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R I A S S U N T O . — Nel presente lavoro vengono studiati J ] anni di misure 
di gradiente verticale di potenziale elettro atmosferico, eseguite nell'Os-
servatorio Meteorologico di Macerata (Appennini Centro Orientali). So-
no stati pertanto calcolati i valori annui medi, mensili medi, e medi orari. 
I calcoli sono basati su cinque giorni calmi elettricamente, scelti con metodi 
probabilistici fra tutt i quelli calmi del mese. 

Della curva media oraria è stata anche ricavata, per mezzo dell'analisi 
armonica, la equazione; si sono quindi esaminate le armoniche arrestandosi 
alla terza e trovando che esse rispecchiano le diverse componenti generali 
e locali come quella dovuta alle masse d'aria continentale e marittima, 
operanti alternativamente nella regione di osservazione. 11 minimo generale 
delle ore 5 locali (4 di TU) è messo in buona evidenza dalla prima armonica; 
esso, pur essendo presente nella curva media oraria, appare in questa meno 
accentuato di quanto si potrebbe pensare dovesse essere. 

Sono stati studiati infine gli andamenti del gradiente verticale nei giorni 
sereni, coperti, calmi e si sono fra loro confrontati i diversi risultati. Si è 
anche proceduto a studiare l 'andamento del parametro elettrico della at-
mosfera in relazione ai fenomeni solari, in particolare con l 'andamento delle 
macchie durante gli 11 anni di osservazioni. 

S U M M A R Y . — This work studies eleven years of measures of the gra-
dient of electro-atmospheric potential carried out in the Observatory of 
Macerata (East Central Apennines). The medium yearly and monthly 
values as well as the medium hourly values have been calculated. The 
calculations are based on the values of five calm days chosen with proba-
bilistic methods from all the calm days of the month considered. 

* Meteorological Observatory of Macerata (Italy). 
** Physios Institute - University of Camerino (Italy). 
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The equation lias also been found from the medium hourly curve by 
means of harmonic analysis. Then the harmonics have been examined 
stopping at the third, and it has been found that these reflected the different 
general and local components such as that due to the masses of air of ma-
ritime origin and that due to the masses of continental air operating alterna-
tively in the region of observation. The general minimum of the local hours 
"> a. m. (4 TU) is clearly shown by the first harmonic, and it is also present 
in the medium hourly curve but appears in this less accentuated than what 
we would expect it to be. 

Finally the behaviours of the vertical gradient in clear, cloudy and 
calm days have been studied and the different results compared. 

The behaviour of the parameter of the atmospheric electricity in relation 
to the solar phenomena has also been studied and in particular with the 
behaviour of the sunspots during the eleven years of observations. 

1) The present work studies the characteristics of the vertical 
gradient of electro-atmospheric potent ia l a t Macera ta (Central E a s t 
Apennines) a t la t i tudes of 43°17'45"N, longitude 13°27'08"E.Gr. , al-
t i tude 338 metres over a period of eleven years and follows on another 
work (2l) t h a t showed and commented on the measures carried out in 
the first six years of research. 

The s ta t ion is buil t on a large terrace almost completely f ree 
of obstacles a t the top of a hill s i tuated astr ide two wide river vallies. 

The location has certainly influenced the research accentua t ing 
the values measured of the gradient , as we can see f rom these same 
measures and when these are compared wi th other measures carried 
out in s tat ions differently s i tuated. The ins t rument employed, still 
in use and in perfect working order, is a valve electrometer const ructed 
in the Geophysics Ins t i tu te of the Universi ty of Genoa (2). A tape-
recorder was f i t ted and this has improved its services. The registra-
t ion speed is 5 cm/ph bu t this can be reduced or increased to show 
the behaviour of the measure more clearly. 

