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EDITO RIAL NOTES

A number of articles in journals dealing with Swedenborg as a 
scientist have been noted recently. It is hoped that in the near 
future the S.S.A. will have reprints available. Perhaps their re
publication in the N ew Philosophy may be arranged. Three of 
these items are:

“ The Swedenborg Manuscripts. A  Forgotten Introduction to 
Cerebral Physiology," T. H. Schwedenberg M.D. A.M .A. 
Archives of Neurology, April 1960, Vol. 2, pp. 407-409.

“ Emanuel Swedenborg (1688-1772) and his Contributions to 
Neurology,” Konrad Akert and Michael P. Hammond. Medical 
History, Vol. VI, Number 3, July 1962.

Also, not yet located by us, is an article published in Europe 
by Annelise Fenzl entitled “ De Cerebro”

In a somewhat different connection there is an article in Medical 
World News for May 25, 1962 entitled “ Nerve Has Fluid Drive.” 
One of our readers has called this to our attention and the hope 
is that a future issue of the N ew Philosophy will carry an article 
on this. Swedenborg’s physiological studies led him to postulate 
fluids more subtle than those usually acknowledged by science 
from his day to ours.

New discoveries in this field may encourage some to take a new 
look at Swedenborg’s studies which led him to philosophical 
principles not yet acknowledged by any but a very few.

PH ILOSOPH ICAL NOTES

Two Beginnings of Falsities. It has often been quoted in the 
New Philosophy that there are two sources of truth: “ one from 
the Word, and the other from nature or the truths of nature.”  
(See SD 709)

The Writings also discuss the beginnings of falsities. It says in 
AC 1295:

There are two beginnings of falsities, one from ignorance of truth, the 
other from cupidities. Falsity from ignorance of truth is not so pernicious as 
falsity from cupidities. For the falsity of ignorance arises either from one’s 
having been so instructed from childhood, or from having been diverted by
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various occupations so that one has not examined whether what professes 
to be true is really so, or from not having had much faculty of judging con
cerning what is true and what is false. The falsities from these sources do 
not inflict much harm, provided the man has not much confirmed and thus 
persuaded himself, being incited thereto by some cupidity so as to defend the 
falsities; for by doing this he would make the cloud of ignorance dense, 
and turn it into darkness so that he could not see the truth. But the falsity 
of cupidities exists when the origin of the falsity is the cupidity or love of 
self and of the world; as when one seizes upon some point of doctrine and 
professes it in order to captivate minds and lead them, and explains or per
verts the doctrine in favor of self, and confirms it both by reasonings from 
memory-knowledges and by the literal sense of the word.

Some question the existence of truth along with their questioning 
of other absolutes. To deny absolutes is quite in style at present. 
Yet if truth be an absolute so also is its opposite falsity.

Note that in the Writings it says that there are two sources of 
truth. And it also says there are two beginnings of falsity. It 
appears that “ sources” and “ beginnings” represent significant quali
fications. Man the recipient of life has it within his freedom to 
direct things from their sources or their beginnings even though 
these do not originate with him.

Falsity in the literature of the day has not suffered the same 
abusive treatment that truth has. There may be many reasons for 
this but a few stand out.

First, hardly any one wittingly holds forth falsity as virtue. 
Some do hold truth to be a virtue. Whatever is held forth as a 
virtue is bound to be attacked. Therefore truth is vulnerable. 
This is an emotional reason.

Second, the criteria for a statement to be false are less stringent 
than the criteria for truth. In mathematics and logic for example 
a single exception proves the falsity of a statement. For a state
ment to be true it must hold for all cases. There is a considerable 
difference that exists between “ does not hold for a single case” and 
“ holds for all cases.” This is a reason originating in logic.

Third, a false conclusion in science or philosophy becomes 
evidently false as the history of science or philosophy develops. 
Time generates falsities. But time leaves true conclusions un
scathed. But the cynic might ask “ For how long must an assertion 
stand to make it true ?” This is a reason originating in history.

Still other examples of the relative stringency of criteria of truth 
over falsity might be mentioned. But the above is enough to
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indicate that in Providence man can on his own resources, if he 
give them a chance, be more easily aware of falsity than of truth. 
But also in Providence his search for truth can grow in all time.

