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The Specific Characteristics of Vitality* 
Essential _Differences Between the Living and Non-Living State 

By Prof. David Fraser Harris, M .D., D. Se. , F .R.S .E. 

THE attempts to identify life with "mechanism" de­
pend chiefly on certain analogies between living beings 
and man-made machines or engines of some sort. 

In a certain sense living beings are mecbanisms, as 
when we choose to regard the body as a means of trans­
muting the chemical energy of food into the kinetic 
forms of heat and movement: here we may speak of the 
body as a hpat enginp. But to insist on describing a 
warm-blooded animal as a lwat-engine is to concentrate 
our attention on one phase of its activity and totally 
to overlook a number of aspects in which it does Hot at 
all resemble a man-made machine. 

Certain tissue� of the living body art' so disposed that 
they perform the functions of valves, levers, pulleys, 
hinges, all of which contrivances act precisely as metal 
valves, levers, pulleys, or hinges; but to admit this is 
not by any means to see no essential diffprence, physico­
chemically, between protoplasm and maehines of purely 
human construction. To say that there is no essential 
difference between the growth of a crystal and of an 
infant is to magnify the resemblances out of all propor­
tion to the differences. But this sort of thing is what 
Prof. Ostwald does when he writesl, "Our observations 
so far have shown the organisms to be extremely special­
ized individual instances of physico-chemical mJchirlfs." 

He ha" been comparing a living organism to a flow of 
water through a pipe; and, by laying great stress on the 
truth that each is not a stable but a stationary form of 
matter, that is, the form although not the matter of the 
jet and of the body respectively is conserved from mo­
ment to moment, Prof. Ostwald finally loses sight of 
any fundamental differences between the non-living and 
the living forms. 

That living matter is able to transform energy and is 
itself highly unstable, chemically sppaking. need not com­
pel us to regard it as precisely in the same category as 
certain other much more stable forms of matter which 
also are able to transform energy. 

The following enumeration of the properties of proto­
plasm or living matter would probably be disputed by 
no philosophical biologist a8 constituting the charac­
teristics of the highest (mammalian) type of protoplasm. 

1 .  The possession of affectability (irritability); 
2. The possession of functional inertia; 
3. The power of transmuting the chemical energy of 

food into the kinetie forms of heat, movement, nerve 
energy, electric current, and sound. 

4. The power of assimilating matter which is chemi­
cally unlike the living substance, and of growing thereby. 

5: The power of producing, under the influence of 
foreign suhstances or poisons, anti-bodies (anti-toxins, 
or ferments) designed to render the former innocuous. 

t>. 'I'he power of reproduction, that is, to east off an 
organism capable of independent existence which shall 
perpetuate the parental type. 

7. The power or propensity to evolve, from a relatively 
simple microscopic layer of cells. all the highly differen­
tiated tissues and systems of the adult body. 

Now it i� undeniable that some of these characteristics 
of livingness are also possessed by matter which is not 
living and has never lived. For instance, affectability 
or j,'ritability, found in eyery text-book of physiology 
as a property of liying matter, is eertainly a propprty of 
such lifeless matter as gun-powder or dynamite and of 
many another unstable chemical substance. Gunpowder 
has 'affectability toward. the stimulus of a spark, and 
dynamite has affectability toward the stimulus of eon­
cussion, for affectability is but the power of responding 
to a stimulus. 

Similarly functional inertia-or the power of non­
response to a stimulus-i� a property possessod both by 
living a.nd by non-living matter. In living matter it is 
the property by which limits arc set to its activity, by 
which it is made insusceptible to certain stimulations, 
by which rateR of response beyond a certain number are 
made impossible; it is that property which prevents in­
definitely long-continued action and unending response. 

But clearly this same property is possessed by certain 
chemical systems. Thus dynamite has inertia toward a 
spark; it explodes by concussion, not by ignition. 

'l'he extreme molecular instability of certain sub­
stances, the picrates, fulminate of mercury or of silver; 
may certainly be called their affectability toward stimuli 
tending to cause their disruption, but their possession 
of this high affectability does not entitle these materials 
to be called living. 

* Science ProflTt;s. 
1 Ostwald ... Natural Philosophy." London: William & Nor­

gate. 1911. 

Affectability is a property not of living matter exelu­
sively, but of many varieties of non-living matter as 
well: affectability is correctly ela�sitied as one of the 
fundamental properties of protoplasm. but protoplasm is 
not living matter because it possesses affectability. Liv­
ing matter also possesses functional inertia, which is the 
power to disregard or be oblivious to certain kinds of 
stimuli; but some kinds of matter that are non--living also 
possess this property ill. a high degree. The possession, 
therefore, of a degree of inertness toward certain forms of 
stimulation docs not distinguish living from non-living 
substance. Both affectability and functional inertia are 
vital properties, but they are propertips not possessed 
exclusively by living matter. 

When we paSR on to the other ()haracteristies of vitality, 
we find ourselves on very different ground. 

Living animal bioplasm has the POWel' of growing, 
that is, of assimilating matter in most cases chemieally 
quite unlike that of its own constitution. Now this is a 
remarkable power, not in the least degree shared by non­
living matter. Its very familiarity has blinded us to its 
uniqueness as a chemical phenomenon. 'l'be mere fact 
that a man eatillg beef, bird, fish, lobster, sugar, fat and 
innumerable other t.hings can transform the,e into human 
biopla�m, something chemically very different even from 
that of them which most resembles human tissue, is one 
of the most extraordinary facts in animal l)hysiology. 
A crystal growing in a solution is not only not analogous 
to this process, it is in the sharpest possible contrast with 
it. Tho crystal grows only in the sense that it increases 
in bulk by accretions to its exterior, and only does that 
by being immersed in a solution of the same material 
as its own substanee. ] t takes up to itself only material 
which is already similar to itself'; this is not assimilation, 
it is merely incorporation. 

Writers of a materialistic bias have. however, striven 
to regard such growth of crystals as not essentially differ­
ing from protoplasmic growth. Except that matter is 
taken up from outside in both cases, therc is no similarity 
between the two processes at all. Growth of bioplasm, 
which includes and is the outcome of the ineorporation 
of the dissimilar, the essenee of the metabolic phenomena 
characteristic of living matter, is something Sid generis. 

The term ;·growth," strictly speaking, can be applied 
onlv to metabolism in the immature or convalescent 
org�nism. The healthy adult is not "growing" in this 
sense; when of constant weight he is adding neither to 
his stature nor his girth, and yet he is assimilating as 
truly as ever he did. Put more technically: in the adult 
of st.ationary weight, anabolism is quantitatively equal 
to katabolism, whereas in the truly growing organism 
anabolism is prevailing over katabolism, and reversely 
in the wasting of an organism or in senile decay, kata­
bolism is prevailing over anabolism. The crystal in its. 
solution offers no analogies with the adult or the senile 
states-but these are of the very essence of the life of 
an organism. The crystal, when not incorporating mole­
cules exactly similar to itself, is not in any sense active; 
but an organism at all stages of its life-history is active­
unless indeed it is in the state of latent life. 

The fact, of course. familiar to every beginnfJl" ill biol­
ogy is that the crystal is only incorporating and not ex­
creting anything, whereas the living matter is always 
excreting as well as assimilating. This one-side,l meta­
bolism-if it can be dignified with that term-is indeed 
characteristic of the crystal. but it i� at no time charnc­
teristic of the living organism. The organism, whether 
truly growing or only in metabolic equilibrium, is con­
stantly taking up material to replace effete material, 
is rE'plenishing bceause it has previously displenished itself 
or cast off material. The resemblance be.tween a so­
called "growing" crystal and a growing organism is verily 
of t.he most superficial kind. 

