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FOREWORD 

Our Living Chemistry Series was conceived In· Editor and 
Publisher to advance the newer knowledge of chemical medicine 
in the cause of clinical practice, The interdependenee of chemistf\' 
and medicine is so great that physicians are turning to chemistry, 
and chemists to medicine in order to understand the underlving 
basis of life processes in health and disease. Once chemical truths, 
proofs and convictions become sound foundations for clinical phe
nomena, key hybrid investigators clarify the bewildering pano
rama of biochemical progress for application in evernlay practice, 
stimulation of experimental research and extension of postgrad
uate instruction. Each of our monographs thus unravels the chem
ical mechanisms and clinical management of manv diseases that 
have remained relatively static in the minds of medical men for 
three thousand years, Our new Series is charged with the t1iS11s 
ilan of chemical wisdom, supreme in choice of international anth
ors, optimal in standards of chemical scholarship, provocative in 
imagination for experimental research, comprehensive in discus
sions of scientific medicine, and authoritative in chemical percep
tives of human disorders, 

Dr, Piccardi of Florence, Italy, presents the phvsiochemical 
equilibria involved in the incessant interactions between macro
cosm and microcosm, outer "''Orld and inner nature, clin1ate and 
life, environment and man in health and disease, \Ve arc notl,ing 
but what we derive from the air we breathe, the sun we absorb, 
the water we drink, the food we consume, the climate we inhabit. 
the weather we withstand, the existence we foster, the hvgiene 
we practice, the life we lead, External spacial and solar phenom
ena influence all physical and chemical processes of life, particu
larly the inanimate colloidal substrata of living organisms ever 
attaining thermodynamic equilibria, The author brings to light 
the newer knowledge of meteorological influences shown by Hip
pocrates 2000 years ago, Climate means slope, reflecting the early 

v 



PREFACE 

\\'hen Dr. Kugelmass proposed that I write a monograph on tl1c 
chemical basis of medical climatologv, I asked myself abo11t m, 
competence to handle such a topic. Climatolog,· is usualh l,dd 
to be outside of the field of traditional physical chemistrv. On the 
other hand, my chemical-physical st11dies regarding some common 
inorganic processes introduced me into a very ne\v field \vhich, 
even if it was not climatologv itself, it still had some points of con
tact with that science: the field of relationships between spacial 
and chemical-physical phenomena in which I worked for twent\
one vears, the last ten of which were fruitful. \Vith mv possession 
of the relationships between spacial and chemical-phvsical phe
nomena, I thought that it would not be unreasonable to attempt 
this enterprise inasmuch as I had never before treated traditional 
climatology with any depth. 

The 1nonograph which I present rnirrors tny O\\'Il sit1iation. 

Son1e argu1nents are treated diffusc1.v, or very 1ninutcly; and others 
are recapitulated briefly; still others skirted or not touched upon 
at all. Therefore the treatment is in part exhaustive, in part sche
matic, and in part elusive. But from the chemical point of ,ic"· 
it is complete enough for what we know today, arranged accord
ing to a criterion different from the traditional one and brought up 
to date by a literature selected upon the basis of the non-traditional 
criterion adopted and therefore limited. It was not possible for 
me to act differently if I wanted to remain within the limits of the 
length of the monograph and within the limits of the time allotted 
to n1e an<l at the sarne tin1c den1onstrate son1cthing Jle\v, 

I ha, e based the chemical basis of medical climatolog,· upon 
the structure of ,vater, solutions and colloids, that is upon 111odcrn 

structural chemistry and the phvsic:al chcmistn· of natural plH'
nomcna. It was exactly to demonstrate this struc:t11ral aspect that 
I O\"ercamc the doubts I had regarding mv competence in tra
ditional climatology. Notwithstanding its defects, quite ,·isible 
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vi Foreword 

Greek correlation of the earth's declivity with weather changes. 
Actually, climate connotes long-term means of conditions in 
outer space; and weather, short-cycle changes in the atmosphere, 
dominant in the dynamic status of human existence. It is not 
constancy but deviation in climatic cycles that contribute to 
organic evolution, for an absolutely steady sun and earthy-crust 
for the past 400 million years might have left us living as Silurian 
ooze-browsers deprived of climatic stimulation. Our energetic 
emergence on this Earth still leaves us with soft answers for hard 
questions on medical climatology, but the rapid pace of scientific 
progress will unravel the solutions. Each chapter in this mono
graph is solid, sometimes solemn, and at all times authoritative, 
for Dr. Piccardi heeded Francis Bacon's dictum: Si quis hujus
modi rebus ut nimium exilibus et minutis vacare nolit, imperium in 
naturam nee obtinere nee regere poterit. 

I. NEWTO:S- KucELMASS, M.D., Ph.D., Sc.D., Editor 
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and inevitable, I hope that this monograph can be of some use to 
its readers, for it reveals the experience of a chemist, away from 
his traditional field, who has wandered into the field of natural 
phenomena trying to bridge the gap between the physics of space 
and biology. A gap of this kind could not be spanned except by 
physical chemistry. 

Since the facts upon which I base mv exposition came in large 
part from my experimental research or that of my collaborators, I 
must recognize and thank all of those who worked towards the 
satisfactory completion of the research. In Florence, the prin
cipal center of the experiments, it was necessary for them to be 
conducted with absolute regularity even- day, and on holidays too, 
and fixed hours for a unlimited period. 1'1 y assistants, teachers, 
students and holders of CNR fellowships took this work upon 
themselves for ten consecutive vcars. A multitude of young peo
ple worked on the chemical tests with admirable devotion. It 
would be impossible for me to name them all or to thank them 
enough. 

I must express my gratitude to all the foreign experimenters: 
.\!rs. Capel Bonte, chef des travaux at the Universite libre of Brus
sels ( Institute of Elcctrochemistry and .\letallurgy, directed by 
Prof. Decroly), who for eight years has studied the chemical tests 
under great difficulty, and M. Gittens, the technician who aided 
her faithfully in her hard task; Engineer Doat, director of the 
\Viental-\Vasserleitung who conducted, at the expense of his own 
agency, chemical test in their experimental centers in U ntertullner
bach ( Nieder Oesteneich) and his technician Mr. Wachter who 
conducted impeccablv the experiments assigned him for five con
secutive years; Dr . .\liss .\layer of the Astronomical Institute of 
the Uni,·crsitv of Tuebingen ( directed by Prof. Siedentopf); Mr. 
Berger of the Auroral Oberrnton- of Tromsoe ( directed bv Prof. 
Toens berg) . 

.\! y thanks go to Prof. Bossolasco, director of the Geophysical 
Institute of the Uni\-crsity of Genoa; Prof. Morelli, director of the 
Geophysical Obscrvatorv of Trieste, and his assistant Dr. .\!osetti; 
Prof. Picotti, director of the Istituto Talassografico of Trieste. 
Particular appreciation is extended to all those who promoted or 
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organized studies on._,the chemical tests dming the ICY and ICC 
in the southern hemisphere: \!. \'an de Elst, director of the 
Meteorological Service of the Congo and Ruanda Urnncli: \I. 
Viaut, chief of the W:\10; \I. Houlleau, chief of the l'Etahlissc
ment d'Etudes :Vletforogiques, Paris; \I. Bost, chief of the Scien
tific Bureau of T AAF (Terres Australes et Antarctict ues frarn; aiscs 1. 

and the Belgian Committee of Antartic Hcscarch. A small part of 
thjs work was carried out with the contribution of the Consiglio 
Nazionale delle Ricerche Italiano. 

I must also gratefully thank all the collaborators whom I 1,a,c 
never known and who perhaps I shall never know personall,. 
I allude to all those technicians and assistants who, during the ICY 
and ICC, carried out the research in Africa and in the Indian 
Ocean. How rnuch \ve owe to these unkno\vn \\'Orkcrs! I rcn1c1n

ber them with gratitude. 
Florence 

C. P. 
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Chapter I 

"{ 

INTRODUCTION 
PREMISE 

So\IEDAY IT MAY BE possible to speak with precision and 
depth of the chemical basis of medical climatologv, but this is 
certainlv not possible today. Indeed, medical climatology, like 
climatology, is a natural science of a general character, if we do 
not confine it to the restricted field of traditional meteorology. 
Since it is a natural science of a general character, there can be no 
progress in climatology if there is no progress in those branches of 
knowledge which lie on the boundaries between climatology and 
other sciences - astrophysics, geophysics, 1neteorolog:·, pli~:sical 
chemistry, biophysics, biology-and above all, if these fields h:nc 
no mutual contact and penetration. 

:,,/onetheless, it is worthwhile to attempt the laying of some kind 
of foundation if for no other reason than to have an idea. of the 
type of construction we may erect upon it. The field of bioclima
tology holds many surprises for whoever should choose to venture 
there. 

I am not able to present a complete picture of the studies carried 
out to date in the field of bioclimatology, nor analyse the criteria 
upon which they are based. Even if I were competent to do so, it 
would be exceedingly lengthy and would not serve our immediate 
purposes. I will therefore confine myself to presenting certain ex
amples to characterise the situation and to serve as a connecting 
bridge leading, in a logical and rational manner, to the part of the 
work in which I am at home: chemistrv. 

Nor will I cite studies or authorities in the field of bioclimatol
ogy. \Ve have a great international organization, the Internation
al Societv of Bioclimatology, with its center at Oegstgcest ( Lei-

3 



4 The Cheniical Basis of Medical Clirnatology 

den, Holland). In addition, the American Institute of Medical 
Climatology has recently been founded in the United States. 

Others, much closer to the subject than I, could speak more 
diffusely on events taking place in bioclimatological studies. 

I view the resurgence of bioclimatological studies in the United 
States, due to the efforts of the American Institute of :\1edical 
Climatology. with great pleasure. One of the pioneers in this 
field was actually an American, Petersen, who left us with a funda
mental work, The Patient and the Weather. But after his death, 
these studies slackened off in America while they flourished in 
Europe due to the works of De Rudder, Duell and others; too, 
there were created here numerous institutes within the framework 
of the great meteorological organizations: Deutscher \Vetterdienst, 
Zentralanstalt fuer \!eteorologie und Geodynamik ( Hohe \Varte 
\Vien), Station Centrale Suisse de \!eteorologie, etc. 

MEDICAL CLIMATOLOGY AND TRADITIONAL 
CLIMATIC FACTORS 

If, when we refer to medical climatology, we mean only the 
study of the forces exerted by traditional climatic factors upon the 
human body, we shall not be able to say any more than physical 
chemistry and physiology have been telling us for some time. 

The traditional climatic factors are almost exclusively meteor
ological factors: temperature, pressure, humidity, wind, air masses, 
fronts, precipitations, the state of the weather and the meteor
ological situation and its evolution. 

Those traditional meteorological factors which are measurable 
and therefore capable of heing quantitatively evaluated and thus 
reduceable to numbers, are very few. Among these are temper
ature, pressure, humidity, etc. 

No more than a summary description of the others is possible 
and their characteristics cannot be numerically determined; the 
evaluation of these factors is only qualitative. 

Temperature, pressure and humidity are measured, one might 
say, wherever the relevant data may be obtained without difficul
tv. For air masses, or the meteorological situation, etc., one can 
always turn to meteorological bulletins. 
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MEDICAL CLIMATOLOGY AND GEOPHYSICAL FACTORS 

In addition to purely meteorological factors we should also con
sider geophysical, electrical, electromagnetic, magnetic and gnn -
itational factors: 

a) Atrnospherical potential, spacial electrical cl,arge, electrical 
conductivitv of the air, vertical currents, radio-activity of the air: 

b) Electromagnetic waves or general disturbances of the elec-
tro magnetic field, terrestrial magnetism; 

c) Radiation of various types; 
d) Gravitational variations, and the effects of tides. 
The electrical geophvsical factors are only measured in a few 

scattered stations, mainly in the northern hemisphere of the earth. 
an<l these n1easuren1ents are not a1\vavs taken \Vith continuit\·. . . 
Disturbances in the electromagnetic field are also measured in few 
stations and these generallv record wave scales which differ from 
station to station. The data gathered are therefore of no current 
use to biologists. In fact, a biologist cannot use data in his hio
climatological studies which have been obtained 500 or 1,000 Km 
a,vay, since electrical and electromagnetic distnrhances difFer at 
any gh·en moment, depending upon the localil\·. Except in fort11-
nate circumstances, the biologist wishing to examine the mon· 
important geophysical factors must install a complete range of 
equipment in his observatory. 

The impossibility of gathering adequate information regarding 
these highly important factors renders a bioclimatologist's situa
tion quite unsatisfactory, and it does not favor anv advancement 
in our knowledge of these factors. \Ve will see later how important 
certain of these geophysical factors are with respect to the stud
ies in question. 

EXTERNAL FACTORS AFFECTING BIOCLil\fATOLOGY
BIOTROPIC FACTORS 

The correlation of temperature, pressure, humidity and other 
factors which are measurable and reducible to numbers, with 
physiochemical and biological phenomena, although valuable in
formation from a general standpoint, does not lead us to any fact 
which has not been noted previously in either phvsical chemistr, 
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or physiology, as I pointed out earlier. Furthermore, these correla
tions would not provide us with a complete solution to the effects 
of climatic variations. A simple example will illustrate this affirma
tion: 

There are meteoropathic persons who, for example, display 
grave disturbances at the approach of a cyclonic zone, or even 
merely a low pressure zone. At such times, the person will feel the 
effects of the zone, even remaining indoors at a constant temper
ature. Therefore temperature is not an important factor. On the 
other hand, if the meteorological disturbance is not approaching, 
the person remains unaffected and can go upon a hill or a sky
scraper with no harm accruing. Yet going to the top of one of the 
tall New York skyscrapers results in a pressure drop of around 30 
mm of mercury. Kothing less than a common cyclone is able to 
provoke a similar pressure drop. But since there is no cyclone, 
the person remains unaffected. Therefore pressure is not an im
portant factor. The same can he said of humidity. 

Temperature, pressure and humidity thus have nothing to do 
with meteoropathic disturbances. 

Is it worthwhile to continue considering these traditional phys
ical factors in connection with modern bioclimatology? Probably 
not, except in a subordinate and auxiliary role, as long as varia
tions in these factors are not indications of other concomitant phe
nomena which are of importance from a bioclimatological point of 
view. The traditional factors are not sufficient in themselves to 
define a biotropic situation and, considered alone, are of very little 
interest. 

However other general factors are at work in the field of meteor
ology, such as the weather situation, the evolution of the meteoro
logical situation, fronts and so on. It is not my place to speak in 
detail of these, hut, as I see it, to identify, define and classify the 
factors in question in a clear manner that would be useful in 
biology and medicine is a very difficult job. 

At some Institutes, in order to establish relationships between 
the meteorological situation and biological and medical occurren
ces, they have attempted to distinguish meteorological situations 
in a rough way, without dealing in minute details. They con-
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cerned tl1emselves witli, descriptions which were largely qualita-
tive. For example: ' 

Dr. t.:ngeheuer had distinguished the meteorological situation 
in six phases: 
Weather phase 1. Half fine-weather. 

2. Improvement in fine weather. Weather phase 
Weather phase 3. Full fine weather reinforced eventually from 

foehn. 
Weather phase 
Weather phase 

4. Beginning of clouding (break-up of weather). 
5. Sky completely overcast ( complete hreak-up 

of weather). 
\Veather phase 6. Beginning of improvement. 

He then distinguished nine points in each phase: 
1. General impression and tendency to evoh·e toward other 

phase 
2. Clouding 
3. Visibility, transparency of the air 
4. Temperature and humidity 
5. Atmospheric pressure 
6. Wind at ground level and at altitude 
7. Distribution of the temperature at altitude, inversion of the 

temperature at ground level 
8. Electromagnetic wave disturbances in the field 
9. ~leteorological peculiarities, local clouds in the morning, 

dew, etc. 

This classification in six phases with a description of the nine 
points was greatly appreciated and served as a basis for various 
studies of a bioclimatological nature ( ~luecher and others). This 
naturalistic and almost picturesque description of weather phases 
in fact permitted the correlation of the frequency of the phases 
with the frequency of certain biological phenomena. Thus we 
now know that weather phases are not without effect (indifferent) 
with respect to living organisms, at least in a general sense. But, 
of the mass of phenomena that constitutes a phase, what actualh· 
reacts upon the organisms? 

In referring to the measurable factors-temperature pressure, 
etc.-wc are reverting to the study of factors that have nothing to 
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do with the phenomena which we should wish to study. Dr. Reiter, 
Director of the Bioklimatische Forschungsstelle of .\!unich, Ba
rnria, adopted a different method: 

Instead of more or less minutely describing the meteorological 
situation, he concentrated on particular meteorological elements, 
taken as meteorological indicators. These indicators were chosen 
at random, with no pretense of doing anything absolute, but mere
ly something useful and practical. Reiter holds that there must be 
a single causal dependence, valid under any circumstances, be
tween the weather and the reactions of living organisms. It means 
distinguishing, on the basis of the indicators, the biotropic situa
tion of the weather from the non-biotropic situation. This method 
makes it possible to know whether on a given day there were exter
nal factors at work capable of producing biological reactions. The 
principal indicators adopted by Reiter were: 
a) Atmospherics ( Infralangwellenstoenmgen der Atmosphaere; 
VLF, very low frequencies); atmospheric disturbances on :very 
long wave lengths-or infra waves. 
b) Any peculiarity in the atmospheric electrical field. 

Temperature, pressure and the other traditional meteorological 
factors fade into insignificance when compared with the indicators 
of biotropic situations. Even the other great factors, fronts, air 
masses, etc., seem to demonstrate the existence of a biotropic me
teorological situation with less sureness and precision than do at
mospherics and the static electrical field. 

The effective and direct biotropic reaction of atmospherics was 
discussed at great length; however, later, after a wealth of obser
vational material had been examined, highly satisfactory correla
tions between electromagnetic disturbances and certain biological 
and psychic functions were established ( Curry, Duell, Linke, 
.\!oerikofer, Reiter, Schulze, Zink and others). 

The electromagnetic field thus was established as a direct cause, 
as the determining factor in biological phenomena. 

It is not within the scope of my work to deal with these prob
lems. The examples which have been set forth clearly show how 
scholars in the field of bioclimatology are abandoning the tradition
al, typical climatic meteorological elements-those whose existence 
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is physically discernabla,,in a direct manner, such as temperature 
and humidity-in order to adopt other elements, whose existence 
men cannot discern physically by the living organism, such as elec
tromagnetic waves. 

This is as to say that the climate will be modernly defined or, 
better, that the definition of climate will be enriched bv new geo
physical and astrophysical elemente. 

THE CHE~UCAL BASIS OF MEDICAL BIOCLIMA TO LOGY 
IN THE PAST 

If the basis that we wish to attribute to climatologv is to be 
chemical, then before all else we should know what arc the rela
tionships between climatic and chemical phenomena. Once this 
is known, we should be able to transfer these relationships onto a 
biochemical plane and later onto a biological and medical plane. 

Before going further I must point out that studies of this nature 
have onlv been carried out sporadicallv and ha,·e ne,·er been re

ceived with great favour. 
Experimental chemists, analytical chemists and all those ha,·ing 

to do with chemical operations, especially colloidal or am· other 
type in a heterogeneous system, know that an indefinable some
thing son1ctimes reacts on their operations. Even \,·orkcrs in cer
tain branches of industry are aware of this. But these things arc 
not discussed. Yet we are not speaking of negligible facts; for 
example, in some industries serious disruptions take place with 
frequency in correspondence with certain meteorological situa
tions: in silk spinning, the making of some dyes, flotation and, in 
certain seasons, the application of magnesium cements. But these 
disruptions, which are truly inexplicable, are attributed either to 
chance errors ( which is the handiest way of dismissing them) or to 
quirks in the system of handling, which lead to energetic measures 
to restore normal operations by modifying work conditions. 

Colloidal arsenic trisulphide is widely considered as being sen
sitive to weather (wetterempfindlich, as the Germans say). E. 
Findeisen felt she had demonstrated the sensitivity of arsenic tri
sulphide using measurements of electrical conductivity, but Reiter 
sharply criticised this work. On the other hand, Wilke and l\lueller 
showed that the sulphide in question is sensitive to an electromag-
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netic field. Recently, Neuwirth resumed the study of the influence 
of atmospheric phenomena on the aging of colloidal arsenic trisul
phide by photometric means. The observations were conducted 
every day for two consecutive years and the author found that the 
discontinuities in the aging process were related to various atmos
pheric phenomena, among which were variations in the altitude of 
the stratum at 500 mb and cold fronts. 

Calcium phosphate, precipitating from appropriate solutions, is 
also sensitive to external spacial factors and changes in appearance 
according to external conditions. It was Bortels who in 1951 first --, 
drew attention to this fact. Calcium phosphate from those partic-
ular solutions, in fact, precipitates in filaments and in flakes HHff!t
~s when the meteorological situation is anti-cyclonic, and in 
flakes when it is cyclonic, says Bartels. The manner of precipita- ·-4\ 
tion is influenced by a metal screen, for instance, a thin sheet of 
aluminum. It is even possible to observe the two types of precipi
tation in the same solution by covering the half of the vessel con
taining the solution with an aluminum sheet. From this it would 
seem that the modification in the appearance of the precipitate 
is due to disturbances in the electromagnetic field and that the 
appearance of filaments or flakes in correspondence with cyclonic 
or anti-cyclonic zones is still to he related with the electromagnetic 
phenomena which accompany the zones themselves. 

The studies of the precipitation of calcium phosphate, begun in 
1949, were carried out regularly each day at three fixed times, 
except for brief interruptions, for several years. Under the alumi
num screen the precipitation occurs more often in the form of fila- ") 
ments than in the open. The explanation put forth by Bartels 
regarding this and other phenomena in which he referred to par
ticular radiations or agents of low or high pressure (T-Agens and 
II-Agens ), was strangely criticised; however, the facts which he 
presented are, in spite of the degree of uncertainty and the doubts 
to which they can give rise, the typical facts which are encoun
tered by all those who wish to studv these phenomena directly, 
relating the results of a given experiment to meteorological, geo
physical or solar data. For this reason, Bartels' work is no less valid 
than that of other authors. 
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Bartels ;,Isa studies a pJ1enomenon of extreme importance from 
a general point of view: the freezing of over-cooled water. This 
phenomenon could not be more variable, and Bortels sought to 
link the frequency with which small samples of overcooled water 
freeze to the course of the weather. 

An accurate statistical and critical analvsis by Berg of the data 
presented by Bartels with respect to terrestrial magnetism and 
solar acti,·ih·, came to the conclusion that the numerical data 
studied. "lJarely succeeded in constituting a strong argu1nent in 
favor of the 'pilotage' of the precipitation of calcium phosphate b,· 
terrestrial magnetism and solar activity." The results of Berg's 
highly acute criticism were, therefore, not negative, but sufficienth· 
positive. 

Bartels also studied the separation of water from agar gel, so
called sineresis, as related to external phenomena. 

Bartels is to be highly credited for having indicated two typical 
phenomena as being sensitive to external factors: the precipitation 
of an inorganic compound and the transformation ( passaggio di 
stato) of a pure substance. The pure substance is water, the home 
of the vital phenomena. 

Neuwirth & Hummel studied the influence of meteorological fac
tors on the dissipating power of colloidal solutions of Poln·invlpn

. rolidon: 
"Experiments on optical diffusion with a solution of Polyvinyl

pHrolidon ( Kolloidon k 30) have heen carried out and have re
vealed exogen influence on the intensity of diffusion. The obser,·ed 
significant extremes were correlated with meteorological phenom
ena and shown to be in connection with fronts and horizontal 
shearing numbers. It followed also relation to the jet stream as to 
its position and time of arrival at the observation place. It seemed 
possible to use colloides as indicators for biometeorological or even 
for synoptical connection. The observed influence of weather on 
colloidal solutions may be explained bv terrestrial or extraterres
trial electromagnetic radiation, more or less modified b,· weather 
influences. It could not yet be determined at which pl~cc in the 
wave spectrum the colloidal meteorological rays are situated, nor 
was it possible to find anything definite concerning the character 
and kind influencing the colloidal solution." 
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Caroli & Pichotka studied the influence of the weather on the 
results of titration of sodium thiosulphate. The condition of the 
experiments shows that the cause of the variation of titration re
sults may consist in changes of electromagnetic undulatory radia
tion of high frequency or in radioactive radiation. 

To the purely chemical studies listed above we must add a study 
that provided one of the most spectacular examples of spacial in
fluence ou a chemical-biological system: Takata's report, one 
which is well known in medical circles. 

Since 1941, Takata & ~furasugi have established that the flaking 
numbers of the blood serum of a healthv man (Takata's numbers) 
remain very constant over a period of time. But in certain periods 
these numbers can rise to very high values, suddenly or even tu
multuously. The disturbed periods for Takata's reaction were 
those between the years 1938 and 1943 and between 1948 and 
1950. These were r:ot local phenomena; rather they were world
wide. Takata's reaction was in current use in clinical practice all 
over the world and, because of its wide adoption, it must be con
sidered a wonderful test. Simultaneous disturbances and parallel 
behavior patterns were observed in localities as much as 1500 Km 
apart. 

The disturbances in Takata's reaction were related not to me
teorological phenomena, hut to solar phenomena. The passage of 
a group of spots along the central meridian of the sun seemed to 
disturb Takata's reaction. But the phenomenology observed in 
great profusion in the years 1938-1943 and in lesser profusion in 
the years 1948-1950 was never again evidenced. The disturbed 
periods indicated by Takata's reaction correspond to the diminish
ing ( or to part of it) of the two solar cycles which preceded the 
present one, whose maximums of activity were recorded in 1937 
with an average of 114 spots, and in 1947 with an average of 150 
spots dailv. It would be extremely interesting to know what is 
taking place today, now that we once more find ourselves in the 
diminishing phase of the present solar cycle, which reached its 
maximum of activity in 1957 with an average of 190 spots, the 
highest ever registered! 

The behaviour of Takata's reaction awoke great interest and 
many scholars studied it with a view to possible relationships 
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with solar or geophysii:;al phenomena. But in spite of all the stud
ies that were carried out, it was not possible to clarify completeh· 
the situation. The problem remained open, hut there was no 
doubt that the disturbances indicated bv Takata's reaction are of 
spacial and, above all, solar origin. 

These studies, in which a connection was sought between the 
the chemical and biochemical phenomena which take place in sur
rounding space, are extremely note,vorthy. ~.\s far as I k110,v, liter
ature on the subject does not offer a great deal more. As one can 
see, the number of studies carried out has been scanty, even 
though some were very painstaking. This is not, unfortunately, a 
subject which interests chemists at this moment. The greater 
part of the studies outlined above are the work of persons outside 
the chemical field. 

I do not wish to enter into an involved discussion of the results 
obtained by the various authors. It must be admitted that these 
results are acceptable as being more indicative than definitiw. In 
fact, the simple and direct correlation of chemical or biological
chemical events with spacial events provides a glimpse of an ap
preciable interdependence between these two orders of phenom
enon, without introducing new criteria or methods. 

A MODERN CHEMICAL BASIS 

However, we are still not coming to grips with the chemical 
problem. \Vhat external forces are at work, and how do they re
act upon a chemical system? \Vhat is the sensitive part of a chem
ical system? 

These are the questions upon which I personalh· han, concentra
ted during the past ten years. 

In closing this introduction, I must of necessity mention the re
search which I began in 1935 and which has continued up to the 
present, on a particular phenomenon known as the "activation" of 
water. The term activation is exceedingly ill-chosen, hut by now 
it has established itself in usage. 

By means of particular physical procedures, it is possible to 
modify water physically without modifying its chemical composi
tion or the traditional physical conditions in which it is found: 
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temperature, pressure, illumination etc. These procedures, all of 
them empirical, have been the subject of many industrial patents. 
These patents have been employed in the physical descaling of 
boilers, water reservoirs etc. The instruments for the activation 
of water do not give constant results over a period of time and 
often display anomalous behaviours. 