Is the Uncertainty Principle a Universal Principle? What is 
the uncertainty principle? It states that during experimental 
procedures the measurement of one parameter interferes with the 
measurement of a certain other parameter. For example, the 
measurement of the location of a particle such as an electron inter
feres with a simultaneous measurement of the velocity or momentum 
of that particle. The uncertainty principle can be stated in quanti
tative terms. If Ax is the error in measuring the location and Ap 
is the error in measuring the momentum, then the product of these 
two quantities is of the order of magnitude of a constant known 
as Planck’s constant. The value of this constant is so small that 
in ordinary measurements the uncertainty principle is of no interest. 
However, in measuring properties of the particles of physics the 
principle becomes a very significant one. There are other parameter 
pairs to which the uncertainty principle applies. But for this note 
let us confine our attention to distance and momentum.

Every argument that leads to the uncertainty principle involves 
an experiment, imagined or actual, in which the very act of obser
vation changes nature in some manner. This is evident in the 
example of observing the position of an electron by allowing a 
photon to strike it and scatter into a recorder. There will be con
sequent energy exchange between the photon and electron which 
will leave the momentum of the electron uncertain by a certain 
amount whose minimum can be given by the uncertainty principle.

Let us try to imagine the consequences of the existence of discrete 
degrees in nature.

Let us call the degree of nature perceptible by human sensation 
the “ lower degree.” This includes not only all objects that can be 
directly sensed but also those which can be viewed through a micro
scope or telescope. That is, such instrumentation as magnifies or 
brings closer does not change the fact that we are dealing with the 
lower degree. An amoeba or the moon for example as described 
by a picture seen through a microscope or a telescope are both 
constituted of matter of that lower degree.

Now there are some things in nature that come to our senses
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by some indirect manner. Let us inspect the possibility that this 
represents the existence of a discrete degree. For example the 
structure of matter that goes to make up the moon or the amoeba 
such as electrons, protons, etc., constitute a discrete degree in 
creation from the world of sensation. The life of the amoeba would 
be another degree, but for this note we have enough illustrative 
material in considering only the structure of matter. Let us call 
this degree including the electrons, protons, etc., a “ higher degree.”

Thus we have a “ lower degree" consisting of gross matter that 
can be touched, seen, etc. We also have a “ higher degree” which 
makes itself felt by some indirect method. No power of amplifica
tion now known or that can be foreseen can make an electron 
visible to the eyes. Although we can see its effects in thousands of 
experiments, e.g., in the oil-drop experiment or by a scintillation 
in a cathode ray tube, there is no way imaginable by which the 
electron can be pictured.

The uncertainty principle says that in those experiments where 
location of the electron is known to a very high degree of precision 
it is necessary that its momentum be uncertain by a correspond
ingly lower precision. The experiments cited above are given for 
their pictorial value only. The uncertainty principle becomes 
significant only for distances of the order of atomic dimensions 
or less.

Although the world of sensation and the particles of physics are 
in two different discrete degrees, our descriptions of these particles 
nevertheless are in terms of concepts gained from the world of 
sensation. If the electron makes itself known to us this is because 
there has been an influx from the higher degree, in which the elec
tron is, into the lower degree of sensational nature.

The uncertainty principle comes into play when man observes. 
The very act of observing requires a minimum quantity of what 
composes nature in a higher degree, that is, one photon of light, 
in order that the senses be stimulated. This minimum quantity of 
nature not only has been taken from its previous role to act as a 
stimulant, but its message is possible only because it has interacted 
with another structure 011 a higher plane. Thus the higher plane 
has been interfered with or changed in two respects at least.

So much then for the interaction between the higher and lower 
degrees through influx and reception. What happens within the
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higher degree itself? If there be any activity at all in that degree, 
and this can scarcely be doubted, there is interaction between 
objects within that degree, although not observed by man.

Does the principle of uncertainty apply here ? I think not. The 
very stability of the higher degree consisting of nuclei and other 
submicroscopic bodies, cell structures, heredity genes, etc., indicates 
that interaction between elements within that higher degree does 
not change their structure. How else could there by any perma
nence in that degree? The electrons remain electrons, the nuclei 
remain nuclei, etc. There is a permanence upon which the perma
nence of sensible nature itself depends. Not only this but there is 
reason to believe that electrons, for example, are all the same. That 
is, for example, quantum theory indicates that if two electrons 
change places there is no way of telling which is which. This sta
bility would seem to indicate that in principle the properties of the 
particles in their degree are precisely determined in creation, 
although that determination is unknown to any observer.