2) As we know, the vertical g rad ien t of electro-atmospheric po-
E 

t en t i a l in proximity to the ground can be expressed with V = — 

where E indicates the difference of potential between the two plates 
of the ideal condenser formed by the terrestr ial surface and the layer 
of the ionosphere s i tuated a t abou t (i0/70 k m (4'*): A is the conduct iv i ty 
of the air in proximity to the terrestr ial surface, while R is the columns 
resistance. 
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Calm days 

1958 1959 1960 1961 1961 1963 1964 1965 1966 1967 1968 Medi 

January . . 104 137 130 136 92 168 137 116 199 159 112 135 

February . . 134 113 145 181 126 124 131 165 183 231 85 147 

March . . . 45 155 177 189 104 204 135 152 192 147 81 144 

April . . . . 148 178 165 171 192 238 147 100 180 139 176 167 

May . . . . 147 151 182 195 234 237 161 107 179 144 178 174 

June . . . . 149 184 215 251 211 212 276 157 224 125 202 200 

July . . . . 215 209 200 188 237 209 262 142 191 118 174 195 

August . . . 147 163 220 260 208 211 198 160 196 159 167 190 

September 197 113 151 232 195 213 153 166 212 156 159 178 

October . . 164 182 160 170 163 151 156 175 133 162 122 158 

November 130 151 148 187 125 112 177 155 103 152 148 144 

December . . 150 162 140 160 97 80 112 152 177 86 85 136 

Medium . . 142 156 168 193 165 180 170 166 181 148 139 165 
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Therefore the gradient of electro-atmospheric potent ia l clearly 
appears to depend on the general conditions and part iculars existing 
in the atmospheric layers t h a t modify the column resistance and the 
conduct ivi ty , sucli as cosmic radiat ion, s torm act ivi ty, solar act ivi ty, 
solar radiat ion, the humidi ty of the lower layer, fog format ion , etc. 

3) Table I gives the medium yearly and month ly values of t h e 
gradient of potential for the years 1958-1968 and the respective aver-

V/m 

2 0 0 

1 9 0 

1 80 
1 70 

1 60 
1 50 

1 4 0 

mean annual value 

_i i J i i— 
1958 59 60 61 62 63 64 65 66 67 68 

2QQ[_ ^ mean monthly va lue 

190 

1 80 
1 70 

1 60 
1 50 

1 4 0 

1 3 0 

Fig. 1 - Medium yearly values and medium monthly values 
of the vertical gradient of electro-atmospheric potential at Macerata. 

ages. The medium values indicated have been found by choosing 
with stochastic procedure five days f rom the electrically calm days 
of the mon th considered. The general behaviour is indicated in the 
graphs of Fig. 1. 

On the same values of the electrically calm days the medium 
hourly values of the gradient have been calculated: these are indicated 
in Table If and graphed in Fig. 2. 
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Table II M E D I U M V A L U E S O F T H E V E R T I C A L G R A D I E N T O F E L E C T R O -

A T M O S P H E R I C P O T E N T I A L . 

Calm days - 1958-1968 

Hour Vertical gradient Hour Vertical gradient 
V/m V/m 

1 161 13 181 
2 159 14 179 
3 152 15 175 
4 152 16 163 
5 154 17 169 
6 153 18 162 
7 155 19 162 
8 163 20 167 
9 167 21 168 

10 175 22 167 
1 1 178 23 166 
12 182 24 165 

Medium 165 V/m. 

The medium yearly value found f r o m the measures of the eleven 
years is 165 volts /m. in excellent agreement with the values found by 
other researchers, tak ing into account the position of the s ta t ion on the 

V/m 

Hourly mean value of the potential gradient 1958-1968 
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Fig. 2 - Medium hourly behaviour of the gradient in the years 
from 1958 to 1968. 

top of a hill (6). The examinat ion of t h e monthly behaviour shows 
the relat ive m a x i m u m of February , the relative min imum of March) 
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the absolute max imum of J u n e . As regards the values calculated pre-
viously (22) such maxima and minima appear much more accentua ted ; 
in par t icular the max imum and the minimum relative to Win te r ap-
pear clearly defined, in relation to the meteorological s i tuat ion t h a t 
are present in the region of observation. Situations often anticyclonic 
in February with clear weather, low relative humidi ty , high tempe-
ratures, s trong solar radiat ion; depressions in March with continuous 
rain, s trong relative humidi ty , increasing storm activi ty, low solar 
radiat ion. 

