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EDITORIAL INTRODUCTION, CONCLUSIONS AND REMARKS 

G.J.M. Tomassen 

Secretary-treasurer of the Foundation for Study and Research of Environ­
mental Factors (SREF), P.O.Box 84, 6700 AB Wageningen, The Netherlands. 
Guest-researcher Dept. of Ecological Agriculture, Wageningen University, 
Haarweg 333, 6709 RZ Wageningen, The Netherlands. 

More than two years of preparations resulted in the 19th of April 1989 
being imprinted in our memory as the opening day of the "First Internatio­
nal Congress on Geo-Cosmic Relations; the earth and its macro-environment". 
During the preceding period every effort was made to develop what in the 
first stage was no more than the vague outline of faint initial objectives 
only. It was a long way, from that primordial starting point 'the concept' 
to that very ultimate stage wherein so many representatives of so many 
disciplines, both familiar and less familiar, coming from so many countries 
all over the world, were gathered in the magnificent Amsterdam N.M.B.-
building for the opening ceremony of three long days of focusing on the 
main conference topic: 'The Earth and its macro surroundings'. 

The Foundation SREF's main objective is to advance the interdisciplinary 
study of the Earth as a macro-system, and in particular the interaction 
between terrestrial and extraterrestrial phenomena. In doing so it intends 
to contribute to the implementation of the resolution adopted during the 
Tenth International Congress of the International Society of Biometeorology 
at Tokyo on July 29, 1984. This resolution calls for interdisciplinary 
efforts in the study of complex relationships between living organisms and 
their near and far environment. The full text is included in the memorandum 
of association of the Foundation. It is also included in the contribution 
of C. Capel-Boute (past President of CIFA, Univ. Libre de Bruxelles) who 
can be considered as one of its architects and successful promotors. 

This Congress was in line with the intentions of the latter resolution, 
but apart from this it was also because of our esteem and regard for the 
prodigious body of knowledge shaped by the scientific endeavour of so many 
eminent scholars during the past decades that SREF felt called upon to 
organize this event. It was their thorough and sometimes even brave scrutiny 
which set the scene for that challenging new field of research: "Geo-Cosmic 
Relations", wherein we are prompted to shift our scope from our limited 
near environment to the entire solar system, and -on the highest scale- to 
space. 

It may be said: the Congress Programme is a testimony of the growing 
awareness about the coherence of all constituents of the global system. 
During three days the participants were involved in tens of lectures 
uncovering intricate and even gripping matters reflecting recent results 
or sometimes the state of the art of a multitude of disciplines. Notwith­
standing this multidisciplinary approach (which of course made the audience 
run the risk of losing its bearings more than once) the Congress kept its 
atmosphere of transparency until last concluding word. 

Hard work has been done. And, as a matter of fact, this justifies con­
tinuation at more or less short notice. It is needless to stipulate the 
importance of building on those first few milestones. Without further 
coherent strains in the near future we will miss our mark. 

In view of this some important resolutions were passed during the Congress 
business meeting on April 21, 1989. Firstly we may recall the establishment 



of the International SREF Advisory Board, to be considered as a sign of 
support and moreover as a coherent strengthening of our very diverse 
forces. We are convinced that this International Body will facilitate and 
even stream-line our future targets, in direct conformity with the contents 
of the Tokyo-resolution. 
Secondly, following a resolution adopted during the same meeting the 
"Second International Congress on Geo-Cosmic Relations; the earth and its 
macro-environment" will take place in Amsterdam on April 1992. This next 
Congress will be organized again by the Foundation for Study and Research 
of Environmental Factors (SREF). We hope that the past Congress and the 
projected second one may provoke a continuous series of stimulating future 
meetings, thus contributing to further exchange of knowledge and building 
on the growing expertise. 

A small working group took charge of formulating more detailed proposals, 
reflecting in more specific terms the general intentions of the above 
mentioned Tokyo-resolution. During the second Congress we intend to come 
back on this in more detail. 

Without a written, printed testimony, time undoubtedly would soon wipe 
out all traces of this Congress. Thus, it was decided at an early stage 
to prepare and publish its Proceedings as soon as possible. Unfortunately, 
this proved to be more difficult than anticipated. Recommendations 
concerning lay-out, format, length, and deadline had to be revised halfway, 
resulting in additional work and costs for our authors. We sincerely 
apologize for these inconveniences. 

We do not need to emphasize every author's own responsibility for the 
contents of the individual contributions. The editors are responsible for 
the selection of the papers and for the order in which they appear. Papers 
were included when their subject was within the scope of the Congress, and 
when their scientific merits seemed acceptable. Linguistic corrections 
were only applied when considered unavoidable, and care has been taken to 
preserve the original meaning. Some papers were included although their 
authors were unable to attend the Congress. In a number of cases it was 
decided for various reasons to include a paper in the form of an abstract. 
In general, the aim of the editors was to present the best overview 
possible of present-day knowledge with regard to 'the Earth and its Foreign 
Affairs' as presented at the Congress. 

We express our utmost gratitude to all those individuals and institutions 
who, by their support and contributions of any kind made this effort 
possible and recommend the result to your kind attention. 



OPENING ADDRESS FOR THE GEO-COSMIC CONGRESS, 
AMSTERDAM APRIL 1989 

Prof.dr. H.C. van der Plas 
Rector of the Agricultural University, Wageningen 

LADIES AND GENTLEMEN, 

It is a great honour and pleasure for me to make a few introductory 
remarks at this international congress on Geo-Cosmic relations, with 
highlight contributions on astrophysical, chemical, biological and 
human phenomena and theoretical aspects. There are two features of the 
congress that I would like to emphasize because they are in line with 
the aims and ambitions of the Agricultural University of Wageningen. 