It is true that :1 living organism resembles a wave-the 
form persisting, the matter chan.ging-but that does not 
entitle us to lose sight of the inherent differences between 
the two; it justifies us neither ill calling the wave alive 
nor the living organism "mechnnical." Assimilation of 
matter is, th<m, a vItal characteristic, specific for living­
ness in a sense in which neither affectability nor functional 
inertia is specific for it. 

But when we pass on to that vital property, the power 
to produce anti-bodies, we encounter a property whose 
specificity is absolute. This is a property known only 
within the last few years; and as it is the basis of im­
Illunity from the poisonings due to disease-produeing 
micro-organisms, it is bf'ing very ('ttfefully �tudied at. 
the present time by workerH in pathologieal dlemi�try. 

Hardly any subject of bioehemistry is so unsuited to 

popular presentation, but the prineiple of it may bo 
stated as follows; if material foreign to the blood or 
tissue8 of an animal be introduced into that animal's 
blood, then the body cell� proceed to elaborate a sub­
stance (anti-hody) designed to counteract or neutralize 
the foreign substance introduced. 

'l'he substance introduced is known as an antigen; 
the substance produced as a vital response to the foreign 
�tuff is the anti-body. This is evidently a protective 
chemical procedure, or "mechanism," as it is called for 
short; it is the expression of the body's power of com­
bating chemical insults by chf'mical means. A3 a chemi­
cal process it is highly specific, that is to say, the par­
t.icular anti-body which neutralizes the poison of diph­
theria, for instance, will not also antagonize the poison 
of typhoid fever or of pneumonia. Each toxin is re­
sponded to only by its own specific antitoxin. Now this 
is wholly without parallel or analogy in the world of the 
non-living. It i� characteristic of li(e alone, it is specific. 
Modern biochemistry has, then, given us a new feature 
or differentia of living matter, a power of protoplasm 
not recognized a few years ago, not known to the men 
who regarded affectability as the chief vital manifes­
tation. 

The properties of reproduction and differentiation of 
tissues, though recognized for a much longer time than 
the formation of anti-bodies, are none the less confined 
to life alone. Non-living matter behaves in no wise 
which eould be construed into regarding it as capable 
of reproduction or of progressive morphological differen­
tiation. 

Homogeneous non-living matter makes no spontane­
ous efforts from within

· 
toward heterogeneity. 

If anyone cares to regard the breaking off of a portion 
of a crystal as analogous to the giving birth to an imma­
ture organism, capable, in due time, of an independent 
existence, he may do so as a poetieal exercise, but not as 
any contribution to the philosophy of biology. 

The power of sexual reproduetion is entirely su.i gcncris, 
and has no analogy in the nOll-living world. The so­
called similarities between. sexual phenomena and the 
attraction of oppositf'I:V electrified atoms or ions are 
really only pretty fancies. Possibly the most mysteri­
ous or wonder-rousing property of living matter is its 
inherent po ,vel' of progressive cell-differentiation. 

Out of the single fertilized ovum (or egg), usually of 
microscopic size, there arises in due time the perfect 
animal; the simple ovum having given place to millions 
of cells, each having its own niche in the living mosaic. 
And the end-product of the cell evolution is highly char­
acteristic, for the microscopist can tell at a glance a brain­
cell from a livE'r-cell, a bone-cell from a cell of the retina, 
and so on. Morphological differentiation evidentlv un-
derlies functional specialization. 

. 

Sometimes these self-devploping systems are spoken 
of as "mechanisms," but that is justified only in the 
interest" of brE'vity of expression: no man-made mechan­
ism ever evolved itself, or, being made. ever became 
anything else; but this is precisely what the "mechan­
isms" of protoplasm are continually doing. The single 
and simplp can evolve into the multiform and compli­
cated merely, apparently, by possessing the power of 
assimilation. The like can evolve into the unlike; the 
cells of the embryo which at one stage are practically all 
alike are destined to becomfJ something exceedingly dif­
ferent, as different as brain from hone. A mere mass of 
�pnerules wiIi shortly become all the complexities of the 
eye or ear; 80mp lem-cells detached from the lens of 
the eye can produce a lens outside of and away from the 
tlye altogether; some bone-cells placed on the skin forth­
with proceed to develop bonc on the outside of the body. 

It is cu�tomary to make a great deal out of radillm 
being abltl to disintegrate and become something else as 
though this inten'sting transformation could blur the 
sharp lines of distinction between the living and the 
non-living. 

It is eharacteristic of vitality to have its youth, its 
prime, and its decline, but there is nothing of this in the 
non-living. The hills are eVE'rlasting; but nE'ither the 
sheep nor the shepherds are. "Change and decay" ap­
plies only to thfJ living environment: tllP "birth" and 
"death" of worlds is poetry. 

It is of the essence of living things to have phases or 
rhythms in their m"taholism aud phases or stages in 
their life-history. If the non-living corresponds at all 
to ttny phase or stage of 01P living matter, it is to UUe 
phase of latent lil"t'. 

Latent life is that ('ondition of living matter where 
there are no signs of life, only the potentialities of life 
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in the future. The vital material of the frozen frog, 
insect, fish, or rotifer, while it remains in latent life, is 
in the 8tatus quo ante jw<t as a stone is; but whereas the 
frozen organism can revive, as we say, or again shows 
signs of vitality, that is, come out of its latent phase, the 
stone or crystal cannot, and all attempt:; to represent 
it doing so are based on metaphors. 

The living thing tends to death; the non-living tends 
to nothing at all. Death is the natural end of life; 
physical science as such knows nothing of the endless 
existence of living things. 

In life there is some affectability <lnd some functional 
inertia; in latent life there is minimal affectability and 
much fllnctional inertia; in death there is no affeetability 
and maximal funetional inertia. 

This is, then, a new definition of death, for it is a posi­
tive one, all othcrs, sueh as "death is the eessation of 
existenee," are negative. Whereas in life there are 
signs and potentialities for future life; in latent life there 
are no :;igns but only potentialities; in death there are 
no signs and no potentialities. This is another new posi­
tive definition of death. 

These conclusions do not neeessarily preelude the belief 
that living matter has been evolved from non-living as 
Sir Edward Sehafer and Prof. B. Moore indicate. Pos­
sessing the fundamental properties of affeetability, fune­
tional inertia, and the power to transmute energy, it is 
eoneeivable that non-living matter beeame. physieo­
ehemieally, so unstable that it finally aequired the four 
propertif's whieh have just been described as specifieally 
eharaeteristie of it: when it had aequired these it was 
alive. 

}1'unetional endowment, therefore, and not the pos­
session of any "vital force," eonstitutes livingness. The 
desire of the ehemists to create living out of non-living 
matter is not hereby ridieuled, neither is it pronouneed 
impossible. But we must be prepared beforehand to 
reeognize this man-made living matter whenever and 
wherever we may be privileged to see it. Presumably it 
will be first presented to us in a test-tube. How shall 
we know that it lives? The bioehemist says that proto­
plasm is an irreversible eolloidal hydrosol of emulsoid 
eonstitutiOI1: excellent, but how may we know that this 
hydrosol is alive? Not from its eonforming to the above 
deseription, for matter entirely dead might still be so 
described. By its "extreme eomplexity"? No; for again 
extreme ehemieal complexity ean charaeterL-:e both non­
living and dead matter. By its possessing affectability, 
functional inertia, and the power of transmuting energy? 
Onee more. no, for all these three are possessed by certain 
lifeless substances. Matter, whatever its origin, cannot 
be pronouneed alive unless it is capable of assimilating 
the unlike, of produeing anti-bodies, of reproducing itself 
and of undergoing spontaneously a certain degree of 
morphological differentiation. 

These are the eredentials of living matter as we find 
it in the universe to-day; matter, wherever it has arisen, 
which possesses these four properties must be ealled ali ve. 