If we admit interaction among these elements at all, it must be 
to accept the fact that this very interaction contributes to the perma
nence of identity of the structure itself! It is the interaction be
tween electrons and nuclei that makes atoms, which are certainly 
precisely determined objects in creation. It is the interaction 
between nuclear parts, the protons and neutrons, that makes the 
nucleus.

Thus it appears that the uncertainty principle is contradicted by 
the very permanence of things in the higher degree.

Precisely Determined. What can be the meaning of precisely 
determined? Often it refers to experimental measurements. It is 
evident that it is measurements to which the uncertainty principle 
applies. However, atoms, electrons, and nuclei exist. They have 
being. According to physicists, electrons are all alike; so are all 
protons, all hydrogen atoms in a ground state, etc. In this sense 
as to their being they are precisely determined.

What is Meant by a Universal Principle? While thinking about 
the question whether the Uncertainty Principle in quantum me
chanics is universal one thinks about a more basic question: what is 
meant by a principle’s being universal?

It is recalled that Swedenborg in the section on The Diversities 
of Worlds in the Principia says:
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Nature consequently cannot be modified in one world in the same way in 
which she is in another. . . .  In other worlds the air and ether, if there be 
anything similar to them, do not experience the like tremulations; the organs 
of sight and hearing are also affected by them in a different manner; nor 
perhaps are our organs capable of receiving the undulations of their elements, 
because they are not constituted in accordance with their mechanism and 
motions. The animals of this world might there, perhaps, be d eprived of the 
use of their senses. Machines of every kind might there, perhaps, be con
structed by different rules and by a different application of mechanical 
powers. The magniloquent Archimedes, who talked of moving by his 
mechanism the world out of its place, were he translated to another system 
and earth, might perhaps somewhat lower his tone, when he found in those 
worlds all his skill and ingenuity disappear, and himself at a loss how to 
apply the common powers of mechanism; for, if he there wished to make any 
experiments, he would have first to learn the very first principles and rudi
ments of mechanism; which could be deduced only from the phenomena 
peculiar to that earth.

The nineteenth century scientists would have found it more diffi
cult to understand what Swedenborg might have meant by these 
words than the present-day scientist. Today the scientist has been 
forced sometimes to think about such enormous distances they 
can only be expressed in terms of millions of light years and more. 
At other times he thinks of distances so small that the objects in 
these distances would have to be laid side by side to the number 
of 1012 in order to make one centimeter. Even smaller distances 
are thought of. The same can be said of time. Cosmological 
studies use times compared to which geological periods shrink to 
mere instants by comparison. On the other hand interactions are 
known in nuclear physics taking place within intervals which depend 
upon the time a light signal takes to travel across a nucleus.

Under what circumstances can it be said that a principle has 
such universality that it applies to such a spread in distance and 
time— distances and times that go so far beyond sense perceptions 
with respect to both the large and the small?

It is interesting to note that in the review of the book Rival 
Theories of Cosmology, in this issue of the N ew Philosophy, 
Lyttleton is quoted as saying:
Of course, it is true that the principle of the conservation of energy has 
survived for a long time, but I think that Eddington put his finger on it when 
he pointed out that the reason why it has survived so long is simply because 
in physics energy has come to be defined as that which is conserved. And 
what has happened is that from time to time new things have been introduced 
as energy to save this principle.
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Lyttleton in another place in the book comments upon the 
empirical basis for the energy principle as follows:
But, in fact, the principle of conservation of energy right down to the last 
place of decimals is not knowable at all as an exact law, because it has 
never been established in this precise way.

Concerning a principle of quite a different sort Bondi says
What Gold and I postulated was the so-called Perfect Cosmological Principle. 
According to this, the universe was uniform not only in space but also in time. 
This unchanging nature in time applies only to the universe as a whole, not 
of course to the individual constituents, the galaxies, each of which ages in 
the course of time.

Clearly this is a principle of far-reaching importance in cos
mology. But just as clearly its validity is difficult to assess from the 
vantage point in which we are since we inhabit “ one of the constitu
ents” where the principle does not apply! This is indeed a far- 
reaching principle but not a universal one.