The maximum of J u n e coincides with the m a x i m u m of the clear 
days and with t h a t of the electrically calm days, even if in the same 
period the m a x i m u m of s torms recorded in the stat ions fell (Fig. 3). 

Number of thunder storms observed 
in Materafa during fhe period 1958-1968 

G F M A M G L A S O N D 

Fig. 3 Behaviour of the storms registered at Macerata 
during the eleven years from f958 to 1968. 

Since the insolation and the global radia t ion are strongly correlated 
to the behaviour of the vertical gradient of electro-atmospheric po-
tential their max imum of J u n e has a s t rong influences on the m a x i m u m 
of the electric parameter . 

The medium hourly behaviour, i l lustrated in Fig. 2 and taken 
from the examinat ion of the electrically calm days chosen beforehand 
for every month considered, presents an accentua ted min imum bet-
ween the hours 3 and 6 a .m. TMEC (2 and 5 TU), in agreement with 
the general behaviour found for any other s ta t ion of the hemisphere, 
and in agreement with the recent views expressed on the absorpt ion 
of solar radiat ion by the oceans and by emersed lands (3). 
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The solar radiat ion absorbed by the E a r t h presents a daily uni-
versal behaviour in relation to the different albedo of the seas and the 
emersed lands, to the different absorptions, etc. The daily universal 
behaviour of this element presents a min imum towards t h e hour 
4 a .m. (TU). The E a r t h ' s electric field presents a behaviour pa-
rallel to the former; the t ime of the min imum of the vertical gra-
dient obta ined by us is in good agreement with the min imum of the 
behaviours predicted. 

Pig. 4 Behaviour of the harmonics of the medium hourly 
curve of the gradient. 

The m a x i m u m of the hours 12.30 p .m. TMEC in proximity to the 
local noont ime is presented in concidence with the max imum of 
direct solar and global radia t ion and with the local min imum of 
relative humidi ty . 

I t appears clearly characterized in the whole series of observations 
carried out . 

4) The medium hourly values of the vertical gradient have been 
examined by the methods of harmonic analysis. 

An equat ion representat ive of the curve has been obtained and 
the harmonics of this have been calculated. These are shows in Fig. 4. 
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The equation is: 

V (Vim) = 165,6 + 98,3 sen (x + 192°) + 70,3 sen (2x + 130°) + 

+ 12,5 sen (3x + 265°) + 0,218 sen (la; + 71°) . 

The equation has been stopped a t the 4 th te rm and therefore the 
first three harmonics have been calculated. I t was though t useless 
to calculate the four th it being held of little account . 

From the first harmonic the min imum of the hours 5 a .m. TMEC 
(4 a.m. TU) and the successive max imum of the hours 5 p .m. TMEC (4 
p .m. TU) are clearly noted. Such behaviour coincides with t ha t noted on 
the oceans and therefore it is believed t ha t i t shows the behaviour of the 
gradient independent ly of the general and local meteorological conditions, 
revealing the regulari ty of the daily oscillation of the pa ramete r (18 4). 

The second harmonic calculated also shows a well enough accent 
uated minimum around 5 a .m. TMEC (4 a .m. TU) thus confirming t h a t 
the existence of such a min imum is due to general conditions of 
hemispheric character . 

The successive max imum of 10.30 a .m. TMEC is correlated to the 
rising of the sun and the height of the same on the horizon, while the 
successive minimum of the hours 5 p .m. shows very clearly the effect 
of the sunset as regards the local horizon. To this is added the effect of 
the increase of relative humidi ty , as regards to which the values of 
the gradient have an anti-parallel behaviour as has a l ready been 
i l lustrated in another work ( - ) . 