Some years ago I eontended2 that affeetability and 
functional inertia were the two fundamental properties of 
living matter, and �ueh indeed we must regard them. No 
kind of matter whieh does not respond to a stimulus ean 
be ealled alive; all matter which is alive can or may re­
spond to a stimulus, but affectability is shared by non­
living matter. Conversely, matter whieh was the ever­
lasting plaything of stimulation, whieh could not resist 
or be oblivious to certain stimuli at certain times, would 
not be alive. It is of the essence of livingness to disregard 
some stimuli, to prevent some response'l, to set limits 
to aetivity, to act rhythmieally and not constantly or 
eontinually; but insusceptibility to stimulus is a property 
shared also by non-living matter. 

It is theoretically possible that both these fundamental 
properties of living matter came to be found in it beeause 
they were inherent in the pre-existing non-living matter 
from whieh the living may be tiupposed to have been 
evolved. Similarly for the power of transmuting energy, 
a property notoriously not confined to livingness. 

Nor does anything said here eontradiet the belief that 
affeetability, functional inertia, and the transmutation 
of energy are primary or fundamental properties, while 
the last four are secondary or derived. For instanee, 
if living matter had no affeetability, it would be un­
affected by the presence of food material, and so would 
not respond to it in the direetion of assimilating it. 

Reeent physiologieal work has made us aware of a 
power in living tissues to offer resistanee to the so-called 
"physical forees." We have been shown that the im­
portant funetion of absorption of food from the int<:'stine 
is not eapable of being explained by the laws of "physieal" 
osmosis alone. The "meehani�m" of absorption is not 
mechanieal in the sense that it is the outeome of laws 
operative entirely in non-living matter. Prof. Way­
mouth Reid has demonstrated that. if the living eells 
lining the alimentary canal be removed, the food is ab­
clorbed less perfeetly than before, although now it is of 

'Fraser Harris, .. The Functional Interia of Living Matter." 

London: Churchill, 1908. 

eourse actually nearer to the blood which is ultimately 
to reeeive it. Similarly, Prof. Gregor Brodie has proved 
that in the kidney, merely physical forces, blood-pressure, 
ete., will not aeeount for the formation of the watery 
secretion of that gland; he is compelled to speak even 
of the water as being vitally secreted. Dr. J. S. Haldane, 
of Oxford, asserts that under eertam eonditions the liv­
ing lining of the lung aets, as regards the excretion of 
carbonie add gas and the intake of oxygen, in direct 
opposition to purely physical diffusion. 

I have purposely not grounded the thesis of this paper 
on the phenomena of eonseiousness. The existenee of 
eonsciousness is the supreme distinguishing feature be­
tween the living and the non-living; but our uncertainty 
as to the existenee of self-eonsciousness in the lower 
forms of life predudes us from making dogmatic state­
ments about its significanee as a differentia of livingness 
in every one of the types of living matter. It seems 
safe to assume that eonseiousness does not arise until 
the related neuroplasm has attained to a eertain degree 
of functional differentiation. 

Certain biologists, for instance Haeekel, have on the con­
trary, assumed that eonsciousness does exist in every 
animal form from amrnba to man; but as this position 
is absolutdy beyond the reaeh of proof, it eannut be 
used as a datum for further argument. 

The assumption seems extremely improbable; were it 
true, the jlI:tus in utero, for lUstanee, would be a self­
conscious existence; but if we are sure of anything, we 
are sure that it i� not. If we could be certain that con­
seiou�ness is an aecompaniment of all living matter, then 
we eould regard it as an additional differentia of proto­
plasm, for no one holds, save as poetry, that non-living 
matter is conscious. 

In those animals which possess it, consciousness is a 
charaeteristie of life sui generis, in whieh respect it re­
sembles the power of produeing anti-bodies; but only 
wmewhat highly differentiated protoplasm possesses 
either of these properties. 

Enough has been said to justify us in refusing to see 
no essential differences between matter in the living. and 
in the non-living state. That living matter had its origin 
in the non-living is a coneOlvahle evolutionary possi­
bility; but that we may discover in matter whieh has 
never lived all the properties whereby we reeognize 
vitality does not seem a correet interpretation of the 
world of life as we find it. 

By magnifying resemblanceR and by explanations based 
on analogies, we ean endow the non-living with the sem­
blance of life, but we are somehow certain after all that 
differenees arc there, and that it is poetry and not scienee 
that has been enriched. Between the living and the 
non-living 'there is a great gulf fixed, and no efforts of 
ours, however heroic, have as yet bridged it over. 

The Microscope Fine Adjustment 

IN the ehoiee of a mieroseope, the amateur too often 
negleets to aseertain the effieiency of the fine adjustment 
when working with really high powers. In sume medieal 
schools, where the matter is entrusted to the leeturer, the 
same holds good, and microscopes of an old and once 
exeellent pattern are still reeommended, though entirely 
out of date and utterly unsuitable. 

Two years ago Prof. Minot, of Harvard, called 
upon me, and together we diseussed a few points about 
the modern mieroscope. "Do you know the --­

mieroseopes?" he asked. I told him I did. "And what 
do you think of them?" he said. I answered, "Exeellent, 
except that the fine adjustment is not good enough for 
oil-immersions." "Y ou are quite right," he said. "I 
told them so only a few months ago, and they are altering 
their pattern." And altered these microseopes are, 
though even yet not quite perfect, in my own opinion. 

The first point to test is whether there is any baeklash 
or loss of time in the movement. As a matter of faet, 
this is seldom found, as most microseope makers obviate 
all chance of this by means of a counter spring, which in 
most eases a{1ts admirably. Only in old and seeond-hand 
instruments is this defect sometimes to be detected, and 
a new spring soon puts it right. Any side movement ean 
also usually be corrected by tightening the serews of the 
slide, or in some cases by a drop or two of good sperm oil 
or oil of sweet almonds on the movement, wiping off all 
superfluous oil with a dean linen doth. Usually it is 
only apparent with the highest powers. But it should 
not exist at all, and indieates soft metal or great age, or 
both. 

Roughly speaking, fine adjustments fall into two 
classes-those aeting direetly with a screw and those 
having in addition a lever or cam, or some intermediate 
method of diminishing the motion of the serew. 

In the first dass the threads of the screw are almost 
invariably half a millimeter (one-fiftieth of an ineh) in 
pit{1h. Thus one whole revolution of the serew gives a 
movement of half a millimeter. This aets very well for 
all objectives up to four millimeters (one-sixth inch) in 
focus, and up to about .65 in angular aperture. Such a 

lens, with the highest eye-pieee in common use, gives a 
magnifieation of about 600. Most ohservers will not use 
it for a magnification of more than 400, hut the image is 
hardly impaired even at the higher figure. Sueh an 
objeetive will work through any thickness of eover within 
reason, and needs neither eollar eorreetion nor any 
alteration in length of the draw tube for varying thick­
ness of eovers. 

When, however, we substitute an objective of the same 
foeal length, but with an aperture of .85, we find that this 
make of fine adjustment breaks down, and is seareely 
sensitive enough. One maker at least obviates this diffi­
eulty by making his serew one-third of a millimeter in 
piteh; but even tht'n it breaks down with. objectives of 
three millimeter� and still more with a 2.5 millimetel', the 
highest dry-power objective in eommon use for baeteri­
ology. For oil-immersions of the usual power and aper­
ture, and still more for microphotography, this form of 
fine adjustment is utterly out of qU('stion. 

So far we have spoken only of what experience teaches. 
It remains for us to deduee conclusions and state results, 
and apply them to higher powers. 

Prof. Abbe long ago demonstrated that the depth of 
focus (or depth of sharpness or penetnttion) was in 
inverse proportion to the produet of the numerieal aper­
ture and the initial magnifieation of the objective. 

Thus the depth of focus of the four-millimeter objective 
of N. A . .  65 would be 

1 
.65+40 

the latter being the initial magnification of the system 
with the one-hundred-and-sixty-millimeter tube. 