I would f i rs t like to mention the interdiscipl inary character of the 
scientific contributions to the congress, which is quite unusual. When 
I look at the disciplines concerned, I can see a s t r ik ing resemblance 
to the main categories of scientific work at our university. Human 
Phenomena, for example, we can recognize as food science in relation 
to human health, but also as various social sciences; physical and 
chemical phenomena we f ind in soil, crop and zoological sciences, and 
of course biological phenomena in the various applications studied 
here. This multidisciplinary approach is something that should be en­
couraged. It is what is urgently needed for the investigation and 
solution of the large-scale problems, such as the hole in the ozone 
layer, and the destruction of the tropical rain forest with all their 
far-reaching consequences, that we are meeting today and shall be con­
fronted with in the near fu ture. Mister Deetman, the present Minister 
of Education and Sciences, has earlier expressed the hope that more 
interdisciplinary research will be carried out in the Netherlands, 
part icularly because scientists working together from dif ferent disci­
plines could achieve important breakthroughs. The barriers between 
different sciences must indeed be lowered and even disappear to make 
this possible. Maybe this congress will make a contribution to this 
relatively new approach of interdisciplinary research, but it is the 
start that is important, however modest it may be. 

And now, after praising the interdiscipl inary approach, 1 would like 
to stress the other important feature of this congress, namely, that 
i t focusses attention on the care of the environment and, with regard 
to its management and repair, encourages th inking on a much wider, 
larger scale. Care of the environment is not only a local affair; i t 
appears to be increasingly a supra-regional, a world-wide problem -
and who knows, may even have astronomical dimensions! 
In a way, i t is brave of you to consider the cosmic aspects of the 
problems of the Earth, because there is scarcely a scientific frame­
work on which to base an understanding of the relationship between 
processes on earth and those in surrounding Universe, or at least the 
solar system. 
In all the different aspects you will be discussing in the next days; 
i t is therefore good to discuss fundamentals, the theory behind the 



application. In this way, new areas of research that will be relevant 
in the next few decades, can be opened up. Also at the Wageningen Uni­
versi ty a similar approach is being adopted and I was pleased to note 
that the Department of Ecological Agr icul ture has taken the init iative 
for this meeting. 

I hope that your papers and discussions will be f ru i t fu l and contri­
bute to the establishment of a wider way of th inking in all f ields. 

On behalf of the Wageningen Agricultural University, I declare this 
f i r s t international congress on Geo-Cosmic relations to be opened. 

Thank you 



OPENING SPEECH FOR THE GEO-COSMIC CONGRESS, 
AMSTERDAM APRIL 1989 

Prof. J.D. van Mansvelt 

Department of Ecological Agricul ture, Haarweg 333, 6709 RZ Wageningen, 
the Netherlands 

Ladies and gentleman. 

It is a great honour and a real pleasure as well, to welcome you as 
invited speakers and participants of this f i r s t international congress 
on Geo-Cosmic Relations, dur ing which all kinds of researches con­
cerning correlations between processes on earth and in its macro-
environment will be presented and discussed. 

Although this conference was our idea, and we have organised it, it is 
only by your participation, showing your serious interest in the not 
very common subject, that it could take place! 
So, I not only welcome you but also thank you for your keen interest 
for your preparation of papers and for t ravell ing so far to come here. 
Already 100 participants from 17 nationalities have been registered by 
the organisers [ca. 10% North America; ca. 20% East Europe; ca; 70% 
West Europe, including ca. 40% Dutch]. [9 Dutch concentrations out 
of 49]. 
I am sure that the chance to meet so many colleagues working in the 
same rather unusual f ield will be one of the exciting benefits of this 
congress. The large number of papers that will be presented in the 
next meetings will be important ignitions for the intercolleagueal 
discussion which I mentioned. 

This congress aims explicit ly at the study of Geo-Cosmic relationships 
and, as such, it is the f i rs t one to emphasizes the multidiscipli-
nary approach (and perhaps even interdiscipl inarity ! ) as an essential 
next step in correlating research into cyclic processes, which uptil 
now, was more or less limited to individual disciplines. 
As our invitation showed and the program proves, this multidiscipli-
nary approach is not just used as a slogan, but r igourously encom­
passing: 
• physical disciplines like astrophysics and meteorology, 
• chemical disciplines like inorganic chemistry and biochemistry, 

biological disciplines from physiology and biophysics to agri­
culture and, f inally, 

• human phenomena from medical, psychological and psychosomatic 
disciplines down to the 

• theoretical foundations of science. 
If this congress is to be the success it promises to be, when we look 
at the expertise that is now available by you being here, it seems 
both obvious and worthwile to think of possible repetitions of this 
event. An important purpose for a next conference would be to develop 
these various disciplinary approaches into interdisciplinary coopera­
tion. 
It is of vital importance to understand the correlations of periodic 



processes within the solarsystem with the variety of periodicities 
within the biosphere; that a thorough understanding needs to be based 
on interdisciplinary research will become evident dur ing the next 
days. 

However the connection between these disciplines and the Geo-Cosmic 
Relationships that are the subjects of this congress, needs a scien­
t i f ic explanation. Of course, each of you will have something specific 
to add to these general remarks, and so help to complete the picture 
of this challenging object of study. 

Looking more closely at the conceptual problems surrounding the kind 
of research that we will discuss these days, a main problem is that we 
miss a clear concept of causalities l inking the cycles of the solar-
system and its continuously changing constellations to the variety of 
processes in the biosphere. 
The question is whether this kind of research demands a revision of 
our usual concept of causality or, in other words, whether the usual 
concept effectively prevents or even prohibits the continuation of 
this kind of research. 
This causality question confronts us also with the question whether 
only one type of causes can ever be sufficient to understand the whole 
range of processes indicated before. 
Could it be that some levels of reality, some realms of nature, need a 
modified causality-concept instead of the one that was developed to 
explain material phenomena in physics? 
Leaving aside the common concept of causes exterior to the affected 
phenomena, some philosophers propose interna! causes in human beings 
in addition to, or instead of, the external causes that govern phy­
sical matter. 

