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PHYSIOLOGICAL LIGHT. 
B Y J O H N W H I T E H E A D R E A D B E F O R E T H E C E N T R A I , O H I O S C I E N T I F I C S O C I E T Y . 

I . Facts. 
I I . Causes. 

I . I n the report of the Smithsonian Inst i tution 
for 1895 there is a very interesting and instructive 
paper, entitled " Physiological L i g h t , " by Raphael 
Dubois, Professor of General and Comparative 
Physiology i n the faculty of Sciences, at Lyons. 
The paper is divided into two parts, the first part 
treating of " Photogenic Organisms," which treats 
of the various animal and vegetable organisms that 
have the power of producing l ight . Part second 
treats of the "Special Mechanism of the Photo-
genic Funct ion . " 

The power of these organisms to produce l ight is 
one of the most remarkable things that are found 
in nature. We never cease to wonder at this phe-
nomenon ; and yet, if we consider the subject care-
ful ly , we see no reason why this particular phe-
nomenon should produce more surprise than the 
fact that heat is produced by animal organisms. 
Heat is a vibratory motion of the ether, so likewise 
is l ight . Heat, however, seems to be produced in 
a mode similar to that i n which i t is artificially 
produced, and, therefore, we have ceased to won-
der at this v i ta l phenomena ; yet, there are many 
things connected w i t h it which are quite as myste-
rious as the phenomenon of l ight production by ani-
mal and vegetable organisms, as, for instance, the 
uniform temperature preserved i n the animal form 
by means of the blood. 

Professor Dubois has forcibly presented to us the 
fact that photogenic organisms are not few i n na-
ture. He says: " T h e existence of the photo-
genic function has been demonstrated de visu i n 
numerous species belonging to the two kingdoms, 
and i t might, perhaps, be found in all l i v i n g crea-
tures, if we possessed instruments of sufficient deli-
cacy to detect i t . " The photogenic function in 
the vegetable kingdom is less common than in the 
animal kingdom. " I t is observed w i t h certainty 
only in organisms destitute of chlorophyll , or, oc-
casionally, in parts deprived of the chlorophyll-
making function (the yellow flowers of the French 
and African marigolds, of the nasturtium, and 
others of the same color), and, therefore, corres-

ponding closely w i t h animals, as to their general 
nutr i t ion. But i t is only in mushrooms and white 
algae that the photogenic function has been studied 
in a t ruly scientific manner." 

The photogenic function is found in numerous 
species of the animal kingdom, of which many i n -
stances are given in the paper. Among these some 
of the most curious are some photobacteriacese, 
which, " w h e n introduced either accidentally or 
experimentally, under the carapace of certain ma-
rine or terrestrial Crustacea, they develop and in-
vade the entire body. The animal thus invaded 
becomes luminous, but i t shortly dies." The pa-
per suggests that cases of phosphorescent saliva, 
sweat, and even wounds, observed principally i n 
man, may be produced in the same manner. I t is 
said cases also have occurred where the human 
cadaver has become luminous ; also in butchers' 
stalls and slaughter houses, true luminous epi-
demics have occurred, affecting, sometimes pork, 
sometimes beef, sometimes horse meat. " I n the 
general physiological laboratory at Lyons, a case 
of luminosity i n the domestic rabbit has been re-
cently studied, and from i t was prepared, for the 
first time, a pure culture of a photobacterium of 
the flesh of mammals." This discovery has led 
to the elucidation of several important points i n 
the biology of these curious parasites. 