N ow let us proeeed to the ordinary one-twelfth-ineh 
oil-immersion of N .A. 1.30, which is most eommonly 
used, and eosts everywhere £5. It is in reality a one­
fourteenth-ineh, i. e., 1.8 millimeter objective, and hence 

160 
its initial magnifieation is -, say ninety. Thus its 1.8 

. 1 
depth of foeus IS ----

1.30+90 

.65X40= 26. 
1.30X90 = 117. 

117 is to 26 as 4Y2Xl 
In order, therefore, to be perfectly effieient the fine 

adjustment for the 1.8 millimeter lens should be four and 
a half times as slow as one for the four-millimeter objee­
tive. In order to embrace oil-immersions of N. A. 1.4, 
we may ehange 4Y2 into 5 with advantage. 

The four-millimeter objeetive requires a movement of 
.5 millimeter per turn of tbe fine adjustment; the 1.8 
millimetre would therefore require 

.: = .1 millimeter per 
turn. 

It is objected that such a slow'movt'ment (one-two­
hundred-and-fiftieth ineh) is not a convenient one with 
medium powers, as it is diffieult to deeide whieh is the 
best focus. This diffielllty, however, eompletely disap­
pears with experienee. '1'he tyro may try the dodge of 
putting the image just out of foclUs; then turn the fine 
adjustment until it is equally out of foeus the other way. 
Then turn the milled head just half the distanee baek, 
and the eorrect place will be found. 

One maker gets over the difficulty in a very ingenious 
and effieient manner. A serew with a coarse thread 
works inside another with a thread five times as fine. 
The eoarse thread moves the body about one-sixtieth 
ineh per turn; the fine one, one-three-hundredth. ineh. 
We should have preferred one-half millimeter (one-fiftieth 
ineh) and .1 millimeter (one-two-hundred-and-fiftieth 
inch), but this is perhaps hypercritieal. At any rate, the 
idea is a good one, and gives excellent results in praetiee. 
It shows also how well theory and practice agree.­
K Ardron Hutton, M.A., in Knowledge. 

Prehistoric Irrigation Ditch Built by Indians 
'1'HERE exist in several parts of Arizona the remains 

of irrigatioll systems that date back to prehistoric days, 
wllE'll some quite highly civilized Indian tribes inhabited 
these valleys. 

Olle of the mOi5t famous of these ancient irrigation 
works is on the Arizona state highway from Prescott 
to the Grand Canyon. Water was taken from what is 
known as Montezuma's Well, a curious natural well 440 
feet in diameter and 93 feet deep, except in one spot, 
where no bottom was reached at 500 feet. 

'1'he water carries a great deal of lime in solution, 
and the sides of the ditch have been preserved by the 
petrifaction of the original earth. One rancher at the 
present time is using several thousand feet of the old 
ditches, after merely cleaning them out. F. R. Good­
man, State highway division engineer, was once tempted 
by curiosity to run a line of levels along the bottom of 
one of these old Indian ditches. He found the grade to 
be almost perfectly uniform at a rate of 0.01 foot per 
100 feet.-Engineering News. 
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MACHlNE GUN EMPLACEMENT 
SHOWING RECESSES FOR TVVO OF 
THE TRIPOD Lr:GS. 

AMMUNITlON 

i GUN PIT 

5HELTER 

I>LAN 

Gun Emplacements and Concealment* 

Considerations That Determine the Selection of Battery Positions 

WHIU; succes,,; ill artillery operations is, as it al­

waYi-l has been, dependent 011 the efficient concealment of 

t.he battery ill action, the advent of the aeroplane as 

a scout has made such concealment a more difficult mat­
ter. Consequently, gun-positions which in the past 

would have been perfectly satisfactory are to-day com­

paratively useless. In order to meet this difficulty, it is 

mmal to paint guns and limbers with splashes of various 

colors, so as to make them blend as far as possible 

with the surrounding landscape. 
In selecting a position for a battery it must be 

remembered that an object is clearly seen on the sky­
line which would be practically invisible if situated on 
the face of an incline in full view of the observer but 
with a background of earth instead of sky. It is, 
therefore, advisable to select a battery position on the 
face of a slope (A-l!'ig. 5) rather than one just be­
hind the ridge (B-Fig. 5), as the latter would involve 
a sky-line background for guns other than howitzers 
(U'ig. 4), and for the observers in any case. 

lf the gun-position is such that it may be necessary 

to retire the guns from time to time during daylight, 

a position behind the ridge is a better one than that 

on the face of the slope, as such an operation would 

in the latter ease involve exposure on the crest during 

transit. A screen erected behind a field-gun is often 

more effective than one placed in front, as the latter 

must be low enough for the weapon to fire over it, 

while the former can be of any desired height, and gives 

good concealment from the enemy's position if its color 

blends with that of the gun, etc. Field-guns operating 

on open ground may be concealed in "gun-pits" or by 

"epaulements" (Fig. 3). In the former, a pit is ex­

cavated, the floor of which slopes downward in the 

direction of fire to a depth of about llh feet, a bank 

of earth about 3 feet high being erected in front of the 

position to the right and left, with the line of fire 

passing between them (Fig. 1). 
A communication-trench enables the gun-crew to bring 

up ammunition, etc., without exposing themselves. When 

the field-work known as an epaulement is used, the 

gun stands on the surface of the ground, and a bank 

of earth is extended across the front of the position, 

this bank being about 1 foot high in its center-over 

which the line of fire passes-and 3lh feet high at 

each end. The same arrangement of communication­

trench is adopted as in the case of the gun-pit. 

The decision as to whether a gun-pit or an epa111ement 
is preferable depends. of Cl)UrSe, on local conditions. A 
gun-pit is constructed in less time than an epaulement, 

'The Illustrated War Neus. 

as less earth is required to form its embankment, the 
bulk of this earth beiug taken from the pit which ac­
commodates the gun. 'l'he epaulement (U'ig. 2) is gen­
erally worth the extra time that it requires to construct 
when sufficient time is available. In this case the gun 
stands on an undisturbed and com;equently firm surface, 
While its discharge is not so liable to raise dust and 
so betray its position. 

Dry earth in the immediate vicinity of a gun is al­
ways well watered to keep down the dust, or, when 
water is not available, covered with hides or gun­
Hheets. 'When any excavations have to be made, dis­
turbed surfaces should be covered with turf, branches, 
or other natural substances, so as to make them blend 
with their surroundings, and in that way avoid at­
tracting attention. 

A comparatively permanent fortification is formed by 
a system of deep gun-pits with earth-covered roofs 
linked together by underground passages in which are 
situated isolated magazines containing reserve ammuni-

Fig. 5.-Gun-emplacements on a hill-face (A) and 
behind the crest-ridge (B). 

tion, these magazines being so far apart that the ex­
plosion of one of them is not likely to endanger the 
others. A subterranean tramway sometimes connects 
the fortification with the ordnance depOt and serves 
to keep up the supply of ammunition, stores, food, etc. 
This class of gun-pit, it should be noted, is suitable 
for howitzers only, the high-angle fire of the howitzer 
permitting it to be placed well below the parapet of the 
pit. As will be seen, the location of the artillery in 
action is a matter of only secondary importance to the 
caliber and reliability of the guns themselves. 