It might be said that a universal principle of physics is that the 
laws of physics are invariant in time. Who could possibly question 
this as a universal principle?

And yet listen to those two cosmologists. Bondi says

I am puzzled by the suggestion that the laws of physics that we have dis
covered experimentally to hold, within a certain accuracy, in our period of 
the universe, should be supposed to hold at a time when it was not expanding, 
when the situation must have been quite unbelievably different from what 
it is now.

And Lyttleton follows with

Now, I cannot see that laws of physics that change with time are really 
laws of physics at all. This is perhaps an act of scientific faith on my part, 
but I think that we must always formulate scientific laws in such a way 
that the time itself does not enter into them explicitly.

What does the worker in an earth-borne research laboratory have 
to say about this? There can of course be a slight qualification 
because Lyttleton uses the word “ explicitly.” Yet implicit inde
pendent variables are just as real as are explicit ones.

Granting this, would it not be something of a sacrifice for the 
scientist to give up the permission that time enter explicitly in to 
his laws? What would happen to Newton's dynamics, Einstein's 
relativity— yes, to the stop-watch of first year students in physics ?
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All this would be given up to satisfy a faith that the laws which do 
exclude time explicitly might be universal laws!

I wonder, if Swedenborg were writing today, whether he would 
imagine a “ magniloquent Archimedes . . . translated to another 
system.” Would it not be just as befuddling to the real Archimedes 
to translate him in time into the company of present-day scientists ? 
I recall reading somewhere years ago (I think it was in an E. T. 
Bell book) that Archimedes was one of those among the ancients 
who if brought back to life today could become one of the great 
“ modern” scientists if only he were given a few weeks to catch 
up on some techniques. I wonder.

But my wonderment is bewildered as to the possible meaning of 
universal principle. Do not the above examples indicate that at 
best we can have principles but not universal ones? Principles 
ought to be regarded from their origin. When cosmologists state a 
principle called “ Perfect Cosmological Principle” its origin was in 
thought about the physical universe as a whole. They know that 
earth science has different principles originating in that science. 
And so it goes for biology, ethics, government, social life or any 
other area— principles originate in each field.

Swedenborg says with respect to those principles which govern 
the moral and spiritual life of man:

The principles that have been adopted, even the falsest, rule the man and all 
his knowledge and reasoning favour these principles. . . . Wherefore the 
principle must be from the Lord, and not from self. (A C  129)

What expert in a single discipline or a dozen can say, “ This is a 
universal principle . . .” ?

Cosmology vs. Cosmogony. Webster gives as a definition of 
cosmology:
That branch of metaphysics which treats of the character of the universe as 
an orderly system, or cosmos; esp., that which treats of the processes of 
nature and the relation of its parts, as distinguished from ontology which 
treats of the ultimate nature of the real; also, a particular theory or body 
of doctrine relating to the natural order.

And of cosmogony:

The creation, origination, or manner of coming into being of the world or 
universe. That part of the science of astronomy which treats of the origin 
and development of the universe and its members.
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These two definitions are not quoted as exercises in word study. 
They are quoted to indicate that scientists and philosophers have 
studied the universe from two aspects. The one has to do with the 
universe as it is— cosmology. The other has to do with the universe 
as it becomes what it is— cosmogony. These are not just two 
different words but two different words to apply to two different 
ideas guiding the studies of mind at least from the time of the 
Greeks.

It is interesting that Webster refers to cosmology as a branch of 
metaphysics and of cosmogony as a branch of science.

Spontaneous Generation. It is well within the memory of many 
still living that the concept of spontaneous generation was an 
anathema to the critical scientific thinker about fifty years ago. In 
early issues of the N ew Philosophy there are some arguments by 
loyal readers of Swedenborg trying to support a remark he made 
about spontaneous generation which seemed so contrary to the 
style of critical thinking in those days.