I r retr ievably l inked with the concept of causes is the question of in 
how far, for example, human beings are influenced or even governed by 
such not yet sharply defined influences from within our solar system 
- "solar system" sounds much closer than "outer space"! - because such 
influences would interfere with our notion of freedom and responsi­
bi l i ty. 
The results of the research that is to be presented dur ing the next 
days, will probably emphasize at least the need for a very discering 
and subtle approach of this causality question, lying between the 
dogmatic wholly predestinated and the wholly coincidental concept of 
human life, which is just as dogmatic. 
This subtle approach of causality might also help us f i r s t to accept, 
and subsequentially to gradually understand some of the di f ferent 
degrees of dependence on cosmic influences, represented by di f ferent 
types of correlations, that can appear, for example, between verte­
brates and invertebrates, animals and plants, seed plants and spore-
bearing plants etc. 

Another characteristic of natural sciences, especially in so far as 
they claim to be exact sciences, is the question of variabi l i ty of the 
experimental results, namely the variance of the data. Here, the rela­
tionship between the rationality of natural laws, the randomness or 
i rrat ionali ty of chance and all that can influence the data such as 
experimental errors, sampling errors, errors of measurement, biases 
and deviations is at stake. Much of the research that will be pre-



sented dur ing this congress would never have been found if the usual 
variabi l i ty of experimental data had been taken as inherent for the 
object under study. Many of them may have started as inquiries into 
the rest-varience of some kind of variance-analyses. 
In other words, our problem can be reformulated as the question of 
neutrality of time, namely the reproducibi l i ty of the process or pro­
cesses under studie. 
The more we suppose them to be unaffected by time or, in other words, 
the less we can or want to imagine those processes to be influenced by 
temporal alterations of any - as yet unknown - factor, the more we 
will tend to stress the inherent nature of the observed variabi l i ty 
and regard any research into the underlying cycles as irrelevant. 

The problem of the relationship between rational scientific concepts 
(laws, theories) and accepted i rrationali ty (part ly diguised as the ratio 
of coincidence), also confronts us with the contrast between the 
empirical roots of natural sciences and the conceptual or theoretical 
ones, or, in other words, the inductive versus the primarily deductive 

,approach. 
If we f ind in empirical data reliable correlations that we cannot yet 
explain (understand) within the usual framework of concepts, should we 
then deny or disregard these data, for example by averaging them, or 
should we feel obliged to take the data for facts of the studied mat­
ter, and t r y to widen or adept the existing concepts to account for 
the additional evidence we have found. ' 

As an agricultural ist I would like to f inish this introduction by con­
sidering possible applications of the knowledge that this conference 
wants to contribute to. 
However, in this interdisciplinary context I should start to emphasize 
that agriculture is much more than the production of milk, pigs and 
potatoes. It ranges from food production over food processing and con­
sumption to nutr i t ion and personal health; but also from farming over 
landscaping and nature conservation to the sustainable management of a 
healthy environment. Agriculture is the basis of biosphere-manage­
ment. 

Now suppose that the term biotechnology would be a neutral descriptive 
term indicating "the art of life-proces-management", then agriculture 
(or "biosphere management") would be r ight from the start a type of 
bio-technology. Medicine would then be another important type of bio­
technology, and, somehow, a counterpart of agriculture. Both are, at 
least part ly, applied life sciences. Like all other arts or technolo­
gies, it would develop throug time and reflect the cultural develop­
ment, the history of those practising it. 

Reviewing the agricultural development in this century, there is a 
clear tendency to develop techniques that make agriculture 
increasingly independent of the capriciousness of nature. 
By severing an unreflected number of ecological relationships these 
interventions have generated a whole range of unforeseen side effects 
that we are now discovering all over the world. 

Bio-technology, in the usual sense of the word goes a step fu r ther by 
creating a fully-controled artif icial environment wherein rigorously 
disconnected processes, ranging from biosyntheses to embryology, can 



proceed in a very controlled way. 
Some people, though highly impressed by the level of technical sophis­
tication and investment of intellect, are, at the same time, worried 
by the huge amount of money and fossil energy that must be invested to 
realise this intellectual planning, and fur ther more worried by the 
problems of reintegration of the disconnected processes into the world 
outside the biotechnological plants. 

Would another possibil i ty, for the development of Bio-technology, be 
increasing our knowledge of Geo-Cosmic relationships, and seeing how 
this can be implemented in, for example, the practice of agriculture 
[biosphere management], climatology, meteorology and medicine? The 
more we know about the interactions of various lifecycles, the more 
we can make our cultural activities f i t in with the rhythms of nature 
in a rational, reasonable way. 
Instead of constantly f ight ing against what we perceive as natures 
capricious i rrat ionali ty, we could develop a rationally supported 
intuition or even feeling for her cycles, and, consequently, change 
over to working with nature. Then we could make use of those cyclical 
forces in some kind of bio-synthetic time management. 

It is clear to me that this last option of Biotechnology would not be 
possible to realise in a short time. But, interestingly, the same is 
t rue for the approach of Biotechnology described in "Brave-new 
wor ld". 

To make sure that the next generations will get a fair chance to 
choose the kind of fu ture they want, the kind of research that wil l be 
presented dur ing this and future Geo-Cosmic congresses, and in the 
proceedings and other publication arising from them, should get the 
attention and financial support it deserves. It deserves maximum sup­
port because it is both environmentally sound and relevant. It is 
th rust ing back the f ront iers of our present knowledge; opening the way 
to a re-integration of our human management of life procesess in the 
biosphere into a harmony with nature. 