I t is said that " T h e luminosity quite frequently 
seen in autumn in the forests, on dead leaves, or 
on fragments of yonng or old wood, and even in 
mines, on worm-eaten beams, is often, if not al-
ways, due to the vegetative organs of mushrooms 
of quite h igh organization. I n certain mushrooms 
at an adult age the photogenic function is wel l 
marked." As to the mode in which this l ight is 
produced, he says : " I t cannot be affirmed that, 
in the vegetables we have mentioned, the l ight is 
the result of a secretion. I t seems rather to have 
its origin in the protoplasm, for, when a bouil lon, 
made luminous by Photobacteria,is filtered through 
a porcelain tube, i t loses its l i g h t ; i t would be 
otherwise if the photogenic substance were really 
dissolved in the ambient l i q u i d . " 

The sea is the abode of many photogenic species. 
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Not only does the surface of the water sparkle 
from myriads of these creatures, but i n the depths 
of the sea "numerous polyps, w i t h horny or cal-
careous axes, form veritable luminous forests, pro-
ducing a t ruly fairy-like effect." 

Worms, polyps, echinoderms, crustaceans, my-
riapods, insects, and mollusca, all furnish exam-
ples of light-producing species, of which a number 
of particular species are mentioned i n the paper. 

The second part of this interesting account is 
devoted to a description of the Special Mechanism 
by which the l ight is produced, and to the mode 
of its production. L ight ol various colors is pro-
duced by different species. Some species produce 
different colors of l ight , g iv ing variation of colors, 
according to the modifications of the l ight -g iv ing 
parts. 

Most remarkable and str iking are the properties 
of the l ight of these organisms. The l ight of the 
Pyrophorous is said " t o be superior to that of any 
artificial source of l i g h t . " Again , " The quantity 
of heat generated by the photogenic organs is i n -
finitesimal. A few heat rays have, however, been 
noticed. No electric phenomena accompany the 
l i g h t . " Comparing the efficiency of artificial l ight 
w i t h that of these sources of l ight , the author says: 

" The experiments, taken together, ful ly justify 
the conclusions which we published i n 1 8 8 6 , 
namely : that i n contrast w i t h artificial l ight , i n 
which 9 8 per cent, of the energy is employed 
otherwise than in producing i l luminat ing rays, 
physiological l ight employs effectively 9 8 per cent, 
of energy, w i t h only 2 per cent, of loss. The 
quality of l ight , also, is superior to that obtained 
by artificial means." 

Some years ago similar results were reached by 
Prof. S. P. Langley, aided by Prof. Very, at the 
Allegheny Observatory, showing the great economy 
of physiological l ight over that produced by arti -
ficial means, and its remarkable efficiency. Could 
we turu al l the energy contained in coal into l ight 
i n as economical a manner, the cost of l ight ing 
our houses and streets would be very t r i f l ing . 

Prof. Dubois, in one experiment, shows that 
" The photogenic organ of Lampyra, dried a?id 
pulverized', still gives out light when the amorphous 
dust is moistened with a drop of water." From this 
he makes the conclusion that, " T h i s simple ex-
periment, which may be repeated w i t h a multitude 
of other photogenic organisms, suffices to prove 
that i t is neither in the structure, nor in the work-
ing of the organ or of the photogenic cell that we 
must seek for the ultimate cause of the emission of 
l i g h t . " 

From the investigations conducted by Prof. Du-
bois, i t seems certain that the animal or vegetable 
organisms produce fine protoplasmic semi-fluid 

granulations, which he calls " Vacuolides, from 
the appearance which they present under the m i -
croscope, and which are found in al l photogenic 
elements, must be the plasmatic or microsomic 
corpuscles of the luminous cells. They are seen 
to undergo a series of metamorphoses, i n propor-
tion as their photogenic power becomes exhaust-
e d . " From the observed changes i t seems that, 
as these granulations or vacuolides disintegrate, 
they give out l ight , the substance that remains be-
ing in a crystalloid state. When the phenomena 
is completed the preparation is composed wholly 
of crystals. The light-producing substance is form-
ed by a l i v i n g organism. The granulation which 
produces the l ight may be separated from the l i v -
ing organism and preserved, under certain condi-
tions, for some time, but, at a suitable temperature 
and in the presence of water, the granulation w i l l 
disintegrate, give out l ight and perish, the sub-
stance of the cell becoming crystalline in its nature. 

Another important conclusion, which is made in 
the paper, is that the energy which produces the 
cell and arranges its parts is vital, whilst the result 
i n the production of l ight is physical, and in the 
production of a crystalline substance is chemical. 