Yet now the concept of spontaneous generation seems to have the 
blessing of science. Witness the creation of something out of 
nothing in the Bondi-Gold-Hoyle steady-state theory of continuous 
creation of the universe. Witness also the spontaneous decay 
theory of radioactive matter which leads to the substitution of 
statistical theory for causal theory. If I read quantum theory 
correctly there are few living who wince at the spontaneous appear
ance of psi functions— and their spontaneous disappearance. The 
spontaneous creation and annihilation of matter in the body and 
anti-body theory of particles in physics seems to be another case of 
spontaneous generation. What is the meaning of the studies of the 
creation of life going on in biology unless they be fortified by a 
belief that some time, somewhere, when a proper cell is formed, 
it will spontaneously live?

There must be some meaning to this thing that appears as 
spontaneous generation. It means one of two things: either that 
things just happen— as it were in an instant without cause; or that 
although the happening was in an instant, the instant was prepared 
for in some manner. New Church philosophy accepts the latter 
whether in any specific case one knows the cause or not.

The appearance of creation out of nothing is interestingly illus
trated by comparison of events in two geometries of two different 
dimensions. The physicist Robert Morris Page does this in a
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collection of essays edited by Monsma in his chapter entitled “ The 
Evidence of God in an Expanding Universe." Assume an observer 
who is limited in his observation to what happens on the surface 
of the ocean only— that is, who sensates in a two-dimensional world. 
He is aware only of floating objects. About birds and fish he knows 
nothing— unless a bird lights on the water or a fish breaks the 
surface. Then to this observer the appearance is as if something 
were created out of nothing.

Perhaps one of the most common appearances of spontaneous 
generation is the creation of ideas. One can indeed wonder how 
else ideas come into being except spontaneously, because one 
moment we have an idea whereas in a previous moment we did not 
have the idea. And yet ideas do not just come without preparation. 
Good ideas in mathematics come to people only if there is a prepara
tion in mathematical thinking— so in physics, in biology, etc.

The relation between conscious application to a problem, the 
part played by the unconscious, and the spontaneity of results is 
given by Henri Poincare in his “ Science and Method” (p. 389) :

Most striking at first is this appearance of sudden illumination, a manifest 
sign of long, unconscious prior work. The role of this unconscious work in 
mathematical invention appears to me incontestable, and traces of it would 
be found in other cases where it is less evident. Often when one works at 
a hard question, nothing good is accomplished at the first attack. Then 
one takes a rest, longer or shorter, and sits down anew to the work. During 
the first half-hour, as before, nothing is found, and then all of a sudden the 
decisive idea presents itself to the mind. It might be said that the conscious 
work has been more fruitful because it has been interrupted and the rest has 
given back to the mind its force and freshness. But it is more probable 
that this rest has been filled out with unconscious work and that the result 
of this work has afterwards revealed itself to the geometer just as in the cases 
I have cited; only the revelation, instead of coming during a walk or a 
journey, had happened during a period of conscious work, but independently 
of this work which plays at most a role of excitant, as if it were the goad 
stimulating the results already reached during rest, but remaining unconscious, 
to assume the conscious form.

These remarks by Poincare are preceded by an explanation of 
how he came to write a certain original mathematical theory. In 
this story he says, for example, “ For fifteen days I strove to prove 
that . . . .” After some further preliminary work he relates that 
he was to go somewhere on an omnibus. He says, “ At the moment 
when I put my foot on the step the idea came to me. . . .” Later 
at home he developed this idea and kept at the problem as a whole 
for some time. He says, “ All this work was perfectly conscious.”
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Then he left to serve in military service, and he says, . . . so I 
was very differently occupied. One day, going along the street, the 
solution of the difficulty which had stopped me suddenly appeared 
to me.” After leaving the service he worked out the complete 
theory.

This was genius at work spontaneously producing ideas, climbing 
the steps of a bus or serving his military term— but not without 
conscious application for hours every day for days and days upon 
the problems to which the ideas pertained.

And yet one story teller whose vision was necessarily limited 
related that the ideas of the mathematical theory came to Poincare 
like a flash as he put his foot up on the step of a bus! It appears 
that the number of dimensions in that observer’s world was limited 
so that he could tell what he thought to be a good story. The true 
one seems better, however.

Are we not like the limited observer on the surface of the ocean 
or the superficial observer of Poincare, not knowing that there is 
something deeper than merely extended horizons? Do not the 
concepts of multi-dimensional geometries or the study of the 
generation of ideas indicate that there are processes and realities 
that lie deeper than those realities which are concepts formed by 
sense perceptions ? So long as we are limited by sense perceptions 
are there not a vast number of objects in creation unknown to us—  
which do manifest themselves to us spontaneously at times even as 
the bird lighting on the surface of the water makes itself known 
to the two-dimensional observer? How can we distinguish the 
nature of these objects from sense perceptions any more than that 
observer can distinguish between a bird, a boat, or floating jetsam?