Suffocating Gases and Their Antidotes 
A N Ital ian ehemist Dallied Guaresehi recently gave an 

address before the Chelllico-'reclmical Society in Turin 
on the subject of the gases which have a choldng or 

suffocating effect and those whieh affect the tear-glands. 
This address was revorted in a Frendl magazine, from 
which the following abstract, avpearing in the German 
sieentific weekly, Prometheu.�, is taken: 

The suffocating gases and fumes lIIost suitable for 
military purposes comprise chlorine, hydrochloric acid 
gas, brollline, hydrobromic acid gas, nitrogen dioxide, 
nitrosyl chloride, phosgen, hydrocyanic acid gas, cyano­
gen chloride, cyanogen bromide, ammonia, sulphuretted 
hydrogen, sulphur dioxide, phosphine, and arsine. 
Among these it is naturally only those which are fur­
nished in larger amounts and at reasonably low prices 
by chemical industries which are mainly advisable as 
first choice. This is true, fOr example, of chlorine, 
which is manufaetured in large quantities even in times 
of peace, and of bromine, which is likewise to be had 

cheaply (from the Salzburger salt deposits). 
In the second rank come phosgen, nitrosyl chloride, 

and other products of chemical industries. Other pre­
reqUisites for military purposes are that the gases 

should be heavier than air, that they should retain 

their suffocating quality even when largely diluted with 
d.ir, and that they should be readily transportable in 
the liquid form. It is desirable also that their solu­
bility in water should be as small as possible, and that 
they Nhould have but little eapacity for being absorbed 
by other chemicals. 

These last qualities are lacking in those gases which 
are both cheapest and most eertainly effective. Hence 

it is possible for the enemy to neutralize the harmful 
pffeet by wearing face-masks containing cloths or sponges 
saturated with solutions of suitable antidotes. 

Alkaline solutions (of soda, for instance,) are used , to 
neutralize Chlorine, bromine, hydrochloric acid, hydro­
hromic acid, nitrogen dioxide, sulphur dioxide, and 

other suffoeating gases of nn acid character. To neu­
tralize chlorine and bromine, it is also reeommended 

to use solutions of sodium thiosulphate, either alone or 
mixed with solutions of soda. Weak acid solutions are 

It protection against ammonia fumes. 
The best neutralizing substance for the most poison­

ous gases (chlorine, bromine, nitrogen dioxide hydro­
ehloric acid, hydrobromic aeid, sulphur dioxide, pbos­
gen) is probably soda lime. 

A variety of the dangerollS gases now employed in 
warfare consists of those which cause the flow of tears. 
Guareselin mentions among tpese phosgen, nitrochloro­
fOI'IlI, !'Illol'('arbonil'a('idetllylether, bpnzyl ehlol'ide and 
benzyl bromide, thionyl chloride and fluoride, mono­
chloraceton and dichloracetone, as well as similar or­
ganic substances whQse fumes attack the eyes violently . 
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Balancing poles used as rifle rests. Being towed by a horseman. Operating machine guns on skis. 

Campaigning In the Snow* 

THE organized corps of ski-men of the German army 
have found during the past winter that aside from 
the facility lent to locomotion, the appurtenances of 
skiing are very handy things for various purposes. For 
example, the ski artist improves his marksmanship by 
thrusting his alpenstocks, of which he carries two, 
diagonally into the ground so that they cross at a proper 
height, and employing tbe crotch thus formed as a gun 
rest. 

The members of a ski squad never have to sleep ex­
posed to the elements. Each man plants his skis firm­
ly in the ground so that they cross at a height of six 
feet or more; and by laying alpenstocks from crotch 
to crotch, and tying others across the middles of the 
sides by means of the foot-strap, a most admirable 
tt:'nt-frame is erected in a few minutes. 

Wherever a ski-man can go there he can transport 
a small machine gun mounted on skis, as well as cans 
of ammunition, food, etc. If he should be so unfortu­
nate as to be wounded, his companions will pack him 
back to the nearest base on a hastily improvised sledge 
built up on two skiis as runners. If he chances to be 
operating in connection with a force of cavalry, the 
ski-man does not even have to furnish his own motive 

*From Die Umschau. 

Some Things a Ski Is Good For 

Skis used for tent frames. 

Bringing in the wounded. 

power, but by means of lines attached to the saddle 
he catches on behind a mounted companion. That the 
"Schneeliiufer" has frequent opportunity to hitch behind 
in this fashion is attested by the fact that he has coined 
a word to describe the act. 

Paper Pulp From New Woods 
ACCORDING to a publication recently issued by the 

Forest Service of the United States Deartment of Agri­
culture, satisfactory wood pulp for paper-making can 
be produced from a number of woods that have not 
hitherto attracted attention, and in proof of this state­
ment seventy samples of paper are shown, manufac­
tured by different pocesses, chiefly from woods hitherto 
practically unused for this purpose. 

Tests showed eleven new woods that give promise of 
being suitable for the production of print paper while 
a number of others will produce manila paper and box:­
boards. In connection with this work valuable work 
has ueen done in developing new methods of manufac­
ture and the improvement of the old methods, which 
have remained practically unchanged since they were 
introduced in 1867. 

The Elephant Butte Dam 
The Greatest Irrigation Storage Enterprise in the World 

WITH the completion of the great Elephant Butte 

Dam, in Sierra County, New Mexico, one of the most 

extensive irrigation schemes in this country is nearing 

realization, and in due course some 200,000 acres of 

wonderfully fertile land in the states of New Mexico 

and �'exas will become productive. 

As is generally known, there are large areas of very 

fertile lands in the western and southwestern portion" 

of the United States which have ueen practically value­

less for lack of water, and for a number of years both 

the Government and private enterprises have. been 

constructing storage reservoirs and systems of irrigll t­

ing canals that will make hundreds of thousands of 

acres available for agricultural purposes. One of the 

largest of these projects is the one that. centers on the 

storage reservoir at }1]lephant Butte, wldch was re­

cently completed, and which will be officially dedicated 

in October. Not only is the body of, water formed 

by this dam, which has been thrown across the course 

of the Rio Grande River, the greatest of its kind 

in America, but it is said to be the greatest in the 

world, being several times greater than that formed 

hy the celebratt:'d Assouan Dam across the Nile, in 
I'�gypt. 

'1'0 give an idea of the immenseness of this enterprise 
it may be said that the lake created by this dam is 45 
miles long and averages 1 %, miles in width with a 
shore of 200 miles. The greatest depth, near the dam, 
is 193 feet, and the average depth is 66 feet. The lake 
has a water surface area of 40,080 acres and its avail­
able capacity is 2,642,292 acre feet, or 862,200,000,000 

gallons, which it is expected will insure a sufficient sup­
ply of water to the district served for two years, thus 
insuring against a possible entire failnre of rain in any 
single year. 

What these startling figures mean is difficult for 
most people to clearly concei.ve, uut graphically spt:'ak­
ing, the water impounded is sufficient to cover the 
State of Deleware to a depth of two feet. 

A few technical particulars relnting to this dam 

may here be given: Active construction work was 
started July, 1910, and the dam completed May 12th, 
1916, at an approximate cost of $5,000,000. It is 1,310 
feet long, and has a total height from its foundation 
of 306 feet, and above the original river level of 205 

The power house, and rapids caused by water flowing 
from the water wheels. 

feet. It is 215 feet thick at the base and the width 
of the roadway on the top is 18 feet. The dam is 
of the gra vity type, straight in plan, and is huilt of 
cyclopean ('oncrete with up and down stream fact:'s 

cast against forms. The masonry in the structure 
amounts to 608,000 cubic yards, and this is said to 
he the largt:'st piece of masonry in the world. 

It is interesting to note that this immense project 
of the United States Reclamation Service is not a new 
idea, uut actually a revival of an ancient irrigation 
system that was built and operated by the old Spanish 
settlers who inhabited this region some four hundred 
years ago, for in a number of places the remains of 
irrigating ditches can he traced, and traditions have 
it that this country in those old days uloomed with 
vineyards that rivaled the finest in France and Italy. 
With the completion of this great modern enterprise 
there is no reason why those old days of prosperity 
should not be repeated a thousand fold, for the region 
served by the Elephant Butte reservoir possesses a 
soil of unequaled fertility and a climate wonderfully 
adapted to an extremely wide range of agricultural 
pursuits, and is noted for its healthfulness. �'he only 
thing lacking to make it an agricultural paradise was 
water properly distriuuted, and thi� the IIt:'W irrigating 
system provides for. 