In order to study the phenomenon of "activation," I conceived a 
differential method bv means of which I was to compare the be
haviour of one sample of water in an activated and in a non-activa
ted state. I noted that the physically modified water did not al
ways produce the same effects; the effects were of one sign during 
a given period of time, and of contrary sign during another period, 
without anything apparentlv having changed. This was the point 
upon which I concentrated, and in 1938 I became aware that these 
changes were related to external phenomena, not at that time 
clearlv identified. In 1939, I announced that I had been correct in 
assuming that certain chemical phenomena were subject to the 
actions of spacial phenomena, and I invited chemists, biologists, 
meteorologists, to collaborate with me in this new research. But 
the proximity of the war interrupted my work and I was not able 
to resume it until J 950 at the Institute of Physical-Chemistry of 
Florence University. · 

'v!any chemical systems were studied during this period, all of 
them heterogeneous systems in evolution: precipitation of oxicblo
ride of bismuth by means of hydrolisis; precipitation of colloidal 
arsenic trisulphite; precipitation of silver halide, of calcium sul
phate, formation of colloidal gold by means of reduction of chlor
ide etc., and also the simple deposition of inorganic compounds 
in water: graphite, mercury oxide etc. 

During this long series of studies, which was highly promising 
but not very conclusive, I was able to ascertain at one point-in 
1936-that a metal screen was sometimes capable of modifying the 
direction of activation: for example there was a passage from ac
tivation which accelerated precipitation to activation which re
tarded it. 

This fact confirmed that water is a sensitive substance to exter
nal actions and that it is enough to modify these conditions with a 
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metallic screen to nofe an effect. A thin metallic screen changes 
the electric field and the electromagnetic fields at least in part. Bnt 
even these were only indications. 

The work carried out from 1935 to 1940 is to lie considered as a 
broad exploration in search of bridges to connect an extremely vast 
complex and general network of phenomena, so general that the 
chemical c1ualitv of the material invoh·ed was not so important 0.1· 

the aggregate state of the material and evolution of this aggregate 
state in the course of time. More than being merely chemical, the 
research was phvsical-chemical. The externally-acting phenomena 
could be studied using any material providing that material was in 
a suitable aggregate state which had not reached a state of equili
brium and was still in evolution. The basis of these phenomena 
seems structural. 

Basicallv, these old studies still partially possessed characteris
tics of the research carried out later by other authors. H eteroge
neous systems which are not in equilibrium, especially colloidal 
systems, are the indicators of an external situation. 

The studies of "activation" showed that water is bv itself an 
easih--inflnenced hody. In fact, phvsical processes modifr it in a 
semi-permanent manner, in the sense that the modification per
sists for a verv long time. This permits the storage of industrial 
water after treatment and thus the utilization of instmments which 
are compared to the quantitv of water treated. 

\Vatcr is, therefore, a sensitive and modifiable bodv. I hcl\'r 
shown that modification is possible in water prepared for conduct
ance measurements ( equilibrium water), in normal distilled water. 
in drinking water from a tap, as well as in dirty water from a brook 
or river. The behaviour of one of the reactions I have mentioned 
differs if normal or activated water is employed together with the 
same chemical reactive. There is no need to underline the import
ance of this fact: it is well known that life takes place in an aqnens 
and colloidal system-that is, in the tvpe of system stndied bv m,-
self and by the other authors, 

For this reason, after having shown how external phenomena 
influence aqueous colloidal systems, I have concentrated on the 
study of the structure of water, which I shall shortly describe. 
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Chapter II 

STRUCTURE OF WATER 

THE PROPERTIES OF WATER 

�TERISA LIQUID which displays properties differing great
ly from those of other liquids that chemically should resemble
it. Its behaviour is ano1nalous. In recent )'ears, scl1olars l1ave
concentrated their attention on the properties of water and have
found that the deeper they go and the more theory progresses and
the finer the properties brought to light, the greater the anoma
lies. Strictly speaking, one may say that i t  is only recently that
water has become recognised as a truly abnormal liquid. In order
to realize the exceptional uniqueness of the most common of liq
uids we need only compare certain physical data which concern
water with those of the hydrids of the elements which are close
to water in the periodic system or else we can consider the same 
data in the homologous series: 0, S, Se, Te (Table I).

TABLE I

B2H
__!L 

CH
4 �H:� OH FH 

�-

�1elting point -169 -185 --77 0 -92

Boiling point - 87 -161 -:JI +100 +19

OH, Sll, �eH2 ·�·_eH2
11elting point 0 -82 -64 ----48 

Boiling point +100 -60 -41 - I

In melting, water contracts so that its density at 0° C is greater
than that of ice, which is also at 0 ° C. As the temperature rises,
water continues to contract until it reaches 4 ° C, at which tem
perature it is at its maximum density. Above 4 ° C, water expands
at the temperature rises, The "physical scandal" of a body whose
density rises with the temperature has provoked a great deal of

18 
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thought among schola,;; since the years 1667, when the increase 
of densitv was noted by Florentine academicians of Cimento. 

At oc C, the density of ice is 0.9168 and that of water is 0.9999. 
\Vater contracts by 8.3% as it melts and, on reaching 4 ° C, it fur

ther contracts by 0.12%. 
The dielectric constant of water at 25' C is 78.30, a very high 

value which is greater than that of the dielectric constant of the 
com1non liquids with the exception of four; hydrogen cyanide 
( 106.8 at 25'C), formamide ( 108.5 at 25'C), sulphuric acid ( 101 
at 25'C) and hydrogen fluoride ( 83.6 at 0· C ). 

All other liquids present smaller dielectric constants of unitv 
10, 20 or even 50, if they are polar, and above unity 70 if thev arc 
non-polar. In general, the value of the dielectric constant of non
polar liquids is around 2. 

The surface tension of water is remarkably higher than that of 
the other common liquids. :\felted salts and melted metals arc not 
inclnclcd among the common liquids, because in these cases the 
surface tension values change their order of size. Only the surface 
tension of hvdrogen peroxide has a valne slightly greater than that 
of water ( Table II). 

Co1n1non liquids 
:\felted salts 
:\felted n1etals 

\\'ater 
Hydrogen peroxide 

TABLE 11 
Surface tension dy11es,1L 

0-- G.S 
90- 2:30 

,]60 - ]()()() 

/:3 
78 

The latent heat of ice fusion is the greatest known, save for that 
of ammonia. And the latent heat of water vaporization is certain
lv the greatest known. 

The specific heat of water is abnormally high. For example: 
n1ercury alcohol 

].()()() 0.03-3 0.547 
benzene 

0.:397 
carhondisulphidc 

0.2:35 

and the difference between specific heat in the liquid state and in 
the solid state is also abnormally large. The specific heat of ice is 
0.5026 cal/gr at O'C and that of water is 1.008 at the same temper-
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ature. The difference is 0.4982 at 0°C. The differences revealed 
by other substances are not as high as that of water. 

The specific heat of water is at a minimum at 35°C. This min
imum was determined with great exactitude by Osborne, Stimson 
and Ginnings in 1939. The International Committee on Weights 
and Measures has approved a heat capacity table for international 
use in calorimetry which differs from the table of Osborne, Stim
son and Ginnings by less than 0,005 joule/ deg. mole. The date are 
thus completely dependable. The preceding measurements go 
back to the years 1874, 1893, 1900, 1905, 1910, 1911, 1912 and 1915. 
Revision and clarification were necessary. 

I have insisted on the determination of the specific heat of water 
and on the precise establishment of the minimum point because 
the existence of this minimum is of greatest importance, as we will 
see later. 

A study carried out by Bridgman concerning the viscosity of 
water at various pressures and various temperatures must be con
sidered as being of fundamental importance. \Vith a rise in tem
perature, the isotherm at 0°C reveals a minimum in correspond
ence with a pressure of 1000 kg/cm'; the isotherm at lO"C reveals 
this minimum less markedly and the isotherm at 30°C no longer 
reveals a minimum. This means that below 30°C the viscosity pre
sents an anomaly in correspondence with a pressure of 1000 
kg/cm', as if something voluminous were "crushed" that the tem
perature destroys when it rises above 30° C. 

On the other hand, it is best to note before going further that 
between 30 and 40CC many of water's properties reveal certain 
oddities, a sign that at that temperature something very import
ant occurs with respect to the structure of water. 

'.lagat, observing the disappearance of the intermolecular bands 
of the Raman spectrum of water at temperatures above 37°C, 
decided to determine whether the other properties of water pre
sented anomalies at the same temperature. 

He found that all the known properties reveal irregularities in 
the temperature interval between 30 and 40°C: 
- Compressibility of water in function of the temperature ( on the 

basis of data furnished by Magat, Tamman and Ruenenbeck). 
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- Index of the refracti9n of water for the line Din function of the 
temperature ( on the basis of data furnished h,· Hall & Parne). 

- Second derivative of the viscosity in function of the temperature 
( based on the average of all known mines). 

- Molecular heat of 1,;ater at constant pressure in f,mction of the 
temperature (based on the measurements of Dietcrici). A.t that 
tin1e there were as yet no Bureau of Standards 1ncasure1neuts 
an~l di,·ergences were noted bct,vecn one author and another 
on the position of the 1nini1nu1n. :\Iagat 1ocalizcd it het,\·een :).) 
and 4.5 C. 

- Molecular heat of u:ater at constant rnlume of tl,e temperature, 
calculated by .\lagat on the basis of constant pressure data. 

- Deriwtice of the dilatation coefficient ill function of the temper
ature, based on the excellent measuremeuts of Chappuis inte
grated with the measurements of the Ph;·s. Teclm. Reichsansta!t. 

- Solubility of u:ater in benzene ( based on the data of I !ill l. 
- Solubility of water in a non-polar suhstance (bromine). 
- Solubility of water in a polar wbstance, but not strong!.,· asso-

ciated in the liquid state (ether). 
- Seconcl ,naxirnuni in the X cliffraction spectru,n. ~rhis n1axiniun1 

begins to wane at 20''C and at 40'C it remains nothing but a 
point of inflection, according to the obseffatio11 of Ste\\·art, l 'l:31. 
It ,vas evident that so1nething very in1portant ,vas taking place 

in the structure of \Vater around ;3,5-- (:. ~Iagat ad,·anccd a \Vorking 
hypothesis which held that the anomalies in c111cstion were linked 
to the transfor1nati9n of a Yibration in a rotation. 

He irnmediateh· saw the biological importance of this general 
fact alld affir,ned: "Signalons enfin, qu'une \-;_1riation des proprit·

t(',s associatives de I'eau peut l·tre d'unc grande i1nportance pour 
Ies processus biologiques, la r~gion de tc1nperatures correspo11<lant 
;'1 Ia transforn1ation Ptant ce1Ie de 1'organisn1e des ani1nau\'. ;'1 sang 
chand." 

After so1ne years ~!organ and \\.arren studied x-ray diffraction 

patterns of water at five temperatures: 1,,5, i:1, :30, G2 and 83 C. 
"Radial distribution curves for \\'ater at the fi,·c te,npcratures \\'lTC' 

o1)taine_<-l b:· a Fourier analysis of the x-ray intensit,, cur,·cs. The 

results can be interpreted in terms of a strncture. The change in 

Max
Sticky Note
Finally, it should be pointed out that a variation in the associative properties of water may be of great importance for biological processes, the region of temperature corresponding to the transformation being that of the organism of warm-blooded animals.
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the diffraction pattern of water with rise in temperature is evident. 
. .\t l.5'C exist a first peak and a second peak. With rising tem
perature the second peak becomes less sharply resolved from 
the first peak. At 83"C the two peaks have practically merged into 
a single peak. About the only conclusion that can be drawn from 
the intensity curves is that there is a change in the structure of 
\\'atcr with rise in ten1perature." 

In order to explain the unique properties of water which make 
it so different from all other liquids, Roentgen supposed that water 
is a mixture of two different types of molecule, which he called ice 
molecules and water molecules. The ice molecules form a mass 
which is less dense than that of the water molecules. As the tem
perature rises, the number of ice molecules diminishes and the 
number of water molecules increases. This hypothesis made 
possible the explanation of some of the anomalous properties of 
water; for example, the maximum of density at 4'C. It is import
ant to note that until that time scholars had occupied themselves 
with the effect of melted substances on the lowering of tempera
ture to the point where the maximum of density was observable, 
that is, in the destruction of the ice molecules. 

Chemical analysis designated the composition of water as H,O. 
But the density of steam was slightly greater than should have 
been tl,e case if it were completely made up of H,O molecules, 
and less than should have been the case if water were made up of 
H,O, or ( H,O ), molecules. Thus steam is to be considered as a 
mixture of two molecular tvpes. At O'C the molecular ratio of 
II,O, or ( II,O), would be 2.6:l (Bose). 

But in order to explain the beha,·iour of water in a gaseous state 
at various ternperatures, 1nore con1plex l1ypotheses \Vere necessary. 
There is nothing to be gained now by reviving those old hypoth
eses. It will suffice to point out that until the early years of this 
century the behaviour of water in a gaseous state made it neces
sarv to assume the simultaneous presence of several types of mol
ecule and, in addition, the possibility that one of these behaved in 
a special manner. 

The properties of liquid water have to be explained by even 
more complex hypotheses. 
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Sutherland put forth ~e hypothesis that water was composed 
of three molecular types: hydrol, II,O; dihydrol, (H,O), or H,O,; 
trihyclrol, (H,O):i or H,03 . Hydro! would exist only in water va
pour, dihwlrol and trihydrol would be the normal components of 
liquid water, together with a small percentage of hydrol. 

According to Sutherland, liquid water at O 'C would be com
posed of 62.5% dihydrol and 37.5% trihydrol. Dihydrol would pos
sess a greater density, 1.089 at 0°C, and trihydrol a lesser density, 
0.88 at O'C. High pressure would then reduce the quantity of tri
hydrol present. 

This hvpothesis made it possible to explain partially the unusual 
properties of liquid water, and between 1900 and 1933 there was 
no substantial change of thought. But in the meantime, general 
progress in spectroscopv and molecular plwsics led to some ven
precise notions regarding the isolated H,O molecule in a gaseous 
state. 

Even when thoroughly purified, water retains a slight elec
trical conductivitv. Highly purified water, e<1uilibrated with 
the surrounding air ( equilibrated water) has a conductivity of 
0,75.10-"olmi-1cm-1 at l8°C, attributable to a slight dissociation of 
the water in the hydrogen and hydroxil ions: 

11,0~ H~ + OH- or: 2.Hp~ !Lp+ + OH-

The concentration of hydrogen and hydroxil ions is 0,8.10-• equiv
alent per litre at 25°C. 

\Vater is an ionizing liquid, and if one imagines it to be a homo
geneous fluid with a given dielectric constant and a given viscosity. 
with the ions of the solute as little charged spheres subjected to 
resistance proportional to their velocity, modern theories of solu
tions substantiate the mobilities of the ions in a quite satisfacton
manner. But until now no theory has been able to account for the 
mobilitv of the H + and OH- ions water, a mobilitv that is unus-
ually g~eat compared with that of the other ions. -

Here arc some data, at 18'C (Kohlrausch): 
H~ .115. on- 174 

Na+33, K+65, KH,~64, CJ-65, Br-67, 150, 68 

The great anomaly displayed by the ions of water has led to 
modern theory's first general assault on the nature of liquid water. 
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THE SUBTLE PROPERTIES OF WATER 

Establishing that water possesses exceptional properties com
pared with other liquids and that its behaviour is completely 
anomalous, has not yet solved the problem of the properties of 
water. \Vhat we have shown arc the general, characteristic and 
easih--definable properties that dctcm1inc the behaviour of water 
in a \vide sense. 

But bevond the easily-definable properties, water displays a 
quantity of other properties not so easily-defined and hardly pre
dictable that evade all attempts at documentation or thorough 
study. Chemists and, to an even lesser degree, physicists never 
consider the possibility that water could display such subtle and 
evasive properties. But biologists, hydrologists, hydrobiologists 
and balneologists are quite aware of the existence of these prop
erties and know that they are highly important despite the diffi
culty of coming to grips with them. 

\Vhy is it that natural water drunk at a spring is more effective 
from a medical point of view than the same water bottled and 
aged? \Vhy is natural water so different from a medical point of 
view in spite of the fact that the difference in chemical "composi
tion reveals nothing in particular" It is certainly not the small 
,·,uiations in common salts content that justify the efficacy of this 
or that water. Even the existence of small traces of radioactivity 
does not justify the differences in properties at all. Today we are 
beginning to speak of changes in the biological properties of 
water due to the heating and subsequent cooling of the water, 
which docs not return to its previous state from a biological stand
point, even if we replace the gases it had lost during the heating 
and return it to exactly the same conditions in which it was found 
previously. This is what is known as fen:ourisation of water (Vale 
Vouk); an operation that bestows different characteristics upon 
water in spite of the fact that nothing different has definitely 
taken place from a chemical or physical standpoint. 

The biological effects of fervourisation seem to be evident. 
Then there are other facts to keep in mind, in spite of the fact 

that the majority of phvsicists and chemists have refused to con
sider them: the so-called phenomena of "activation," which I men
tioned in the introduction. 
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\Valer ,,,hich is SL1bject€d to physical treatment, that puts mi
nute quantities of energy in plav, acquires some properties \\'hich 
last for ~Iuite son1e tin1c, even for several days. .\'othing has 
changed from a chemical standpoint. The properties that acti, a
.tecl \vater acquires have l)een e1n1)loycd in the physical dcscaling 
of boilers and have been the snhject of patents. \lam, of these pat
ents have not served their purpose at all, hut others lian• com,· into 
\\'ide use and their results in indnstrv are controllal,lc. The effects 
of activation are changeable in the course of tiine and 11u1:· only 
be evaluated statisticallv. But the effects do exist. The results can 
be good, and then sudd~nly turn bad. Whv is this? Jn spite of the 
aleatoriability of its function, it has appeared convenient in manY 
cases to attempt the use of physical descaling, which does not tie 
down specialized personnel, or consume chemical products and 
does not im·olve delicate chemical operations. 

This is a subtle property of water that may be obse1Ted in the 
field of inorganic chemisln' and in industry. It is a marwl that 
such a tinv quantitv of energy is capable of such remarkable re
sults, to sa\' nothing of the economical aspects. 

I will return to the subject of the activation of water in a subse
quent chapter. 

There arc facts then \\'hich were considered a few years ago 
impossible to apprehend scientifically. 

The stuclv of natural phenomena may only be carried ont when 
conditions arc favorable. But to deny facts that are beginning to 
appear before our verY eyes merely because the\' do not fall with
in the range of our standard knowledge is highly tmscientific. 

That these facts exist, at least with highly interesting frequencv, 
is proved lw industry which has spent and is still spending mil
lions to make use of the very facts that manv scientific scholars 
choose to ignore. 

THE STRUCTURE OF WATER 

In the midst of studies of the properties of water liascd on theo
retical concepts and on previously established facts, atomic phYs
ics, molecular physics and spectroscopv we are able to proceed 
from well-defined ideas regarding the isolatecl H,O molecule; that 
is, the molecule in a gaseous state. It would not have been possibl£ 



26 The Chemical Basis of Medical Climatology 

to define these ideas earlier because the general theory would not 
have been sufficiently advanced. 

The isolated H,O molecule has the following form: 

/..~~ 
H 109· H 

The bond angle is 10.5-, the tetrahedral angle almost 109°. The in
ternuclear distance O~H is 0.97 A. The electrical dipole moment 
is l,87.10--18c.s.u. The vector of dipole moment acts upon the bi
sector of the angle H-0-II. 
The negative end is that nearest the oxygen. 

The mechanical wave theory gives some information on elec
tronic distribution. The water molecule has 10 electron wave 
functions which can, according to :\fulliken, be designated thus: 

( ls) 2[2si] 2[2p,] 2[2p,] 2[2p,] 2 

Z is oriented along the bisector of the angle H-0-H, Y lies in the 
plane H-0-H perpendicular to Z, and X is perpendici'1lar to the 
plane H-0-H. 

Z, Y and X pass through the nucleus of the atom 0. The radius 
of the water molecule is about 1.4 A. This means that if water were 
made up of spherical molecules in disorderly arrangement and 
touching one another, the density of water should be 1.84. If we 
wish to ascribe to water its true density, imagining it to be com
posed of spherical molecules arranged as we have suggested, its 
radius should be 1.72 A. The water molecule would then have to 
undergo a remarkable change of dimension during the process of 
fusion, because in ice, as we know from roentgenographic studies, 
its radius is 1.4 A. The extreme dissymmetry between the water 
molecule and its electropolarity does not permit such a conclusion. 
Apart from this, the study of X-ray diffraction on liquid water pro
vides us with an independent and conclusive argument. X dif
fraction indicates that the radius of the H,O molecule in liquid 
water is 1.38 A. 

The arrangement of the molecule cannot then be disordered as 
mentioned above, but must be of an entirely different order. 
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In 19:3.3, Bernal and'''F'owler put forth a complctek new idea. 
based on spectroscopic data, concerning the H,O molecule in a 
gaseous state, its electric n1on1ent and its din1ension e\·en bearing 
in n1ind cei·tain si1nilaritics to order clie,nica1 con1pounds. 1'licir 
idea re\·olutionized conce11ts of the constitution of \vater. 

• "[~Pzr gives a concentration of negative Plectricit:v in t\\"() 
regions at right angles to the plane II-0-H. The 11d distrihutio11 
of electronic densitv \vill therefore rescn1blc a tetral1c(!ron \\·itli 

l\VO corners of positive and two corners of negative charge. A.lso it 
is possible to find that \vater 1nolcc11les arrange tlic111scl\·cs in a 
tetrahedral co-ordination. 

Each n1olecule is surrounded by four others, the l)inding l>ei11g 
bet\vcen the positive regions on one n1oleculc to the 1H __ 'gati\·c re
gions on the next." 

Barnes found tetrahedral co-ordination in ice. 
Bernal and Fowler pointed out that i11 the case nf snlicl silica 

( SiO ), there exists a similar fourfold co-orcli11atio11. Tl1e, ariatio11s 
of the polymorpl,ous forms of silica showed that tetrahedral co
ordination alone is 110\Vc\·er not sufficient to dctcrn1inc tl1c :-itrit<. 

tnre complcteh·. The forms are: cristohalite, triclrn,itc and <p1art1 
Ice is isomorphous with tridymite. 

It seems likely that when ice melts the ,rntcr molcc11lcs trnd to 
join togdher, as ice in a tridymite-likc pseudo <TIJSlalli11e sin«·· 

ture, \Yhieh is less dense, and that \vith rise i11 tcn1pcrat11rc tl1t' 

tridyn1ite-like pseudo-structure tends to transfor111 itself into a 

quarto-like pseudo-structure, which is denser. 
The maximum of densitv at 4 C would thus lie easih cxplai11cd 

theorcticallv. Bernal and Fowler acknowledge three ts pcs ol 
strnctnre, corresponding to three types of water. 
Water I: J cc and tridymite-like, light, ,·iscous; 
\\later 11: Quartz-like, heavy, serni-viscous; 
·water III: Liquid ammonia-like, light, non viscous. 

''The nature of the water is determined lw different geometrical 
arrangcn1ents of the san1c n1olecules in srnall regions of the li(1uid, 
due to a different amount of molecular mo\'emcnt, imposed hY the 
temperature. In each small region the arrangement is pseudo
crystalline. These regions have an appreciable electric moment. 
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and are needed to account for the large dielectric constant of 
water which is practically identical with that of crystalline ice for 
low frequences." 

These arguments were used quantitavely to calculate the inter-
11al energy of ice and u;ater from the u;ater molecule model de
riced from spectra a11d dipole moment " ... It is possible to go 
further on the basis of the theon- to find the real nature of the 
hvdrogen ion in solution and pr~,·ide a theory for the abnormal 
mobilities of the hydrogen and hyclroxil ions." 

These are characteristic problems of water. 
Thus Bernal and Fowler successfullv confronted the most cen

tral problem of water. 
It serves no purpose to probe deeply into the work of Bernal and 

Fowler, the two pioneers of the modern theory of the structure of 
water. A great deal has changed since then. 

The rernlut:onary idea of the two authors was met by a lively 
reaction. The supporters of the theory which held that water had 
to be considered as a 1nixture of aggregates, according to tradi
tional ideas, attacked the concepts of Bernal and Fowler. New 
ideas cannot be perfect at their birth and attacks are inevitable, 
both for their imperfections and for the uneasiness provoked by 
their appearance. 

Eucken found that the properties of water can be satisfactorily 
explained bv supposing that around a temperature of 0° there 
exist, in roughly equal quantities: simple, dimer, tetramer and 
octomer 1n0Iecules. 

The octomers occ,,p,· a large ,olumc and for this reason behave 
like ice molecules (Eisartig) and to a certain degree substitute Ber
nal and Fowler's tridymitic structure. Eucken supposes that the 
h,·drogen bonds are the forces which bind the H,O water mole
cules in larger aggregates. 

Gierer and Virtz found, however, that two conceptions, that of 
Eucken and that of Bernal and Fowler, although they differed, 
\Vere capable of a certain n1utual relationship. Eucken's mixture 
of aggregates may be interpreted as a quantitative representation 
of the equilibria among three forms of arrangement whose co
existence in a quasi-cn-stalline liquid reticule constitutes the start-
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ing poi11t of Bernal arn;l Fowler's theor,·. Giercr ancl \'irtz consid
ered the number of h)·drogen bonds that the rnrious molecular 
species were able to produce, and on this basis and on the basis 
of the effect of temperature on the rnpture of hnlrogcn bonds. 
they sought to explain the properties of water. 

The struggle between the 1nixture of aggregotcs t'.\poncnts and 
the pse11do-crystalline structure exponents was C\Tn carried to 
certain hands of the Ra1na11 spectruin. "J'lierc c\ist bands in tlic 
Hain.an liquid ,vater spectrtun ,vhich \\"(TC intcrprctl'cl as being 
intcr1nolccular that is, due to 1nolecules ,vhich arc bound together. 
The hands in question disappear ,vith the rise in tc1npcrature, as 
previot1sl:· observed })y ~Iagat. Rao has consistently argued ill 
favour of the classical concept: these hands !,ad to he attributed 
to the 11,0 molecules (H,O), and (H,O):i, Rao's immense au
thorih on the subject of the Raman spectrnm made itself felt. But 
it was later observed that the difference between the classical con
ception and Bernal and Fowler's themY, was more illusmT than 
real. 

In 19:)D, Hibben sumnied up the situation in tliP follo\\·ing: n1an
ncr: 

"Rao has consistently ascribed the \·ariation in the hands ad
jacent to · 1

• .3400 as due to a change in the proportion in \\'liicli tlH· 

water polrn1ers, i.e., H,O, (H,O),, (H,O),,, arc present aud 1,c 
has ascribed to tlie frequency near · 1

• :3600 tl1c unpoly,ncrisl'd 
water. Bernal and Fowler ham proposed a r11rnsi-cn·stalli11e ar
rangcrnent for ,vater having respectively a tricl_\·111itc, quartz a11d 
close-packed ideal structure as a function of increasing ten1pcra
turc. The difference bet,veen these concepts is inore illt1sory tlian 

real. The essential fact is that there is a profournl i11H11ence on t\l(' 
Ra1nan spectrun1 of water as cl1angcs in the con.-;titution of ,,·ater 
take place ... 

" ... Rao has argued in favour of the classical couc,·pt of \\·atcr 
ancl has pointed out the variation in intensity of the ,vatcr bands 
with temperature. This concept appears to lie soill('Wl1at too "·ell 
defined. On the other hand it is often too easv to explain depart
ures fro1n the normal on the basis of 11Ydru(ren bo11din(1 or 

. :, b 

resonance. Tl1ese explanations n1ay err in tl1e opposite extre1nc. 
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\'either concept is in contradiction to the experimental observa
tions upon which ultimately any explication must be founded. In 
am· case the formula H,O given water or ice is undoubtedly incor
rect. Other factors, which are due to intermolecular interaction 
and influence both the physical and chemical properties of water 
intervene. Evidence as to the nature of these factors and their 
magnitude obtained from Haman spectra illustrates an important 
application of this method of attack on the structure of liquids." 