What Is It to be Objective? “ Objectivity is an ideal of science.” 
On first thought hardly any one would quarrel with this statement. 
Yet in all disciplines which in the past have been noted for their 
objectivity there is increasing evidence that there is a subjectivity 
imposed upon the scholar by his peculiar mode of observation.

The idea that there is objectivity persists, even if there is a sub
jectivity in the individual observation. It has been suggested, for 
example, that science gain objectivity by considering not only the 
results of a single observer but those of many. Would not the truth 
be that which is in common in all of the observations ? Would not 

 the individual differences that represent subjective elements in the 
observations show up when many observations are compared?
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Could a method be developed to distill out objectivity from the 
combination of objective and subjective elements that go to make 
up a collection of scientific observations ?

Evidence is abundant that many in the several disciplines, have 
sought for this objectivity. Take logic as an example. The 
logician asks, “ is there not in the forms of thought some basis which 
while dependent upon thought in general is independent of the 
thinker in particular ?” Next consider mathematics. The insistent 
use of the word “necessity” in this discipline seems to represent 
an effort to eliminate that which is personal. “ If . . . then . . 
is a form into which theorems are cast such that only a single excep
tion is enough to disprove the theorem. What could be more 
objective?

Next consider physics wherein the intent seems to be to measure 
space and time in terms of units defined by a prototype entirely 
physical and separate from human variations. All of the disciplines 
at one time or another have had as part of their content an 
allegiance to “ principles” or “ standards.” Even the study of litera
ture went through its “ scientific” phase. That field now referred 
to by some as “ the social studies” for a period was called “ social 
science.” This was largely because of the association of the concept 
“ objectivity” with the term “ science.” It cannot be doubted that 
any discipline has at some time in its history, indeed, if not at all 
times in the cases of some, imposed upon its scholars an objective 
end. This has been so even though its practical attainment might 
be recognized as impossible.

During the latter part of the nineteenth century in many of the 
fields where this objectivity previously had seemed attainable, i.e., 
in logic, mathematics, physics— some doubts began to appear. 
Many logics became possible as well as several geometries. It 
became necessary to distinguish between the logics (plural), at 
least in a minimal way, by referring to that logic which up to 
then was the only logic, as Aristotelian logic. The logician now 
spends effort upon the fundamentals of his discipline rather than 
upon its development and application, for the very reason that 
previous logicians have always managed to bring into logic some 
contribution of their own that spoiled the purity of logic. When, 
judging from the history of logic, can one say for certain that there 
are no antinomies in logic ? The story has been told that when the 
attention of two prominent authors was called to some unconscious
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assumptions in their massive work in which mathematics was pre
sumed to be based upon strictly logic grounds they answered, “ Oh! 
those are but little antinomies.” Where can one draw the line 
between little contradictions and big ones in logic if objectivity is to 
be maintained? It seems that the drawing of the line is done by 
a person on the basis of his judgment; is this objective?

What of objectivity in mathematics ? One of the authors referred 
to above who was warding off thrusts against his oversights in 
logic by calling them “ little” antinomies was busy tearing Euclid 
to pieces. He has discovered many oversights which spoiled the 
logical structure of “ the Elements.” But already by this time 
Riemann, Lobachevsky and others had written about geometries 
developed upon axioms differing from those in Euclid.

And so just as with logic it now became necessary to refer to 
geometry in such a way as to distinguish between what had been 
the old and the new. What was previously just plain geometry 
now became “ Euclidean geometry” as something quite distinct 
from “ non-Euclidean geometry.”

Passing on to physics, at the turn of the century physics was just 
“ physics”— no modifier. But then came relativity. Physics had 
become identified with Newtonian mechanics. Yet this challenge 
to Newtonian mechanics by relativity was itself physics. And so 
it became common practice for many years to refer to physics which 
preceded Einstein not as “ physics” but as “ classical physics.” 

