) The morning maximum in conductivity occurs around 0400 hrs 

and the minimum around 0700 to 0800 hrs at all the sites in' 

all the seasons. This is seen to be more or less true even 

for a station like Athens where time of sunrise changes 

considerably over the year. This variation has a strong 

similarity to the semi-diurnal variation of atmospheric 

pressure. 

Ox) The aerial surveys have shown that the presence of natural 

radioactivity at the surface can be observed at 1000 to 2000 

feet altitude, and possibly at higher altitudes also, by its 

influence on polar conductivities. This could be of use in 

preliminary surveys of radioactivity. 
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(x) Surveys at ground level show that radioactivity from minerals 

in the soil and in rocks (in quarries) have a strong influence 

on atmospheric electrical conductivity. 

In summary, the main findings of the study are: 

(a) the diurnal variation pattern of conductivity at a site having a 

large deposit of radioactive minerals is strongly influenced by 

meteorological factors like wind, rainfall and temperature, and can 

be different in different seasons; 

(b) rainfall causes a reduction in conductivity, and during periods of 

continuous rainfall, as in the monsoon season, the ratio of positive 

to negative polar conductivity becomes less than unity; 

(c) atmospheric pressure may play an important role in determining 

the diurnal variation of conductivity; 

(Q) the presence of radioactive minerals at the surface can be 

detected from air-borne surveys of conductivity. 

6.3 SUGGESTIONS FOR FURTHER STUDIES 

The present study has made an attempt to understand some of the 

effects of environmental parameters like surface radioactivity, rainfall, 

atmospheric temperature, etc. on the behaviour of atmospheric electrical 

polar conductivities. While some interesting results have been obtained, 

the study also has brought to light some aspects of the behaviour of 

conductivities that need further investigation. Some of these aspects 

are discussed below. 
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An interesting observation made during the present study is that 

the morning maximum in conductivity is reached around 0400 hrs LT at 

almost all stations, rural and urban, and in all kinds of weather. 

Similarly, the morning minimum occurs between 0700 hrs and 0900 hrs. 

The usual explanation for the decrease in conductivity in the morning 

is based on sunrise and human activity, which seems to be unsatisfacto­

ry. There appears to be a relationship between the variation of 

conductivity and that of atmospheric pressure, their semi-diurnal 

components being almost exactly out of phase. The reason for the 

behaviour of conductivity in the early morning, therefore, has to be 

looked into more carefully. It would be useful to measure polar 

conductivities along with the small and large ion concentrations, the 

aerosol concentration, and meteorological parameters like pressure, 

temperature, humidity, etc. 

Another point that needs to be looked into is the relationship 

between the amplitude of variation of conductivity and atmospheric 

temperature. The present study shows a dependence of the amplitude 

of variation of the monthly mean hourly values on the monthly mean 

maximum temperature. But a similar dependence of the daily amplitude 

of conductivity variation on the maximum temperature for the day is not 

seen. This is possibly due to the influence of other factors that may 

introduce random variations in the conductivity values. The explanation 

suggested here for the observed dependence is that of the influence of 

temperature on the exhalation and transport of radon. But an important 

influence on conductivity is that of aerosols. Explanations for 

conductivity variations at a site have mostly concentrated on the 

behaviour of aerosols. The effects of temperature and rainfall on 
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conductivity observed in the present study cannot be explained on this 

basis. It appears, therefore, that greater attention has to be given to 

the influence of meteorological parameters on radon exhalation and the 

conseq uences for atmospheric electricity. 
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