Here we see that the shift from opposition to the ideas of Bernal 
and Fowler to a reconciliation of the opposing theses has already 
been accomplished. 

Pople brilliantly modified Bernal and Fowler's theory, overcom
ing the difficulties which it had encountered. Pople's theory is 
hased on results of the study of molecular orbitals. The external 
electrons of the water molecule occupy four tetrahedrally-directed 
orbits, two of which are associated with 0-I-I bonds, the remain
ing two with lone pairs of electrons. Each molecule then tends 
to form four hydrogen bonds in tetrahedral directions. 

This concept of Pople's, so very new, met with great success. 
lh·drogen bonds can stretch or bend without breaking, absorb

ing great amounts of energy and cnthropy. \Vater differs from ice 
in that the hydrogen honds of water can bend independently in
stead of cooperatively. The necessitv of an over-extensive bond
hreaking to explain the high heat capacity of water is thus elim
inated. 

Lennard-Jones and Poplc hold that in water there exists a net
tcork of bonds extending throughout the entire liquid u:hich is, in 
a sense, one large niolecule. 

The theorv permits us to explain the properties of water deter
mined by the various experimental techniques, hoth bv x-rays, 
calorimetr\' and by electric conducti, ity. 

On the basis of the Pople theorv, Harris and Alder calculated 
the dielectric constant of water at various temperatures. The val
ncs determined by these calculations were identical to the experi
mental valnes. This striking success determined the fate of the 
ne\\' concept, which had by this time definitely won the day. 

A quasi-crystalline structure implies the existence of a quasi
Curie point, observable either directlv in first degree transforma-
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lions or in those of the second or third. Magat, as I have men
tioned, had listed those pi6perties which reveal anomalies between 
30 and 40'· C. Certain of those anomalies are not strictly probatory, 
but at least two of them doubtless are: the specific heat minimum 
of water at 35" C and the behavior of viscosity at high pressure. 
\Vith the old experiments of Bridgman, which I referred to in the 
first part of this chapter, the crushing of the tridvmitic structure 
at a' temperature below 30"C may be directly observed. The 
crushing is no longer observable above this temperature. 

For this reason it is held that the structure of ,c,Jter melts at 
35'C. 

Thus there exists in water below 35'C a tridimensional self-per
petuating structure. 

Now that our ideas have changed so greatly from those of times 
past, how are we to look upon the phenomenon of dissolution and 
how arc we to deal with the problem of the solutions? 

Frank, Frank and Evans studied the problem from a thermodv-
1iamic standpoint, which is the most general one, on the basis of 
ne,v criteria. \\'hen a non-polar gas is released in a non-polar 
liquid, there is a diminution of enthropy. \Vhen a non-polar gas is 
released in water, the diminution of enthropy is more than double. 
The loss of enthropv in the first instance diminishes but little with 
the rise in temperature, while the loss of enthropy in the second 
instance diminishes rapidly with the variation in temperature. In 
other words, the enthropv that the dissolution of the non-polar 
substance in a non-polar liquid had caused to diminish slightlv, 
increases slightly with the rise in temperature; but the enthropy 
that the dissolution of the non-polar substance in water had caused 
to diminish greatly, increases rapidly with the rise in temperature. 

Since the diminution of enthropy is related to the establishment 
of a highly-ordered state, it must be concluded that the dissolution 
of a non-polar substance in water creates a greater order than 
in a non-polar solvent. The order has been conceived as the geo
metricalh· well-defined fixation of the u;ater molecules around the 
non-polar molecule of the solute. Thus we have the formation of 
ice particles, or icebergs as they are now called. The rise in tem
perature brings about the fusion of the icebergs and thence a more 
rapid increase in the disarrangement and, thus, of enthropy. 
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This point of view is completeh· new, but it must be regarded 
as being dependable since it is in perfect harmony witb the prin
ciples of thermodvnamics. 

The case of the dissolution of a sul1stance \vhich generates ions is 
presented in a highly complex manner. Even in the case of the 
interactions het\veen ions and V·later the forn1ation of the icebergs 
is taken into account; but here \Ve n1ust ren1e1nber 1nany otl1er 
factors, such as the polarization of the molecules due to the elec
tric fields of ions, the variation of the entire dielectric constant 
that goes ,.vitli variation in concentration, and the variation of the 
m;croscopic dielectric constant that goes with the variation in the 
distance from an ion. New problems rise, and a new field is opened 
to studv the solutions . 

.\1o1ecules and ions, at least \\·hen they are in sufficient concen
tration, break down the structure of water to generate ice-like 
structural entities: icebergs. Since the high value of the thermic 
capacity of water is due to its structure, the breakdown of the 
structure, either bv heating or by introduction of a soluble sub
stance without heating produces a diminution of its thermic 
capacitv. 

The manner in \vhich the various ions create their own icebergs 
and bind them in relation to the remainder of the water which 
does not adhere to them, is extreme!\' interesting. But this is a 
special chapter, now under study. 

This brief and summary review of the evolution of ideas on the 
structure of water was indispensable in order to demonstrate how 
the most common of liquids, the giver of life, is the most complex 
and has the richest properties of all liquids known. ,vater is an 
exceptional substance. Its visible and ascertainable properties 
have occupied the efforts of scholars for years; but these, as I said, 
do not complete our knowledge of water. There is much more. 
And it is upon this much more that, with all probability, the phe
nornena \vhich interest us \\.'Ork. 

Even aqueous syste,ns n1ust possess, at least within certain lim
its, similar possibilities of change and adaptation. 

The existence of a structure so delicate and sensitive permits 
the assumption that appropriate actions are capable of modify-



Structure of \\'atcr 

ing the.structure itself ju an infinite number of w,ffs, and thus we 
mav assume that water is sensitive to extrcmeh· delicate influences . . 
and is capable of adapting itself to the most ,·,m'ing circumstances 
to a degree attained by no other liquid. It mav be that it is this 
infinit, of possibilities that makes the existence of life possible. 

Perhaps it is ei::en by rneans of tcater ancl the aqueous sy:::i't(>n1 

that external forces are able to react on /icing organisms. 
It is opportune, at this point, to note how recently it was shown 

that water presents beyond the absorption bands in the far red 
and infra,red already known, absorption bands in the field of ven 
low fre,1uencies (VLF). 

Frernwnn found in fact that ,cater in the solid state (irn). the 

hydratation water and the water chemically absorbed by solids 
presents wide absorption bands at the frequencies of lOkHz, that is ._..; 
for electromagnetic waves of 30 km length. 

That demonstrates that electromagnetic fields of low frequenc,· 
and therefore of very little energv arc capable of acting uprm 
v.·atcr. 1~hat is extren1ely in1portant fron1 our point of vie,v. LTnfor
tunateh· the spectroscopy of VLF is still left to he done. An im
mense lacuna is before us and makes it difficult to folio\\' om work. 

BIBLIOGRAPHY 

1 .. -\lpert, L.: Crystallisation of supercooled \\·atcr b\' llitrasollil 
radiation. J. Meteor., L3: ,3li, 1956. 

2. :\utonoff, G., and Conan, T. J.: Density of \,·atcr as a function 
of temperature. Z. Naturforsch., 4a:LS6, 19.j9. 

3. A.rrhenius, S.: T\vo consequences of the ice structure of ,Yatt'r 
Seensk.kem.tidskr., 67:24, 1955. 

4. A.ybar, S., Senvar, C. B., and A.kim, C.: Influence of anions stir
ring, surface area and temperature on the poJ:,1nerisation of 
acrylo-nitrile in aqueous solutions catalysed by the rcd-ox-s:·s
tem Fe·,:, + H,O,. Commons. Fae. Sci. (C'11ir. /Ink .. : 4/l, 
5:3. 93, 1952 . 

. S. Bandct, J., Tillcn, J., and c:u~'- J.: C:alculation of the 1nagnctic 
susceptibility of a,nins, alcohols. ethers. an1n1onia and \Yater. 

Compt. Rend., 244:2920, 1957. 
6. BPnoit, J.: I\T e\v n1ethod of incasuring rcfractiYC and electric,tl 

absorption indices for the dccin1ctrc and 1netrc length range. 
J. Phys. Radiam, 5: 225, 1944. 



,S·l The Chemical Basis of 11edical Climatology 

7. Bernal, J. D., and Fowler, R. H.: A theory of water and ionic 
solutions, with particular reference to hydrogen and hydroxyl 
ions. J. Chem. Phys. 1: 515, 1933. 

8. Bernal, J. D.: Discussion on the physics of \Vater and ice. Proc. 
Roy. Soc., A247: 421, 1958. 

9. Bernal, J. D.: A geometrical approach to the structure of liq
uids. Nature, 184: 141, 1959. 

10. Bernal, J. D.: Importance of symmetry in the solids and liquids. 
Acta Phys. Acad, Sci. Hung. Modern l'hys., 8: 269, 1958. 

11. Bortels, H.: The freezing of supercooled \Vater in relation to 
the interdiurnal variations of the ahnospheric pressure and 
solar activity. Archi~ fiir M cteorologic, Geophysik und Bio
klimatologie. Serie B.: Allgemeinc und biologische Klima
tologie, 7: 269, 1956. 

12. Boys, S. F., Cook, G. B., Beeves, C . .\!., and Shavitt, F.: Auto
rnatic fundamental calculations of 1nolecular structure. "f",,la

turc, 178: 1207, 1956. 
1:1 Brandrnueller, F.: Itayleigh scattering and rotational effect of 

liquids, Sitzbcr, math-natunc. Kl. Bayer. Akad. Wiss. Muen
chen, 201, 1954. 

14. Bridgman, P. W.: What happens under a pressure of 30000 
pounds per square inch. Engin. ii! ining. J., 112: 535, 1921. 

lS. Bridgu1an, P. \\l.: Pressure effect on the viscosity of pure solu
tions. Proc. Amer. Acad. of Arts and Sciences, 61: 57, 1926. 

16. Bridgman, P.W.: Viscosity of liquids under pressure. Proc. 
Nat. Acad. Sc. Washington, 11: 603, 1925. 

17. Collins, J. R.: Change in the infra-red absorptions spectrum of 
water with temperature. Phys. Re~., 26: 771. 1925. 

18. Dadenkova, .\!. M., and Hoshchina, G. P.: The intensity of 
molecular light scattering and its connection with neighbor
ing arrangements in liquids. Zbirnik. Fiz. Fak., 5: 77, 1956. 

19. De Reuck, A. V. S.: The surface free energy of ice. Nature, 
179: 1119, 1957. 

:20. Doerner, E., Beier, \\7., and Lukas, 0.: 1\ction of ultrasonic 
waves on distilled water. Arch. Phys. Therapie, 6: 340, 1954. 

21. Duha1ncl, F., Frey1nanu, ~L, and Frey1nann, R.: A new meth
od of study of certain physico-chemical effects of pile irra· 
diation. The measure1nent of Hertzian absorption of solids. 
Campi. Rend., 2-37: 1684, 195,3. 



Structure of \\.atcr 

22. Dun_s'an, A. B., and Pople, J. A ... : The structure of sornc si1nplc 
rnolecules ,vith lone pair electrons. Trans. Far. Soc., ..J.9: :217. 
185:3. 

23. Eigen. ~!.: Theory of thermal conductiYilY of \\'akr. Z. Elektr .. 
.56: 1 i6, 1952. 

24. 

26. 

27. 
28. 
29. 

Eigcu, ~L, and :\laeycr, L.: Ilydrogcn bond structure .. prnto11 

hydratation and proton transfer in aqueous sol\\tion .. in Thi' 
Strudure of Electrolytic Soluthms, lfanwr, \\'. ]-, ('d. _! \\'ii,·, 
& Sons, Inc., New York, 1959, p. (i-1. 

Euc.l('ll, A.: Constitution of V./ater. )lachr. (;cs. \\.iss.; 11u1tl1 
physik. Kl., G"ttingen, 38, 1946. 

Euckcn, A .. : Influence of dissolved n1attcr on tlic stn1cturc o! 
,vater, ~1achr. Ges. \\'iss.; 111ath. physik. kl .. c;, ,ttingen. :):). 

19-17. 
Euckl'n, .A.: The association of ,vater. Z. Elektr .. ):?: :2.5.°':i. l\J--1\. 
Euck<'ll, A .. : 1'he association of ,vatcr. Z. Elcktr., ),3: :2,7. lD-H) 
Faheliuskii, I. L.: The intensity· relation in the fiuc strul't11n· 

components of the Rayleigh scattering line. Dokla,h·. c\kud. 
Nuuk. SSSR., 106: 822, 1956. Societ. Phys. Doklady. I: 115. 
19,56. 

30. l\lcFarlan, R. L.: The structure of ice If. ]. Che111. J'l«JI. -1. fill. 
193fi. 

31. F auconnicr, C., and Harrand, :\I.: The effects of \Yater on the 
n.an1an shifts of dioxauc. Ann. Phys., 1: 5, 19.SG. 

;32. Feates, F. S., and Ives., J.: The ionisation functions of l'\":u10-

acetic acid in relation to the strueture of \\'ater and the hYdra
tatiun of ions and molect1les. J. (~he 111. Soc., 2.798, 19:':>6. 

:3.3. Fitzgerald, ;',,!. E., Griffing, V., and Sullivao, J.: Chemical dkch 
of ultrasonic: "hot spot'' chen1istry. I. C'hf'n1. Fliys., :?S: Y:2fi. 
19.56. 

34. Fo,\'ll'r, I{. II., and Bernal, J. D.: Note (HI thL~ psL•uclo-cry_c.,Ltl

line ~tructure of ,vater. Trans. t'c1r. Soc., 2.9: 1049, 19:3:'3. 
3.5. Frank, H. S.: Free volume and eutropy in conclensPcl systl'1ns. 

I. General principles. t....,luctuation entropy aud h·c·e volu1nc in 

son1e n1onoato1nic crystals. J. Clic111. Phy.\'., 18: 478, 19--t). 
3li. Frank, H. S.: Free volume and entropv in condc«sccl svst<-ms. 

II. Entropy of vaporisation in liqnicl and the pictorial theory o! 
the liquid state. ]. Chem. J'hys., 13: 48:,. 191.o. 

31. Frauk, I-I. S., and Evans, ~1. \\7
.: Free Yohune ancl entrnp; 111 

condensed systen1s. III. Entropy in binar;· liquid rnixt11n·s 



:)l) The Chen1icol Basis of .\!cdical Clin1atology 

partial n1olal entropy in dilute solutions, structure and ther
n1odyncunics in aqueous electrolytes. ]. Cheni. Phys. 13: 507, 
194,S, 

:)). Frenkel, J. I.: Electric phenon1cna involved in the cavitation 
caused by supersonic vibrations in liquids. /. Phys. Chern. 
Russ., I 4: :305, 1940, 

:)Y. FrevniaillL lt: The rotational ,net hod and the method of per
turbatioTJs in th() ultra-Hertzian. A.pparatus for measuring the 
absorption of vapors for frequencies near 10.000 !\le. Physicu., 
17. :328, 1951. 

tO. Frey111ann, R.: 1'hc absorption of free and bound water in the 
IIcrztian \\'ave spcctrurn. Orientation of the molecules and 
lattice defects. ], Chim. Phus,, 50: C ~7, 19,33. 

-11. -Freyn1ann, ..\!., and Frcy111an11, I\.: LTitrahertzian absorption and 
the hydroxil bond. \\1ater of crystallisation and \vater of absorp
tion. Co111pt. Rend., 232: 401, lSlSl. 

-12. Frey,nann, ~I., and Freymann, It: EHect of ten1peraturc on 
the nltra-lfcrtzian absorption of \vater of crystallisation and 
\Vater of absorption ( liquid state of absorbed \vatcr in the 
re~ion of -98 ·). Compt. Rend,, 232: 1096, 19,51. 

-1,:). Freyn1ann, ..\.1., and Freyman11, I\.: T\vo different causes of 
Debye absorption in the Hertzian spectrun1. A.pplication to 
sen1iconcluctors. C\nnpt. Rend., 235: 112.S, 1952. 

44. freymann, ~I., and Frey1nann, R.: Hertzian spectra and struc
ture of solids. II. Debve absorption of free and of bond 
water, J, Phys. Radium, 15: 165, 1954. 

4,-S. Gaussen, ,\.: Detcrn1ination of proton-spin-lattice relaxation 
time of liquids with a How method. Z. Naturforsch, lOa: 54, 
1955. 

46. Giercr, A ... , and \\·'irtz, K.: Theory of the structure of v.'2.tcr; the 
relation bet\veen the theories of polyn1orphic association and 
quasicrystallinity. Z. 1\Taturforsch., 5a: 577, 1950. 

47. Ginnings, D. C., and Furakav,:a, c:. T.: IIeat capacity and en
thalpy of liquid water, J,A.C.S., 7,5, ,526, 195:3. 

4b. (;ordy, \\l.: The ultra-Hertz spectrum of \\'ater vapor. ]. (7hint. 
Phus., 53: C 114, 1953 . 

.J-9. Gordy, \\T.: Spectroscopy in the region of 1-5 nun \vave length. 
J, Ph,;s. Radium, 15: 521, 1954, 

SO. (;rahar, P., and Prudlio1n1ne, R.: \Iechanis1n of certain chcrni
cal effects of ultrasonic \\'aves on substances in aqueous solu
tions, Cmnpt, Rend., 226: 1821, 1948. 



Structure of \\' ater 

51. Grjotl1cirn, Is:., and Kr2gh-\loe, J.: }hdrogen bonding and the 
volun1e of ,vater. ?~lUture, 17.'3: 774, 19:54. 

52. Grjothcin1, K., and Krog-~Ioe, J.: ()n the correlations hct\,·een 
structure and some propc:rties of \Vatcr. Acta Chcniica Scancl., 
8: 1193, 1954. 

5:3. Guastalla, J.: Surface structure of \vater and surface plienon1cna. 
J. Chim. Phys., 44: ,306, 1947. 

,54. Cuillaun1e, J.: Diffraction of x-rays in crystals by elastic \\'a\'f's. 
Experi1nents \Vith vibrating quartz crystals. Cornpt. Rend., 
234. 1071, 195:2. 

5,S. Haissinsk;·, ~I.. and Lefort, ~I.: Radiolysis of ,vater and aqueous 
solutions. Critical observations, C:iclo di conferenze ''Fonda
zione l)onegani." lice. "!\7az. Lincci. 1naggin, 19,33. 

.56. 

(

r.57. 

. ,58. 

,)9. 

60. 

ol. 

6la. 

62. 

63. 

llaissinsky, ~L, and ~-Iangeot, A .. : C:he1nical actions of ultra
sound on ,yater and aqueous solntions. -~/11oco C'i111cnto. !\·. 

5. llNi. 1936. 

lialL 1 .. : ()rigin of ultrasonic absorption in ,vatcr. I'h~s. ]{cc .. 
72: ,5-37, 1947. 

HalL I .. : Origin of ultrasonic absorption in ,,·atcr. Phys. H('r. 
7'5: 7775, 1948. 

IIarris. F. E.: L:ontributions of fluctuations a11d ani-;otrop:; to 
dielectric polarisation iIJ polar substances. J. C'hc111. Plu_1s., 2.J. 
1663. 19,55. 

Harris. F. E., and A.Ider. B. J.: Dielectric polarisation in polar 
substances. J. Chem. Plu;s., 21: 10:31, 1953. 

Harris, F. E., Haycock, E. \V:, and Alder. B. J.: Dielectric polar
isation and structure of polar liquids under pressure. } . C hcni. 
Phys., 21: 1943, 1953. 

Hibben, J. H.: The Ramon Effect and Its Chemical ,\pplica
tions. l'\ew York, Reinhold, 1939, pp. 321 ff. 

Hilling, \\r. B., and Turnbull, D.: Theory of cry·stal gn)\Yth in 
un<lercooled pure liquids. J. Chem. Phys., 24: 914, 1956. 

Jacobi, \\7.: Homogeneous nucleation in supercooled \\·atcr. 
J .. \I cteor., 12: 408, 195,5. 

6--t Jacobi. \\T.: The forrnation of ice i11 pure supercooled \\·atcr. 
Z. :Yat11rfursch., lOa: 322, 195.5. 

6,5. Jacobson, B.: ,\ssociation nu,nbers in liquid systc1n fn1n1 inter
n1olccular free length relations. ~4.cta. Chc:111. Scan., 9: 997, 
1953, 



38 The Chenlical Basis of Medical Clirnatology 

66. Kachurin, L. G.: The probability of ice-nuclei formation in 
supercooled water. Doklady Akad. Nauk. SSSR., 93: 307, 
1953. 

6~ 
I. 

68. 

69. 

70. 

71. 

Khenokh, M. A., and Lapinskaya, E. M.: Action of ultrasound 
on aqueous solutions of aromatic hydrocarbons. Zhur. Ohsh
chei. Khim., 26: 24,39, 1956. 

Koeber, F.: Influence of pressure on the electrolytic conductiv
ity of solutions. Z. Phys. Chem., 67: 212, 1909. 

Kornfel'd, M., and Molokhowa, N.: The bulging of the surfaces 
of liquids under the action of ultrasound. Doklady Akad. 
Nauk. SSSR., 10.5: 476, 1955. 

Kuhn, IL: Che1nical binding alld energy levels of electrons in 
molecules. Experientia, 9: 41, 1953. 

I,e Bot, J.: A nc\v method of measuring the co1nplcx dielectric 
constant \vith centin1eter \\'aves. ,-\.pplication to the study of 
the phenomenon of water adsorption. Ann. Phys., 1: 463, 
1956. 

72. Lennard-Jones, J., and Puplc, J. A.: ~lolecular association in 
liquids. I. tvlolecular association due to lone-pair electrons. 
Proc. Roy. Soc., London, A. 205: 155, 1951. 

7:3. Lewis, W. C., and Randall, M.: Table of C of the water, Iut. 
p 

Crit. Tables. :-,/ew York, ~lcGraw-Hill, 1923, vol. 7, p. 232. 
74. Lisgartcn, N. D., and Blackman, M.: Cubic form of ice. Nature, 

'-..... 178: 39, 1956. 
7,S. Livingston, IL, Ghor1nley, J ., and Zeldes, H.: Para1nagnetic re~o

nance observations on the condensed products of electric 
discharges through \V.ater vapor and related substances. J. 
Chem. Phys., 24: 48:3, 1956. 

76. Magat, M.: Raman spectrum of water. J. Phys. Radium,$: 347, 
1934. 

, , . \Jagat, \!.: Change of properties of water around 40--. J. Ph11s. 
Radium, 6: 179, 1935. 

78. :\Iagat, 11.: Raman spectrtnn and constitution of \vater. /\nn. 
Phys., 6: 108, 1936. 

79. \Ialmberg, C. G., and \faryott, A. A.: Dielectric constant of 
water from D° to 100 C. ]. Research Nat. Bur. Standards, 56: 
Research Paper 2641, 1956. 

80. Mason, B. J., and Hallet, J.: Artificial ice-forming nuclei. Na
ture, 177: 681, 1956. 



( 

40 The Chemical Basis of ,vledical Climatology 

98. Pople, J. A.: A theory of the structure of water. Proc. Roy. Soc. 
(London), A 202: 323, 1950. 

99. Poplc, J. A.: A theory of the structure of water. Proc Roy. Soc., 
( London), A 205: 163, 1951. 

100. Pople, J. A.: The electronic structure and polarity of the water 
molecules. J. Chem. Phys., 21: 2234, 1953. 

101. Prudhomme, R. 0.: Ultrasonic depolymerization. ]. Chim. Phys., 
47: 795, 1950. 

102. Prudhomme, R. 0.: Formation of hydrogen peroxide by ultra
sonic irradiation of \vatcr in the presence of different rare 
gases. Bull. Soc. Chim. Biol., 39: 425, 1957. 

103. Rabino\vitch, E.: Electron trasfer spectra an<l their photo-che1n
ical effects. Rec. Jfodem Phys., 14: ll2, 1942. 

104. Reboul, J. A .. : Ionising radiation ernitted by ordinary rnetals. 
Annales Phys., 11: 353, 1939. 

105. Hiehl, N.: Electrical conductivitv of ice. Zhur. Fiz. Khim., 29: 
1372, 1955. 

106. 

107. 

108. 

109. 

llO. 

lll. 

ll2. 

11'3. 

l{oentgen, \V. C.: Ice an<l \vater n1olt>cules. \V'ied. Ann., 45: 91, 
1891. 

Schrcckenbach, ~I.: Te1nperature dependence of surface energy 
and cohesion. Tcchnik., 11: 525, 1956. 

Shallcross, F. \ 7
., and Carpenter, G. B.: X-ray diffraction study of 

the cubic phase of ice. ]. Chem. Phys., 26: 182, 1957. 
Shibata, T. ( Toshikazu), ~lurakami, ~!., and Sui ta, T.: Dielec

tric properties of 1naterials including \Vater at ,nicrowave 
frequencies. Technol. Repts. Osaka Unic., 5: 39, 1955. 

Smyth, C. P., and Hitchcock, C. S.: Dipole rotation in crystal
line solids. ].A.C.S., 54: 4631, 1932. 

Smyth, C. P., and Hitchcock, C. S.: Dipole rotation and the 
transitions in crystalline h\'drogen halides. J.A.C.S., 55: 1830, 
1933. 

Srivastava, S. S., and Puri, D. D.: A.bsorption coefficient of liq
uids in the 1-cm region. ]. Sci. Ind. Research (India), 14b: 
41.3, 193.S. 

S\vinbank, \\7. C.: C~rystallisation of supercooled \Vater by ultra
sonic irradiation. J. J,fcteor. 14: 190, 19.37. 

ll4. Swindells, J. F., Coe, Jr.,). IL and Godfrev, T. B.: Absolute vis
cosity of water at 20 C. ]. Research Nat. Bur. Standard, 4S: 
l{esearch Paper 2279, 19.52. 



Structure of \\'ater .J I 

115. Tcrrkington, P.: Pgssiblc motions ot vibrating n1olcclllPs and 
their interpretati~ns in tenns of n1olecular strllcture. ]. Phys. 
Cl,cm., 56: 336, 1952. 

116. Tran<lafilov, T., and Koiarov, ~.: 1'he "reduction capability" of 
distilled \\'ater obtained by passing \vatcr vapors through an 

electric field. Compt. Rend. Acad. Bulgarc Sci., 8: :3:3, HJ'i5. 
117. \Valsh, J. I\I., and Rice, .l\J. H.: l)ina1nic ccnnpression of liquids 

frorn measurernents on strong shock \\'aves. ]. Chc111. Phys., 
26: 815, 19.57. 

118. \Valsh, A. D.: Theory of 1n0Iecular structure and spectra .. ·\1111. 

Hee. Phys. Chem., .5: 163, 19,54. 
119. \\lang, J. H.: Effect of ions on the self-diffusions and structure of 

\Vatcr in aqueous electrolytic solutions. !. Chen!. Phys., i).S: 
riS6, 1954. 

120. Wc,1, \V. A.: Surface structure of water. ]. Colloid Sci., 6· :3SD. 
HFil. 

121. \\'h:,tla\v-Gray, IL: Disperse system in gases. Trans. Far. Sue. 
32. 1041, 1936. 

122. \.Vickc, E., Eigcn, ~J., and Ackermann, Th.: ()n the state of the 
protons in aqueous solutions. Z. Phys. C'hcni. )l.F., 1: :3-10. 
1954. 

123. Yager, W. A., and ~!organ, S. 0.: Transition in camphor and 
che1nicaily related compounds. I. Dipole rotation in cr:·stal
line solids. J.A.C.S, 37. 2071, 1935. 



By 't 

PROFESSOR GIORGIO PICCARD! 

DirecJor of the Institute of Physical ChemistrJ 

University of Florence 

Florence, Italy 

The Chemical Basis of 
Medical Climatology 

CHARLES C THOMAS • PUBLISHER 

Springfield • lllinois • U.S.A, 



Chapter III 
THE CHEMICAL TESTS 

IN ORDER TO EXPLAIN what the chemical tests are I have 
decided to follow a course previouslv adopted with some success 
on occasion of the Brussels Symposium, October 1958. 