With these words I now have the pleasure and honour to declare the 
working sessions of the First International Congress on Geo-Cosmic 
Relations opened. 

Prof.drs. J.D. van Mansvelt 
Apr i l 20th 1989 
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DYNAMICS OF THE SOLAR SYSTEM 

W. de Graaff 

Em. professor of astronomical space research, State University of 
Utrecht, 3992 JD Houten, The Netherlands 

Summary 

The dominant factor governing the behaviour of the Solar System is 
the Sun's gravitational attraction which determines, a.o,, the 
orbital motion of the planets around the Sun. In addition, the 
mutual attraction of the planets is responsible for periodic 
perturbations of these orbits. The same force fields also determine 
the motions of the smaller bodies in the Solar System, such as the 
planetary satellites, the asteroids, the comets, and the meteoroids. 
In a number of cases these perturbations lead to resonances between 
the orbits of different objects. As for the larger bodies, the 
dimensions of which cannot be neglected as compared with their 
distances, differential gravitational forces (tidal forces) more or 
less strongly set the conditions in the surface and adjacent 
interior layers of these bodies. 

The temperature balance of the planets and the smaller objects is 
dominated by the electromagnetic radiation from the Sun which is 
partly reflected, and partly absorbed and re-emitted in some form 
or other by these objects 
Keywords: Solar System, dynamics, resonances, tidal effects, 
radiative equilibrium. 

Introduction 

In discussing geo-cosmic relations, i.e. relations between the 
Earth and its environment, some of the first types of relations 
which come to mind are the one which binds that environment, the 
Solar planetary system, together, and the one which, among other 
things, makes life possible on Earth. It is the purpose of this 
paper to describe the present state of knowledge with respect to 
these relations. 

1 Gravitational attraction 

1.1 History and general properties 

It was the German astronomer Johannes Kepler who, in the first 
decades of the 17-th century, discovered the laws which govern the 
motion of the planets around the Sun and which still bear his name: 
(1) Planetary orbits around the Sun are ellipses, with the Sun in 
one of the two focal points 
(2) The radius vector from the Sun to the planet covers equal 
areas in equal periods of time 
(3) The.square of the orbital period of a planet is proportional 
to the cube of the semi-major axis of the orbital ellipse. 

In the latter part of the 17-th century, Isaac Newton formulated 
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the fundamental law of gravitational attraction: 
Two point masses attract each other with a force which is directly-
proportional to each of the two masses, and inversely proportional 
to the square of their distance. 

This law is equivalent to the three laws of Kepler. The 
gravitational force was instrumental in the evolution of the Solar 
system from a huge interstellar cloud consisting mainly of gas and 
dust to the form in which it presents itself to us today. 

With over 99»8 percent of the total mass of the present Solar 
system concentrated in the Sun, it is clear that in a first 
approximation each planet can be considered to move around the 
Sun. When higher accuracies are required and possible, the mutual 
attraction between the planets and the mass ratios between the Sun 
and the planets have to be taken into account. This results in 
weaker or stronger perturbations of the ideally Keplerian orbits 
of the individual planets. 

That the Earth had a true companion, our Moon, was known from 
times immemorial. However, that it was not the only planet to have 
such a companion was discovered by Galileo Galilei in l6l0, when 
he saw through a telescope four tiny lights moving about Jupiter. 
Today we know that all four of the giant planets are accompanied 
by between 8 and 25 satellites. Moreover, we also know that not 
only Saturn, but all four of the giant planets have rings. 
Apparently rings, too, are a general, rather than a peculiar 
phenomenon. 

We find that the Solar system is full of cyclic motions at two 
levels: the motion of the planets, as well as the smaller bodies 
of the Solar system such as the asteroids, the comets and the 
meteoroids around the Sun, and the motion of the satellites and 
ring particles around their parent planet. The motions of these 
bodies interact in various ways with each other as well as with 
the mass distribution within the bodies themselves. 

1.2 Gravitational resonances 

In complex systems such as our planetary, satellite and ring 
systems application of the lav/ of gravitational attraction 
produces a number of special features. In many-body systems the 
mutual attraction of all of its members as superimposed upon the 
attraction of the central body will produce what is called 
resonance effects. These effects occur when the orbital periods 
of two or more small objects orbiting a much more massive central 
body have a ratio equal to the ratio of two small integers. The 
general understanding at present is that the orbits slowly expand 
at different rates due to tidal interaction with the central body 
(see section 1.3). When a state of commensurability is reached, the 
orbital periods become locked in resonance, and remain so for the 
foreseeable future. As an example of this, the inner three Galilean 
moons of Jupiter, i.e. Io, Europa and Ganymede, have orbital 
periods which are proportional to 1, 2 and k, respectively (see 
Table 1). It should be remarked here that perfect resonance (i.e. 
to at least nine digits) occurs not for the sidereal periods shown 
in the table, but for the anomalistic periods, i.e. the periods 
with respect to the common line of apsides (major axis) of the 
orbital ellipses which itself rotates with a sidereal period of 
^86.811 days. These anomalistic periods are equal to I.762 731 8, 
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Table 1. Resonances of satellites of Jupiter. 

Satellite Sidereal period Ratio 

Io 
Europa 
Ganymede 
Callisto 

I.769 158 days 
3.551 lol 
7.154 553 • 

I6.689 018 

1.0000 
2.OO73 
4.0441 
9.433^ 

3.525 463 6, and 7.050 927 2 days, respectively. 

Similar commensurabilities can be found in the satellite system 
of Saturn. Here, too, we have simple ratios for the orbital periods 
of Mimas and Tethys ( 1 : 2 ) and of Enceladus and Dione (1 : 2 ) . 
Less perfect ratios exist for Mimas and Enceladus (2 : 3 ) , and for 
Dione and Rhea (3 '• 5) , as shown in Table 2. For the Uranus system 
the situation is somewhat more complicated but here, too, resonances 
occur. 