The thi rd harmonic reveals the presence of local influences and 
si tuat ions and above all of the superimposit ion of the two continental 
and mar i t ime components allied to the different dynamic si tuat ions 
to which the observat ion site is subject during the course of the me-
teorological year. 

In the r a the r long period of observation the si tuat ions domina ted 
by the afflux of cont inental air f rom the NE and E , and those domin-
ated by the arr ival of Mediterranean sea air or At lant ic air are div-
ided in almost equal manner with a slight advantage of the former 
(55% as against 45%). 

Therefore the two behaviours, cont inental and mari t ime, the first 
with two maxima and two minima, the second with a m a x i m u m and 
a minimum, superimposed wi th the purely local oscillations, are well 
enough represented on the whole by the 3 r " harmonic, which shows 
the regular variat ions of the gradient following on the regular al terna-
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t ing dur ing the day of the local winds (mountain and sea breezes) 
t h a t reach and affect in full the observation stat ion s i tua ted a t an 
equal distance (25 km) f rom the sea and f rom the Apennine chain. 

5) The examinat ion of the values of the vert ical gradient of the 
electro-atmospheric field has been extended also to single seasons, 
considering calm, clear and cloudy days. Table I I I gives the medium 
values calculated for every single season of calm days, •while Figs. 5, 6, 7 
give the behaviour in the three cases indicated above. 
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Pig. 5 - Medium seasonal values of the vertical 
gradient of potential during calm days. 

The behaviour during calm days presents the principal max imum 
in Summer , the min imum in Winter , reaching in termedia te values 
between these in the two other seasons. The difference between the 
m a x i m u m of Summer and Winte r values is 35 V/m, while between 
those of Spring and A u t u m n the difference is 27 V/m. 

The hours in which the max ima are reached are between 12 and 1 
p .m. (TMEC) in Win te r and Au tumn, between 11 and 12 a .m. (TMEC) in 
Spring and Summer . The max imum in Win te r is not perfectly definite 
since dur ing t h a t season there are presented two equal values between 
the hours 12/1 p .m. and the hours 2/3 p .m. We believe t h a t this occur-
rence is due to eminently local causes such as the breeze f rom the valley 
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t h a t dur ing the Winter rises locally reaching a peak between 1 and 2 
hours p.m., determining a s t rong austausch effect and a consequent 
greater ionic act ivi ty with consequent d iminu t ion of the gradient . 

The average daily behaviour of the vertical gradient dur ing t h e 
calm days is i l lustrated in Fig. (>. It presents in A u t u m n and Winter 
an absolute max imum between the hours 12 and 1 p.m. TMEC in 
Au tumn , between the hours 2 and 3 p.m. in Winter . 

Cloudless days 

summer 

spring 
aulumn 

winter 

The Summer and Spring behaviours appear parallel and clearly 
unlike those found for the other seasons: they are in good agreement 
with those found by other researchers (28-2). 

The Summer behaviour wi thout clear max ima and minima ap-
pears so because of the ever present and act ive remingling of the mass 
of air t h a t is found in the observation s ta t ion (placed on top of a hill) 
part icularly on clear days and due to the s t rong vert ical currents . 
The act ive remingling produces a sensible incision in the recorded 
diagram due to the ionic act ivi ty with variat ions a round the ins tanta-
neous value of + 5 F /m. Such variat ions disappear in occasion of 
rains and in the night hours dur ing the pause between the inversion 
of the mounta ins and valley breezes, as has been noted else-
where (B). 

The same considerations can be made for the Spring, season for 
which it is however necessary to note t h a t on clear days there is a 
clear minimum towards the hours 4 p .m. , dur ing which the vert ical gra-
dient presents a variat ion of — 45 V/m as regards the medium annual 
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value and of — 39 Vjm as regards the medium seasonal value. This 
min imum so strongly accentua ted appears correlated to the irradiation 
fogs t h a t form in the region of observation a t sunset (8). 