\Vhen a chemical operation is performed and repeated several 
times, one will observe differences in the results obtained over a 
period. It is of course well known that our operations allow a mar
gin of error that may be rather large or, on the other hand, rather 
small. This depends on the chemical system employed. The var
iations in the results are normally ath·ibuted to experimental errors; 
that is, to chance. 

But the variations may be due, at least in part, to external causes, 
to conditions which have not been controlled and which exist and 
fluctuate independently of our wishes and about which we are 
generally unaware. How are we to determine their presence? The 
solution to this problem was attempted by devising an appropriate 
method, one capable of revealing how external phenomena in
fluence our chemical operations. 

Two possibilities were considered: 
1) It is possible that, on modifying external conditions, the 

chemical system will react in a markedly different manner under 
the ne\v conditions; 

2) It is possible that, on modifying the chemical system, the 
svstem will react in a markedly different manner against the same 
external influences. 

If the system reacts to one of these conditions, it is then possible 
to conduct a differential experiment by carrying out the same oper
ation twice, simultaneously, using the same reactive agents and 
maintaining equal, at every moment, the common physical condi
tions of the two experiments at hand, ( temperature, pressure, 
humidity, light, etc.), but modifying in an appropriate manner: 

42 
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A) 1'he spacial conditions surrounding one of the ttco reacting 
systems, or else: ' 

B) One of the reacting chemical systems. 
The results yielded by the two reacting SYstems will, as a rule, 

no longer be identical because of the imposed modification. It 
\vill he noticed, for exan1ple, that a 1norc rapid scdi1ncntation, a 
darker colour, a 1nore abundant precipitation or so,ne such cfTcct 
will be e\'idenced by one of the two systems. 

There will therefore be an observable differc11ce, either in 011e 
direction-for exan1ple, a n1ore rapid scclin1e11tation in the n1odi
fied s,·stem ( or under modified conditions )-or in the opposite di
rection. It may also be that no difference whatever results hut this 
case is cxtre1nely rare. 

The case in which the sedimentation is produced more <Jtiickh· 
in the modified system has been called T, while R is the name 
girnn to the in\'erse case. The case of perfect identil\· is known 
as 0. 

Experimental errors always play their part according to the 
chance im·olvcd ( I am not considering the case of s\'Stematic 
errors) and superimpose themsel\'es on the effects of external 
pheno111ena. 

Pure chance, on a great number of experiments gives as results: 
.5mT. A result that on a great number of experiments is differ
ent from 5Wc, is always significant. Its value had to be that one 
observed or more different from 50%-that is to say-again better. 
One derii:es from the differential experiment A RESULT THAT 
IS NOT DUE TO CHANCE, by effecting a large number of 
cliffere11tial experiments (not less than 10) either simultaneously or 
within a i:en1 short space of time, and by determining the relative 
number of the differences produced in direction T; that is, the 
percentage of T. 

The percentage of Tis the numerical result of the cl,emical test. 
The rcs11lt of the chemical test is therefore STATISTICAL a11d 

can vary from Oto 100. 
The principal feature of the chemical test is, therefore the fol

lowing: 
To procide a statistical numerical result, not by mea11s of meas

urements, but by COUNTING the number of times, in a fixed 
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number of experiments, a given chemical operation behaves in a 
determined manner with respect to another chemical operation 
of the same tvpe. 

The result of the chemical test is independent of temperature, 
pressure and so on; in short, it is independent of all the common 
traditional cariables. 

THE CHEMICAL TEST IN CASE A 

External phenomena, far away or dose at hand, manifest them
selves in the space in which we live, as far as we know, by means 
of clectron1agnetic or corpuscular radiation or by field variations. 
Thus it is possible to modify the spacial conditions surrounding one 
of the two chemical systems in the differential experiment by 
enclosing the selected S\'Stem in a metallic chamber or, at least, by 
placing a metal plate over it. The metal we have chosen is copper. 
The svstem is thus screened, either wholly ( as in the case of the 
chamber) or in part ( as in the case of the plate). 

The copper screens, or at least partiallv screens, certain radia
tions and modifies the electrical and electromagnetic field. 

If there are no forces acting in the surrounding space, or only 
those forces which are not modified by the copper, the response 
to the chemical test will be that clue to chance: 50 ( 50% T). 

But if in the surrounding space forces are acting that are modi
fied by the copper, then underneath the plate ( or within the 
chamber) the conditions will differ compared with those on the 
outside. 

A sensitive chemical system will react to the wfference in con
ditions during its evolution before reaching the equilibrium. 

In this regard I will give two highly significant examples. 

1) Polymerisation of Acrilonytrile 

A solution of monomer acrilomtrile in water was cliviclecl and 
placed into several identical glass flasks. The flasks were enclosed 
in a small chamber or in a wooden chest, well protected against 
temperature variations. Half of the chest containing the half of 
the flasks was covered with a thin copper screen, 0.1 mm in thick
ness. After a sufficient length of time the flasks were taken out 
and the solid polymer that had formed was filtered, dried and 
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weighed: From December 1951 to April 1954, 108 experiments 
were carried out and if'was established that the weight of the 
polvmer was less under the screen 80 times out of 108; that is, in 
75:{ of the cases ( Table III), 

TABLE Ill 

THE ~U?vfBER OF EXPERI~IE~TAL Gnot:PS 

Y1ELD1!\·c A GnEATER \\''E1c11T OF PoLY\tEH 

Out.ride the srreen Under :he rrreen 

HlSl Decv1nbcr 
19.):2 February 

\Lirch 
:\pril 
\Li:· 
lune 
Jul:· 
()ctobcr 

'.\ O\'t'1nbcr 
l)t•t·cn1\Jcr 

19.S . .-l J.in1iar: 
February 

J 9.'S..J. \farch 
,\pril 

Total 

.') 

.J 
2 
2 
-I 
s 

]() 

I 
2 

80 

7·1 

., 

I) 

II 
() 

I 
II 
.j 

() 

From a statistical point of view, therefore, the effect of the 
screen \Yas easilv ol)servable. 1~he effect ,,,as not constant either 
in sign or in size, all of ,vhich is quite natural since spatial proper
ties fluctuate incessantlv. 

2) Precipitation and Sedimentation of Oxychloride of Bismuth 

a) 1000 Blank Tests 

We hnlrolised identical quantities of the same solution of tri
chloricle of bismuth, with the same fjllantitv of ,rnter, in two sets 
of beakers, designated bv the colours reel am! blue. The hydrol
isis ,vas effectecl in pairs, one red beaker \\·itlt one blue beaker, 
sirnulta1H .. :011sly and under identical co11ditions, 10 pairs at a tiinc. 

From October 15 to Kovember 6, 19.54, a total of 1000 paired 
tests was carried out 
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In each group of 10 pairs, we recorded how many times the 
sedimentation of oxvchloride of bismuth had proceeded more rap
idly in the red beakers, and the percentage was calculated. This 
percentage constituted the numerical response to the blank test. 

Distributing the different responses according to their values, 
between O and 100, a curve was obtained much like that of Gauss 

% 
30 _ 

20 

10 _ 

0 

.0. 

0 50 
Q 9 

100 T 
Fie. 1. One thousand blank tests (dotted line) and one thousand tests P 
(black line) effected in groups of ten, distribute<l according to the percentage 
T given by each group. On the abscissa: the values of percentage T; on the 
ordinate: the frequency of percentage T. Kote the perfect symmetry of the 
distribution about value 50% in the case of the blank test and the dissym-

metry of the distribution in the case of test P. 

( Fig. 1), in symmetrical ratio to the ordinate 50. The general 
average of the 1000 results was ,50.4%. 

The blank test thus rendered the result due to chance. 

b) 1000 P-T ests 

Simultaneously with the blank tests, 1000 tests were carried out 
that were identical to those previous, but the red beakers were cov
ered with a copper screen. This constituted test P. 

Distributing the various results according to their values, be
tween O and 100 a curve was obtained that was quite different 
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from that of Gauss, shof,iug an asymmetrical rapport with the or
dinate ,50. The general average of the results was 70.15:'. 

Test P therefore rendered a result quite different from that of 
the blank test. This was no longer clwnce playing its part, but the 
influence of exterior actions. 

THE CHEMICAL TEST IN CASE B 

Or;e of the chemical systems may be modified bv chemical or 
physical means. \Ve have chosen, for practical reasons, a very sim
ple phvsical means. Since the precipitation of ox,-chloride of bis
muth, provoked by the h,·drolysis of trichloride, was adopted for 
our routine tests, we modified the water by means of physical acti
vation. 

A bulb of mercury, that is, a closed glass globe containing a drop 
of mercmT and neon at reduced pressure was gently stirred in the 
water. On moving the bulb, the mercury slides upon the glass; 
the double electric layer hetween the mercury and the glass is 
stripped and an electrical discharge is produced in the interior 
of the globe. The water which is in contact with the hulb is thus 
activated. \lercury bulbs as well as other devices, have been em
ploved in industrv for the "physical'' dcscaling of boilers. 

The mercury bulb has been the subject of a studv 11" Halla and 
'fovotm·. The sliding of the mercury upon the glass produced an 1'i 
electro111agnetic emission. This emission has not been found at 
high frequencies, but only at low frequencies, .3-4 K!Iz. But the 
low-frequency emission is modulated at an extrerneh· small frc
quenc,·, 10 Hz-that is to say, the .3-4 KHz emission appears in 
packages of 10 Hz. It is useless at this point to speak of the ph\'S
ical-chcmical problems that activation presents: the strnctnre of 
water etc. It is enough to know now that it is possible to prepare 
two lots of water, chemically identical ( of the same centesirnal 
chemical composition), but physically different. 

\Vith normal water and actii;ated 1wter we arc able to conduct 
a differential experiment as in case B and to use it as a chemical 
test. 

Such a test may be conducted out of doors, in the open air; that 
is to say, in a location where there is no n1etal present. 1'his con-
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stitutes test F. On the other hand, the test mav be conducted 
; 

indoors, within an area shielded by copper ( or underneath a 
screen). This constitutes test D. 

THREE CHEMICAL TESTS 

The three types of chemical test which we have employed up 
to the present are collected in the Table IV. 

Test P 

Test F 

Test D 

TABLE IV 
----- -----. -------

(I is compared with II) 

Condition I 

norn1al \Vater 
spacial conditions 
unn1odified: open air 

nonnal water 
spacial conditions 
un1nodified: open air 

norn1al water 
spacial conditions 
modified: under copper 

Condition II 

nom1al v,:ater 
spacial conditions 
modified: under copper 

:1oii·atcd water 
spacial conditions 
un1nodified: open air 

.1cti1·.1ted 'A·ater 

spacial conditions 
modified: under copper 

RESEARCH ON THE CHEMICAL TESTS 

\Vith regard to the chemical tests, two types of research were 
carried out: 

a) Special research, designed to improve our knowledge of the 
chemical tests. 

h) Routine research, given to the study of exterior actions, with 
which we deal later. 

Special Research 

1) Closed and Open Metal Screen (Completely Sealed Copper 
Chamber and Horizontal Cop per Plate) 

It was very important to know if, instead of working within a 
completely sealed copper chamber, we could obtain results that 
did not differ too greatly bv working under a copper plate. This 
was necessarv since we had to conduct routine tests in places 
where it was impossible to employ a scaled metal chamber. 
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TEST D-Three series'fof 200 differential precipitations ( normal 
water-activated water) carried out in :\lay 1953, one in the open 
air, one beneath a horizontal copper plate and one in a sealed 
copper chamber ( thickness of the copper of the chamber and the 
plate: 0.1 rnm), yielded the results collected in the Table\'. 

TABLE V 

SC T 
In open air .54 .. 5 

Beneath the plate :)7.0 

\Vi thin the chain her :}/ .. 5 

Thus there was no great difference between the two tests D. 
\Ve ma,· safely assume that exterior forces fall downward upon the 
Earth from above. Therefore the "roof" would be the most im· 
portant part of the chamber for the purposes of the chemical tests. 
All of this has only an indicative value since the tests were so few. 

TEST P-Five years later ( 1958) it was obsen·cd that test P fol
lowed a different behaviour pattern from that followed h,· test D. 
The results of test P obtained by using a horizontal metal plate 
showed a behaviour almost reversed to that shown hv the results 
of test P obtained simultaneously using a completely sealed copper 
chamber. 

This explains why the test P results obtained in Florence using 
the copper chamber have shown a positive and significant corre· 
Iation with solar activity, while the results obtained in different 
stations during the ICY, when of necessitv simple copper plates 
were employed, have shown a negative and significant correlation. 
The screen obviously plavs a very important part in the chemical 
tests. 

The problem of the screen is highly complicated and requires a 
separate study. On the other hand, how are we to compare the re· 
sults of the experiments carried out in 195.3, \vith a ncar-n1inin1un1 

of solar activity, with the results of the experiments caniecl out in 
1958, with a near-maximum of solar activity? Variations in solar 
activity must be closely considered in this study. 
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2) Nature of the Metal of the Screen 

Numerous series of tests were carried out, activating water and 
precipitating oxychloride of bismuth within small chambers of 
different metals-copper, aluminium, iron and lead-so as to deter
mine whether the nature of the screen was of importance, that is to 
sa,· if the action of the screen was merelv electrostatic, or if it 
w;s comparable to the action of a filter or :elective mirror. 

The results of four series of 6,900 tests each ( normal water-acti
' ated water) carried out between January 6, 1954 and 1!arch 26, 
1955 are collected in the Table VI general averages. 

In open air 
Under Fe 
·under Al 
·under Cu 

TABLE VI 

%T 

46.4 
45.4 
42.2 
39.6 

Specific 
electrical conductance 

ohms-1 cm-i 
0.10--1 

10. 
35. 
58. 

It is evident that the nature of the metal plays an important role. 
We mav conclude that the most important characteristic of metal, 
as far as the chemical tests are concerned, is its electrical conduc
tivity. Unfortunately, physics has nothing to tell us on this sub
ject. What we know regarding Faraday's cage is valid for electro
static phenomena, but not for the phenomena which we are study
ing, where an entire range of electromagnetic waves falls on our 
screens. 

3) Structure of the Screen 

Since we have not only the nature of the metal to consider, but 
also the structure of the screen, we have carried out some orienting 
tests with a compact screen-a continuous metal plate-and a dis
continuous screen or powder screen-a metallic paint: that is, a 
metallic powder bound by an insulating paint. 

\\'e have tried out au aluminum plate with a thickness of 0.7 
mm and a piece of cardboard coated with a "pure aluminium 
paint." Three series, each of ,500 simple tests ( three single precip-
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itations): one in the open air, one beneath the painted cardboard 
and one beneath the plate, were carried out between April 7, 
195.5 and April 14, 1955. The three series were later compared, 
and give the results collected in the Table VII general a,·eragc. 

TABLE VII 

S'c) 1· 
Out of doors-\vith plate 76.8 
Out of doors~\vith po\\·cler 72.fi 
\\'itli plate-\vith po\\'dcr -t.'5.() 

It is evident that the screen formed bv a metallic powder with 
isolated grains also produces a notcworth,· effect, almost like 
that produced by the metal plate. 

But this depends upon the radiation falling upon the screen. It 
was noticed much later that the aluminium plate screened to a 
noticeable extent the radioelectric emission of JO KHz frequcnc,, 
hut that the cardboard presented hardly no obstacle to the same 
emission. So then, which rays are stopped by tl1e discontinuous 
screen? This problem as well should be studied b,· the appro
priate methods. It is a matter of experimenting with nel"\" differ
ent frequencies, above all with the very low frequencies ( \'LF), 
ones for \Vhich \VC can find no scryiceablc instrun1cnt, either trans
mitter or receiver. It would he necessal"\" to build them all spe
cially. 

The prohlem of the screens is slowlv being forced upon us. 

4) Test D, 1' est P and Screen 1' hickness 

In order to establish whether the screen plave<l an important 
role in our tests, a long series of tests was carried ont, activating 
water within lead boxes of different thickness: 0.3, 1.5 and 30 mm. 

Between June 25, 1953 and April HJ, 19,54, 71.30 tests were car
ried out using the chamber of 0.3 mm thickness, ancl 71.30 with 
the chamber of 30 mm thickness. From January 26, 1954 to 
April 10, 1954, 1500 tests were carried out using the chamber of 
15 mm thickness, contemporaneouslv with those for the 0.3 and 
30 mm chamhers. The results are collected in the Table VIII. 
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TABLE VIII 

Pb 0.3 Pb 15 Pb 30 

Series of 71.30 tests :39.7 42.9 
Series of 1.500 tests 40.4 42.9 41.4 

The effect of thickness is not very remarkable for the thicknesses 
and metal in question, even though the thickness was varied from 
1 to 100. The general pattern seems to follow Rossi's curve, be
cause the 15 mm screen yielded results a bit greater than the 0.3 
and 30 mm screen. But this does not help much in the study of 
our chemical tests. If that which was observed comes within the 
sphere of interactions between cosmic radiation and dense screens 
and becomes a problem of secondary radiation, then the dense 
screen, of great thickness, presents nothing but a useless compli
cation, rnluntarily introduced. \Ve then attempted to discover if an 
extremely thin screen had an influence on the chemical tests, 
hoping to be able to establish a minimum limit for practical thick
ness. 

Aluminium screens were placed on cellophane by sublimation in 
a vacuum, and were emploved according to the test P technique. 
Very noteworthy effects were constantly obtained, even with 
screens which were so thin ( 800 angstrom) that they allowed the 
filtration of a weak blue light when held up to an electric lamp. 
This result agrees with those obtained by Bartels on biological 
tests. A very thin sheet of aluminium foil, like that from cigarette 
packages, was enough to produce notable effect on the micro
biological system. 

In addition, three series of 100 simple tests were carried out 
according to the test P technique, simultaneously precipitating 
oxvchloride of bismuth in the open air, underneath a screen of 
hammered gold ( gold leaf used for the gilding, 0.5 thousandths of 
a millimeter in thickness, applied to cardboard), and underneath a 
screen of gold deposited by sublimation on cellophane ( 8-10 gr. of 
gold for 10 square meters of snrface, about 50 angstrom in thick
ness). The results which were obtained are collected in the 
Table IX. 
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TABLE IX 
'l 

Open air-deposited gold 
Opcu air--ba1nmered gold 
Dcpo~itcd gold-han11nen.'d gold 

~( T (Go1eral .ntl'.1gc_r) 

4.5.0 
'i 1.0 
70.0 

5:3 

It is evident that the hammered gold shows a very notcworth,· 
difference out of doors while the deposited gold reveals a slight 
and negati,·c effect. Forty-five is not far from fifty, which would 
be the result due to chance. On the other hand, a mere 100 tests 
docs not permit us to draw any definitive conclusions. All the 
same, it is obvious that a very noteworthy effect rnav yet be oh
tained with thicknesses less than one micron. 

\Vith regard to the chemical tests, it will be necessary to pursue 
the studv of the effects of screens of verv small thicknesses. This 
area is completely new, even from the point of view of the inter
action of screens on electromagnetic fields. 

5) Electromagnetic Fields of Very Lou· Frequency (VLF) and 
the Chemical Tests 

'.'latural electromagnetic fields of rndioelectric frequency pre
s,·ut a rather particular point of interest, for thcv are capahle of 
quite visibly influencing colloidal systems in evolution, if the 
frequency is sufficiently small. It would have been highly inter
esting to ha,·e correlated the results of my chemical tests with the 
intensity of atmospherics (VLF). But in Italy the intensity of 
at1nospherics \Vas not n1easurcd; to have n1adc use of inforn1ation 
from 'llunich or Hamburg and so forth, places very far from Flor
ence, '-"'Ou1<l not have made sense. 

So two series of simple tests were carried out, one at a distance 
of 2m and the other at a distance of 20m from a transmitter with 

a strength of 10 W, regulated on a frequency of JO KHz. At 20m 
the intensitv of the electro-magnetic field, measured by a field 
meter, was a great deal weaker than at 2m. Ten simultaneous 
pairs of precipitations of oxychloride of bismuth were effected in 
the nor1nal 1nanner; we then counted ho\\' rnany ti1nes the sedi
mentation proceeded more rapidly far from the transmitter. 
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Fie. 2. Above: the behaviour of test Pin June 1956 (screen effect). Belau;: 
the behaviour of the near-far chemical test under the influx of an electro

magnetic field of 10 kHz frequency. :t\ote the parallelism. 

It was therefore a case of a near-far test perfectly analogous to test 
P, which is an indoors-outdoors test. 

From September 11, 1955 to February 29, 1956 ten simultaneous 
pairs of precipitations were effected each morning at 9h 30, for a 
total of 1720 pairs. 
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At 20m, the sedimentation of oxychloride of bismuth procceclecl 

more rapidly in 72.7% of the cases. The scd,melltation was tl,m. 

on the a\'erage, retarded during the period ill c1uestion h,· the ef
fect of the electromagnetic field. 

The tests were continued between June 1, ]9.56 ancl June 2.S. 
19,56 using two different frec1uencies: 10 ancl 120 Kllz. ancl effect
ing 26{) pairs of precipitations for eacl, frequene\'. The two series 
of tests , ielded practically the same results. The pattern of the 
near far response for both the 10 Klh and the 120 Klh frcq11cn
cics, was almost parallel to that of test I' ( Fig. 2 1. 

There is no doubt that electromagnetic fielcl.s pla,· a \'l'J'\' im
portant rc\le in the chemical tests. 

6) Efject of Altitude on the Chemical Te5t5 

It \Vas rather necessary to knov,:, fro111 a general point of Yie\\·, 
if the altitude of the location \\·here tests \\·ere carrit>d out \\·as 
of any i1nportance, so as to be able to con1pare rcslllt,') obtained 
in different places. 

Prof. Fritsch of the Vienna Technical High School ( Tcchnisclll' 
Hochschule \\'icn) organized studies, ill collaboration "it!, us, at 
Kapnm \Iooserboden, altitude 2000 m, ancl Kaprn11 \\.C'rksiecl
lung, altitude 800 n1, on the Ilohcntaucrn (~'1.nstria)_, during the 
constrnction of the great h\'Clroelectric dams, from \la\' to Decem
ber 19.5-l. 

Other studies \Vere carried out o\·er a six-n1onth period fro,n 

October 19,57 to \larch 19.58 by the personnel of tlie ,\strnnmnical 
Institute of the University of Tue bingen, directed by Prof. Sicdcn
topf, at Jungfraujoch ( 3.578 m) and at Tucbingcn ( :,28 m). The 
total results are collected in the Table X. 

TABLE X 

Altitude 

F 1) p 

hapruu \\'erksiedlung 800 ·18.G .Sl .U 
Kar1n111 11ooserbo<len 2000 5,5.0 .S-t.7 
Tudiingen 128 ')8.:3 4.S.4 0-LO 
J ungfraujoch 3.578 47.,J ,S4.:) --:l:.'3.:?. 
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While at Kaprun very small differences were observed between 
the tests effected at 2000 m and at 800 m, the Jungfraujoch tests 
revealed much higher values for tests F and D and lower values 
for test P than was the case at Tue bingen. 

It must, however, be kept in mind that the Kaprun tests were 
conducted in 1954-that is, during the minimum of solar activity 
-while the Jungfraujoch tests were conducted in 1957 and 1958, 
during tlie rnaxi1nu1n of solar activity. _F'urthe1more, we 1nust re
member that Jungfranjoch is 1,500 meters higher than Mooser
hodcn. A perfect solution would demand being able to carry out 
still n1ore tests, during both a 1ninin1un1 and a maxi1num of solar 
activih·, in the same place and using identical methods. 
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Fie. :3. (:l1ernical test F at \'ienna and at Kaprun :\looscrho<len fron1 Octo
ber 1953 to ~L1y 1954 (n1onthly averages). Dotted line: test F at \'ienna 
l'.ntertullnerhach (altitude 280 rn). Black line: test Fat Kaprun :\looscr
hoden ( altitude 2000 m). The distance behven the two places about 290 

kin. :\Jote the sin1ilarity of the behaviour. 
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It is in1eresting to noti( that the behaviour of the tests F and D 
at Kapnm \!ooserboden and. in Vienna was practicall,· the same 
notwithstanding the distance between the two stations ( .,OO km) 
and the difference in sea level ( 1800 m). The tests obeved a gc11-
cral phe11orncna ( Fig. 3). 

7) Diurnal Efject 

It seemed reasonable to wonder if tbcrc csistccl a dinrnal effect. 
but because of the difficulties in\'ol\'ecl in carrying 011t continuous 
tests dnring the night ( e,·cn· night for scH·ral rno11tbs). I ha,.,. 
deferred s11ch a study. 

At the T11cbingcn Astronomical Ohserrntoff, directed h, Prof. 
Siedenlopf, Dr. U. \fayer carried out tests at noon and at mid11ighl 
during tlw months of ~fav, June and Jnlv, 19.58 for a total of 860 
differential precipitations at noon and 780 at midnight. The results 
are collected in the Table XI. 

19.)7 

\.Ja~ 
Jnne 
July 

19.":i,C., 

A n~11st-Scptcn1 b( ·r 
(tot.il a\·erages) 

F 
.J:2.8 
4:2.1 

18.0 

:37.6 

TABLE XI 
---

Day-night ('! ., T ( i\t(!,1!hl.1 ,11'('f.12,l!I) 

DAY NHd!T 

D I' F ]) I' 

60.0 1.:).:3 "3G.7 (--;:3.·) I:).:) 

.3:5.2 4:).7 -l.":i.O SS.,') 49...t 

48.8 ;)q_/ :1\J.7 .'J:2. •) •)CJ.") 

,54.7 :36.:2 40 .. J .'5S. ! ::;.~.n 

.'J(i.U .";.')_(I T7.I 

I have obtained this data prirntch· from \liss \!a,·er. 
According to the Tuehingen results. it wo,ild seem that tline " 

no note\Yorthy cL1:--night effect. But the proble111 of di11rnal \"aria
tion 1n11st be studied further. It cannot l,e rcsol,·ecl \,·ith onl\' t\\·o 
series of experiments a clav. \!adanw Capel, who has conclucted 
night-time tests at Uccle-Brussels, plans to resume this line ol 
study at an opportune n1on1ent. 
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R) Efject of Turbulence 

The attention of many scientists is to<lay being <lrawn towar<l 
the plasmas-the flui<ls ma<le up of electrically charged particles: 
positive ions an<l electrons. In the fiel<l of astrophysics, the at
mospheres of stars, interstellar matter, nebulous gasses and comets 
are COJJsidered as being plasmas. In the fiel<ls of physics and phys
ical-chemistry, metallic liqui<ls and flames ( above all salted flames, 
the flames of the electric arc etc.) are considere<l as being plasmas. 
It is not yet know11 if an elcctrohtic solution could be considered 
as being a plasma of a particular type. 

Today a plasma theory has been developed ( Alfren and others) 
which has also le<l to laboratory experiments which are opening 
up a JJcw field: M agnetuhydrodynamics. Magnetohydrodynamics 
is the study of the movement of an electrical conductor fluid in a 
magnetic field. The electrical currents resulting from the move
ment modifv the field and, at the same time, as they flow in the 
magnetic field, produce mechanical forces which modify the move
ment of the fluid. 

Since water. saline solutions and colloidal solntions are also 
fluids containing electricalh·-charged particles, it was expedient to 
establish whether the movement-the turbulence-of a liquid such 
as ,vater \Vas an in1portant or an insigniBcant factor in our cl1emical 
tests. 

To this end we effected, between \larch 19 and April 12, 195,5, 
three hundred pairs of differential tests with water which had 
rc1nained nzotionless for a long tin1c, under a cardboard screen and 
under a copper screen. The precipitations were carried out in the 
open air. The general average was 50.0-the result due to chance. 