This paper furnishes many valuable facts and 
conclusions regarding this very interesting phe-
nomenon, but there remains st i l l a further problem 
as to the mode i n which this v i ta l energy is trans-
formed into physical l ight . A n d again, we may 
ask what use is subserved to the animal itself by 
the production of this l ight? How is i t that these 
low organisms can produce the most efficient and 
economical i l luminant possible, and yet man, wi th 
al l his sk i l l and intelligence, cannot approach 
them in the efficient and economical production of 
l ight ? 

I desire here to direct the attention to one ex-
ample of the production of physiological l ight , not 
generally considered as such. Swedenborg, in one 
of his works, affirms that, the glowing appearance 
of the eyes of cats in the dark is owing to their 
burning appetite for mice, (R. 5 6 6 ) the glow not 
being from the concentration of the rays of l ight , 
as is generally supposed, but is actually produced 
by the v i ta l energy of the desire for prey. He also 
refers to a disease of the eye, called nyctalopia, 
which is seeing in the dark from fatuous l ight , 
( T . 3 4 9 ) . From these instances and the numerous 
ones mentioned in Prof Dubois' paper, i t is evi-
dent that vital energy has the power of acting on 
organic matter in the body in tuch a manner as to 
set the ether into vibratory motion, producing 
l ight . We know, from the structure of the eye, 
that the nerve is spread out on the retina in such 
a manner and in so minute a form as to be adapted 
to perceive various forms of ether vibrations. W h y 



THE NEW PHILOSOPHY. 19 

may not nature so adapt some organs as to also set 
up ether vibrations, using energy stored up i n the 
vi ta l organism, as the motive force or power by 
which to produce a l ight vibration of the ether, as 
well as a heat vibration of it? 

I I . Causes. What the nature of this ether v i -
bration is, which constitutes l ight , is not yet very 
clear to scientists. Of sound vibration, Barker 
says . " A l l sound vibrations are the vibrations of 
elastic media." But of ether, he says : 

" The vibrations constituting radiant energy are 
transverse vibrations of the ether ; that is, they 
are vibrations perpendicular to the direction along 
which the energy is transmitted. I t follows that 
the medium in which these waves are propagated 
must possess r igidi ty ; that is, must in so far be 
so l id . " He quotes the following from Lodge : 
" The ether, as a whole, may be regarded as a per-
fectly continuous, subtle, incompressible substance, 
pervading all space and penetrating between the 
molecules of all ordinary matter, which are em-
bedded in it and connected with one another by 
its means."* From this i t would seem that the 
ether is regarded as non-elastic, but the air as 
elastic. 

Swedenborg, however, regards the ether as a 
highly elastic atmosphere, consisting of particles, 
in form similar to the air, but indefinitely smaller, 
which penetrate the interstices of all bodies. The 
vibration of this subtle medium produces the phe-
nomena of heat, l ight , and electricity. Modern 
science has recently come to the same conclusion. 
Swedenborg describes the mode of this vibration. 
He shows the form of vibration which constitutes 
heat, that which constitutes l ight , and that which 
constitutes electricity. I n his Principia, he says : 

" T h e doctrine of the ether, or the phenomena 
caused by ether, may be reduced to the following 
compendious statement : Motion diffused from a 
given centre through a contiguous medium or 
volume of particles of ether, produces light; for, i n 
consequence of this motion, the ether is reflected 
from every entity it meets, and thus an idea of the 
object is presented to the eye. 7 he central motion 
of the particles of the ether causes, not ©nly a r ig id 
expansion of every particle, but also heat; and if 
this motion be urged fro?n the centre to the circum-
ferences, it causes light, together with heat. If, 
however, it be urged from centres toward circumfer-
ences, so as to become a local motion, but without the 
circumvolution of every particle, it occasions light in 
a cold state. There are corpuscles which resemble 
a species of effluvia, and which are so small as to 
be enabled to move only a volume of ether, but 
not a volume of air ; and these, if spontaneously 
moved, excite l ight to a certain distance. I f they 
are not spontaneously moved, but are put in mo-