The coefficient of correlation between the presence of these fogs 
and the diminut ion of the gradient has been calculated by us to ac-
count for the Spring min imum t h a t does not appears in other s ta t ions 
in which the measures have been studied. I t s value resulted: 

/• = 0,89 

and therefore very significant, bearing in mind t h a t the calculations 
have been carried out on 380 cases dis tr ibuted over 10 years of ob-
servations. 
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Fig. 7 - Seasonal behaviour of the gradient during calm, cloudy days. 

The effect of the sunrise (Muhlheisen) (s), is part icularly sensible 
dur ing A u t u m n and Winter , as we can see f rom Pig. 6, while it is much 
less decided in Spring and Summer . 

The behaviour of the vertical gradient has also been calculated 
for completely cloudy calm days. 

This is indicate in Fig. 7. 
As we can see, in these days the absolute m a x i m u m values occur 

in Summer and Spring towards the hours 12 a .m. TMEC in coincidence 
with the max imum of global solar radiat ion, while in the other seasons 
they occur towards hours 1 p .m. , always in coincidence with the maxi-
mum of global solar radiat ion. The secondary maxima and minima t h a t 

Cloudy days 
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we see are correlated to the type of clouds t h a t appear on the vertical 
of the observation stat ion. In par t icular the different Summer max ima 
and minima are allied to the pullulant cloudiness t h a t forms on the 
nearby Apennine chain because of the eonvective motions rendered 
very violent by the relative nearness of the sea to the same (50/70 km 
distance and even less) and by the strong incision of the oreography 
t h a t determines great thermic differences on neighbouring areas. 

6) It was held useful to enquire deeper into the behaviour of the 
vertical gradient in the observation stat ion to examine the relation 
between the seasonal behaviour in calm days, total ly clear and total ly 
cloudy days. 

The distr ibution of the days examined in the period under con-
sideration, divided into seasons, are given in the following table: 

Winter Spring Summer Autumn Total 

Clear 30 23 (51 32 145 

Cloudy 90 30 Hi 70 206 

The graphs of Figs. 8 and 9 show the behaviour of the vertical 
gradient obta ined in this phase of the research. 

In order to have an indicator measure, the shifting» (deviations) 
of the absolute max ima and minima of the value reached of the vertical 
gradient have been calculated in the above-mentioned cases f rom the 
medium yearly value (165 V/m). They are given in the following 
table: 

Shifting« of the .Maxi-
ma and Minima from 

the Medium value 

Clear V/m 
0/ 
/o 

Cloudy V/m 

% 

The values found appear in agreement with those found by o ther 
authors . The presence of cloud cover has the effect of lowering the 
value of the vertical gradient of electro-atmospheric potent ia l , as 

Winter Sprii !g Sum mier Autumn 

Max Min Max Min Max Min Max Min 

43 — 12 0 - - 45 -1- 38 + 10 + 59 — 26 
26 7 0 27 23 6 36 16 

- 47 — 87 18 57 + 17 • 48 24 — 54 
28 53 f t 35 10 29 15 33 



VERTICAL G R A D I E N T OF ELECTRO-ATMOSPHERIC POTENTIAL 4 5 

on the other hand , all the different yearly and seasonal relations cal-
culated by us clearly show, considering the values of the vert ical 
gradient measured in the total ly cloudy days (Figs. 7, 8, 9). 
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Pig. 8 - Behaviour of the gradient during Winter 
and Spring on calm, clear, and cloudy days. 

7) The vertical gradient of electro-atmospheric potential suffers 
considerably the effect of the sunrise and sunset . This effect is parti-
cularly felt in the calm clear and completely cloudy days. The repeated 
observations of the phenomenon, extended to all the cases of com-
pletely clear or cloudy days of the preceding table have allowed us 
to calculate the values of the medium variat ions of the gradient t h a t 
have then been summarized. The max imum values of dV/dt are verified 
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smoolh d a y s 
i l oud less days 

\ .— cloudy days 
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in clear A u t u m n days about 30 minutes af ter sunrise. The absolute 
max imum value measured has been 15 V/m to the minute . 