Between \larch 19 and ;\!av 14, 1955, we carried out 350 pairs 
of differential tests with mechanicalh· stirred water in two flasks, 
one inside a cardboard box and the other inside a copper box. The 
precipitations ,vere carried out in the open air. The general aver
age was ,56.8. This was no longer chance. There had been a slight 
effect. 

Between April '28 and Juh· LS, 1956, we carried out a further 790 
pairs of differential tests with water which was agitated by bub
bling in two flasks, one inside a cardboard box and the other inside 
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a copper box, both,pith the same modality. The general a\'cragc 
was 54.4. Once again we were able to note an effect, slight hut 
meaningful. 

The daily data smoothed out over decades, varv between 45 and 
55 and their fluctuations correspond perfectly with the fluctuations 
of test P ( on another scale, of course). This demonstrated that the 
same factors that have influenced test P have influenced our exper
i[llent ( Fig. 4). 

Our experiments have thus revealed something highly unusual: 
agitation-or turbulence-seems to be capable of determining the 
effect of the screen in the water. But this is onlv the beginning. 
Unfortunately, the problem of the screens still bas to he studied. 
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Fie. 4 . . Above: Test P. Belau;: test \Vater stirred under cardboanl-\vate, 
stirred under copper. On the abscissa: the ti111e. ()11 tlie ordinate: the per

centage of the t\vo tests. Daily averages smoothed by ten. 
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The Routine Research 

After having shown the results of studies specially conducted 
with the aim of understanding the properties of the chemical tests 
and of setting out the problems that will have to be resolved in the 
future, we may speak of the routine tests, conducted in Florence, 
at the Institute of Physical Chemistry of the University, with the 
particular aim of establishing whether the chemical tests respond 
to exterior actions and, in the affirmative case, whether it is pos
sible to determine which are the external phenomena which in
fluence the results of the chemical tests. 

First I will set out the sum of the work carried out in this sphere 
( Table XII). 

Florence 
Test F 
Test D 
Test P 

TABLE XII 
NUMBER OF TESTS CmmuCTED BETWEEN 

:\fAHCH 1, 1951 AKD OCTOBER 31, 1960: 

14h3om 
gh3om or 1 2b oom 1sh3om 

36035 3.5710 19350 
36038 35709 19350 
22150 22110 18110 

Test P ICY 12880 
General total 

Total 
91095 
91097 
62370 
12880 

257442 

The figures concern the period from March 1, 1951, to October 
,31, 1960, a total of nine and a half years. The routine tests F, D 
and P were conducted every day, including holidays. 

Beginning October 1, 1952, routine tests were initiated at Brus
sels by Madame Capel Baute, Chef des Travaux at the Institute of 
Electrochemistry and \!etallurgy of the Universite Libre, with the 
assent, assistance and advice of M. Decroly, Director of the Insti
tute. Since July 1, 1957, studies have been carried out, thanks to 
the kindness of M. Bourgeois at the Belgian Royal Observatory, in 
a tiny wooden pavilion that has no metal constituents. 

Beginning February 13, 1953, routine tests were carried out at 
Untertullnerbach, near Vienna, at the Wiental-vVasserleitung, 
thanks to the kind interest of engineer H. Doat, Director of the 
vV. W. Society. The tests were interrupted on December 31, 1955, 
because the \V. W. was taken over by the City of Vienna. It was 
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truh· unfortunate that a series of tests that had gone on for lom 
,ea;·s should be interrupted right in the middle of the IGY. 

During the IGY and the subsequent JGC ( International c;,.o
physical Cooperation) routine tests were put into operation in sc,·
eral localities in the world ( Table XIII). 

TABLE XIII 

Bru,ie/s (Ucdej-Observatoire Royal de Belgique. 
Tu,·hingen-Astrono1nisches lnstitut der l 1ni\'crsitat>I. 
Ju nx / r.-u,ioch-:\ leteorological Observatory. 
V ienn.< ( Untertuf !nerbach)-\Viental \Vasserlcitung. 
Trier:-Osservatorio Gcofisico Speri1nentale. 
G"eno.1- -lnstituto (;cofisico e Gecxlctieo dell 'l1ni\Trsit.i. 
B.1ri (C<1stellana GrotteJ-Distaccan1cnto dt>ll 'Istituto di Fisica dell 'l"ni\·cr~it:i. 
Librenlle-Service :\.Jeteorologique du Gabon. 
Leupold1·ii!e-Scrvicc :\feteorologi4ue du Congo ct de Huc1nda Crundi. 
For: D,1uphin-Scrviees 11Cteorologiqurs de :\1adagascar. de~ Co,norcs ct d(· L1 
Reunion. 
Kc'rxut:!en ls/and.1-Etablissen1ent Scientifiqne du Tt>rritoirl' dt•s Terres ...\11~t1.1k~ t't 
Antarctiques Fran\aises (T.A.A.F.). 

S,11~ j1oro- -School of 11cdicine. Departn1ent of Phy~iology, IIokk:1ido C ni\'chit: 
Kum.1moto-Rcscarch Institute for Diathctic :\lc<licinc. Depart1ncnt of Pl1:·,i11J,,µ\ 
and J-{ygiene, Ku1namoto ·university. 
l\:0111·1:!!e Am.1terdam-Etahlissen1ent Scientifiquc du Tcrritoin.· des Terre~ :\11,tLtl,·~ 
f't Antarctiques Frani;aiscs (T.A.A.F). 
H,1,e Roi Baudouin (Antarctica}--Etahlissen1ent du Centre :t\'"ational dt· Hccl1<·n 11,·, 
Polaircs de Belgique. 2. eine Expedition Antarctique. 
T rom I oe-Nordlysobservatoriet. 

The data gathered at Florence has been studied 1,oth ln nl\'
self and by specialists: Prof. 0. Burkard, l:niversitv of Graz: Dr. 
Becker, Fraunofer Institute, Freiburg VB; Dr. '.\losctti, Geophvsi
cal Observatory, Trieste; Prof. Berg, University of Cologne; Dr. l'. 
\[aver, University of Tuebingen. 

The relationship betu;een test D and solar acticity immediatch· 
became evident. Nonetheless, it was necessary to establish statis
tically its degree of accuracv and to uncover mw other relation
ships that might not appear so openly. It is in this area tl,at the 
work of the above-named specialists has been so , aluable. Tlw 
following is a summarv of the results thev have attained. 

TEST D 
Secular "llariation. The annual, n1onthly and daily aYeragcs re

veal a secular variation, marked by a Yery Io,v n1inin1un1 in 1 o;,-..t, 
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in perf"ect correspondence with the minimum of solar activity (Fig. 
5). Becker has demonstrated that this correspondence is statis
ticallv valid. 
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Fie. 5. Secular variation of test F ( dotted line) and test D (black line). 
,,\nnual averages. On the abscissa: tirne in years. On the ordinate: the per

centages F and D. Kote the miniinum in 1954. 

Annual Variation. One observes an annual variation marked by 
a very low minimum, corresponding to the month of March ( Fig. 
6). Also noticeable is a secondary minimum which corresponds 
with the month of August. Becker has demonstrated that the 
March minimum is real and that the August minimum is no longer 
so. \Ve must wait until we have more information. But today, 
after ten years, the August minimum exists always and we can con
sider it. The existence of an annual rhythm leads one to envisage 
a relationship between the result of test D and the movement of 
the Earth. I will return to this point later. 

Short-term Variation. These variations, often very marked, may 
be connected with different phenomena. During the long periods 
a parallelism was ascertained between the behaviour of test D and 
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the intensitv of tl1e cosn1ic radiation recorded h\· ]>rof. Stcinn1a11n-r 

at l!afelekar, near Innsbruck (Fig. 7). Ilcmc,Tr, it !,as not'"'<''' 
possible to pursue these studies at any length. 'l'hc cn1i.ssio11 of 
particles fron1 the sun is related to the solar acti\·ity. 

TEST F 

Secular Variation. Test F re,eals a l,ighh c,idcnt secular ,aria
tion, although it is less marked than that of test D ( Fig . .5). Till' 
variation also reveals a n1inin1un1 \vliicli corresponds \Yitli lSJ,S-L 

but not as low as that of test D. The secular bcha, iour of test F 
appears disturbed. This should 11ol lJt' surprising, for te.'>t F i.s; 11ot 

protected, as is Test D, against natural electron1agnelic fields. 
Becker has demonstrated that the general relatio11ship lwl\\Ten 

test F and solar activity is statisticallv valid. 
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Fie;. 7. Test D in Florence and the intensity of cosrnic radiation on the 
I-lafelckar (Innsbruck) during t\\·o periods of three 1nonths each. On the 
abscissa: the tirne. On the ordinate: test]) a11d the intensity of the cosn1ic 

radiation ( 011 arbitrary scale). 

Annual Variation. Test F in the ,·ears of rare sun activity re
veals an annual sinusoidal variation which differs greatly from that 
of test D. The ntini1nu1n occurs in su1nmer, tl1e n1axirnum in win
ter. This variation has been studied by Becker. In the years of 
great activity the behaviour of test F results not too differently 
from those of test D. 

Short-term Variation. Test F reveals short-term variations which 
may be connected with different phenomena. Becker has dem
onstrated the existence of a very brilliant effect of solar eruptions 
and Burkard has revealed the existence of an effect of magnetic 
stor1ns. 

TEST p 
Test P has been studied both bv Becker and bv Maver. I can 

only list very briefly the information with whicl{ they have pri-
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vatelv furnished me. These authors han, not as, d p11blisll('cl their 
results, which arc <111it(' n·c,·111. I \\'ii\ 111,·r,·h s:11 Iii.it /i'sl /' 1111111 
also be connected with solar octidty. Tl,c n·.sults of ,·orr('lati,111 ,11,· 
significant and positive for the Florence test. Test I' has ,·icldl'!I 
significant and negatiYc results in other localities. :\s I haYc said 
before, only in Florence do we utilise a completch- scaled copper 
chaml,er. The other stations use nothing hut a simple copper 
plate with which thcv cover half of the beakers i11 whicl, ti"' 
hnlrolvsis of oxvchloriclc of bismuth is taking place. :\.s \\T l,a, ,. 
said, the problem of test l' is related to the problem of the scT<'<'llS. 

Since laborator,· tests Jiaye dcnionstratecl that clcctro1na12;11etic . ' 
fields of relatively low fre,1uei1c,· influence the flocculation anrl the 
sedimentation of the oxyehloridc of bismuth, it would also b(' ncc
essar:, to relate the result of test I-) to the atn1ospheric.•; or, in gen
eral, to terrestrial, solar and cosn1ic raclioelcctric cnlission. It \\"(Hild 
consequently be nccessarv to fnrther relate it to the state of tla· 
ionosphere, that is to say, to solar phenon1cna. E\·erything is bot1nd 
np in an incessantly-flnctnating whole. 

THE COMPUTATION OF THE HESllLTS 

\\'c, have counted always the results, as we ha,e said before. l'p
on the suggestion of Prof. Van der Elst, '-lrs. Capel Boutl' has n
am:necl the possibilit,· of increasing the results olitainecl h,· 1101111111 

n1ethocl \Vithout doing other clic1nical operations. 
It is enougl1, in effect, for this to l)e able to note the succcssio11 

order of the sedirnentations in cacl1 series of di-A-'erent cxpcrin1cnt.s. 
\\111 cler Elst had ascertained n1athc1natica1Iy tl1at one can als() 

obtain for l\T pair of sin1tdtaneous prcci1)itations ~~ results, hiit ol 
those results only 2';\1 -1 ,vcre independent. 

One of the two successive operations stamlarclised for th,· ICY 

research consist of ,5 pairs of simultaneous precipitations for each 
test, ancl tl1ey ,verc capable of giYiug :2.i5-l 9 rc,s11lts instt'ad of 
,5. Totallv: 18 results instead of 10. 

To realise this appreciable gain in the statistical field from daih 
results, without making new precipitations, "!rs. Capel Boull' add
ed a svstern which aided in establishing the order in which till' sed
imentations came. The data obtained from Yan der Elst's method 
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were ,ailed complete results, the normal data were called diagonal 
results. 

The observation and calculation of the complete results in 
Brussels was made from December 1, 1957, until September 30, 
1958. From a comparison of the diagonal with the complete data 
it was apparent that they give practically the same results. Our 
first method of counting was also good. \Ve could therefore con
tinue to use the normal method. 

CHEMICAL TESTS Al\D TE\1PERATURE 

The routine experiments have given us a way of determining 
over a long period of time if the great fluctuation of the chemical 
tests depends upon the rnriations of the temperature of the en
v·ironment. The great f!uctuati011s of the chemical tests are inde
pendent of the temperature variations ( Fig. 8). 

In spite of the extreme complexitv of the research, in spite of 
difficulties with regard to material and personnel, the chemical 
tests have viclded results that are v·ery precise and very clear. 

This is the first time that a cery commonplace chemical opera
tion, concluctecl according to a new method, relative and statis
tical, has prociclecl the means of cliscocering whether important 
phenomena are taking place in surrounding space and, above all, 
on the Sun. 

And, finally, it is the first time that it has been possible to ascer
tain, by chemical means, ,chether something is disturbing our 
colloidal systems in evolution and, consequently, our biological 
systems. 
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There is no correspondence bet\veen temperature and test D. 
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In figures 9, 10, 11 and 12 are shown the monthly averages of 
test F and D over ten years and three series of daily averages of 
test P. 
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POLYMERIZATION AS A CHEMICAL TEST 

The Polymerization of the Acrylonitryle as a Chemical Test 

;\Te\V and 1nore precise experin1ents on acrylonitrylc \\'Crc car

ried out in 1960, according to the test P techniques. 
A single solution of acrylonitryle in water, to which was added 

the proper quantity of potassium persulphate as an activator, \\·as 
divided in equal measure into 20 flasks. Ten flasks were placed in 
a blackened cardboard box and the remaining ten were placed in a 
copper container which was likewise blackened and which was 
identical in shape and dimensions to the first. The two containers 
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were then put into a double-walled cardboard box which was later 
wrapped in a layer of wool for better insulation. It was verified 
that the apparatus assured the same thermic history in the two 
containers (between 0.1 ° C). After 24 hours the boxes were 
opened and the polymer which had formed in the flasks was fil
tered, dried and weighed. The surface tension of the clear liquid 
was measured. 

The surface tension of an aqueous acrylonitryle solution lessens 
as the quantitv of monomer acrvlonitrYle present in the solution 
increases. Polyrner acry1onitryle has no effect on surface tension. 
For this reason, the measurement of surface tension tells us how 
much n1onorner acrylonitryle has rernaincd in the solution and 
thus how much acrvlonitrvle has been polymerized. 

Since the polnner is hydrated, the quantity of water remaining 
on the polymer varies depending on the length of the polymer 
molecules: many short chains hold more water than fewer long 
chains, the amount of polymer acrylonitryle being the same, be
cause a greater number of heads is involved. The gross weight 
of the polymer may thus vary depending upon the manner in 
which it is pol\'Inerized, even though it contains the same quantitv 
of acrylonitrvle. . , 

The weight of polymer and the quantity of acrylonitryle poly
meri~ecl do 1,ot 11ecessaril1; correspond. For this reason we have 
taken both figures into account, the weight of the polymer and the 
ciuantitv of acrvlonitryle polymerized. 

The thermostatic cardboard box was placed in a room situated 
on the first floor of our Institute, just below the roof, which is of 
wood and tern1 cotta and contains no noteworthy metal compo
nents, and therefore not able to screen appreciably the atmos
pherics. This was verified with an appropriate instrument. 

Everything was arranged so that after .36 hours the quantity of 
polymer formed should not amount to more than half of the mon
omer introduced, and so that it should, indeed, be considerahh· 
less. 

At first, we considered only the weight of the polymer formed. 
The study of the fluctuations in the quantity of acrylonitryle poly
merized ( measured b:· surface tension) was postponed until a 
later date. 
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For the sake of si!!1plicity we noted the total 1ceight of the poh·. 
mer acrdonitrvle obtained from the 10 flasks in the cardboard box 
and th; 10 fla~ks in the coppn container; we then counted hnu· 
mam1 times in the 5pace of one month the quantity of polyn,n 
had been greater in the copper container and related tl1c result to 
100. In this way, the operation came to correspond to a true and 
proper test P. 

In the room under the roof, the temperature varied consider"hh· 
fro111 one dav to another and \\:ith the arriYa] of tlif' first st1n1nicr 

heat it was often necessary to reduce the 'l'"rntit,· of persulphatC' 
added to the solution so that the polnnerization mrnld not take 
place too rapidly, reaching a total polymerization of monomer. 
This did not invalidate the differential method. 

The percentage of times that a greater wcigl,t of polnner was 
obtained in the copper container in the course of a month wried 
acer the months. The patterns of the monthly percentages rdatin' 
to the polymerization under the roof were also parallel to that of 
inorganic test P( oxychloride of bismuth). 

This means that the very actions that had modified the polrn,er· 
ization process had also modified the precipitation of owchloride 
of bismuth. 

One sees that these actions had to be a certain duration, be
cause tlie process of po1yrnerization as desired b:· us is \·er:· slo\1,·. 
In spite of this, the total result was practicalh· the same as that of 
the inorganic test P. 

Since the duration of polymerization ma, he controlled at "·ill. 
we arc able, by employing acrylonitrvle, to obtain tests wl,ich 
integrate the effects of external forces in the best possible"''"'· 

Polymerization and the Low-frequency Electromagnetic Field 

In Chapter III we referred brieflv to the subject of polymeriza
tion of acrylonitryle in an aqueous solution, treating the prohlc,n 
as one does a problc1n of natural science. ,ve tried to sho,,· lio\,. 
the phenomena \vhich take place ill the space \\·hich su1To1111ds 11.-; 

act upon the polymerization of acr;fonitrvle. 
It is not hard to admit to a perceivable influence clue to spacial 

phenomena; the free radicals play a ven· important role in the 
polnncrization of manv substances. \Ve know that free radicals 
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of water prime the polymerization of acrylonitryle. These radicals 
are generated not only by appropriate chemical reactions ( e.g., 
hydrogen peroxide + ferrous sulphate) and by other physical
chemical processes, but also by ionizing radiations. 

It is enough to know then that the ionizing radiations originat
ing in surrounding space can reach the Earth, in order to concede 
that the polymerization of acrylonitryle will always be sub;ect to 
spontaneously established conditions which are beyond our con
trol, and which fluctuate incessantly. 

However, natural phenomena other than ionizing radiations can 
influence the process of polymerization. One can demonstrate the 
existence of this influence in a rather general way by conducting 
tests outside of and within a thin copper screen. 

Piccardi and Cini have studied at length the influence exercised 
by a low-frequency electromagnetic field ( 10 kHz) on the precip
itation of oxychloride of bismuth and they wanted to study the 
influence of the same low-frequencies on tbe polymerization of 
acrylonitryle. 

The new experiments were routine and for tbis reason they were 
standardized. 

Solution A: Monomer acrvlonitryle· ( Badische-Anilin und Soda 
Fabrik) dissolved in distilled water, in the proportion of 60 ml per 
litre of solution. 

Solution B: 40 gr of persulphate of ammonia dissolved in l litre 
of distilled water. 

Solution C: 3.5 gr of bisulphite of sodium dissolved in l litre of 
distilled water. 

To each litre of Solution A we added 10 ml of Solution B and 20 
ml of Solution C ( Solution ABC). Solution ABC thus prepared 
remained perfectly limpid a sufficiently long time, at least a half 
hour at 20° C; it could be divided and placed in several containers 
and the containers taken and put away without difficulty, before 
the polymerization began to take place. 

Blank Tests 
Solution ABC was poured into three sets of 10 flasks, numbered 

1, 2 and 3. The flasks, of Pyrex glass, had a capacity of 100 ml. Into 
each flask we poured only 50 ml of solution so that the flasks were 
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half filled and the solution offered the greatest possible smfacc 
towards the top. After filling, the flasks were closed with rnblwr 
stoppers. 

The three sets of flasks were placed in one wooden box, which 
was long and narrow, in three parallel rows. The box was sealed 
bv a wooden cover and it was left bv itself in a closed room. After 
12-14 hours the flasks were remov~d and their contents filtered. 
The filtering was carried out with a pump, using three identical 
funnels, numbered 1, 2 and 3, each receiving the contents of the 
corresponding set. Thus we collected the total quantitv of polvnwr 
formed in each set. The polymer was dried at llO C, until a con
stancv of weight was reached, then it was weighed. The quantit,· 
of monomer remaining in the liquid was checked b,· measurements 
of surface tension ( 4) . 

The weights of polvmer obtained varied fre'luentlv from one 
dav to another, but, for one single experiment, the tceights gicen 
by each set were equal or nearly equal. The differences newr sur
passed 2%. 

The method of operation therefore seemed to be vcn· satisfac
toff. 

Tests with the Electromagnetic Field 

The flasks of the three sets were filled with Solution ABC as in 
the case of the blank tests. Then were distributed in the follo\\·ing 
fashion: 

Set 1 - The flasks were placed in a cylindrical copper container, 
set on the ground, which could be completely scaled b,· a copper 
co,·er. On the inside of this container, a second, smaller, cvlinde1 
of copper was fixed coaxiallv, electrically isolated from the first. 
The flasks were placed between the two cylinders. Then the con'r 
was put in place and an electromagnetic field was applied between 
the two cylinders. 

The field was produced bv a generator with a power of 10 \\'. 
the AF Moel. IC: 101, of the Firm Damiani & Ciappi, Florence. 
This was the same generator used for studying the precipitation of 
oxvchloride of bismuth. It was regulated on a :30 km wan• length, 
that is to say on a frequency of 10 kHz, as in the case of the oxy-
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chloride of bismuth. The copper screen constituted a shield 
against the exterior fields. 

Set 2 - The flasks were set in a container quite identical to that 
of Set 1. The position of the flasks was the same. Only, the electro
magnetic field was not applied. The copper screen constituted a 
shield against the external field. 

Set 3 - The flasks were set in a blackened cardboard container, 
identical in size and shape to the two previously described. The 
position of the flasks was again the same; no electromagnetic field, 
no copper enclosing the flasks. The cardboard screen did not con
stitute a shield against the external fields. 

The tests were begun at 7 p.m. and were interrupted at 9 o'clock 
the following morning, for the polymerization was not to be al
lowed to surpass, generally, 50% of the monomer. The three con
tainers were permanently kept in a room with the temperature 
carefully regulated at 21 + 0. 1' C. The generator, completely 
screened, was also in the same room. A field indicator tuned on 
the 30 km wave length did not show any appreciable emission in 
the room while the generator was running. 

\Ve measured the temperature inside the containers and inside 
the flasks and found that if polrn1erization did not take place, the 
temperature inside the flasks was identical to that of the room. 

If polymerization took place, the temperature in the flasks rose 
some tenth of a degree because of the heat given off by the poly
merization. 

The bisulphite sodium solution was also daily controlled by 
iodometry, so as to assure the constancy of its reductive power. 

Experiments were made from December 1, 1959 to January 7, 
1960. 

Three tests out of 37 did not give any polymer, in spite of the 
constancy of the experimental conditions. These tests are not be 
re;ected but must be considered as quite successful tests which 
gave a nil weight of polymer. 

The 34 remaining tests ga\'e the following results: 
1) The total weights of polymer given in the three sets, in one 

single experiment, differed among themselves much more than 
was the case in the blank tests: up to 50%! 
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2) Comparing the weights of Set 1 (fiel<l an<l shield) with the 
corresponding weights of Set 2 (no field, shield), it was fonncl that 
Set 1 gave a greater weight of polnner 19 times o,·er .14. That is 
a lion t ,5fVi'.. 

3) Comparing the weights of Set 1 ( field and shield l wit Ii tlic 
corresponding weights of Set ,3 ( no field. no shield), it was fo1111d 
that Set 1 gm·e a greater weight of poh-rner 20 times o,·,,r .14. That 
is about ,595£. 

4) Comparing the weights of Set 2 ( no field, shield) with tilt' 
corresponding weights of Set 3 ( no field, no shiel<l), it was fo1111d 
that Set 2 g,n-c a greater weight of polrnwr 19 times over :33, That 
is abont 57i-. 

\\'e therefore observed an effect of the electromagnetic field. 
small but appreciable, and an effect of shield, also small lint appn'
ciable. It is evident that, being given the chemical iclentit,· of tlw 
poh·merizable material and the idcntitv of the temperature and of 
the other traditional rnriables, the factors responsible for di.,t11rh
i11g the polymerization were only those introd11ced by 011rselus 
(electromagnetic field and sl,ield) or those of a spacial origin. But 
in this connection it is necessar,, to take note of an e,·cn n1orc iin
portant fact, it seems to us: 

,5) The total weight of polrnicr eolleetccl in a set of IO flasks 
varies greatly fron1 one day to anotl1er: fron1 0 to 19 gr, for:)() gr 
of monomer introduced into the 10 flasks; that is to sav, from () 
to 6.3'{ of the monomer. All of this in spite of the perfect uniforn,
il\· of solutions A, B and C, which were prepared and measured 
ane\v each dav. 

The variation is felt at the same time by the three sets, whicl, 
simultaneouslv give either very small weights, medium weights. 
large weights or verv large weights, 

Correlation with Chemical Test P 
E\'idently there are natural phenomena u;hich operate 1cit/1 

11wch more force than our fields and screens. \Ve hm c thcrcfon, 
correlated the weights of polvmer furnishe<l 11\' Set :3 ( no field. no 
shield) with the results of Test P ( .5) which were registered at 
Florence. 
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The. correlation is significant-or better-very good. The Rawer's 
correlation number, is indeed 0.28. It therefore becomes neces
sary to think that the obsen-ed variations are truly due to the in
fluence of spacial phenomena. 

0 0 0 

The polymerization of acrylonitryle in an aqueous medium, 
which is certainly dependent on the structure of water and on 
variations in this structure, seems then to be influenced by: 

l) a low-frequency electromagnetic field; 
2) a metal shield; 
3) natural phenomena, for the moment unidentified, which 

operate much more powetfuliy than an electromagnetic field of 10 
kHz, and the effect is therefore not completely eliminated by a 
thin copper shield. 

The same "forces" which act upon the polymerization of acry
lonitryle are felt by a quite different chemical process: the hy
drolysis of trichloride of bismuth with formation of insoluble oxy
chloride in a colloidal state. But under these conditions, polymer
ization is a rather long process, hydrolysis of trichloride of bismuth 
is extremely rapid. 

These two processes, so different, have nothing in common save 
the medium in which they take place: water. 

This is most instructive for us. 

A Remark 
In my exposition in this particular chapter perhaps I have gone 

too far into minute details prolonging the discussion, but, given 
the complexity and singularity of the material, there was no other 
recourse. 
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APPENDIX 

. (Instructions for lGY research) 

Preparation of the Bismuth Chloride Solution 

Chemicals 
l) Concentrated hydrochloric acid ( commercial pure). 
2) Bismuth carbonate (commercial). 
:3) Water (drinkable). 

Pre pa ration 
Dilute l :8 the acid with drinkable water, for c,. add 7 liters 

water to I liter acid. \Ve obtain 8 liters hnlrochloric acid l..'5 :\. 
(approximately). 

Dissofoe 35 grrns bismuth carbonate per liter acid 1..5 :\. Tl IC' 

solution is ready for use. It is necessarv to ascertain if the dissolu
tion is complete. \Vitb a gre,;ter amount of solution ( .50-60 liters ' 
the dissolution process is complete after 24 homs about. It is pref
erable to prepare a larger amount of solution and keep it in a glass 
or plastic demijohn. 

Reconring 
Bismuth is dear. It is convenient to recover it. Assemble the 

contents of the beakers after the experiment, decant the clear 
liqnid and keep the white precipitate of BiOCI. 

Remark 

It is not necessarv that the composition of the solution be aLso
lutek exact. It is instead necessary to take the solution from the 
same Lottie for each experiment. 

P-Tesr 

Number 10 beakers from 1 to 10 with blue colour and 10 with 
red colour. 

Pour in each numbered beaker 5 ml solution. 
Take 20 beakers without number and pour 25 ml water in each. 
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Place the blue numbered beakers in open air and the red num
bered beakers under a large plate of copper-or better in a room 
completely covered with copper plates. 