tion by means of the tremulation of the parts of any 
hard body in which they reside, in this case light is 
excited, and in like manner, electricity, so long as 
the tremulation continues." p. 2 9 6 , vol . I I . 
Again , he says : " I n respect to phosphoric or 
meteoric light, as also w i t h respect to electricity, we 
may observe that both proceed from the same source, 
namely: from the ether, either put into a state of 
local motion, or else i n an effort toward i t . The 
ignis fatuus, as i t is called, is only motion dis-. 
persed through the volume or contiguous area of 
the ether, without any r ig id extension of its parti-
cles. . . . The ignis fatuus, therefore, is a local 
motion of the ether, produced by the motion of cer-
tain smaller corpuscles, so that the cause of warm 
and cold light is one and the same. The corpuscles, 
or effluvia, we have mentioned, may be put into a 
gyration and motion, either spontaneously, that is 
to say, ex se, or from some internal cause; or else 
by the tremulation of some hard body, i n which 
they are and from which they proeeed. . , . The 
tremulation of this body causes, i n l ike manner, a 
tremulation of the parts of the body, and of the 
minute corpuscles which inhere w i t h i n i t and are 
fluent without ; in consequence of this tremulous 
motion of the body, the corpuscles in its interior 
compages being put into a tremulous motion, are 
impelled into gyres and eddies, as i t were, and, to-
gether with these corpuscles, both the ether enclosed 
within the body and that which is flue?it without; 
for, the ether thus put into motion, communicates 
this motion to the circumfluent ether . . and 
hence arises light, and i n l ike manner a certain 
degree of electricity; for there are ?io bodies existing 
which are not, in some way or other, penetrated by 
the ether, in regard, at least, to their texture and 
their larger and looser composition. . . . A n d , 
inasmuch as the ether may, at the same time, en-
ter into the contexture of the parts, i t follows that 
the ether, thus i n motion and penetrating these 
parts, can bring them into the same gyratory mo-
tion w i t h its own. This , however, would not be 
the case, if, instead of being in the ether, the motion 
were in the air, which does not easily enter the 
texture of the harder bodies. Phosphoric light, 
therefore, as well as electricity, depends upon the 
tremulation of the small and subtile parts of a 
body, from which proceed effluvia of the same 
nature, putt ing in motion only the ether ; the 
longer, therefore, this body can thus tremulate, 
the more electrical i t is, the more i t abounds w i t h 
subtile efnuv.a of a l ike nature, the more perfect 
are the electric phenomena." Principia, V o l . I I , 
p. 2 9 7 - 9 . 

We have ful ly quoted these things, that we may 
apply the principles here set forth to the subject 
of physiological l ight . Let us recount briefly Swe-
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denborg's conclusions, ( i ) Light is a motion i m -
parted to the ether from the centre of a volume of 
ether to the circumference. Heat is a motion i n 
which the particles of the ether expand and re-
volve, as i t were, on their axes. Cold light is the 
l i g h t motion i n which the particles of ether do not 
revolve. Electricity is a movement of the ether 
particles i n a gyre or orbit. We may have any of 
these movements separate or combined w i t h others. 
But when several movements take place at the 
same time, the energy is divided. 

The problem in economical l ight ing is to obtain 
the l ight vibration without the heat and electrical 
disturbance, then all the energy w i l l be expended 
i n the required direction, and a very economical 
l ight w i l l result. This result is obtained i n physio-
logical l ight . Prof. Dubois, as we have shown, 
proves that, " T h e quantity of heat generated by 
the photogenic organs is inf ini tes imal . " " T h e 
most sensitive instruments fail to show any elec-
trical phenomena." These l i v i n g organisms utilize 
98 per cent, of the energy i n l ight production, 
whereas in artificial l ight only 2 per cent, is u t i l -
ized ; besides this the quality of the l ight vibration 
is the very best possible for the eye. These organ-
isms have the power of producing a vibration of 
the ether which produces the motion of the ether 
from centre to circumference, without producing a 
revolution, or expansion, or a gyre of the ether 
particle. Fame and fortune await the man who 
can accomplish the same result as simply and eco-
nomically. 