How Long Will Our Oil Supply Last 
AT a recent meeting of the Society of Automobile 

Engineers Dr. W., F. Rittman made the following 
statement: "We burn, in the form of fuel to replace 
coal, about 25 per cent of the crude oil that comes 
from the ground. We use another 25 per cent in the 
form of gas oils to make gas, where coal could be 
used with equal ease in a by-product oven. We are 
selling kerosene for less than it costs without paying 
nature for it. We use 25 per cent of the crude in in­
ternal-combustion engines. If we could take the crude 
out at one-fourth the present rate, make it all into 
gasoline and use coal for fuels for the other purposes 
as it should be used, then the exhaustion of our oil 
would not be a question of twenty-five years; it would 

be a question of seventy-five years." 
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Solid Solutions* 
Inter-Metallic Compounds , and Annealing and Properties of Metal 

THE fact that almost all the alloys, which owe their 
practical utility to their toughness or combination of 
strength and ductility, consist of one or more solid solu­
tions, has received due attention, but has not yet found 
any adequate explanation. The hrasses, most of the 
bronzes, copper-zinc-nickel alloys-formerly known as 
German silvers, now designated nickel-silvers-light 
aluminium alloys for motor vehicles our coins, etc., are 
regarded as solid solutions, and the hardening of steel 
is attributed to the formation and subsequent preserva­
tion of solid solutions, to which again the predominating 
characteristics of alloy steels are ascribed. One might 
expect pure gold to be harder than gold containing 
another metal in solution , or, in a certain sense, as 
impurity, just as pure gold or any pure substance has 
a higher melting point than the impure substance. But 
it has long been understood that these two phenomena 
are not parallel. To what circumstance solid solutions 
of metals owe their special properties, in particular their 
high bardness, is not understood, however. The prob­
lems came before the Faraday Society recently. 

Tbe particular papers which we wish to notice to-day 
in tbe first instance Were by Mr. F. C. Thompson, 
M.Met., B.Sc. , of Sheffield University, on "The Prop­
erties of Solid SolutionR of Metals and of Inter-Metallic 
Compounds," and on the "Annealing of Metals." Mr. 
Thompson had made an important communication to 
the Iron and Steel Institute, and had already hrought 
a very suggestive investigation of the elastic strength of 
metals before the Faraday Society a few years ago. On 
the present occasion he first pointed out that great hard­
ness of alloys went together with high electric resistance 
and with high maximum stress and low elongation, and 
that trese properties were also conferred on the metals 
or alloys by cold work. The remarkable parallelism 
between the properties of a metal in the eCr'lU l  condition 
and in solid solution with another metal suggested that 
distortion of the crystalline matter was present in both 
cases. Metallic solutions were truly crystalline; cleav­
age slipping under stress, well-defined etching pits and 
twinning pointed to that conclusion. In the space-lattice 
of such a solution the lattice� of the two or more constitu­
entE were generally regarded as interpenetrating. Mr. 
Thompson, however, thought that the question might 
be simplified by considering one lattiee alone. When an 
element B was added to an element A ,  the A atoms in 
the space-lattice were progressively replaced by the iso­
morphous B atoms, and the lattice passed imperceptibly 
from that of one pure element to that of the other. 
This atomic replacement should react on the physical 
properties, and implied, according to Gossner, an attempt 
at the equalization of the atomic volumes in the com­
ponents, in the sense that, if an A atom occupied a greater 
volume than a B atom, the replacement would result 
in an expansion of B and a contraction of A when they 
crystallized together. The resulting distortion would 
give rise to elastic strains, probably of a" high order, 
throughout the whole mass, to which the increased hard­
ness was to be ascribed. On that view the maximum 
hardness should be observed in binary alloys (gold with 
silver or copper), which formed an uninterrupted series 
of solutions, when 50 per cent of eaeh constituent was 
present, and that was invariably found to be so. As 
long as there were present few B atoms of small atomic 
weight, they would undergo much change, and the A 
atoms little ehange. As the B atoms became more num­
erous, the change of atomic volume and the increase of 
hardness would hecome smaller and smaller; for com­
pletely isomorphous metals th'1 hardness curve should 
hence be parabolic with a flat maximum at 50 per cent 
composition. Now Desch had pointed out (Transac­
tions, Faraday Society, 1915, page 521 )  that the atomic 
volumes of metals which formed uninterrupted series 
of solid solutions were in all cases very close to each 
other, and the mean atomic volume would therefore 
undergo very little change from end to end. In devel­
oping a simple formula for these relations, Mr. Thomp­
son suggested that the hardness of a metal was deter­
mined by its intrinsic pressure (Traube). Dr. Dosch 
subsequently objected that he could not form any clear 
view of Traube's intrinsic pressure, which would, more­
over, fit alloys which were not solid solutions ; but Mr. 
Thompson replied that his results agreed with Traube's. 

From the point of his hypothesis it was immaterial 
which of the two metals had the larger atomic volume ; 
the solid solution of the two would in all eases be barder 
than either consituent. In this conclusion he differed 
from Roberts-Austen, who, on the strength of his first 
researches of 1888, on gold alloys, had maintained that 
metals which diminished the tenacity and extensibility of 

* From Engineering. 

gold had higher atomic volumes than gold, while those 
which increased these properties had the same or lower 
atomic volumes. But according to Roberts-AUi:ten's 
own work aluminium, iridium and lithium (all of high 
atomic volume, yet increasing the tenacity of gold) be­
haved abnormally, and Arnold and Jefferson had shown 
in 1894 and 1896 that the atomic volume did not have 
the direct influence suggested. By studyin>r the micro­
structure of alloys (gold with lead, bismuth, tellurium), 
Arnold proved that fragility resulted when each gold 
crystal was isolated from its neighbors hy a cell-wall 
of the other metal, and that in iron (atomic volume 7.2) 
the addition of nickel, copper, aluminium, phosphorus, 
always produced hardness-so long as the second element 
passed entirely into solid solution-though the atomic 
volumes of these elements were 6.7, 7 . 1 ,  10.5, 13.5.  The 
importance of the atomic volume came in in another way. 
Silver and gold had practically the same atomic volumes, 
10.23 and 10.20, and formed solid solutions in all pro­
portions (as stated) ; silver and lead (atomic volumes 10.2 
and 18.2) formed a series of eutectoids without appreciable 
miscibility at either end, and in Arnold's iron alloys­
carbon, arsenic, and sulphur (atomic volumes 3.6, 13.2,  
15.7) caused the separation of phases. These observa­
tions were in accordance with Mr. Thompson's view that 
in a solid solution there was a progressive replacement 
of the atoms in the space-lattice. Elements of similar 
atomic volumes would readily replace one another, and 
thus easily enter into solid solution. "" hen the atomic 
volumes differed considerably, solid solutions would not 
be formed. That same theory would account for the 
extreme hardness of compounds of metals with metals. 
The interpenetration of the space-lattices would induce 
in them similar changes in atomic volume, and set 
up elastic stresses. But as a certain rigidity had to 
be assumed in the space-lattice of a compound, these 
compounds would not only be hard, but also brittle. 

That many of the leading ideas of these arguments 
originated with Dr. Beilby, Mr. Thompson accentuated 
more particularly in his second paper. At the conclusion 
of his first paper he referred to a recent similar paper by 
Tammann on "The Molecular Structure of Solid Iso­
tropic and Anisotropic Binary Mixtures." I n  his second 
paper on "The Annealing of lVletals," Mr. Thompson 
pointed out. that the deformation of the space-lattice 
as a result of mechanical stress was the first step in the 
formation of the amorphous modifieation, and the cause 
of the increased hardness had to be sought in the amor­
phous material. That material was either itself very 
hard, or, what looked more probable, it was the Sf'at 
of internal stresses. Annealing produced a recrystalliza­
tion of the deformed structure, and disappearance of the 
amorphous modification. On that theory the crystalline 
element" persisting after severe cold work should be no 
harder than the crystals had been before; that was so, 
according to Faust and Tammann. Two other theories 
had been proposed to explain the facts . According to 
Smits, the applied pressure produced irreversible mole­
cular transformation�, so that the physical structure re­
mained different after removal of the stress. According 
to '1'ammann, tension stresses were set up in the planes 
of slip, and the greater the stress applied the greater the 
number of slip planes and the hardness, ductility being 
on this view a function of the numher of slip planes 
per unit volume induced by a constant stress. 