Place 10 beakers without number ( containing 25 ml water) 
near the blue numbered beakers and 10 near the red numbered 
beakers. 

Pour the water simultaneouslv in a blue numbered beaker and 
in a red numbered beaker with same number. 

\Vhen the sedimentation begins, take the beakers and pair the 
beakers with the same number, one blue and the other red. 

Read how many times the precipitate is lower in the red num
bered beakers and calculate the percentage of these. This per
centage is the numerical answer of the chemical test P. 

F-Test and D-Test 

For F and D test the operation is similar, but we must fill the 
blue and the red numbered beakers alternatively with normal and 
activated water-that is, the odd numbered with normal and the 
even numbered with activated water. 

Form the pair with an odd numbered and an even numbered 
beaker of the same colour. 

Better than glass beakers are polystyrol tubes for phannaceutical 
use. The diameter of the beakers is approximately 30 mm ( in
ternal). 

For activation use a glass bulb with mercury and neon ( already 
described in this chapter) or magnetic field. 

~1echanization of Chemical Tests 

For the research during the ICY a syncronous mixer (\lode! 20 
A) was built which permits the effecting of 20 precipitations 
simultaneouslv under standard conditions. 

' 
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Chapter IV 

SOLAR PHENOMENA AND CHEMICAL TESTS 
A SOLAR HYPOTHESIS 

SOLAR ACTIVITY AND CHEMICAL TESTS 

I)'.; ORDER TO SHO\V whether there exist a real dependence 
between solar activitv ( measured roughly using \Volf's H num
ber) and the results of tests F and D, Becker carried out a general 
study on the subject. 

First of all he considered the average of the three magnitudes 
R, F and D over periods of 27 davs so that each group of 27 davs 
represented the solar rotations according to Bartels. The first 
rotation considered was the 1612, which goes from \larch l.'3 to 
April 8, 1951, the last was the 1666, which goes from \larch 10 to 
April 5, 1955. 

Directly comparing the rotation averages of D ancl H, a strict 
relationship is alreadv discernible between the t,rn magnitudes. 
The relationship becornes even better if an R ayerage belonging to 
a giYen rotation is con1pare<l ,vith the D average of the successi, l' 
rotation. This fact 1n11st definitely be borne in n1ind in clin1atolog
ical studies! 

In order to compare the oscillations of a short period, with a 
duration of from some weeks to some months, Becker calculated 
the current averages of firn solar rotations. Five rotations arc 
equivalent to 135 days. The 135-clay duration still makes it pos
sible to study an eventual annual variation ( the relationship be
tween H and D becomes that seen in Fig. 13). The constellations 
of points are so tightly arranged around the regression line that thP 
calculation of the rotation coefficient becomes truh· superfluous. 
The regressio~ lines are: 

test D 
test F 

:i'T "~ 0.34. H 

%T -" 0.23. R 

83 

29 

40 
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Frc. 13. Correlation bet\veen test D and solar activity, according to Becker. 
On tl1e abscissa: test D. On the ordinate: \Volf's nurnhcr H. Averages of 

rotation smoothed by fives. 

To he certain that the discovered relationships were not clue to 
a mere correlation between two magnitudes which were both by 
chance in the process of diminishing, Becker calculated the cur
rent averages of 13 rotations of R, of F and of D, and compared 
them. Figure 14 gives an idea of the results of this comparison. 
The three 1nagnitudcs reveal a 1ninimun1 in correspondence with 
the 16.53 rotations-that is, in correspondence with the minimum 
of solar acth·ity during the period April-May, 1954. 

The three curves begin tightly united, they diminish, touch the 
rnini1nu1n and rise together once again \vith such perfect agree
ment that it is not possible to consider this an accidental or ordi
nar;' correlation. Becker, at that time, did not believe that the 
marked annual minimum of test D, recurring regularly at the end 
of winter or at the beginning of spring, had to be considered as a 
separate phenomenon, independent of solar activity. According 
to him, it could have been a minimum which depended on a 
chance minimum of solar activity; but then, the persistence of the 
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annual n1inirnun1 of test 1), \Vitliout R presenting an: correspond
ing n1inin1un1, led hi,n to revie\v the problcn1 so1nc :·cars later. 111 

fact, after clue calculation, Becker found that "·liile the spri11g 
mini11111111 of test Dis statistically real, t/,e pres11111cd spring 111i11i-
11w711 of the solar spots is statistically unreal. Fro111 a statistical 
point of \·ie,v, tlte test D n1inin1iun exists, the l{ 1nini111u111 does not 
exist. rrhe test D n1iniinun1 therefore has nothing to do \\-ith solar 
acti,·it,-. 

CRO~IOSPHERIC ERUPTIO:\'S A'IID CHE\IIC\L TESTS 

IL" ing verified the cxistcuce of a relationship hctvv·pcn \\"olr, 
mrmlwr aucl the results of tests F ancl D, Becker ,rnntccl to fine\ "''t 
,vhetl1cr one of the pheno111ena ,vl1ich depend on solar acti\·ity \\·as 
capable of influencing the chemical tests h,- itself. I le examined 
the n1orc conspicuous second and third class cro1nospheric en1p-
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tions ·reported in the Quarterly Bulletin on Solar Activitv. The 
eruptions chosen were those obsel'\"ecl contemporaneously by var
ious obscrrntories, with the same intensity, or those recorded at 
stations possessing a known and reprocluceahle scale of intensity. 
For the period HJ.51 to 1953. 37 emptions remained after the choice 
\Vas 1nacle. 

The days in which the chosen solar eruptions took place were 
11sed as point days ( zero days, Stichtage) for the superimposition 
of the results of test F aud D, according to the n-method. 

Figure 15 ill11strates the average values of the results of tests 
F and D, on the superimposed dm·s-that is, on the four days pre
ceding that of the eruption ( -4, -3, -2, -1), on the day of erup
tion ( 0), on the four days following the eruption ( + 1, +2, +3, 

% 
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FH;. 1.3. Effel:t of solar eruptions nu test F (continuol linl'j and test D 
(dotted line), according to Becker. ~[ctl1od of superposc<l epochs. On the 
ahscissu: the day of Pruption (0), f()tir days before and fonr days after. 
()n the ordinate: the averages of tests F and D. _:-·..:otc ho\v the eruption 

influence test F and not test D 
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---c-4). -The effect of the emption appears sharph· in test F, nil in 

test D. The effect of the eruption consists of a sharp rise of, aliw 

in test F, clirecth· obser\'ablc in so•; of the single cases. 
Table XIV illustrates the awrage ,·a!t1c·s of the snpcrirnposcd 

data, ypar by year. 

TABLE XI\' 

}' 1/il( 1)./) I 

-4 -3 -2 -I 0 -t 1 +: -,· 3 
]9,)1 .'):).() .J7 .. S 60.1 00.1 (i.'3. 7 60.I ).).7 .),==,;_ c., )),11 

1 t).51 .f.S. l -t:1.G '39.S 40.(i .S-1.S :39.l 11.1 -Hi.,":> 17 -2 

19,S:3 ...J--1.U 10. 0 ...J-1.0 .JG.O .57.0 -10.0 f.'\.'-i ...j..l_ () ! J.{i 

'fhe effect is highly c\·ident e\·c11 for tlie indi\·idual years. 

In order to check the ,·aliclits of tl1e discon;r,·,l rclalio11Sl11p. 

Becker treated the considered data \\·ith a special mctl1ocl. calrn

lating the aYeragc of tlie Yalucs of}' on the four da.·,s precedirit.!; 

and the four da, s following the da\' of the ernption. Tlic disp,·r
sion, ccnnparing proYed to be ±2..7-1. Then, on tlie basis of tl1is 
dispcrsioll, con1paring the clisplace1nent of tlie 1_; \·ctlllc.') 011 tla· 

days of the eruption \vith the ren1aining eight da_\ s, lie found tl1at 

the shift a,crage is ...,-9.5. The effect of the emption is therdon· 

:3.5 tirncs greater than the dispersion (found on tlic basis of tlH' 

particnlar method adopted) am! is thus statisticall, certain. 
Becker then exan1i11ed the differences bct\,·ecn the a\·erclgt" \·c1l

ucs of the single superimposed da\'S, snbmitting tl1cm to tlie l-l<'sl 

proof. lie \Vas thus able to slH)\V i11 a c(nnplctely diff<'rent n1:u111cr 

that tl1e relationship arri,·cd at was pcrfccth- clq,emlahle. E, ,·11 

.')llhjectillg the relationship to a higlil:· exacting criterion, tl1at ol 
requiring that the remainder probabilih ( Resttrnl1rscl1ci11/ichkcil 
not surpass tlie ,·,iluc of 0.:3:i, the relationsl,ip rcmai,wd folh co11· 
firmed. 

Then Becker studied the annual bcha, iour oi the hrn tests. F 
and ]J, and found that \vhile test l·~ rcYe,ded a s;nusoidal hcha\·io11r 

\Vith a 1ninin1un1 in the sun1n1er, test J_) rc\·ealed a non-.':iinusoidal 

hehaYiour. \\Tc ha,·e alrcadv referred and \\'ill auain rcfl•r to tlit· 
" in1pnrtancc of this fact and its consequences. 
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BuJkard, studying the results of tests F and Das compared with 
various geophysical phenomena, found that the chemical tests 
indicated son1c connection or other \v·ith the variation in pressure 
in the 96 mb stratum or with the density of first five km of the 
troposphere or ,vith gcon1agnetic disturbances. But tl1e scarcity 
of observational material did not permit him to certify the dis
co\'cred relationships with the finalitv that he would have wished. 

Ilo\vevcr, note n1ust be 1nadc in this connection that 1nagnetic 
storms and phenomena of the high atmosphere largely depend on 
solar phenomena; as a result, the chemical tests, which are cer
tainh· related to solar phenomena, also had to be related more or 
less closely with the geoplnsical phenomena studied bv Burkard. 

The problem of the relationships between solar and geophysi
cal phenomena am! chemical tests was later critically analvsed by 
Berg. The results of his critical examination, embracing all of 
the results published bv the various authors up to that time, were 
published in Vol. XXX of Probleme der Kosmischen Physik.: 
"Solar terrestrische Beziehungen in \leteorologie um] Biologie." 
Berg's final judgment was as following: 

"The T'.E is not only a function similar to R. The relationship 
binding the T5' to solar activit\' is much more developed and 
complex. 

"Herc, for the first time, we haw the connection between a ter
restrial expcrilnent and a solar phenorncna. This connection re-
1nains valid, even adopting the severe con\'entional statistical cri
terion of a rcrnainder probability not over 0.3;!. As a result of this, 
C\'en the relationships disclosed by other authors which have al
ready becu recognized as being less certain or as being of a n1erely 
indicative nature, take on a certain significance." 

CHEMICAL TEST D AND SOLAR ACTIVITY REPORT 
OVER TEN YEARS 

A more profound stnch· of the relationship between R and D 
\Vas not too easy because of a conspicuous disturbance inflicted 
upon test D by a factor that was non-solar or, more precisely, that 
was not solar activity, and thus independent of \Volf's number. 
The factor in question is to be linked with the motion of the 
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Earth. ·since the clistnrbance is periodical ancl this period JS 011,· 

year. ( :31 
In JD.Sfl. Becker fornmlatecl a rnathcmatical procedure capal,I,· 

of freeing the relationship l)et\\·ce11 Rand I) fro,n tl1e relationship 

bct\YCC'll I) and the non-solar factor. ~fhc proccd11rc \Yas a-; fol

lo\vs: 
1) To s1d,diviclc the claih· ,·ahws of H a11d D i11to gr0l1ps of 2~. 

accorcli11~ to the solar rotations of J3artels, and to c;tlcnlat<" tl1c 

rotation arerages, both of l{ and of I). 

2) 1'o calculate tl1c a\·erage of the first 1:3 rotation a\ (Tagcs a11d 

to allot it to tl1e .sc·,enth of the 13 rotatio11s consid,·1nl, hotli of II 
and of D . 

.3) Step hv step. to shift the a,-cragcs to J:l: that is. to "smoot\," 
the rotation averages, both of R and D, to 1.3. 

Thirteen rotations cover .3,Sl clavs: that is nearh· a , ear. Eaclt 

average s111oothed to 1.'3 thus approxi1nately rcprc."ients an a11n1u1l 

acerogc. Since the annual average takes in and reduces tl1c a11n11al 
variatio11 of I) aln1ost to zero, one ol)tains, by co111paring tl1{' 

s111ootl1cd averages of I-land of D. a relationsliip tlu,t is excn1pt. or 
near/I/ so, from the influx of tlze 11011-solar factor. 

On the basis of this procedure, the heh a, iour of D as rclakd 
with H ,ms studied in 70 consecutiw rotations, from l61S to l(J,', I. 
inclusive, \Vith a n1inin1111n of solar activity fron1 .:\pril to \fa.'>, 
19.54 ( 4). 

Today, after nine years of uninterrupted experinH.'ntation, ajf('J 

l1a1.:ing encounterecl a 1nini1nun1 cnul a 1naxinzu111 of solar actirity. 
I an1 in a position to set out the general characteristics of the rcla

tions\1ip between R and D, determined 011 the basis of the excel· 

lent method proposed by Becker. 
In tl1c graph of Fig11re IG referreJ to, 3 t/llantities arc repre.vent

ed: It 011 tlie abscissa; 1), on the ordiuatc; tlie tiuu:, on tlie plant' 

of the graph, is represented b_v tlie 111unber of tlte orcler of the rota
tions. 

The relationship between Rand D is strikingh· n iclenced. 

Starting from rotation 1618, D, in the course of time, fell little 

bv little as R fell, until reaching the 1ninin1nn1 \·,d11c in corrcspolld-
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ence with the minimum rnluc of R ( rotation 16S3). The old solar 
cycle had reached its conclusion. 

Following this, D, in the course of time, rose by degrees as R 
rose, and the ne\v solar cycle \Vas e,·o1ving. 

But D did not follow H to the point of maximum value. \Vhile R, 
surpassing the rnluc of 100, continued to-even surpassing (by a 
slight degree )-the value of 200, D remained practically constant, 
as if at that moment it had reached a state of saturation. The os
ci1lations or irregularities tliat are noted in its behaviour are yery 
likch· due to a carrvovcr from the annual variation independent 
of H, not completely eliminated lw the smoothing to 13. 

During the diminishing stage of the solar activitv, D followed 
a path slightly different from that followed in the rising stage of 
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the \"er:· sa1ne solar .. activity, rc111aiuiug at i11ferior \·cducs a11d 
clearlv showing a teri'clencv to adhere to tl,e comsc follo\\·ecl d11r
ing the diminishing stage of the preceding solar c,cle. Test I) 

therefore presents hysteris cornparecl with R. 
Saturation and lzysteris are highl:· i,nportant facts for a,i; 011t' 

\vishing to study phenon1e11a revealed hy chl'111ical tests a11cl tl1c 
clwmical tests themselws. 

FLUCTUATIONS OF THE CIIE\IICAL TESTS 
AND NATURAL PHE/\0\IE'iA 

The Results of the Periodical Analysis 

l:"nderstanding the relationship het\\·ccn th(' r('sults nf (H1r 

cheniical tests and those of other natllral fiuctuatinc:: phenon1r,11:1 
,vas a niattcr of greatest in1portance to us. There c:-,,:istcd a partil·t1-
lar 1neans, highly suitable for tl1e ca1T;·ing out of this t;·pc of i11\ (',

tigation: the periodical anah·sis according to Ye rec Iii and I .ct· 

brouste. It was proposccl l,,, Dr. \losctti of the Trieste C('()ph, ,i,al 
Obscr\·ator;· \\·ho later co11cerued hin1.<iclf \\·ith its applicatio11. 

\'crcclli and Labronste's periodical analysi.s; i-i: a \·er:· clilfeH·1d 
thing fron1 the perio<lic analysis according to Fourier. IJJ rc.s;oh i11~ 
a function of ti,nc in periodicities, periodical analysis rc\·cal....,- ;111\ 

series of periodicity, \\'hile periodic analysis rcycals onl;· l1arnH)l1it 

series. ~"-ppliecl to phPnon1e11a of a liar1nonic natt1re ,: ticles, ftir 

exan1plc.!, periodical analysis giYes the san1c results as peri()dil· 
anal,·sis. Since the results of our tests \Ycre not of a liarn1onic Jld

turc, it m1s infinitely preferable to make use of the \ercelli's ]"'· 
riodical anal:·sis, \vhicl1 allo\VS 1nncli greater scope to tli<' in\·(·.-,ti
gation. 

The periodical anahsis concluctecl J,y \losetti 011 th" rc.111lh ol 
the chemical tests revealed that the ,·,·n· same rcrnlts. comidn,d 

as fnnctions of tin1c, could be n .. "sol\·ed into 1na11;· sint1.'>o:dal pc

rioclicities, \vhose lengths ,vhen placed in ascending order fon11<'d 

a geo,netrical progression vvhose rate is \ 1 

:.>· 

On that occasion, \losetti made the obsuYatio11 that tl,e data 
regarding very 1nany fluctuating natllral phcnon1ena, both pli: sical 

and biological, when treatecl with Yercelli and Lahro11st,!s pv,.i
odical analysis or sin1ilar n1ethods, gayc rise at first gla11ct' to 
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periods of the same length. This held true examining the period
icity of the order of davs and the periodicity of the order of 
months or years. The periods thus established almost always ap
peared to be arrangeable according to a geometric progression 
\vith an average rate of \/ :!· 

Taking a year as the basic period and calculating multiples and 
submultiples according to \ ,, a theoretical succession of values 
may be constructed which foithfollv approximates the sncccssion 
of periods found in the case of natnral phenomena. 

This observation is of the greatest importance even though it 
must be considered as being ,·ery rough. The most disparate phe
nomena follow the V, law: 

raininess (rainfall) 
solar spots 
solar acti\·ity 
1n,1gnctic acti\·ity 
sun hours 
solar radiation 
cancer 1nortality 
frequency of puln1onary diseasf'~ 

tree gnnvth 
sea le\'els 
atn1osphcric pressure 
haron1etJie \\'aYes 

l'hcn1ical test F 
chcn1ical test J) 
l'hc1nical tf'st P 
varves 

The fact the chemical tests obev a ,·e!T general law obliges us to 
think that the precipitations of owchloride of bismuth have been 
inflnenced ll\· the same e,·ents which have influenced other phe
no1nena in the past an<l \vhich are continuing to influence then1 
now. Even this had to happen if the cl1emical tests were truly 
capable of taking into account spacial actions as, indeed, they 
,verc. 

\\'hat is extraordinarily interesting, because of the general de
ductions which it makes possible, is the study of t:anes. 

\'arves, as is "·ell-known, arc finelv stratified sediments, often 
alternating sands and clays, that form in placid waters: lakes, 
ponds, marshes, etc., in glacial zones. Both recent vaf\'es, in the 
process of formation, and fossilized rnrYcs hwe been studied. 
A.ccording to Zeuner, the sa1nc periodic oscillations liave been 
discerned 011 the basis of periodical analvsis, in fossilized varves 
as have been discerned in the case of other natural phenon1ena. 

If we take a vcar as the basic period, one of the multiples, 
according to \ ',, is 11.4 :·cars~that is, the average period of 
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solar· spots. The following eorrcspou<ling periods l,aw hcc11 oh
sern•d in fossilized ,\u'\'es: 

l1recan1hrian 
Superior J)c\ Olli.111 

Inferior CarlionifL·nn1s 
EOl't'llE' 

()ligoccne 

11.:) yv;u~ 

11 -1 
11.-t 

12 
11 .. ) 

l)criodicities existed e\·en hundreds of n1illions of: cars ago, ,111d 

thus \\'Crc the sa111c as today \Yith respect to one of tlte 1norc i1n

porta11t cvcles. that of sm1 spots . 
. -\.s pointed out earlier, the chemical tests olw, the 1 • la\\'. Our 

experin1ents have not yet co\·precl an t'lltire solar c:·clc. hut the 
greater part of one has bcell co\·crcd: nine and one-half Years 
out of eleven. \Vhat we haw sceu is ahead,· sufficient!, clear 
There is 110 doubt that chemical test D will close its cs clc togetlwr 
\\'itl1 the sun spots. 

\\'hile I am on the subject. I srnuld like to point out that in the 
field of climatology, the periodical anah·sis accorcli11g to Yercelli 
and I.abroustc \vill be a highly \-;,ducd 1neans of in\·e:.;tigatioll be
cause in rc\·ealing, as it docs, true rlt:·thn1s ( not choosillg j11st tlic 
harn1onic rhythn1s), it can sho\\' \\'hich pheno1nena are in tn 1c 

1111.1tual relationship, even if the ra\\. data do not reveal si1nilar Lc
ha\·io11rs. Test F and test D, during the din1i11ishing phase of tltt' 
old solar cycle, revealed \vLat \vas apparently a l1igltly \ ar: i11g 

beha\·iour, but under periodical analysis they rc\·ealed tlie sanic 
periods. 

'fl1t1s periodical analysis \\·01ild be an anal: tical 111ctl1od to iri

troducc in order to establish 011cc and for all \vliicl1 arc the pcriod . .., 
co1nprising the periodicity of tl1e 11atural plic1101nc11a of cli111at(J

logical interest. 
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A SOLAR HYPOTHESIS 
Experimental Data 

Among the rcgularlv-conclucted studies which have been under 
wa,· since .\larch 1, 1951, there was one which, we belie,·e, merited 
cJeyelopmcnt from an astronomical and geophysical point of 
view: the studv that was carried out bv means of test D. . . 

The results of test D mm- be correlated with solar activity R. 
For practical reasons, we ha,·c adopted the spot number R (\Volf's 
number), published in Zurich by Prof. \Valdemeyer, as the meas
ure of solar actiYity. 

The correspondence bet\\·ecn D and H is shown in Figure 17. 
On the abscissa: the time ( in vears); on the ordinate: the annual 
m·crage of D and of R. The parallelism of the two curves is per
fect: the test D minimum falls in coinciclcnce with the R minimum. 

But test D, in addition to the secular variation, also reveals a 
pronounced annual variation n1arkccl by a Yery lo\v 1ninimum in 
correspondence with the month of \larch. 

There is no <lonlit toda,· about the actual existence of this min
i1nun1, fron1 a statistical point of \"ie\v. This rninimu1n is not acci~ 
dental. 
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Frc. J7. 1'cst D (ahoce) and ,volf'~ 1n11nher n 1l;elo1r·, . .\nrnt,tl ,l\('Lt\..'.('> 

()n tl1e ahscissa: the tin1e in vc'.1rs. ()n tl1t ordi11atc: test]) 1sc,dc .It tilt' l(·lt· 

;ind H (scale at thC' rigl1t). \'otc the p,1rc1llC'lisn1 ol tl1t' h\·11 c11n('\. 

()n the otl1er hand, R rc\·cals no a1Jn11,1I \·ariatio11; this fact L" 

<lcrnonstrated in Figure 18. 011 the abscissa: the 12 mo11tl1s of tlw 
:·ears: on the ordinate: the n1ontlily a\·cragt>s of l), and the 11101itl1-

]\· a,·eragcs of 1{ over 9J~ \·cars . 
. Tl1c l;ehayiour of R i; cornplctch· different fro111 tl1at of test ll. 
The a11111u1l 1ni11in11n11 of D is therefore 110! to /Je co1111ectecl tcit/1 
solar acticity. 

To \\·hat can \Ve attribute this n1i11iinu1n \\·l1ich is so lo,,· a11d 
,vhich recurs every year. roughly at the san1e tiinc, \\·itli astonisl1-
ing constancy? This 1nini1nnn1 lias appeared for 10 conscc1iti\ (' 

Years, n,rv marked when solar acfoit, was rcd11cecl, less marked 
and 1norc or less distorted \\·lien solar acti,·it_\ \\·as stro11g and 
,·iolcnt as during the beginning of tl1e last solar c:·clt'. "rl1e an1111al 
nlini11111n1 of D has also l)ef'n recorded at \~icn11a in 19.S:3 and 19.S--t 
during the 1ninin1un1 of solar actiYit:·, h:· Jliccarcli and l)oat. 

TltL' annual yariation of J) is not sinusoidal b11t is, instcacl, c\·
cloidal. 'flie stn.1nge nature of tllis ,·ariation has lC'd us to scarcl1 
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Fie. lcS. 'fest D (ahrn;c) and \\'olf's rnunbl'r H (hclou:) in the course of a 
yl'ar. ()n the abscissa: the t\velve n1onths of the year. On the ordinate: 
test J) (left scale) and \Volf's I1u1nher R (right scale). \fonthly averages on 
nille yers. Note the marked n1ini1nu1n of Test 1) in ~larch and the little 
rninimum in August. N"ote also ho\v \\'olf's 11u111ber docs not present rnin
ima in correspondence \Vith ~larch and .August. The mini,na od test D have 

nothing to do \Vith solar activity. 

for, in the space which surrounds us, a phenomenon which might 
manifest a similar belia,·iom, occurring all by itself with an 
annual rhythm. The result of the search has been the solar hypoth
esis which is the subject of this chapter. 

The Solar Hypothesis 

\Ve know that the sun moves, together with all the bodies which 
are bound to it, towards the constellation Hercules. Standard apex: 
ex = 270', ~ "" .30' ( in equatorial coordinates). Its motion is uni
form and rectilinear; its speed ( constant for us): 19-20 Km/sec. 

\Ve know too that the Earth turns about the sun at an approx
imate average speed of .30 km/sec. 

From the con1bination of these t\vo n1otions, one rectilinear and 
nniform, the other circular and uniform roughly speaking, a heli
coidal trajectory results. This is the helicoidal motion of the Earth 
in the Galaxy, referred to the neighboring stars ( Fig. 19). 



Sol(lr Phcnonicna ond C:hc111i1·fil T1·.1t.,-.:\ Solur ll!IJJutiu ,1, 

T 

N 
s • 

0 
/ . 

I 

I 

E 
Frc. I tJ. Hclicoidal 1notion of the Earth in tl1t' c:.1Lt\y. 

E ::....= plan of the ecliptic (profile): 
S ----=- solar apex; 
:,.; = direction of north pole; 
T = helicoidal path of the Earth. 

F"ro1n this fact an c1cn1entarY calculation or a sin1plc graph 
shows that: 

1) during the month of .\larch the Earth mo,cs in its ec1uatorial 
plane; 

2) during the month of September the Earth 1110\'CS, if not along 
its axis, then in a direction not too far ren10\·ed fron1 t\1at of tl1e 
'-:orth Pole; 

.3) the speed of the Earth's helicoiclal displacement rnrics cl m
ing the year and passes fro,n a n1axin1u111 in .\larch ( -t) Kni,/scc. :, 
to a 1ninin1un1 in Septen1ber (24 Kni,/sec ). 

4) the Earth is displaced with the :\orthcrn hemisphere lead
ing, except during a small part of the rnontlr of \larcl1. 

If space \VC're en1pty, ernpty of fields of 1llatter and inacti\'(\ a 
consideration of this I\ pe would be of no importance. But tod.l\ 
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we know instead that both matter and fields exist in space. For 
this reason, the displacement of a body such as the Earth in one 
direction or a11other is 11ot i11conseq11ential. Its general physical 
co11ditions 11111st um; in the course of a year. 

I haYe tried to give an interpretation of the annual \'ariation of 
test D. Bnt the ,·ariation of test D 11cecl not be considered. The 

_(~ 

F1(;. 20. Ani,natccl n1odel of the helicoi<lal motion of the Earth in the Gal
axy, prcst'ntcd at the Brusst'ls \Vorld-Fair ( side \'iC\\.). 