Table 2. Resonances of satellites of Saturn. 

Satellite Tropical period Ratio 

Mimas 
Enceladus 
Tethys 
Dione 
Rhea 
Titan 

0.942 422 days 
I.37O 218 
I.887 802 
2.736 915 
4.517 500 

15.945 421 

2.0686 
3.OO76 
4.1437 
6.0075 
9.9159 

35.0000 

In the Solar planetary system itself, efforts are being made to 
explain the near regularity of the planetary orbits in terms of 
resonance effects. It is certainly true that at present Neptune and 
Pluto are locked in a strong 2:3 resonance with respect to Pluto's 
line of apsides (Pluto's orbit has the largest eccentricity), in 
Table 3, the ratios of subsequent sidereal orbital periods are 
shown. Other interesting ratios are those between Earth and Mercury 
(4.152 or about 4:1), Hars and Venus (3.057 or about 3:1), Uranus 
and Jupiter (7.085 or 7:1), and Pluto and Uranus (2.956 or 3:1). 

Table 3. Resonances of the planets. 

Planet Sidereal period Ratios 

Mercury 
Venus 
Earth 
Mars 
(Asteroids) 
Jupiter 
Saturn 
Uranus 
Neptune 
Pluto 

0.24085 yrs. 
O.6152I 
1.00004 
I.88088 

(4.7245) 
II.8671 
29.4615 
84.0761 

164.8252 
248.5405 

2.554 or abt. 
I.626 
1.881 
2.512 
2.512 
2.483 
2.854 
I.96O 
I.508 

5:2 
5:3 
2:1 
5:2 
5:2 
5:2 
3:1 
2:1 
3:2 
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If one examines the distribution of orbital periods of the 
asteroids in comparison with the orbital period of Jupiter, peaks 
are found at fractions of 2/3 and 3 A times the period of Jupiter, 
and gaps at fractions of 1/2, 3/7, 2/5, 1/3, and 1/k. Furthermore, 
at least part of the detailed structure of the various ring systems 
can be explained in terms of resonance effects due to nearby 
satellites. 

1.3 Tidal forces 

Another special feature of gravitation occurs when the dimensions 
of the objects involved are not negligible as compared to their 
mutual distances. When that is the case, the masses of the objects 
can no longer be considered as point masses, and the mutual 
attraction of different parts of the objects must be taken into 
account. If, as an example, we consider the Earth-Moon system and 
take the centre of the Earth as a point of reference, the part of 
the Earth nearest to the Moon will be attracted by the Moon more 
strongly than the centre, and the part farthest away from the Moon 
less strongly. These differential gravitational forces are called 
tidal forces, and their effects upon the surface of the Earth 
include the familiar tidal waves of the oceans. It can easily be 
seen that tidal forces are inversely proportional to the cube of 
the distance between the mass centres of the objects involved. 

The tidal forces of the Moon and, to a lesser degree, those of 
the Sun lead to the transportation across the Earth's surface of 
large amounts of ocean water. The friction which these water masses 
encounter during their motion produces a small, but observable 
deceleration of the Earth's rotation velocity. On the Moon, as on 
nearly all other planetary satellites, this tidal friction has 
resulted in locked motions, i.e. the rotational period of the 
satellite has become equal to its orbital period. Thus, the same 
hemisphere of the satellite is always directed towards the planet. 

If the orbit is elliptical instead of circular, the tidal forces 
will vary during each revolution, and this will in general produce 
frictional heat inside the body of the satellite. The results of 
this are most clearly seen on the surfaces of the inner two 
satellites of Jupiter: lo with its active volcanoes, and Europa 
with its constantly reworked icy surface. 

2 Electromagnetic energy 

2.1 Sources 

Apart from the direct effects of gravitational attraction, we 
have an important indirect effect in the form of electromagnetic 
radiation emitted by the Sun. As is well known this radiation is 
produced in the central parts of the Sun by the spontaneous fusion 
of hydrogen to helium. This fusion occurs due to the extreme 
conditions prevailing in the core: pressures up to some two billion 
atmospheres, and temperatures up to some fifteen million degrees. 
These conditions result from gravitational forces tending to pull 
matter inward until a pressure is reached capable of withstanding 
further contraction. When the proper conditions for fusion are 
reached it will start spontaneously, and the resulting energy 
production will help to oppose the gravitational contraction. This 
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energy will then tie transported outward, and emitted from the Solar 
surface at a temperature of about 6000 K. The equilibrium achieved 
in the process will last approximately 10 billion years, about half 
of which have elapsed so far. 

The energy radiated into space by the Sun is partly reflected, 
and partly absorbed and re-emitted in some other form by the planets 
and the smaller objects in the Solar system. In addition, only the 
larger planets seem to have energy sources of their own. The amount 
of energy emitted by these sources is of the same order of magnitude 
as the amount of Solar energy intercepted by the planetary surfaces. 
In general, however, it is the Solar energy which dominates the 
conditions near the surfaces of the planets and other objects, and 
in particular their temperature. 

2.2 Effects on planets and satellites 

The equilibrium temperature of the outer layers of planets and 
satellites including, if applicable, their atmospheres, is 
determined by the amount of Solar energy absorbed by these layers 
and by the size of the objects. On the Earth, these equilibrium 
conditions have led to the emergence of life. 

The ways in which life evolved on Earth depended strongly upon 
its physical and chemical properties, such as its orbit around the 
Sun, its seasons caused by its rotation about an axis which is not 
perpendicular to its orbit, the original structure and composition 
of its atmosphere and surface, in particular the presence of large 
oceans of liquid water, the tidal effects, and many others. Since 
the tidal effects, although partly due to the Sun, are dominated by 
the Moon, our natural satellite, too, exerts some physical influence 
upon the evolution of life on Earth. 