The annealing of cold-worked metals or alloys (hrass, 
nickel-silver), Mr. Thompson continued, was essentially 
distinct from the annealing of steel. In the latter case 
the objective was the removal of stresses due to casting or 
quenching, the equalization of composition, and the re­
finement of coarse grain; the elastic limit should be main­
tained as high as possible. When brass cartridge-cases 
had to he annealed after cold work, it was to make them 
capable of receiving further changes of shape. The work 
required to produce these further changes was first used 
in causing elastic deformation-which was small and 
transient, disappearing immediately the stress was re­
moved, and this energy was really wasted; and, secondly, 
in causing the required plastie deformation; thus, the 
higher the elastic limit the greater was the percentage 
of energy lost in useless effort; an almost non-existent 
elastic limit was the desideratum. That fact complicated 
the annealing of brass; the annealing was to admit of a 
further maximum reduction in the rolls or in wire-draw­
ing, and for that purpose re-hea.ting above the tempera­
ture at which recrystallization took place was required. 
To illustrate his point Mr. Thompson ga ve particulars of 
experiments with a low-grade nickel-silver (9 per cent of 
nickel),  which, annealed for half an hour at gradually 
increasing temperatures of 300, 370, 440, 510,  580, 720, 
785, 930 deg. Cent. in a gas-fired muffle, gave Brinell 

hardness numbers of 130, 143,  127, 1 19 ,  86, 80, 65, 52, 
50 ; hence, softening began at 370 degrees, but wa� not 
complete until the temperature reached 800 degrees. 
With a 70/30 brass Charpy had similarly found, a.t tem­
peratures of 200, 280, 420, 5GO, 600, 832 deg. Cent ., maxi­
mum stresses (in kilogrammes per square millimeter) of 
49 .5,  5 1 .2, 46.5,  34, 30, 27.5,  27.5.  

When comparative annealing experiments of alloys 
and of metals were made, it was found that the alloy 
required much higher temperatures than the metal, and 
the range over which the softening extended was much 
greater in tho case of the alloy. In the case of tho nickel­
silver the range extended from 370 up to 800 deg. Cent., 
while Beilby had softened pure copper within a range of 
50 deg., an observation which Charpy had confirmed for 
copper. There was, further, a noteworthy slight increase 
in the hardness cur\'e� of the copper and alloys ju�t he­
fore the commencement of softening ; this feature Mr. 
Thompson had found to be general. According to 
Charpy, annealing practically did not affect the proper­
ties of eold-worked hrass up to a certain temperature ; 
then recrYHtalhzation, first probably of those crystals 
which had bem most distorted, set in, and continued up 
to total crystallization at a certain higher temperature. 
To complete the heat treatment, however, a still higher 
temperature h ad to be applied, and there was danger of 
burning. The burning had a two-fold effect: it induced 
coarse crystallization and mechanical weakness, though 
such a met.al, as Hudson had shown in 1913, would roll 
satisfactorily; but there was also fusion and volatiliza­
tion of the more volatile metal, which was particularly 
noticeable in the presence of certain impurities . Thus 
Charpy found that brass was not deteriorated at 900 
deg. Cent ., but, began to burn at 800 deg. in the presence 
of 0.2 per cent. of lead and 0 . 1 5  per cent. of tin. The 
tests of this impure cartridge bras"s yielded, at· 540, 620, 
700, 860, 930 deg. Cent., a maximum stress (in kilo­
grammes per square millimeter) of 02, 32, 30, 29.3,  27.6, 
26.5,  and an elongation of 3.8, 55, 61, 65, 57, 56.5 per 
cent. The loss of tensile strength caused by recrystalliza­
tion was at first accompanied by an increase in the 
elongation. When burning occurred, strength and duc­
tility both decreased, and in such brass pits (from the 
volatilization of the zinc) appeared, which finally de­
veloped into fissures. The time factor, i. e . ,  prolonged 
annealing at low temperature, or rapid heating to a 
higher temperature was unimportant according to Charpy 
and Le Chatelier, for wires, strips, and small ingots. For 
larger samples some time had to be allowed for the con­
duction of the heat, but the prolonged soaking. occa­
sionally recommended, was probably unnecessary in 1\1r. 
Thompson's opinion. The time factor was important 
for working at comparatively low temperatures, which 
were of little technical interest, however. '1'hus hard­
rolled copper required an hour's soaking at 200 deg. Cent. 
for total annealing, out was completely softened in a 
minute or two at 350 deg. Cent. (Le Chatelier) .  The 
diminutIOn of electric resistance and of hardness generally 
went together in brasses, nickel-silver and ot,her alloys, 
and also in pure metals. Nickel-silver� of 28 per cent 
nickel, however, did not diminish their resistance when 
annealed, and there was also a peculiar peak of high re­
sistance in all nickel-silvers of more than 15 per cent 
nickel, between 320 and 400 deg. Cent. The minimum 
resistance observed in nickel-silver of 7 per cent, at 400 
deg. Cent., on the other hand, had also been noticed by 
Credner in many metals-silver, gold, copper, iron, nickel. 
Sir Robert Hadfield and Dr. De�ch commented upon the 
importance of these communications by Mr. Thompson. 

A note by Dr. R. Seligmann and Mr. Percy Williams 
on the "Annealing of Aluminium" concerned further 
evidence of changes produced in aluminium at the com­
paratively low temperature of 125 deg. Cent. Lowry 
and Parker had observed that hard-worked aluminium 
(filings) decreased in density when heated up to 100 deg. 
Cent . Dr. Seligmann has studied the technically im­
portant attack of aluminium by nitric acid. The attack, 
he explained, wa.s very slight, the loss of aluminium 
amounting to about 56 milligrammes per 100 square 
centimeters per twenty-four hours, but the corrosion did 
not stop after a time; heating to 1 25 deg. Cent. for ten 
hours reduced the attack by 5 per cent, heating to 500 
deg. Cent. by 30 per cent. The rate of dissolution did 
not diminish on prolonged heating (for eighty hours) at 
12.5 degrees, but when the metal was annealed at higher 
temperature (440 deg. Cent . )  the loss of weight in nitric 
acid was first smaller than when the metal had heen 
allowed to stand for several days after annealing. Alumi­
nium is, broadly speaking, believed not to oxidize in the 
air, eyen when hot, and not to be attacked by nitric acid ; 
as a matter of fact it covers it�elf with a very fine pro-
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teCJtive film of oxide. In view vf these facts ,  Dr. Borns 
asked whether the fine oxide film might not have some 
influence on the corrodibili ty by nitric acid , but Dr. 
Seligmann replied that he

· 
had guarded against such 

inflnenf'es . Dr. Seligmann did not explain his observa-

tions by proposing any allotropic modification of alumi­
nium ; but Dr.  F. J. Brislee did so in a paper on " The 
Specific Heat of Hard and Soft Aluminium, " a continua­
tion of his former work on " Changes in Physical Proper­
ties of Aluminium with Mechanical Work . " 

Color-Vision- I I * 
And Color -Vision Theories, Including the Theory of Vision 

By F. W. Edridge Green, M.D.,  F.R.C .S .  