When at a still later date quantum theory appeared to change in 
a fundamental way the very attitude with which one regarded the 
data of experimental physics, even the revolutionary concepts of 
relativity were tame compared with these new ones. Writers today 
can be found who refer to pre-1926 physics as “ classical.”

In any case one can no longer say with the poet Holmes, “ Logic 
is logic. . . .” Nor can he say that mathematics is “ mathematics” 
or physics “ physics.” Each time he uses these words he must 
search for a proper modifier.

Somehow man has brought his personal ingenuity to bear upon 
these “ absolutes” demonstrating that this ingenuity can invent new 
logics, new geometries, and new physics.

Is the history of these inventions at an end yet? W e have no 
way of answering. But even if it were, what has happened to the 

 “ objectivity” that was attached to these most ultimate of disciplines?
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They were supposed at one time to stand forth in their purity— to 
have been constructed by man, and yet cleansed from any con
tamination of a subjective nature. If they had really been so, 
this would have been objectivity.

What is Meant by Microscopic? When we speak of something 
as being “ microscopic,” how small is it? It might certainly be 
useful to be familiar with enough of the technical matters that are 
required to answer this question. For example the numerical evalu
ation which gives the power of resolution of a microscope can be 
given. Resolution is the smallest distance separating two particles 
that can be observed in a microscope.

The formula which gives the smallest distance separating two 
particles that can be observed with a microscope is
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where
x =  that distance,
λ =  the wave length of light used,

A =  the angle of aperture.
Technological improvements have made it possible to increase the 

angle A  to almost 90 degrees. Hence we set sin A equal to one as 
an optimum.

Thus the formula reduces to the very simple statement that the 
smallest distance separating two particles by a microscope is of the 
same order as that of the wave length of the light used. This 
might be used as a definition of what is meant by the “ microscopic” 
world as to size. However there are microscopes which use 
different regions in the electromagnetic spectrum.

And so to define precisely in any given case what is meant by 
“ microscopic” it is necessary to know the wave length of the light 
used. In microscopes using, visible light this wave length lies be
tween 10-4 and 10-5 centimeters. A  very important wave length 
that lies near the middle of the visible light region is that of one of 
the yellow sodium lines. Its wave length is 5.890 x  10-5 cm. 
Using the relation given above, the “ best” microscope that could be 
built using yellow light would just barely separate two point par
ticles that are about .00002 inch apart. (In optics, what is meant
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here by “ just barely’’ can be precisely given in terms of a numerical 
measure. It is known as Rayleigh’s criterion. See, e.g., Sears and 
Zemansky, University Physics.)

Modem wave mechanics interprets an electron in motion as 
having associated with it a certain characteristic wave length. It 
is upon this principle that the electron microscope is built. Since 
this wave length is very much smaller than that of visible light the 
electron microscope is capable of much greater resolution than 
ordinary microscopes. The very “ best” microscope that could be 
built from the point of view of resolution thus is limited by the 
shortest waves available. The shortest waves known are certain 
gamma rays that are available only in cosmic rays. These can be 
compared with typical visible rays by noting that such gamma rays 
are of the order of 10-12 cm. in length.

Thus one may observe that the term “ microscope” is a very 
broad one. Nothing in our sensible experiences can give us an 
idea of the range between a biologist’s microscope and a “ gamma 
ray microscope” which is represented by a factor 106!

Ordinarily it is convenient to refer to those structures or particles 
that lie beyond visible and ultraviolet light microscopes as “ sub- 
microscopic.” Two examples of submicroscopic objects are: Atoms 
which are of the order of 10-8 cm. in diameter and atomic nuclei 
which are of the order of 10-12 cm.

What is microscopic then has form which is visible in the same 
way as are objects in the ordinary sensible world. But such forms 
are inadequate to explain nature. No amount of complete descrip
tion of this kind of form is sufficient to describe the properties of 
an object.

There was a time not so long ago when a “ scientific description” 
could be regarded as complete if it gave a formal description of 
the object of study— one which could be given a representation by 
means of a model. This is no longer true. Submicroscopic objects 
are required now. And it can be doubted if it is proper to say “ it is 
difficult to picture these objects.” Is it not more honest to say 
“ they cannot be pictured” ?

Is it not time to take another look at the meaning of Swedenborg’s 
“ interiors of nature” ?

E. F. A.
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