As far as we know, the Earth is the only object in the Solar 
system on which life has emerged. This means that the conditions 
prevailing on Earth shortly after it originated must have been 
rather strict. 

3 Relative influences upon the Earth of Sun, Moon and planets 

3.1 Gravitational attraction 

We have seen that both the Sun and the Moon exert an appreciable 
influence upon the Earth in terms of gravitational attraction. If we 
want to compare these forces with those of other objects in the 
Solar system, we have to apply Newton's law and take into account 
the masses and distances of these objects. Thus, if we put the 
gravitational attraction of the Sun at one million, we find for the 
relative force of the Moon about 5^00, of Jupiter 5^, of Venus 32, 
of Saturn k, of wars 1.2, and of the other objects less than 1. 

3.2 Tidal forces 

As we have mentioned, the Moon exerts the strongest tidal force 
upon the Earth, with the Sun as a good second. If this time, 
therefore, we put the Moon's tidal force equal to one million, we 
find '+80 000 for the Sun, 56 for Venus, 6 for Jupiter, 1.1 for liars, 
and less than 1. In all of these cases we have used the distances 
at closest approach to the Earth. 
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3.3 Electromagnetic radiation 

Here v/e must take into account the fact that the Sun is virtually 
the only source of electromagnetic radiation in our Solar system. 
The radiation we receive from the planets is in most cases only, 
and in the other cases mainly reflected Solar radiation. Therefore, 
the ratios are still larger here than in the previous sections. 
Thus, if we now put the radiation received from the Sun at 10 
billion (10 000 000 000), we find 25 000 for the full Moon, 15 for 
Venus, 3.3 for Mars, 2.8 for Jupiter, 1.3 for Mercury, 0.3 for 
Saturn, and much less for the other objects. The values for the 
planets apply to the condition of maximum brightness. 

Conclusions 

The physical influences of the planets of our Solar system upon 
the conditions on Earth are many orders of magnitude smaller than 
those exerted by the Sun and the Hoon. Cnly in the case of resonance 
the effects might, under exceptionally suitable conditions, become 
much larger than they normally would be. Sven in general the effects 
need not be totally negligible. However, any theory dealing with 
geo-cosmic relations in \rtiich these planets play a role should take 
account of those facts. 

Literature 

Patterson, C.W., 1987. Kesonance capture and the evolution of the 
planets. Icarus 70:319-333. 

.Resonant explanations, July 198l. Scientific American 2Ä5 No. 1: 
5^-56. 

Seidelman, P.K., Dogett, L.E. & DeLuccia, M.R., 197^. Mean elements 
of the principal planets. Astronomical J. 79:57-60. 

The Astronomical Almanac for the year 1989. 
Washington: O.S. Government Printing Office, 
London: Het Majesty's Stationery Office. 

16 

file:///rtiich


RADIATION IN OUR ENVIRONMENT FROM THE ATMOSPHERE AND FROM SPACE 

E. Wedler 
Institut für Meteorologie, Freie Universität Berlin, 
Dietrich-Schäfer-Weg 6-10, D-1000 Berlin 41 (F.R.G.) 

Abstract 

The several radiation ranges of the electromagnetic spectrum, i.e. the 
radiation intensities and their variations being effective in the human's 
living space, are shown. This includes light radiation (IR...UV), x-ray 
and particle radiation of solar and cosmic origin as well as solar meter 
and decimeter wave radiation and atmospherics within the low-frequency 
ELF-VLF range. Additionally, the man-made radio noise as well as the ter­
restrial kinds of radiation with biological efficacy possibilities are 
dealt with. 

Introduction 

As well as for other complexes of environmental factors producing effects 
on biological systems (Wedler, 1976), for the radiation complex we have to 
differentiate between strong and weak environmental factors (Weihe, 1983). 
Strong factors are for instance air temperature and air moisture as compo­
nents of the thermic complex. Weak factors for instance are the atmosphe­
rics as components of the electro-magnetic complex. 

2 Solar and atmospheric radiation (UV-IR) 

One of the well known strong radiation factors in the human's living 
space are the solar and the environmental radiation in the range from 280 
nanometers to 1000 micrometers wavelength, e.g. from ultraviolet (UV) over 
visible light to infrared (IR) radiation. Fig. 1 shows, that incoming 
solar radiation gives a total energy flux of S0=1.4 kW/m^ ("solar con­
stant"). Annual variations of this value related to the earth's surface 
- caused by the excentricity of the path of the earth around the sun- are 
+ 1.5.10-^ , solar cycle variations only + 1.10-5. 

2.1 Radiation components (UV-IR) 

On the direct way to the Earth only 31% of the incoming solar radiation 
reach the earth's surface. Three processes in the atmosphere cause that: 

1. Reflection: In total 36% of incoming radiation energy SQ are going 
back into space by reflection especially from top of clouds. This 
represents the so-called albedo. About 6% of S are reflected from 
the earth's surface (component R ) . 

2. Absorption: 17% of S 0 are absorbed in the atmosphere especially by 
the water vapour (H2O). 

3. Scattering: Incoming solar radiation is scattered within the atmos­
phere so that 22% of this component H (heavens radiation) comes down 
to the earth's surface. 

S and H are the short wave components in the range of 300 nm to 4 ̂ um wave­
length reaching earth surface. Together they give 53% of S Q in the global 
scale. 
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The long wave radiation components in the troposphere for the range of 
4 to 100 fim wavelength are: 

1. the infrared radiation from the earth's surface into the atmosphere 
E and 

2. the atmospheric infrared radiation A coming from clouds and from 
the water vapour in the troposphere to the earth's surface. 