Frc. :21. A.ni1nated 1nodcl of the helicoidal rnotion of the Earth in the Gal
axy, prc<;entecl at the Brussels \\'orlcl-Fair ( close to). 



ll\'pothesis-that the hclicoidal motion of the Earth i11 the C:ala\\ 
brings ,vith it a reguhrl\' recurrent modification of the Eartl,·., 
general physical con<litions, \vith a non-sinusoiclol rhyt/1111 goin~ 
from .\larch to .\larch of the next \'ear-can exist r1s 1/11 idea 011 its 
ou:11, independent of the experimental facts \\·hich pointed to 11. 
This is the solar hypothesis. 

c:onsidcring tlie 1notion of the _l,~arth in the c:aL1\:·, it \YilS Jl('l'

essar\' to dctern1inc in \\'hat rnanncr tlic l·~arlli \\·as dispLtccd 

tO\\·ards tl1e ga1actic centre. 
Tl1c ~tandarcl galactic coordinates of the centre art': :1:2.) 

/, · ·· () . tl,e apex of the sun: I= 'Z.3 , /, - 'Z'Z From tl,is I act it 
is easih· deduced that duri11g the month of .\larch the Earll, is 
directccl approximateh· towards the galactic ce11tn·. T\1<· an~I,· 
for111cd h:- its speed and tlic direction of tlt(' centre j.., at ,1 n1i11i-

1nun1. To conti11uc, during .\farc\1, and onl~- d11ri11g \larcl1. tlH· 
Earth i.'i directed appro.\.i1nately, at n1a:xi1n11n1 speed, tO\\·ard.'i tl1(' 

galactic centre-that is, along tltc lines of force of a radial field :L11d 

perpendicular to the lines of force of a clipolar galactic field Tl,i, 
double condition V\'ill 11ot be enl·n11n tcrcll again tl 1ro11gho11 t t l 1(, 
:·ear. The conditions during :\Iarcli arc thus <1uitc l':Xccptio11:il. 

Tl"' precise characteristics of the hclicoidal orbit of tl,c E:irtl, 
l1a\'e been recently calculated by Dr. ()11ilgltiui of tliv rLtti1111;tl 
:\Icclianics Institute of the lTni,·ersity of Florence .. -\ \\'orki11~ 

model of the motion of the Earth in the Calaxy "as clispb1 r•d i" 
19.58 at the Brussels Planetarium during the \\'oriel Fair Fi~,. 
20, 2ll. 

The Effect of Latitude and the Dissymmetry of the Northern and 
Southern Hemispheres 

ThP fact that the Earth is displaced with the '\orth Pok '" a 
n1orc or less leading position throughout the year, .... a\·c for a \ l'l'_\ 
short period which corresponds with the month of .\larch, sl1011ld 
lead to a dissymmetry between the two hemispheres of the Eart I, 
and to an effect of latitude. The calcnlatecl maxin111m of diss_, 111· 
n1ctry occurs in correspondence \Yith the n1onth of Scpte111bcr. 

I hm c already cousidered a persistent difference lwt\\Tcn t I ir 
data fro1n Florence, \'ienna and Brussels, recor£led £luring t/11' 
7'Ctioc/ i11 ,cliiclr falls the a111rual mi11irnw11 of test lJ: Jannan·, 1:,.1,_ 
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ruary, ·;,,larch, April, for the years 1953, 1954 an<l 1955. Those 
,·ears of minim nm solar activity ( Table XV). 

Year 

195,·J 
19,-3-1 
195;") 

A\·eragcs 

TABLE XV 

Florence 
-'31.S 
29.9 
)8, 1 

:3.J .. '3 

Test D 

Vienn.1 
·16.J 
,10.:2. 
4.S.O 

45.0 

Brtlise/J 
51.8 
54.i 
,53.4 

,5:3.:3 

But the stations in Florence, \'ienna and Brussels cover a zone 
too 1in1ited to derive a general picture frorn our observations. 

The International Geopln·sical Year (ICY) and the Interna· 
tional Geoph,·sical Cooperation (ICC) affor<led us the opportu
nity of gathering data from wideh· separated localities as well as 
from the southern hemisphere: l:ccle-Brussels, Tuebingen, Jung· 
fraujoch, Vienna, Trieste, Genova, Florence, Castellana Grotte 
(Bari), Libreville, Leopolch·ille, Fort Dauphin, Kerguelen Islands. 
To these were added then Sapporo and Kumamoto (Japan), )/ew 
Amsterdam J sland an<l Trmnsoc, but not in the picture of the 
works of the ICY. 

The places in which standardised obsercations were ma<le con
tinuously and regularly during the AGI \\·ere: Brussels, Florence, 
Libreville, Leopold,ille, Fort Dauphin and Kerguelen Islands. 
Jn son1e stations the obser\·ations \Vere begun in 19.57, in others in 
19,58. In some stations the obsen-ations finished at the en<l of 
1959, in others thus are still going on. \Ve can confront now the 
result obtained in the rnrious stations only in the years 1958 and 
1959 for reasons of homogeneit,·. 

The dissymrnetrv between the two hemispheres becomes there· 
fore most evident. In the Table XVI we report the annual aver· 
ages of test F gathered in the places indicated in the years 1958 
and 19,59 and the general averages of two years. \Ve report also 
the general averages of the data gathered in the two hemispheres. 

The dissynnnctrv of the two hemispheres according to the solar 
hypothes's should he at a minimum during :-.larch and at a maxi
mum during September. 'fo tests were carried out at Leopold-
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TABLE XVI 

S EPTn!BEH 1958 A'1D SEPTE,IBEI\ 1959 (TOTAL ;hEHAGES) 

Brus~els 
Florence 
Librc,·illc 

Lcopold\·ille 
Fort Dauphin 
l..::erguelvn 

F 
.s 1.0 
:50.:3 northern lw111i~plwrc 

47.8 
-------

·!6.8 
:30.,5 so11tlwr11 hcnli\plwr\" 

21.2 

F 

T2.8 

,·ille or at Kerguclcn dnring \larch 1958; for September. how
eYPr, \Ye haYe the con1plete series of \'alucs of t,\'O years. Test l·', 

,vhich is 011 this occasion the n1ost dependa})lc for a general corn
parison. reveals ven- satisfacton- patterns: Table X\"IL 

TABLE X\'II 

ToTAL ,\YERAGES Ornn Two YEAns: 19.58 A'CD 1959 

F F 
Hrns~els .SJ .2 
Fl(1rcnct• 49.'J nortlicn1 lwn1hplwr\" .';11.1 

Libre\ illc ·H:l.:3 
------

I ·'-'upnLh·illc 4.S.6 
Fort Dauphin 28.7 ~rn1tl l'.'f!l ht·1ni.,11l1t·n· ;.1.2 
l(crg1iclt-n 2.'5.1 

_A_s OllC secs, the ,·,dues of test t' tend to din1inish strong\_\· \\·itl1 
the increase of the latitude of the southern hc1nispherc .:-i.nd to re~ 

rnain constant or increase slightly \\'ith the increase of the latit11clc 
in tl1e IlOrthcrn he1nisphere. 

There is no doubt therefore that tPst F accounts for dissrnrn1t'tn 
predicted lw tlie solar hvpothesis; Test D hints at it less e,·idc11th 
and test P does not show it at all. It is possible to explain t!tc di, cr
sity \,·ith the behaviour characteristics of tlie tlircc tPsts to,vards 
natnral phcno1nena. 

Test F rccei,·cs clirecth· all the external actiom capable of mod
ifying the chernical reaction precipitation of bis1nuth oxycliloridt 0

, 

test D only those which pass through t!tc copper screen: test P, 
prolJcibh·. only the electromagnetic fields. One rcnwrnhers that 
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test F is sensitive to the solar eruptions and consequent phenom
ena, and test Dis not 

It is not neccssarv, for the moment however, to enter this field, 
\\'e know todav that the general conditions of the southern 

hemisphere are very different from those of the northern hemi
sphere, not only from the geographic point of view, but also from 
the meteorological one, The problem was clearly stated bv Van 
\lieghem in a general report 011 the meteorology of the Antarctic. 
On the other hand Lecce and Del Trana found a marked dissym-
111etry het\vcen the northern and southern he1nispheres in the 
barometric field at 500 mb. 

The Pattern of Test D in the Two Hemispheres 

The solar hvpothesis brings up another problem: if the annual 
minimum of test D depends upon the motion of the Earth in the 
Galax,·, this minimum should be observed not only in the northern 
hemisphere, !mt also, and at the same time, in the southern hemi
sphere. The entire Earth should feel the effects of the change in 
conditions resulting from its helicoidal motion, 

Unfortunately, during the Spring of 1958 the chemical test re
search was interrupted for two months at Leopoldville and had not 
Yet hcen initiated at Kerguelen. 

The research was prolonged in these two places up through all 
of Jnh· 1960, that wa,· it was possible to have the data of two com
plete ,·cars, 

\\'e can make a resume of the results regarding test D in this 
n1anner: 

Let ns distinguish above all the data gathered at northern and 
southern mean latitndes fron1 those gathered nearest the equator, 
remembering that Librev·ille lies less than l' ;-.; and Leopoldville 
aho11t -1 · S from the equator, 

a) Test D at Northern and Southern Mean Latitude 

If wc calculate the monthly averages of all the data gathered in 
Uccle-Brussels and in Florence in 1957, 1958, 1959 and 1960, and 
all the useful data gathered at Fort Dauphin and Kerguelen and 
order them by month we obtain two functions of the time of D 
which have parallel behaviour. 
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Both present the ,,large minimum and the little mininrnm at tlw 
same time, The effect of the hclicoidal motion of the Earth seems 
therefore evident because they are independent of tl1e se,rnmal 
effect. 

In the North test D maintains itself on higher values and in till' 

South on lesser values, The amplitude of the t\rn functions an' 
almost equal, perhaps the amplitude in the South is wider. TIH' 
dissyn11netry of the Earth c.lcpcnding upon the helicoidal n1otio11 
seems therefore evident in the case of lest D ( Fig, :22). 

Tl1e little A.ugnst rnin~nnnn di\·idcs the tinic function of I) in 
t,,·o parts. In the "\"orth the first part (spri11g·sun11ner) cur,·c. tlH' 

second part ( autun1nal-,vintcr) con1cs to a sharp point. In t]H, 
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Ftc. 22. _\1u1u,1\ variatio11 od test ]) in the northern an(\ iu tl1c S(Jt1tlH·11 1 
he1nisphcres (n1ean latitudes). On tlic ahscissa: tl1c t\\Tl\'l' 1nonths ti! tl1(' 
year. ()n the ordinate: test 1). :\Iontlily a\·cragcs of l\\'O years. \\'inter ~1)]'il1l2: 

1ni11i1na and August rninirna appear together in h()th he1nisphen.•s. Th(', d(1 
not (1cpcncl upon a scason;l\ t'ffect: thcnni(' sn1n1ntT .it the north ,u1d tl1t·1·111i(· 

\\'inter at the south and Yicc ,·tTsci. 
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South tl1e inverse happens: the first part mmes to a sharp point 
and the second cuf\'cs. This is a typical seasonal effect, to place in 
relation to the height of the Sun on the horizon. 

\Ve could not hope for more or better. Test D shows one more 
time the effects of helicoidal motion of the Earth: large annual 
111inin1u1n, s1nall annual 1ninirntun and <lissyn1n1ctry bet\vcen 
northern and southern hemispheres. Further, it shows us an ordi
nary seasonal effect. 

b) Test D at the Equator 

If we calculate the rnonthh· averages of all the data gathered at 
Libreville and Leopoldville in the same period of time and order 
tlien1 hy n1onth, \\'f' obtain a ti111e function of]) \vhich is about the 
in\·erse of those found for tl1e northern and southern latitude 
aYerages. 

Re, ersing the function, we find that it resembles very much 
the other two and is about coincident with the northern function. 

The equatorial zone behaves therefore in a particular way. It is 
too soon to proceed to serious hypothesis. It v,:ould be necessary 
at this point to know what happens in the polar regions. Experi
n1cnts are in course at 'Ironisoc at the :-\uroral Obser\·atory, and 
there arc also experin1ents going on ill the Earth of King Bald\vin 
in Antarctic. While at Tromsoe, thanks to the :\'orweglan physi
cists:, the e.xperin1c11ts are being carried on regularly and \vill have 
their res11lts directh. In the A.lltarctic the immense general diffi
culties met by the Belgian e,pcdition. l1aYe impeded the regularit,, 
of the experin1e11ts. 

I shall not prolong this argument because the problem is still far 
from being resolved. 

In the southern and in the equatorial zoue the data was gath
ered by the \!eteorological Sen-ice in the Belgian Congo and 
Huanda Urundi directed b,· Prof. \"an der Elst; lw the French 
Overseas \!cteorological Services of Cabon, \!aclagascar, Comore 
and Hi-nnion Islands and iiY the French E,pedition of the TAAF 
( Terres Australes ct ~-\.ntarctiques r'~ran(:aiscs) to tlic Kcrg11ele11 
Islands. Great was the interest ill these enterprises shown b, \!. 
Viaut, President de l'O\!\! ( Organisation \!ct<-orologique \!on
diale), by Prof. Roullean, head of the \(1'.t(•orologie \'ationale Fran-
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caise. and b, Prof. Bost, Clicf du Bnreau Scientifiquc des Tcrre.s 
Australes ct. Antan;'ticlues Fraw,aiscs. \\'ithoul tl1e careful dili

gence of these people the stud, of the effects of latitll(k ol tll(' 
.Eartli's dissy1nn1ctry, etc., \\"Olde.I not lia\·e hee11 possible LecatL'-,t' 

\Ve \\"Onld 11ot ha,-e kno\vn \\'hat ha1)pens ill t\1c southern l1c1lli

spherc, 
Fiaurc 2.3 slio\VS the sY11chronous n1ixer for I(>Y research. ,, . 

Fie. 2:3. The sytH.:hronous ,nixer n1odv\ 20 A. in distrihuti()ll for \\"\lt'111;div 

research in the Geophysical Yv~1r and the C:copliy\i( ,tl ( :oopcrc1tio11 

Test D and its Cosmogonical Sense 

'rli<' annual Yariation of test 1) is of sucli in1porL.111cc tl1,1t it is 

difficult to interpret it as a result of the interaction of \\Tak fi,·lds 
,d1icl1 are the terrestrial field and the exterior field in "·hicl1 tl11· 
Earth rno,es. Until the present it \\as lwld that tit(' fidds "·!11cl1 
exist in space are \\·eak. but this belief is not finn .. ~\ 111uc!1 1nore 

profou11cl and general cause 111ust con1e into 11/ay. l)rof. (;iao l1a., 
considered the solar liypothesis fro1n a point of \·ic\\. of rcL.1ti\·istic 

cosmolog, aml is able to c·xplai11 lite a111111al ,·ariatio11 of test I) i11 

a quite general n1a11ncr by 1neans of relati\·it.·,. 
(;iao, .-..tHd:·ing the problen1 of the existence and propcrtil'S of 

Tin1c ( cYolution, succession, sense I, sl10\\·s tliat besides tlic four

din1e11sional space-tin1c solution ( tlie physical lJni\·crsc) tlH' rela

tiYistic field equations also haYe a tl1rcc-din1ensional spacial .... ol11-

Lo11. This solution is a three-cli1ncnsional lvni\·crse \\·liich pcrfonns 
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a successive exploration of the four-dimensional physical Universe 
thus introducing an evolution, in other words a real Time, in the 
physical Universe. Ciao analysed the important interactions of the 
three-dimensional and the four-dimensional Universe and shows 
that it is possible to explain the annual variation of the D test from 
relativistic point of view on the l1asis of the Earth's annual helicoi
dal motion as a manifestation of the energv flow representing the 
action of the three-di1nensional LTniverse on the pJ1ysical Universe. 

Toda\' the solar hvpothesis. as I ha,·e shown, embodies exten
sive experimental results obtained during the ICY and ICC. 

It is owing to this hypothesis that it was possible to foresee these 
facts, to seek them out and to study them. 

It can thus be considered at least a highly useful working hy
potlzesis. 
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Chapter V 

BIOLOGICAL TESTS 

IF, \\.IIILE maintaining constant tl,c 11,odalitics of tl,e dif
ferential experinient., \\'C substitute the illorganic reaction in an 
aq11co11s am! colloidal sYstern taken as a test ( the I" drolisis of 
chloride of bismuth) with a biological reactim,, we liaw a /Jiologi-
1:al test. 

The techniq11c of tests F and D lends itself particularh· to 0111 

purposes except in special cases heca11se of the IH'cessit;· of ru·tiru
ting a part of the material to he tested. The test P teclmirp1c ho\\ -
vcr, \\·l1ich does not require an;: interference \vitli tlic rnatcrial in 
r1uestion, is highlv suitable. 

In order to detcrn1ine \vhetlier a biological test P pos.,csscs t!1c 

characteristics necessary to a test, son1e exploratory c:xpcrirnt'1ll>, 

\\'Crc carried out at the Can1erata IIospital in Florence hy Picc\trdi 

and Danti. It is perhaps \\orthwhile to describe hridh '""' tlw,i· 
experi1ncnts \\·ere carri(•d out_, since the:· later S{_T\·ed as the 1n()dt·l 

for otl1er expcrin1cnts of the san1e nature. 
On :?..') consccuti\·e days, t\\'O cc of blood \vcrc takt~11 fro,n fi\ t' 

health:· persons on an cn1pt:· sto1nach. Each san1plc of blood \\·a" 
subdi\·ic_h::.d into t\\'O series of drops on t\,·o paraffin('d capsule<.;. 
One of the capsules was covered with a thin c,1ppcr scrern ( 11. l 

mm) horizontally placed above it at a distance of 3 c111. The other 
capsule was left in the open air near the first. The temperature in 

which the experiments took place was always constant at 23 C. 
Enor,· 30 seconds the drops were touched with a glass rod which 

had hern sharpened to point and a note was made of the time at 

which a thi11 thread of fibrin cl11ng to the point of the rocl. Tlw 

coagulation t~1ne ,vas counted fro,n tlie n1on1cnt at \\·hich blood 

appeared in the cannula to the n10111ent at \vhich the thread ol 

fibrin appeared. 

10~ 
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115 cxperirnents were carriccl out during the month of August 
1955. The coagulation time was always greater in the case of the 
blood placecl under the screen at that time. The differences in 
coagulation tin1e ( tin1e under tlie screen, tin1e a\vay fron1 the 
screen) fluctuated fro1n a n1inin11nn of one rninutc to a 1naximun1 
of eight 1niuutes, \vith a n1can value of four n1inutes. The average 
coagulation time was 8 minutes for the blood away from the 
screen, and 12 1ninutes for tlie blood under the screen.' 

Particular note was taken of the fluctuation in the differences of 
coagulation time because it is precisely this fluctuation of results 
\vhich guarantees that our s:·'stcn1 bcl1avc effectively in the sa1ne 
manner, as is necessary in a P test ( chemical or biological). The 
differences in coagulation tin1cs ,vere correlated ,vith the results 
of the chemical test P carried on almost simultaneously at the 
Pl1\'sical Chemistry lnstitutc of the Universitv. The Institute and ., .· ., 
the Camcrata Hospital arc roughlv 1.5 km apart. A significant 
correlation was found to exist between biological test P and chem
ical test !'. It was thns e,·idcnt that the same spacial phenomena 
that influenced biological test P influenced chemical test Pas well. 

After four vcars, in 1959, experiments on liloocl coagulation were 
resurnecl at the Pll\siological Institute of the UniYersitv of Hokkai
do at Sapporo (Japan) bv Itoh, Tsuijoka and Saito. These authors 
stlldiecl both the blood coagulation of rabbits according to the 
biological test P technique, am! the precipitation of ox,·chloride of 
bismuth according to the chemical test P technique. For the two 
tests thev ohtainccl results which fluctuated in the course of time 
but which could be mutllally correlatecl, precisely as was found in 
Florence four \'cars earlier. In an article in The International 
Joumal of Bioclimatolog11 and Biometeorology, these authors 
explained the procedure as follows: 

"We measured tl1e clotting time of rabbit blood both inside and 
outside a copper box simult,mcouslv, according to the method of 
Sahli ancl Fonio. The ratio of the time outside/inside was com
pared with T:! which \\·as determined at the same time. One hun
dred experiments were carried out during a period from Novem
ber 1958 to June 1959. Though individual values fluctuated consid
erably, the mean rnlue of each group showed a consistent ten-
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clencv: a low ratio of the clotting time when the T'; was low, and 
,·ice versa. That is, when the rate of colloidal precipitation ol 

bismnth is slower in the copper box than outside of it, th<' clotting 
tilne of hloocl is also slo\ver in the l1ox. Statistical anal,·sis indica

ted tliat the results are liighly significant. l~lius, tl1c hiolo_!.!;il';il 
P-Tcst is prown to be correlated with the inorganic !'-Test." 

c.\s ,,·c sec, in spite of the different tPchni<p1c ( the 11sc of a corn
plctcl~, closed copper box instead of a sin1ple l1orizo11tal s(TC('11 

placed abo,e the blood samples) and the different mdl1od of cal
culation ( ratio of the quotient of clotting ti111es) instead of tlic clit

ferf'llCf' in clotting), the general results are the sa111c. 

This h pe of studv is stcadih· being dew loped. For some ·' cars. 
cxperi111cnts have been under \vay on the speed of crythroscdi

mentation, on the flocculation of Sacclwron11;ces Ellipsoidcu.1· and 
on its fermenting capabilities, with a ,·iew to determining tlH· 
action of the screen an<l to studv n1ore closelv the n1cchanis1n of 
the observed phenomena as related to the results viclclcd Ill the 
chc1nicaI tests. Giordano n1easurecl erYthroseclin1entation rates in 

the open air and in a copper box, nsing blood san1ples ol)taincd 
fro1n sp\·eral farn1 ani1nals. 1\ll plasn1as i11 spite of their cliffcrenc(' 

slio\\·cd a significant effect of tlw copper shield. 
l'lic sanic a11thor, in the spring of lD,59, obscr\·cd se,·cral l·or

relatio11s hct\veen the hel1avio11r of the fern1cntation rate of tlit' 

san1c stock of Sacclwromyces Ellil'soideus am! Piccardi's Test I) 

C.~iorclano and Trenta exa1nined the be11a\·iour of the coagulatio11 

of lnn11a11 blood by the relief of its electric resistance. in tlic opc11 

air and under a copper screen. 22 snhjects \\·ere cxa111inccl a11d 

coagulation \\·as al\vays delayed l1ncler the copper screen, cl11rin.'..! 

that period of time. 

Giordano, :\Iazza ancl :\1aga n1easurccl the cryth ro:-..( ·di nH ·11 tat io11 

rate according to the differential technique in the open air, 1r1 

three localities about 70 kin apart. The sign of the 011tside/insidl· 

difference \\·as the sa111c. 

\la/./.a studied erythrocyte se<lin1entation and erytliroc:·te sedi

mentation rates by replacing human plasma with lic1uids of knom1 

and constant con1position ( sodiun1 chloride 0.9\: \ f acroclcx. Si 1 l)-
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sotan). He observed that a copper screen had a delaying effect 
during- the period in which the tests were being conducted. 

Blood clotting is a process which seems subject to the influence 
of the weather. The blood coagulation rate of rabbits was studied 
hv Caroli and Pichotka. The correspondence with the atmospheric 
dyna1nical processes and the clotting seeins significant. But 
Schultz, on the basis of more 120,000 obscrrntions on the white 
hloocl carried in tlw years from 19.54 to 1959 inclusi,·c, established 
a sure correlation betv,.,een the rate of the functional lcucopenies, 
the relative lnnphoc,·toscs and the \\'olf's number. The corre
spondence with the solar acti,·it_,· is certain and therefore the 
correspondence \\'ith the inorganic chcn1ical tests is certain also. 

We must not forget that Bortels observed an effect of a metallic 
screen on various n1icro-hiological tests, as vvas said before. 

Vering has demonstrated the action of spacial factors, following 
the ernlution of a single living biological specimen away from and 
under a copper screen ( bacteria cultures that clouclccl a clear 
liquid cultme or cleared a cloud,· lir1uid culture) by means of pho
tometric methods and automatic recording. The effect of the 
screen became e,·ident. The nriahilih· of the results, accurately 
anal~,:zed in their relation to operati\·e and cxperin1ental conditions, 
has Jcad the author to affirn1 the ncccssit~· of rcYiC\\·ing our experi
mental ideas and the principle of analysis in certain biological, 
medical and sociolog;ical fields. 
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Chapter VI 

ON THE .MECHANISM OF SPACIAL ACTIONS 

BEFOHE CO",'CLUDL\/G this exposition it would be at least 
necessary to state generally the problem of the mechanism of spa
cial actions. I say state and not resolve because at the present 
moment it docs not seem possible to resoke the problem. 

It is evident that the meclianism according to which the spacial 
phenomena act at a distance ( not those which act upon contact) 
consists of two parts: 1) a mechanism of short path or of entrance 
of spacial actions into the living organism; and 2) a mechanism of 
lung path or of diffusion of spacial actions, eventually accom
panied by the transformation of the action itself. 

The mechanism of short path regards phvsiology more than 
climatology, just as the mecl1anism of actions upon contact, studi
ahle in the laboratorv regards phvsiologv more. It is not mv task 
to speak of these mechanisms. 

I should like however to note the importance in this field of the 
ionization of air, an iinportance \Vhich justifies the 1nany studies 
\Vhich are being carried out in it. 

Hegarding the mechanism of long pcith, it would seem oppor
tune to take note of that wl,ich Berg has already synthesized in 
his last work, that one with which he concluded prematurely his 
life. I shall recapitulate it, conserving the original train of thought. 

• De Rudder had discovered various relationships between solar 
phenomena and biological phenomena, between biological phe
nomena and meteorological phenomena, and between meteoro
logical phenomena and solar phenomena. Admitted that the 
existence of this closed c,Tlc be real, it would be extremely diffi
cult to separate the effects of the solar actions from the effects of 
the meteorological actions, gh·en that the meteorological phenom
ena are in relationship with the solar phenomena upon which they 
would depend. It would be then most difficult to know which of 
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the fo·o t,·pes of phenomena is that which giws prepondcra11t 
effects, which is tlms the more hiotropic. 

But today, as ,vas noted, a correspoudcncc het\\'l'l'Il solar arid 

n1eteorological phenon1cna is not significant in the liglit of n1oder11 
statistics, and, lio\\'C\·er certain it he, that the sun has a great hand 
in atniospheric phcnon1ena, of \vhich it is the pri111ar:· ca11sc, tl1t· 
\·ariations of solar cncrg:· transniitted to tlic l~artl1 do llOt acco111it 
for the ,nultiplicity of pheno1nena \vl1icli one notes in our at1110:-.
pliere. ]'he lack of correspondence hct\Yc>e11 tlie f-1nctuations ol 
encra\· radiated bv the sun and the con11)lex 1nctcoroloaical )Jl1c-

~- . b 

1101ncna. obliges one to consider separately solar and n1eteorologi-
cal actions. 

Solar ,1.ctions reach us as clcctron1agnetic radiations of Y,triotis 

frequencies and as corpuscular radiations. ~flie prohlc,n rC'u1ai11s, 
as to their reacliing us as variations of the general field. 011e co11ld 
respond affirmatively, thinking, for example, that the clond ol 
particles launched to\vards the Earth fro111 a solar t-"ruptio11, car
ries with it the magnetic field ( I was not speaking of fields gcoera
tecl npon the Earth fro1n eruptions as scconcL1r_\· effects. ht1t tl1osc 
solar ones or ones provoked hv the sun). 

Solar radiations can act u1)011 organisn1s either directly or indi
rect!,· through second,u,· phenomena generated h,· tl,c radiatio11s 
themscl\·es. Fron1 the secondary phenon1ena one n1ust, of courst._ 
exclude the 1neteorologicaJJ for the reasons already cited. 

D11ell set forth the h,·pothesis that bursts of nltra-,·iolct solar 
radiations generate high tensions in the stratu1n 1) of tlic ioJJo
sphcre, in the ozonosphere, and in the troposphere. Tliese Jiigli 

tensions, leveling therusel\·es, \\'Otild gi\·e origin to electro1nagnctic 

\\'a.Yes of great lengtl1, The electro1nagnctic \Ya\·cs \\·01rld beco1n(' 
directly absorbed by living organisn1s, disturbing tlic ncuro-, cg

ctatiw system. But this regards the mechanism of the shortest 
path. 