Medium values of dV/dt in V/m to the minute a t sunrise: 

Clear 
Cloudy 

Winter 
4 

3 

Spring 
6 
4 

Summer 
5 

3 

Autumn 
9 

6 
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Pig. 9 - Calm, clear and cloudy days. 

The medium effect of the sunrise on the values of the vert ical 
gradient of electro-atmospheric potent ia l is therefore around 5 V/m 
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to the minu te in the observation s tat ion. The ent i ty of the variat ion 
of the gradient a t sunset is abou t half of t h a t measured a t sunrise. 
As was already observed by us dur ing snowfalls there are determined 
characterist ic oscillations of the field with discharges following 011 
each other a t short intervals and with a period varying f rom 2 to 8 
seconds. Such discharges s ta r t f rom the value a t the ins tan t of the 
gradient and are directed towards positive values of the same field. 
Often these assume very intense values up till they go out of scale, 
and therefore superior to 300 V j m . The cut-down sizes of (small-

Fig. 10 - Polarity of the potential gradient during a snowfall at Macerata 
Observatory (Jan. 20. 1968). 

scale) diagrams reproduced are relative to snowfalls of the Win te r of 
1968 (Pigs. 10 and 11). The behaviour of the electric field ment ioned 
above is in agreement with t h a t observed in J a p a n and Canada (10'14 8). 
The snow t h a t fell during the reported observations was dry and 
crystalline while the t empera tu re remained below — 6°C. 

While snowfalls determine a succession of oscillations of very shor t 
period, rainfalls determine only an immedia te decrease of the value 
of the vertical gradient . The velocity of diminuit ion of the gradient 
is linearly dependent 011 the intensity of the rainfall . We have found 
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a relation between the electric conduct ivi ty of the rain and the values 
of the vertical gradient of the fo rm: 

where a, b, k are parameters tha t depend in par t on te season, on the 
prevailing wind a t the moment of the fall of the liquid precipi tat ion, 
while V is t he vertical gradient of potential , and Co the conduct ivi ty 

i^-f/ '^-j j 

Fig. II The potential gradient behaviour during a snowfall (Feb. 7, 1968). 

of the water reduced to 0°C. Mediately the values of the three cons-
tants , calculated on over 100 observations made in the space of a 
year have given for Macerata the value: 

a = 2548,8 b = — 11 K = + 1,6 . 

A greater number of observations would allows us to be t te r define 
the relation found, in relation to the different meteorological situa-
tions, the seasons, and to the winds. 

The behaviour of the vert ical gradient , in relation to the clouds 
present on the vertical of the Observatory is different according to 
whether the same clouds are cumuli of line weather present temporar i ly 
in clear days, or cumuli of bad weather belonging to a system of de-
pression affecting the whole region of the observation stat ion. 

In the first case there are for the greater pa r t discharges directed 
in the negative field, and for a small percentage in the positive one. 
Precisely in 311 cases observed of discharges produced in clear days 
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by cumuli of flue weather , 288 cases, equal to 9 3 % of the total , have 
given discharged directed towards the negat ive field, 22 cases, equal 
to 7 % of the cases observed, have given discharges directed towards 
the positive field. 

The medium value of the variat ion of the value of the vertical 
gradient of electro-atmospheric potent ia l in such events has been 
calculated in 125 F / m towards the negat ive field and 45 V/m towards 
the positive field. 

The cases definitely observed of cumuli of bad weather on the 
vertical of the s ta t ion t h a t have produced isolated discharges have 
been 109; almost all the discharges have been directed towards the 
negat ive field wi th a medium varia t ion of the value of the vertical 
gradient of abou t 140 F /m. There were also recorded discharges 
towards the positive field, b u t of weak intensi ty and for t h a t reason 
the are not clear on the diagram, and so we have not t aken them into 
consideration. 

The par t icular winds of the region, such as the fohn t h a t gene-
rates in the central east Apennines and reaches very high values in the 
Observatory, also influence the value and behaviour of the vertical 
gradient . On such occasions the gradient undergoes some very consi-
derable var ia t ions wi th very sensible increases. 