400 km 

+ IONOSPHERE 

~75km 
* MESOSPHERE 
~ 4 5 km 
* STRATOSPHERE 

10 km 
•« TROPOSPHERE 
(BIOSPHERE) 

Fig. 1. Solar and atmospheric radiation in the atmosphere (UV-IR) 
(modified after Tanck, 1969). 
Solar Constant SQ= 1.4 kW/i ,2 ± 1.5.10 l (Annual variations) 

(Solar cycle variations) ± 1 .10-5 
Radiation components at earth surface: 
Short wave (0.3-4 ̂ m) : S,H,R 
Long wave (4-100 ]m) : E,A,r (R,r : Reflection components) 

Each of these two components with S 0 percentages of 98 or 78 respectively 
is bigger than the total of incoming short wave radiation components at 
the earth surface (see Fig. 1). But the net value of these long wave com­
ponents is only 20% of S0. In the global average only 7% coming from the 
infrared component E reach space. Additionally, 57% comes from the top of 
clouds and from the gases and aerosols in the atmosphere. It means that 
totally 64% goes out into space. So the global net energy flux for the 
earth of short and long wave components is zero. 

Nendritzky and Niibler (1981) illustrated the components of the human 
radient energy budget in open air, short wave as well as long wave compo­
nents coming from above, from trees, house walls, streets etc. 

2.2. Energy spectrum (UV-IR) 

Fig. 2 shows the energy spectrum of the solar radiation and of the IR 
emission of the earth's surface depending on the wavelength. Black body 
radiation from the sun (6000 K) and from the earth's surface (300 K) and 
their variations by absorption processes in the atmosphere - especially 



the troposphere - are shown as well as the absorption spectrum of the 
atmosphere measured at surface. The latter gives an impression about ab­
sorption effects caused by atmospheric gases (O2, O3, CO9) and the water 
vapour (H2O) in the different bands of wavelength (Fortak, 1982). 

B.B.R. SUN 
(6000 K) 

B.BR. EARTH 
SURFACE: E(Ao) 
(300 K) 

Eo(A.) 

Fig. 2 Energy spectrum of the solar radiation (UV-IR) 
and of the IR emission of the earth surface. 
Absorption spectrum of the atmosphere at surface 
(after Fortak, 1982). 
Real extraterrestrial sun radiation 
Direct and vertical incident sun radiation at 
earth surface. 

( X 0 ) = Diffuse sun radiation at earth surface 
Black body radiation 
IR emission from earth surface into space 

Upper 
Diagram 
Lower 
Diagram 

s0 U0) = 
s U0) = 
H U 0 ) -
B.B.R. 

E0 U0> = 

3 Spectral energy distribution of the sun 

In the biometeorological understanding, natural radiations in the range 
with wavelength shorter than 280 nm are weak environmental factors. This 
radiation range comprises x-rays (including y-rays) and particle radiation, 
both ionizing radiation. The spectral energy distribution of the sun at 
the top of the atmosphere is shown in Fig. 3 (Livingstone, 1979). In 
general, spectral energy fluxes decrease from the most energetic visible 
range onwards over 10 decades for 4 decades of wavelength (until 10~^A = 
10 pm). In certain cases with chromospheric eruptions at the surface of 
the sun (flares), episodic enhancements of energy fluxes can appear up to 
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WAVELENGTH 

Fig.3 Spectral energy distribution of the quiet/active sun 

(after Livingstone, 1979) . 



5 decades. A, B, C, M and X are the different energy levels of flares 
introduced 1969 by the US National Oceanic and Atmospheric Administration 
(Space Environment Services Center, 1988). Values are related to measure­
ments at satellite level. 

4 Solar-terrestrial radiation relations 

Solar-terrestrial radiation relations include the components of the wave 
radiation, such as x-rays, light waves within the range of ultraviolet to 
infrared as well as radio waves and particles radiation of various energy 
scales such as solar wind, low and high energy protons (Fig. 4; Space En­
vironment Services Center, 1974). The electromagnetic wave radiation (from 
radio waves to x-rays) almost propagates with the velocity of light 
(300.000 km/s) and therefore it has a transit time from the sun to the 
earth of about 8.3 min. The velocities of the particle radiation are cor­
related with their kinetic energy. Thus, high-energy particles of E ^ ^ ^ I O 
MeV show a shorter transit time (from half an hour to a few hours) than 
low-energy particles ranging from 10 eV to 5 keV, where transit times up 
to 3 days (v = 500 km/s) and more are registered. 

The lower the kinetic energy of the charged particles, the more they are 
influenced by the interplanetary and the earth's magnetic field. The latter 
directs these particles to polar latitudes. This effect is demonstrated in 

Solar Wind 
High Energy Protons 
Low Energy Protons 

X-Ray and Radio Waves 

f Aurora 

i Ionosphere 
» Communications 

Fig. 4 Solar-terrestrial radiation relations (Space Environment 
Services Center, 1974) 
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Fig. 5 as result of a meridional section across America from 0° to 60° N 
geomagnetic latitude: maxima of the total vertical intensity of solar/ 
cosmic particle radiation increases with increasing latitude (Bartels, 
1960). 
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Fig. 5. Total vertical intensity of solar/cosmic radiation in a meridional 
section across America at different geomagnetic latitudes ß m as a function 
of atmospheric depth (Bartels, 1960) 

Energy densities of the solar radiation components for all wavelengths 
ranging from 10 pm to m are presented in Table 1 (Livingstone, 1979). 

The energy of the solar wave and of the particle radiation within a time 
scale from minutes to several hours is increased transitory by solar 
flares. Flares with little energy increases often appear; those with strong 
to very strong energy increases (e.g. proton events of ^±n^ 10 MeV) are 
rarely found. In general, the flare activity is modulated by the nearly 
11-year sun activity cycle (Solar-Geophysical Data, 1989). 