Again. according to Duell, corpuscular radiations \\·onld not 
liaYc such an in1portant and certain action as the electro1nag11ctic 
ones do ( and I add: there, where WL' live on the onter surface of 
the Earth). On the other hand, according to Dnell, secomlan 
phe1101ncna caused by these corpuscular radiations ( electrons, 
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gamma rays, traces of chemical substances, etc.) can have a bio
logical action. 

To the electromagnetic radiations of great wave length genera
ted in the terrestrial atmosphere by solar radiations are added the 
electromagnetic radiatioos of short wave length generated from 
the sun itself. 

\\' aves from l cm to 20 m radiate constantly from the solar 
corona. Spots, emptions and disturbed zones of the corona during 
periods of disturbance, generate these same ,vaves \Vith an inten
sity thousands and thousands of times greater. 

There existed therefore a certain interest to find out if these 
waves possessed a biotropic action. But the biotropic actions of 
these \vaves c_lid not rcn1ain Yery clear or at least evident. Kiepen
heuer, Harte and Brauer experimented with the action of waves of 
1.50 m upon buds of Vicia Faba and observed a certain effect: an 
increased frcqucncv of cellular div·ision. The experiments were 
carried on lw Harte and Braner. 

Afterwards Elvert, Reinert and ~litlacher searched in vain for 
an effect of metric waves on biological specimens: gem1ination 
of seeds from Digitalis lutea or of spores from Aspergillum niger. 

It is difficult to reach a conclusion from these results: the bio
logical tests, the experimental couclitions, and likewise the period 
of time during which thev were conducted differ. This last cir
cumstance is of the utmost importance. And still, at that time, no 
one knew of the effect of the metallic screen. 

It should be noted that this first step was taken by an eminent 
astrophysicist who collaborated directly with biologists. The first 
and the last links of the biotropic chain were joined by them. 

The effects of the short waves do not seem for the moment a 
field that interests many. At any rate the interesting one is that 
of the long waves. 

According to Berg, the chemical tests brought a clarifying ele
ment to today's situation. They demonstrated more than exhans
tivelv that inorganic colloidal systems in aqueous media are in
fluenced above and before all by solar phenomena. There is no 
doubt of certainty of the relationships discovered because that 
certainty is founded upon most rigorous statistical analysis. 
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I add that it is true for inorganic and organic colloids, and 
seems true identically for biological colloids. One has therefore 
a reason for insisting that also in medical climatology the phc
no1nena that react \vith greater certainty are the solar phcnorncna. 
The mechanism of long path in this case is that of propagation 
an(l tra11.')for1nation of solar radiations. 

On the other hand, the effect of the metallic screen on chemical 
tests, tliat is upon colloidal systc1ns in eYolntion, confinns that 
solar action is al,o,·e all of radiant nature. If the thinnest sheet of 
rnetal is enough to change considerably the n1ode of precipitation 
of an inorganic co1npound, one 111ust ad,nit that the spectrun1 of 
incidental radiations can he 1nochfied at least in part h:· ,noclifying 
the sheet of metal itself. The metallic scrcenage reHccts or ah
sorbs soine of the con1poncnts of the incidental radiatioll. 

The fact that a simple roof of metallic lustre or also of metallic 
net placed alim·e the sYstem to be tested, changes the precipitation 
of colloids of the system itself, sho,n us that the action c,,·rted i1 

not an action of contact (as in the case of chc1nical subst.n1t·c.-; tlr of 
electrical charges contained in the air) hut is actualh-thc action ot 
a radiation or of a field. ''·'e 1nust note this docs not conce1T1 Yi~

ible or ultra-violet radiations or those of the shortest wa,-c-lengtli. 
Since the short waves, that is the electromagnetic high frequl'Il

cics, do not give free plav to biological researches, it is \\·ell to 
direct our attention to the field of low and ultra-lo\\· frcc1ucncics. 

On the other han<l, 111odern radio techni<1ue 1)er111its us today to 
follow the rnriations in the intensity of the ultra-violet and roetJ1-
gen solar radiations that fall on the upper atmosphere, on the basis 
of the wry low frequency radiations intensity. 

Studies of the VLF in relation to the polar auroras arc going 011 
in the Antarctic. 

One notes that sudden increases of intensih· in the atmospherics 
arc attributed today to astrophvsical causes. These sudden dis
turbances correspond to flares. i\lcthodical recordings were made 
at the \Yilfred Hall Obscn-atorv at Preston on the part of Prof. 
Barocas, director of the same. 

At .\lunich, Schumann, considering that the Earth and the iono
sphere that circles it constitute a kind of concave spherical resona-
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tor, c,;lculatecl its resonance frequency aud found a frequency of 
about 10 Hz. Koenig, on the basis of Schumann's calculations, con
ducted research in the field of new techniques for the radioelectric 
n1casuren1ents \\·ith the intention to recciYe the natural nltra-lo\V 
frequency signals con1ing fron1 the space around. Koenig ,vas 
able to gather signals between 1 and 25 Hz. and to record them 
regularl:·, ascertailling arnong other things a 1nost notable diurnal 
effect. 

The studies of the '\lunicl1 school brought about a great interest 
a1nong the biologists. The ultra-lo,v fre(1nencies sce1n in fact to 
prodncc remarkable biological effects ( Koenig, Reiter, etc.). It is 
perfecth· logical: 

Jf, in the case of the ven light molecules (for example: those of 
ammonia), the high frequeucies arc able to generate effects, al
rcach· \\·ell noted. in the case of the very large molecules, or very 
large micelles or v·erv large and deformable structures, the high 
frccp1e11cies have probablv· little or 110 effect. Instead the low and 
tiltra-lo\v frec1uencics can ha\·e it. 

Tl1c liiological svstcms are therefore n1lncrable to the low fre
<1uencics because the:\' are all constituted of colloids in aqueous 
n1cclia \\rl1icl1 are in turn 1nade up of very large n1olecules or 

1niccllcs suspended in n1nlccnlarly structurecl aqueous solutions. 
rfhc prccccling considerations ha\'e conducted us into a con1-

jllete!v- new field, that one of v·erv- low frequencies. It will be in 
tl,is that we shall find perhaps one of the roads which will conduct 
11s lo t\1c solution of some of the problems of medical climatology. 
l~11t the field is nc\v and unkno\vn as yet ancl \VC' find ourselves to 
he quite at sea, dcpriv-ed of the benefit of direct and old expe
rience. 

I mnst co11cluclc for now, affirming that as premature as is the 

talking about the mechanism of spacial actions for me as a chemist, 
at an\· rate it \\·as necessary to point out the situation in this £eld. 
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Chapter Vil 

CONCLUSION 

IT IS NO\V TI:-.IE to summarize the more salient facts brought 
to light up to this point an<l to <lcrive from them some precepts: 
first of all let us turn back to a suhject which was barely touche<l 
upon in the introduction. 

Living organisms of necessity take part in the events of the 
environment in which thev exist. Yery often they participate by 
means of specialized organs in accordance with their degree of 
e,·olution and complexity. But it is not so important for us to 
know whether the beings in question possess these organs or not, 
or, if they possess the1n, ,vhether in greater or lesser number. 

The function of these organs is mcrclv for "knowle<lge," "infor
n1ation" or the "exploration" of their en,·ironn1ent and to sen'e as 
aides in locomotion, nutrition, defense and so on. All of this is of 
no use to us so \\'C v.:i1l concern ourselves ,vith the possibilities 
offered to li,·ing beings of being directlv aware of particular envi
ronn1ental pheno1nena. 

The events which take place in space act upon living organisms 
either by contact or at a distance. 

The air or ,vater in ,vhich living organisn1s find thernsel\'cs, and 
therefore all that is containe<l in these fluids ( <lissolved or sus
pen<le<l chemical substances, electric charges, etc.), act by direct 
contact. Air ions, aerosolcs, gaseous emanations, free radicals, 
peroxy componnds, etc., are highlv important factors in vital phe
nomena and this fact jnstifies the great attention devoted to them 
todav bv scholars. ' , 

But the study of action h,· contact, which is accessible to direct 
experin1ental investigation, is, as I sec it, relatec.l 111ore to physiol
og,· than to medical climatologv. Climatology will be able to add 
its contribution to the subject, transferring it to its particular field, 
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after physiology has clarified the mechanism b,· which action I"· 

contact is exercised. 
On tl1c other hand, certain phenomena \\ l1icl1 take place 111 

geoph,·sical space and all of the phenomena which take place i11 
solar spacl' and astropli:·sical space act at a distance. :\'o n1attcr 
\Yhat tlic nature of far-off spacial phcuo111cna, their action is exer
cised h:· n1eans of radiations of an c-lectron1agnetic or corpusc1ilar 
nature, or by n1eans of ,·ariations in tl1c t(CIH'ral fil'ld. electrical. 
111agnetic, clectron1agnctic or gra\·itatio11al. .. All of this n1ay tocla:· 
be listed as being distant actions. 

It is to l,e noted that these actions, in our case, are ahle to affect 
Ollly tl1ose places in \vhich living beings u11der stud:· are fo1111d, 
or else one part of the Earth or, finall\', the entire Eartl1. 

\Yith the exception of ,isiblc light, which is discernihle with tlw 
eyes ancl of infra-red rays ( thermal rays), which arc discernible 
on tlie surface of Jiving organisn1s, no other radiations arc noticed. 
Organisn1s undergo the1n una\Yares and then discount tl1eir C'\-f'll

tual effects. The sa1l1e 1nay be said of variation in tlic gf'neral 
field. 

Tt ha.s ,1lreach· been stated in the introduction that the rnod,,rn 

tendenc:· is to ignore connnon rneteorological factors \\·hicli arc 
disccrniLlc lw living organisms ( heat, cold, lmrniclih·, wind. rain. 
etc.! as detern1ining factors in n1cc1ica1 c1in1atology. :\fodcrn cli
n1atolog:· tends instead to consider certain hiotropic factors, undi."i
cernihle h:· living organisnis, acco1npanying tl1c c111ission of certai11 
electron1;_1gnctic \Va\·es, cf'rtain \·ariations in the atn1ospheric elec
tric field, etc. 

The interest of n1odcrn cli,natological studies is tlicreforc di
rected toward factors which arc wt unfathomahlc and \\·hich ma,· 
he st11dicd onh with the greatest difficult\· in laboraton-, ancl 
therefore studied with great difficult\· in the field of phniolog, . 

. .\.t tl,i.s point T nmst remind the reader nf the fact that, pra,·
ticall:· speaking, alrnost nothing is kno\vn about electron1agnctic 
fields of low and Yen- low freqncncY, either from a stricth phnical 
standpoint or from the standpoint of biological application. l .nnc>;
ml\'c spectroscopic studies are still at an initial stage. 
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The naturalistic stud\' of low frequency and ultra-low frcquenc,· 
electromagnetic fields is beginning to interest scientists, but a wry 
great deal remains to be done. 

I would like to point out that in putting our chemical tests in 
operation we ham not adrnnced any hvpothesis regarding the 
phenomena which should ham been able to influence their 
results. It ,ms left so that tl1e chemical tests themselves might 
indicate \Vhich \\·ere tlie phe11on1ena \vhich sec1ned to determine 
their Huctnation in order to dc1uonstrate later, on the basis of sta
tistical analYsis, if the relationships between the test results and 
tlie phcnon1cna under consideration v.:ere valid. 

l1 p to the present time we haw not l,ecn able to discern any 
bcha,·io11r in the tests that could be linked to the behaviour of 
norn1al n1eteorological or cli1natic phenon1ena in the traditional 
sense of the word. \lore preciselv, one should sa,· that nothing 
climatic has been manifested before our eves with the same evi
dence as \Vas the case \vith solar activit\· and the annual variation 
of test D, which later gave rise to the solar hvpothesis. 

Tliis is not to say, of course, that a 1nore profound and more 
accurate investigation n1ight not unearth a ne\v cle1nent, but this 
element, which l1as not been c,·ident np to the present, conic! be 
of no rnore than secondary in1portancc co1npared \Vith solar 
ele1ncnts. 

This spontaneous grad11ation of the in1portance of spacial phe
non1ena as they concern our research \\·iil have certain things to 
teach m; in fact, it will he impossible to stncl\', in restricted and 
specialized fields, less apparent phenomena if before these the 
111ajor sun phenon1ena and the l1clicoidaI n1otion are not first 
stncliccl profouudh-. Those who hcffe established relationships in 
restricted fields without taking into account the great rnlers of 
space l,a,·e placed their work in jeopardy. 

To be unconcerned with solar actis·itv and the hclicoicla] motion 
of the Earth in medical clirnatolog,· is like being unconcerned with 
temperature in ph\'sical chernistf\'. Temperature has a strong 
influence 011 the coursP of chen1ical reactions and it nzust be con
siclcrecl if we want to stud, am· chemical problem. In the same 
,,·a,·, we cannot studv a biological or medical problem in medical 
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clima1ologv without taking into consideration tl,e stoic of fl/(' "'" 
ancl the season in \vliich the st11diC's are being carried out. 

In considering the state of the su11, one n111st take iuto acc(l111i! 

the phase of the current solar c:·cle, \\·hether it he one of risi11,:..:, o, 

cli1ni11islii11g acticity because of so-called hystcrc.vis. a.'i indica!(·d 
h:· the chen1ical tests, jllst as it is necessary to tak(' into acc(i1111t 
the sat11ration of the effects of the acti\·it\·, \Yl1icl1, too, are l'l(':trh 
revealed l" tl,e chemical tests. 

_Biocliniatological studies slio11ld he organized i11 \ ariou:-- \\ ;t\ ,. 

depending on the nature of tlie spacial phc110111cna 1111d<'r ('01i,id
uation. Solar effects and effects of thl' hclicoidal motion of 111< 

Earth .should he studied througl,ont the entire smfacc of the Earll, 
This is \vork \Yhich should lJe carried out \\'ith tlic assi.sta1H·<· a11d 
collahoration of astropliysicists and geoph:·sici.-,ts. ]'lie organ i;a t i1 i11 
of cxperin1cnts 1nnst, in fact, respond to general n('ccls. Special ;111d 

local l'ffects should be stuclicd in a more restricted localil\. ah,'" s 
ho\\-e\·er, of necessity hearing in n1ind general pffccts. 

It is for this reason that I stated in tl1e i11trod11ctio11 t]1;lt 11H•dic,tl 

cli1natology is a general science. 
If \\'f' are interested in solar effects, it \YOtild lie \Yell to clnHl1H·t 

011r research during a periorl of 11u1xi11uun sol(lr acti1·ify I its ":1, 

clone during tlie recent Geophysical \'ear); if, lH)\\"('\·cr. \\-( .11, 
interested in the effects of the l1clicoidal ,not ion of t l 1c !·:art I 1 .. 11,, 1 

thus tlie seasonal change fro111 a relatiYistic-astropl1:·siL·al -,t.1:1\l
point, the dissyn11netry bet,vef'n the northern ancl .-,out l 1(T11 ) 11 'I 111-
sphcrcs of the Earth, or the effects of latitude, it 11rnild lw h,·sl I , 
conduct our cxperin1ents during a period nf 11ii11i1111u11 .volor :u·\1\ 

ity. Solar outbursts do not aid research in this field; rather. tl1(·.\ 
confnse it, snperin1posing the unasked-for effects of capricio11s :111il 

inconstant solar acth·it:· upon the higltl:· regular effect:-. tl1at .sl11nild 
hl' studied. 

l)e;:on(l tliis natnralistic part ,vhicli constitutes the u11clt·rl: i11c_: 

basis of rneclical clin1atology, and ,vhich n1ay he studied h\- a.-,tr()
physic,d, geophysical and physio-chc1nical 111cans ( clicn1icc1l tvst-,, 
the more cl1l'111icol-pl111sicol-biological port is still to he studi,·d. 
the part \\·hicl1 concerns the 1nechanisn1 h, \\·liicl1 ("..:tcr11al hi1l
tropic c\·ents set upon \vatcr and upon 11on-biological and hiolo'c!;i-
cal colloids. -
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Upon this latter point, studies are not very far advanced. The 
reasons for this lack of development are two. 

One of the reasons is the following: It is only lately, as I showed 
earlier in the chapter on water, that a satisfactory theory has been 
forrnecl regarding the structure of \vater and solutions. The ne\v 
thcorv is still being developed and has not got to the bottom of 
all the problems posed by \\·ater and solutions. The fine proper
ties of water and of solntions hm·e not as vet been well-defined 
from an experimental point of ,·iew in the physio-chemical field. 

The other reason is this: the influence of radiations upon water, 
upon solutions and, generally, upon che1nical phenon1ena in 
aqueous media, has not as yet been thoroughly studied, either 
from a theoretical point of view or from an experimental point of 
view. This lack depends in turn upon the fact that the scale of 
natural radiations has not as ,;et been entirely studied. If the short 
wave-length scales are sufficiently understood, the long and very 
long wave-length scales are completely ignored, as I pointed out 
earlier. 

If it is necessary lo lay the chemical basis of medical climatology 
with exactitude, we should anS\\·er the following question in a 
completely general sense: 

\Vhat is acting from space upon living organisms, and in what 
way does it act? 

The question is simple, but it bears with it a world of things 
astrophysical, geophysical, phvsical, physio-chemical, chemical 
and biological. If, for the sake of simplicity, we disregard actions 
by contact, those that may be studied in laboratory, the question, 
taking into account our general knowledge in the astrophysical 
and geophysical field, can be restated thus: 

Upon what do the radiations which strike the Earth and the gen
eral variations in the field act? 

In order to ans,ver this question, let us revie\v so1nc of the 1nore 
salient facts which were set out earlier and place them in mutual 
relationship. 

1) \Ve are certain that in the space which surrounds us phe
nomena occur which influence living beings from afar ( and not 
by contact wtih material things) bv means of radiations or varia
tions in the general field. 
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2) \\'e are certain;that inorganic and organic (non hiological~\1 
colloidal svstems, in the process of crnlntion arc scnsiti, ,, to spacial 
phenomena and make it possible to follow some of these. at least 
the 1nore iinposing of then1, ,,,ith statistical sureness. 'l'his lias 
n1ade it possible to successfull:· 1nake use of partic1tlar chcrnical 
tests for the study of geophysical and astrophysical pheno1nena. 
'fhe connection bct,\'Cf'11 spacial plieno1nena and pl1ysical-chen1i
cal ( non biological!) phenomena is b,· now firmh· established. 

3) \[odern theory, the best and most refined, attributes to \\'ater 
and thus to solutions and thus again aqueous colloidal systen1s, a 
structure \\'hich offers infinite possibilities of geo1netric and ener
getic , ariation. It is from this, at least in principle, that the fine 
properties of water, colloids and solutions are deri,·ed, those fine 
properties that hvdrologists and biologists kno\\' so \\'ell but wl,ich 
phvsical-chernists and chemists do not recognize or-perhaps 
more precisely-are not capable of identifying in their work. 

4) It is reasonable and logical to recognize the geometric and 
energetic elen1ent, sensitive to external radiations and to general 
variations in the field, in the structure of \vater, aqueous solutions 
and colloidal systems in an ac1ueous n1ediu111. .i\ fc,v \\'Ords on 
this subject would not be amiss. 

First of all it is necessarv to distinguish the action of a corp11sc1I
lar radiation fro1n the action of an clcctrornagnetic radiation and 
from that of a rnriation in the field. Particles strik<' at random and 
their action is sporadic and limited to the zone which is strnck. 

The action of particles never involves the ,,·hole 111ass of a bod:· 
nor, therefore, of an organisn1. Electrornagnctic racliatio11s and 
field ,·ariations, howe,·er, strike the entire mass of a bod,·, a11d 
thus of an organisn1, and provoke the oscillation, excitation or, at 
anv rate, the resonance, so to speak, of all the structnral elements 
capable of responding to their stimulus, wherever they are fo11nd. 
Their action is total. 

In other words, those clements which, depending on their di
rnensions, their gcon1ctric forn1 and their internal energetic rela
tionships, are alile to resound to radiations of appropriate frcq11cn
cy, are the structural elen1ents. 1'here can be no resonance ,vith
ont precise spacial energetic distribution. Therefore, there can he 
no resonance \vithout structure. 



Definite!_,·, all living matter reacts to far-off spacial actions, both 
electromagnetic and field. 

Rct;m,ing to the colloidal systems used as chemical tests, it is 
best remembered that these were not lidng colloids but were 
inorganic colloids ( oxychloride of bismuth) or organic colloids 
( acrdonitnle l. There can then he no doubt regarding the phvs
ical \·,ilidity of tlie discoYered rt'lationships, not cyen fron1 a theo
retical standpoint. 

'fl1at \\·hicl1 rcactf'd to spacial actions ,vas, in our case, dead 
J11at fer and ,,·as thus cxen11)t fro1n ,·ital processes and frorn hered
itary, constitutional, pathological factors and so on. rfhe un
known factor, "life," played no part in our operations. 

The reaction of dead matter is both pure ph,·sical reaction and 
a phnical action and is thus perfect!,· dependable, controllable, 
expcrilllentalh· reproducible and comprehensible, at least in prin
ciple. 

On the other !,and, li,ing matter reacts to spacial actions like 
dead matter. This shows us that the sellsitive part of livillg matter 
is its 1wn-lit:i11g s11bstrat11111: water and the colloids dispersed 
throughout. I an1 not sure ,vlietlier the expression is exact, bnt 
''non-li\·ing s11hstratun1" renders the idea clearly. 

'This is not a supposition ln1t a logical deduction. If inorganic 
colloids in <Hlucuus n1edia and in evolution, that is, not yet having 
attai11ecl a state of tl1ern1od:·nan1ic equilibriun1, react in a niarkcd 
manner to major spacial phenomena, how conk! biological col
loids, which are also colloids in ac1ueous media and not in a state of 
thern1odyna1nic cquilibriu1n, refuse to react? If a li\·ing colloid 
\\·ere to attain a state of thern1odynan1ic equilibriun1 it \vould no 
longer be living since it ,,·otild be incapable of any transfor1nation 
or any evolution and could not be l1ost to vital phcnornena. 

E:xperin1ents corroborate tl1c deduction I ha,·c just n1cntioned, 
became the,· l,aw eleark shown that the same fluctuations re
,·ealecl Ii,· inorganic colloids are simultaneously re,·caled also by 
biological colloids. The data which ha,·e been gathered speak 
clearly: there can be no <loubts of any consistency. 

It could be ohjcctccl tliat li,-ing matter, unlike non-living mat
ter, would do its utmost to maintain its conditions of life or to 
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re-est,ililish them, whenc\'er these should he altered. lt could he. 
therefore, that tl1e reaction of li,·ing organis1ns to spacial actioni.; 

would he less conspicuous than that of inorganic colloids. Tlic 
effects of spacial actions ,,·ill be co1npensatcd in son1e n1anner a11d 

so rendered less apparent. 13ut co11scr\'ing or reJH::'\\·ing ,·ital co11di

tions is also a reaction to <.'\.ternal actions and is const11ning and 

trot1l>lcso111c: it is the stiffcrin~ of a/f the nu1ttcr co111prisi11g ;1r1 

or~a11i.-.,1n because, as I l1a,·e said earlier, tl1c actions strikt' all of 

tlie li\·i11g ,natter hy n1<'a1i., of the 11on-li,·illg .'it1li .. ,;trat11n1. It co1ild 
also he. in certain cases, tl1at tlic organis111 docs not re\ cal ,-i-.,ilill· 
alteration), but lio,,· n1ucl1 \\·nuld not re\·ealing an: rcactio11 l1a\ t' 

cost it? 
:\nd 110\\·, a final consideration; 

The fact that li\·ing n1atter reacts to spacial actions like 11()11-

li\·ing 1nattcr) because \\·hat reacts is its noH-li\·ing suhstra!11111, js., 
c c 

so111etl1i1Jg of 1najor in1portaucc, as 1 sec it. 

It is to he borne in n1ind for gc11cral reasons, because\\ c aH· tl111.s; 

assured that \\·liate\·cr living being, all anin1al or plant, 1111icclli1L1r 

being or superior orgauis1n there he, is destined to he :,,tilljr'cl to 

the gL'lll'ral influence of spacial c\·ents. :\ll liYing being:-. arc lio1111d 

n1orc illtiu1atelY to tl1c external \\·orlcl tl1an one \\-otild tliink. 

ft is al.\o to he borne in 111ind fro111 a n1ctliodological sta11dp()i11L 

since it provides us ,vith the liope of l)cing ahlc to :-.tird.\· tl1<' 
pheno,ncna of n1edical c1in1atolog:- on i11orga11ic 11u)(fcls, a.-; poi11t
cd out earlier. Chen1istry offers an infinit:· of inorganic rnodt'ls ol 

highly ,·ar::ing types \Yhich \VC n1ight he al)lc to utili/c in tlic 1110..,t 

disparate circun1stances for tlH" study of ,·arious nat11ral plicnon1-
ena. 

~"-ncl, finally, it n1ust be taken into account fron1 an ecological

elin1atic point of vie,v because everything that is 1nadc np of \\·att"r 
or \Vhicli contains ,vater, solutions, colloiLL.11 sol!itions, snspcnsio11..,_ 

is subject to the sa111e spacial actious as arc li\·ing orga11isn1s, a11d 

is 111odificd as a result. Thus tlic \Yater of ri,·crs, lakes, seas, n1ar.•d1-

es and ponds, their inorganic, organic and hiological colloicls. cla:·, 

sediment, mncl, in short all that is found in a dispersed state a11d 
which has not wt attained a state of thennod\'narnic cqnilihri,mi. 
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Even this is not a supposition, bnt a deduction based on experi
mental facts. :\losetti has observed, on the basis of Vercelli's pe
riodical analvsis, that a very great part of major natural phe
no1nena, considered as functions of tin1c, are subject to a general 
law. Their fluctnations ma,· be broken down into a series of pe
riods \.vhosc lengths arrangccl in or<ler of size, forrn a geo1nctrical 
progression \Vhosc rate is \ 2. Solar spots, rainincss, certain sick
nesses, sedi1nents in lakes and n1arshes, varve, 1nagnetis1n, etc., act 
in the same manner. This means that all of these phenomena, so 
dissimilar, arc either all nmtually connected or else thev all de
pend upon the same major spacial occurrence which effects them 
all, both with eventual de-phasing and with varying intensity, the 
san1e rhvthn1ic characteristics. 

If the ideas postulated herein are acceptable, spacial action, 
from a climatic standpoint, should be two-fold: 1) directly 
striking the lidng organism: and 2) moilifying its environment. 

Spacial action reacts npou the inner world and, at the same time, 
npon the outer world. So that the modified organism finds itself 
in a modified environment. The inner world (lnu;e/t) aud the 
ontcr world (Umu:elt) react jointlv to the major spacial phenom
ena. 

The foregoing is no more than an attempt to give a chemical 
basis or, more preciseh·. a phssical-chemical basis to medical cli
matolog,·. It does not secrn possible to sav more at this moment 
in view of the prcscut state of climatic studies and physical-chem
ical studies of the fine properties of water, aqueom solutions and 
colloidal solutions. The latter stndies are still in the process of 
clc,·eloprnent and great hopes are attached to their future. 

Anyone with sufficient patience to have followed this exposition 
will have noticed that I have set out certain facts of a varied nature 
in order to form frorn them a logicallv connected and interdepend
ent whole, notwithstanding the great disparity in these facts. I 
used the word "facts," meaning bv this established and certified 
facts. I had no desire to advance a hypothesis which was not 
based on experiment. 

I realize that this has not liccn a complete exposition; I am 
equallv aware that I ha,·e stripped my presentation of all argu-
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ments that were not absoluteh, essential to the aims of this report. 
I am also aware that I am Lu:from solving the problem set hefort' 
me, hut I hope to have at least been able to indicate a dircctio11 
capahlc of guiding whoe,,er should wish to concern himself fm
ther with this intriguing study, 
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