8) H a v i n g a t our disposal more t h a n 11 years of unin ter rupter 
observat ions of the vert ical gradient , we have tr ied to find eventual 
correlations between the behaviour of the afore-mentioned electric 
p a r a m e t e r and t h a t of the solar phenomena in the same period. We 
have chosen as indicatives of these la t ter the solar index R: for the 
period indicated. Fig. 12 indicates the general behaviour of the two 
phenomena and the med ium behaviour as calculated by us. As we 
can easily see, the two events present a notable anti-parallelism 
corresponding to the solar m a x i m u m a min imum of the vertical gradient 
and viceversa. 

Such behaviour would be in perfect agreement with t h e hypo-
theses of C.T.TC. Wilson(1921) a n d more recently of Kasemir (1962) 
and Schmerling (1966). The classic hypothesis of the global concept 
of a tmospher ic electricity postulates t h a t the E a r t h and the ionosphere 
are s t rong conductor plates of a condenser separa ted by a dielectric, 
the a tmosphere , imperfect isolator and therefore subject to loss. 
The discovery of the funct ion of global s torm activi ty, unders tood to 
restore energy to the earth-ionosphere circuit can in substance be a t -



Fig. 12 - General and medium behaviour of Solar Index and of the gradient of potential (Macerata) 
during the eleven years from 1958 to 1968. 
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t r ibu ted to C.T.R. Wilson. This action of ten noted as " The Wilson 
Circuit " can be expressed more briefly like this: above areas of line 
weather there existes a flux of positive discharges towards the E a r t h 
t h a t tends to lower the potent ia l of the ionosphere and neutralize the 
negat ive discharges of the E a r t h . Above the s tormy areas an inverse 
phenomenon takes place with an intensivi ty such as to restore the 
energetic balance. 

Wi th regards to the earth-ionosphere condenser, t he question t h a t 
arises is how to determine wha t effective barrier the higher plate op-
poses to the pene t ra t ion of particles charged by p a r t of the out-side 
space. Now, the upper layer of the a tmosphere between 50 and 80 km 
forms t h a t p a r t called ionosphere, and the p a r t above 50 km is ge-
nerally considered sufficiently ionized to be able to be considered a 
conductor. 

Schmerling has defined this layer on the whole as the " C layer " . 
Any spatial charge carried by corpuscular radiat ion is absorbed by 
this layer in a quite short lapse of t ime, precisely in relat ion to its 
conduct ivi ty . 

I t is generally thought , however, t h a t this layer cannot be consider-
ed as a real electrostatic screen b u t ra ther as a variable layer, of ten 
not equipotential . Kasemir has calculated t h a t the flow of electric 
current above the storms can pene t r a t e into the ionosphere and stretch 
far out into space. The corpuscular solar radiat ion, on the other hand , 
would behave inversely pene t ra t ing into t h e ionospere in the opposite 
direction and therefore reaching, according to the energy, the vicinity of 
the lower layers and influencing the electric parameters measured there. 

In the eleven years of cont inuous measures of the vert ical gradient 
of potent ial , we have tr ied to show the eventual correlations between 
this pa ramete r and the general act ivi ty of the sun. The behaviour is 
t h a t i l lustrated in Fig. 12 already ment ioned. The indices of cor-
relation for the different years, calculated assuming Rz index (me-
dium bimestrial value) and the corresponding medium value of the 
gradient as variable statistics, t aken in absolute value are: 

1958: 0,42 1959: 0,48 1960: 0,48 1961: 0,29 I9<i2: 0,01 
1963: 0,88 1964: 0,83 1965: 0,46 1966: 0,10 1967: 0.19 
1968: 0,82 

The general index calculated for all t he 11 years of observation 
results 0,40. 
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I t might well be thought t ha t the indices found are expressive 
enough, considering the circumstances in which the observations were 
made, especially all those of the gradient of potent ia l whose meas-
ures were made in t h e lower t roposphere and therefore suffer all the 
negat ive conditions t h a t are connected with such a position (26). 