The researches of modern scientists point to the 
vacuum tube as a means of solving this problem. 
When the air is removed the electric current, on 
passing through the tube, sets the ether in vibra-
t ion, producing l ight , the presence of the air seems 
to retard the production of the l ight vibration, its 
absence leaves the ether i n a freer state, i n which 
i t is more easily moved by the action of the elec-
tric current. Tesla believes the method of l ight-
ing by means of vacuum tubes w i l l soon be made 
commercially successful. Swedenborg, i n the quo-
tation given above, shows that ether penetrates in -
to al l parts of solid bodies, but air is excluded. 
The ether is then i n a freer state, so that al l bodies 
i n nature provide vacua, i n which the freer action 
of the ether may take place. 

Swedenborg, i n his physiological writ ings , also 
frequently directs attention to the principle that 
ether, as a more subtile atmosphere, penetrates to 
al l parts of the human body, and performs most 
important functions and uses there. The body 
itself, therefore, provides for the freer play of the 
ether particles than do its external surroundings ; 
thence, in the body itself a more perfect vibration 
of the ether is possible, from which i t may appear 

that heat, electric and l ight vibrations may here 
find most perfect conditions i n which they may 
manifest themselves. The body itself excludes 
the air, but admits the ether freely, and thus more 
perfect conditions for vibratory motions exist 
wi th in than without i t . 

L,et us apply this principle to the photogenic 
function in tbe animal kingdom. These animal 
forms possess an organ which has the power of set-
t ing in motion ether vibrations, which are almost 
entirely free from heat and electrical vibrations. 
The ether wi th in the organ is i n a freer state than 
outside, and the organ itself, i n its very form and 
contents, is so constituted that i t produces this v i -
bration. Is this a merely mechanical operation, 
l ike the burning of a candle, or is i t a v i ta l opera-
t ion, requiring volit ion or the action of the nerve 
centres? I n many species i t is certain that the 
production of the l ight is both produced and con-
trolled by the nerve centres, so that by some means 
the motor nerves can impress their motion upon 
the ether, thus producing l ight waves. Nor is this 
i n reality any more wonderful than the fact that 
the eye is an organism adapted for receiving the 
impression of these same l ight vibrations, the 
nerves then carrying them to the brain. 

I n some cases i t is not very evident what use 
this l ight performs to the animal. Some observers 
state that, in some species, i t serves neither of use 
for seizing their prey nor for protection. I n other 
cases i t is known to be of use to the creatures 
which produce i t . I n the glow worm and fire fly 
i t is of use in sexual selection. I n other species i t 
serves as an aid to the sight. " Some crustaceans 
possess globular phosphorescent organs which con-
stitute a highly complicated luminous apparatus, 
the lenticular body of the organs acting as a con-
denser, which enables the animal to produce, at 
w i l l , a very bright flash of l ight in a given direc-
tion."—Sars. Many deep sea fish possess round, 
shining bodies, imbedded in the skin, which serve 
the same purpose. Many species of these l ight-
producing creatures control the l ight at w i l l , w h i c h 
shows a useful purpose to the animal itself. We 
must also conclude that, in all cases, there is a de-
sign or purpose, even where i t is not yet known, 
because, in the created universe, the Creator made 
all things in use, for use, and by use. 

" M . Dumas, in his work on 4 Chemical Phi l -
osophy,' distinctly ascribes to Swedenborg the 
origin of the modern science of crystallography. 
He says : ' I t is, then, to h im we are indebted, 
for the first idea of making cubes, tetraedes, pyra-
mids, and the different crystalline forms, by group-
ing the spheres, and i t is an idea which has since 
been renewed by several distinguished men, W o l -
laston in particular,' N . J. Mag. , Nov. , 1 8 3 9 . 