5 Solar/cosmic particle radiations through the atmosphere 

The question arises which of the solar/cosmic radiation components reach 
the biosphere with which intensities, i.e. the living space of man, animal 
and plant. 
Fig. 6 shows the absorption height of incoming radiation from space as a 
function of the wavelength (after Schulze, 1970). The diagram gives two 
atmospheric windows: the optical and the radio window. For wavelength X0 

below 280 nm, the radiation absorption (UV-c, x-rays) nearly amounts to 
100 per cent in the upper atmospheric levels (ionosphere/stratosphere). 
The intensity of these radiation components at sea level is zero. 

Regarding the particle radiation, things are different: 
Incident solar and cosmic particles react with molecules within the atmos­
phere and develop a wide spectrum of secondary particles and wave radia-
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Table 1 : Solar input to the terrestrial system 
(after Livingstone, 1979). 

Radiation 

Solar constant S0
 : = 1.4-103 

Total 
(W/m2 

Energy 
at 1 AU) 

Particles and fields 

(neutrinos 
solar wind 
magnetic field 

50 ) 
1.10"3 

io-5 

Distribution of Energy 

Radiation X 0 Particles and fields 

4 pm - °° 0,7 
300 nm - 4 um (VIS) 98% of total 

(excluding neutrinos) 
120 - 300 nm 
Lyman a 122 nm 
30 - 120 nm 
3 - 30 nm 
1 3 nm 

10 pm - 1 nm 
0 - 10 pm 

16 
3-6.10"3 

2.10"3 

1.10"3 

1.10-5 
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(neutrinos 
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Fig. 6. Absorption height of incoming radiation from space as function 
of the wavelength (after Schulze, 1970). 
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Fig.8. Altitude variation on vertical intensity of the main 

solar/cosmic particle radiation components (Allkofer, 1975). 



tions. A great part of these secondary particles is absorbed within deeper 
atmospheric layers. But partly they reach the sea level, possibly in the 
5th, 6th or 7th reaction step (Fig. 7; Allkofer, 1975). 
Fig. 8 illustrates the altitude variation of the main particle radiation 
components within the atmosphere as a function of atmospheric depth (All­
kofer, 1975): Muons decrease more slowly than electrons and protons. This 
is caused by the fact that the interaction of muons with atmospheric par­
ticles is weaker than those of protons and electrons (see Fig. 7 ) . Protons 
and electrons as well as muons reach sea level with relatively small but 
measurable rates: 

10_2(i/cm2.s.sr) : muons 
10-3(i/cm .s.sr) : electrons 
10~^(l/cm2.s.sr) : protons 
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Fig. 9. The atmospheric pressure and the intensity of the muon component 
of the solar/cosmic radiation as functions of time for February 1954, at 
Sverdlovsk, USSR (Rochester, 1962). 

At the 175 (g/cm^) level muons and electrons exhibit a maximum of the 
vertical intensity. At 52°N this value corresponds to a height of about 
13 km above sea level, while within the logarithmic scale the vertical in­
tensity of the protons decreases almost linearly from the upper boundary 
of the atmosphere down to sea level. 

As a result, both the barometric pressure and the muon component of the 
solar/cosmic particle radiation at a given place as a function of time 
show inverse fluctuations: increasing particle intensity coincides with 
decreasing barometric pressure and vice versa (Fig. 9; Rochester, 1962). 

6 Ionizing particle radiation stress of man 

Fig. 10 illustrates the entire field of the solar/cosmic ionizing radia­
tion components within the atmosphere (Schaefer, 1974), showing isolines 
of the radiation intensity (= dose rate) depending on the geographical 
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latitude and the height above sea level. Accordingly, the maximum value 
exceeding 1650 .urem/h is found in polar latitudes north of 75° and at a 
height of about 26 km. As expected, the minimum of the radiation intensity 
is registered near the earth's surface. For midlatitudes the mean sea-level 
value of the solar/cosmic radiation is 3.5 /irem/h (Schaefer, 1974). 
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Fig. 10. The entire field of the solar/cosmic ionizing radiation 
components within the atmosphere (Schaefer, 1974). 

This corresponds to a mean dose rate of this atmospheric environmental ra­
diation component of about 30 mrem/a. The mean stress of population living 
at sea level by natural environmental radiations is, however, nearly five 
times greater (see Table 2 ) . 

An additional ionizing radiation in the environment of men is caused by 
the radioactivity. In the air (Reiter, 1974), in the building materials 
and in the food one finds natural and partly artificial radionuclides. 
Mean dose rates of the components of these radiation are represented in 
Table 2 (modified after Koelzer and Thomas, 1979). The mean dose rate of 
the terrestrial radiation in open air or in houses is about 50 mrem/a. 
There are large local variations caused by different kinds of underground 
(Franke et al., 1974) and building material (Keller et al., 1974). Incor­
porated radionuclides gives another 60 mrem/a. Together with solar/cosmic 
radiation at sea level (a.s.1.) the total amount of natural radiation is 
about 140 mrem/a (= 1.4 mSv/a). 

The average of diagnostic and therapeutic radiation stress in the F.R.G. 
is 52 mrem/a, the radioactive fallout from nuclear explosions in the at­
mosphere about 1 mrem/a, the radiation caused by nuclear power plants and 
by technical applications of radioactive materials each smaller than 1 
mrem/a. Therefore the total amount of artificial radiation is about 55 
mrem/a. That makes a total mean stress of ionizing radiation for the 
F.R.G. population of about 195 mrem/a. In some other countries this amount 
may increase up to 250 mrem/a or more, mainly because of higher diagnostic 
and therapeutic radiation stress. 
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