The annua l variabil i ty of the indices arises in our judgement 
f rom different causes, t he chief of which could be the following: 

1) the medium values on which the stat ist ic calculations were 
m a d e are not perfect ly homogeneous. The solar observations from 
which the /¡'2 index come are not perfect ly homogeneous with regards 
to the measures of the gradient ; though they were made in same two-
months period, they were not m a d e on the same days. I n fact , 
electrically calm days do not always coincide with days in which the 
sun is seen. 

2) the solar act ivi ty presents a very irregular behaviour t h a t 
influences the values in t roduced in the calculations. 

3) the measures of the vertical gradient of potent ia l are widely 
influenced by the local meteorological conditions, even if the values 
in t roduced in the stat ist ical calculations have been chosen f rom those 
belonging to par t icular days (smooths). 

4) the measures of the gradient were influenced, in the period in 
which i t was present , b y the fall of " fall-out " resulting f rom the 
nuclear explosions in the Sahara and f rom the Chinese explosions 
t h a t have affected the la t i tudinal belt where the observations of the 
gradient have been made ("• 1 2 ' 1 3 ) . 

To this la t ter cause can also be a t t r ibu ted the low values of the 
index of correlation between the solar act ivi ty and the gradient found 
in t h e years 1961 and 1962 (French explosions) and in 1966-1967 
(Chinese explosions). 

The general behaviour once again allows us to say t h a t the maxi-
m u m solar ac t iv i ty there corresponds a min imum of the vert ical gra-
dient a n d viceversa, which would confirm the already-mentioned hypo-
theses of C.T.S. Wilson, Kasemir , and Schmerling. 

CONCLUSIONS. 

Examina t ion of the observations of the vert ical gradient of electro-
a tmospher ic potent ia l has shown t h a t this electric parameter is consid-
erably subject to the general meteorological conditions. I t s behaviour 
have been examined in electrically calm clear and cloudy days and in 
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different seasons and the anomalies noted: rain, snow, fog, winds t h a t 
influence the electric pa ramete r thus lowering its values, or changing 
its behaviour . Among the values of the gradient and conduct ivi ty 
of the rain there has been found a relation of inverse proport ional i ty 
t h a t requires invest igat ion by means of a greater number of observa-
tions. Sunrise and sunset influence the behaviour of the vertical 
gradient , increasing or decreasing its value with variat ions t h a t have 
been defined and t h a t are greater during the in between seasons 
coherently wi th local climatic vicissitudes. 

I n the search for an eventual correlation between solar act ivi ty 
and the gradient the values of the h\ index and those of the gradient 
measured by us were compared obtaining a medium behaviour . A 
min imum of the gradient corresponds to the max imum of solar ac-
t ivi ty , and viceversa, thus confirming the hypotheses made on the 
penet ra t ion of the solar corpuscular radiat ion up to the t roposphere 
dur ing the periods of m a x i m u m activi ty. 

Final ly the indices of correlation between the two phenomena 
present qui te significant values. The general index U = 0,40, like 
those of different years t h a t exceed such a value arr iving up to 0,88, 
give, in our opinion, a very effective measure of the in tercurrent re-
lations between the two phenomena. The low values of the indices 
of yearly correlation are found in corrispondence with the lapse of 
t ime in which the la t i tudinal belt of the Observatory was affected b y 
radio-act ive fall-out coming f rom the Sahara (French explosions) and 
f rom China. The high degree of radioact ivi ty f rom the air and from 
the precipi tat ions on those occasions has natural ly masked the inter-
dependence of the value of the gradient on the solar act ivi ty, introduc-
ing a dis turbing factor of very high intensi ty . 

Nevertheless the medium behaviour of the two phenomena still 
appears in a well-defined anti-parallel relation even in those periods, 
confirming, t h a t there does exist a relation of quite close dependence 
between the two phenomena . 
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