Concluded from SCIENTIFIC AMERICAN SUPPLEMENT No.  2 1 14,  page page 32 ,  July 8, 19 16  
IX.-PERIPHERAL COLOR VISIO N .  

'l'H�� erroneous statement is continually made that the 
periphery of the retina is color-blind. If red light of 
sufficient intensity be employed it can be recognized as 
the same red to the extreme periphery of the field of 
VISIOn . This is exactly what we should expect on the 
theory given, the less developed portions of the retina 
requiring a stronger stimulus than the more developed 
portions. 

Much of the experimental work on color vision has 
been done with bits of colored paper and impure colors, 
which is similar to conducting a chemical analysis with 
impure chemicals ; many of the results are due to stray 
l ight and entirely different results are obtained when 
pure spectral light is employed. 
X . -FACTS S UPPORT I N G  THE THEORY OF THE RELATIVE 

FUNCTIO N S  OF THE RODS AND C O N ES OF THE RETI N A .  

'l'here is  not a single fact pointing to the view that 
rods are percipient elements. The attribution of this 
function to them is the purest assumption, and recent 
writers are now recognizing that this is the case. On 
the other hand a photo-chemical theory of vision an 
elaborate nervous mechanism is required to repair ann 
regulate the photograph in various physical condition'!. 
This function is verformed by the r ods, which contai n  
a photo-chemical substance, the visual purple, which is 
not present in the cones ; they liberate the visual purple 
into the fluid surrounding the cones, and the decompo­
sition of this vhoto-chemical fluid by light stimUlates the 
ends of the cones, and the visual impulses are started. 

From an anatomical point of view it seems impossible 
that the rods could be percipient elements. The reader 
should examine Home recent reproductions of micro­
Hcopic specimens of the retina. It  will be noticed that 
the rods terminate in rounded knobs, many of which are 
in connection with one neuron. I t  will also be noticed 
that transverse neurons connect many groups of rods, 
and this transverse neuron is only indirectl y connected 
with the ganglion cell leading to the fiber of the optic 
nerve. Now, in order that any percipient element may 
be able to act as such, the anatomical paths must be dif­
ferent, but how can the rods act as percipient elements 
when a large grouI) terminates in the !-lame path ? It will 
be noticed that this anatomical a rrangement is perfect 
from the point of view that the rods regulate the distri­
Imtion of the visual purpl e into the liquid surrounding 
the cones. 

The visual purple is found in the rods and not in the 
cones, but if the external surface of the retina of !l 
monkey which has been kept for forty-eight hours in 
a dark room, be examined, the visual purple will be 
found between and not in the cones. 

The visual acuity corresponds roughly to the distri­
bution of the cones. Though the rods are much more 
numerous in the periphery of the retina, visual acuity 
is very much less with this part. 

The R elations B ett/:een the li'oveal and the Para­

foveal Regions.-.!l, . .s there a re no rods in the fovea, if the 
rods and cones were percipient elements of a different 
character, there ought to be a qualitative difference be­
tween these regions. It  has, however, been conclusively 
proved that there are only gradual quantitative differ­
ences in the sight between the foveal and the para­
foveal areas. The Purkinje phenomenon, the alteration 
of optical white equations by the state of dark adapta­
tion, the colorless interval for spectral lights of increas­
ing intensity, the different phases of the after�image, 
all exist, not only in the para-foveal, but also, only grad­
ually diminished, in the foveal region. 

Chemical Analogy .-The visual purple gives a curve 

which is very similar to that of the many other photo­
c�emical substances. We know that with photo-chemi­

cal substances the chemical effect is not proportional to 

the intensity of light ; a different curve is obtained 

with weak light from that which is formed with light of 

greater intensity. It is reasonable, therefore, to sup­

pose that the visual purple which is formed by the pig­

ment- cells under the influence of a bright light would be 
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somewhat different in character from that which is 
formed in darkness.. Again, from the chemical analogy 
which I have just gh'en, eyen if. the visual purple were 
of the same character we should not expect similar 
curves with different intensities of light. It  is probabl e 
that both fa ctors are in operation. This deduction gives 
an explanation of the Purkinje phenomenon. Not onl y 
is the visual purple decomposed and regenerated in day­
l ight, but light is plainly a stimulus for its regeneration. 

1'he Varying Sensibility of the FClvea.-At one mo­
ment the fovea appears the least sensitive portion, and 
at the next moment may be the most sensitive portion of 
the retina. Helmholt?l, while recordng the fact, confessed 
that he was quite unable to suggest an explanation. 
The following simple experiment shows this fact : 

On opening an eye on awaking in the morning aud 
looking at the ceiling the central portion is seen as an 
irregular, circular, rhomboi dal, or star-shaped black spot. 
On closing the eye again a bluish violet circle appears 
at the periphery or middle of the field of vision, con­
tracts, and then, after breaking up into a star-shaped 
tigure and becoming brighter, disappears to be followed 
hy another contracting circle. If the eye be opened 
when the star figure has formed in the center, it will 
HI)pear as a bright rose-colored star, much brighter than 
any other part of the field of vision. If, however, we 
wait till the star has broken up and disappeared before 
opening the eye, it will be found that only a black spot 
is �een in the center. 

This is explained on the theory that when there is 
I'limal purple in the fovea this is the most sensitive por­
tion of the retina ; when there is none there, it is blind. 
It  also shows conclusively that the fovea is sensitized 
from the periphery. 

Disapp earance of Lights Falling Upon the Fovea.-If 

we look at two small isolated stars of equal magnitude, 
either may be made to disappear by looking fixedly at it, 
while the other remains conspicuously visible. The 
I )henomenon is most marked on a dark night, and when 
the star looked at is in a portion of the sky comparative­
l y  free from other stars, and when one eye is used. On 
a very dark night a considerable number of small stars 
occupying the center of the field of vision, may be made 
to disappear, while stars occupying other areas of the 
field of vision are plainly visible. This fact shows 
that when the visual purple in the fovea is used up and 
not renewed, the latter is blind. 

(Jurrents Seen in the Field of Vision not due to the 

Uirculation .-There are numerous methods by which 
currents in the field of vision which are not due to the 
ci rculation can be seen. The following is one example : 

If one eye be partially covered with an opaque disk 
whil e both eyes are directed forward in a not too bright ­
ly illuminated room, and special attention be paid to the 
('ol'pred eye, an appearance of whirling currents will be 

sePll with this eye. These currents appear to be directed 

toward the center and have a very similar appearance 

to a whirlpool. On closing both eyes all the portion in 

which the whirling currents are seen appears as dull 

purple. These currents cannot be due to vessels, be­

cause we know that the center of the retina correspond ­

ing to the point where the greatest movement is seen, is 

free from vessels. The appearance is also very different 

from that of the movement of blood in vessels. The ex­

periment succeeds best if the eyes have been previousl y 

exposed to a fairly bright light. An opaque disk in a 

spectacle frame suffices admirably, a certain amount of 

light being allowed to enter the eye from the periphery. 

The currents carry the visual quality, color, and 

brightness of the region from whence they come into an 

after-image. They also tend to move an after-image to­

ward the center, thus if we have two similar after­

images, one situated in the center and the other a short 

distance from the center, the one external to the center 

may be carried into the center and combine with the one 

already there. 
These currents are formed by the flow of sensitized 

liquid. 
Movcment of positive After-image.-I have shown 

how the positive after-image may, by 1\ jerk with the 
head, be separated from the negative after-image and 
that multiple after-image� can be caused by one light 
stimulus. This shows that the l)hoto-chemical stimulus 
is external to the cones alld can be moved. 

D ark and Light A dap tation.-We have an easy ex­
planation of dark adaptation by assuming that the 
liquid round the cones becomes more sensitive through 
a greater percentage of visual purple being poured into 
it. In light adaptation the anatomical arrangement is 
such as to prevent as far as possible the decomposition 
of the visual. purple. 

The above . is only a very small portion of the evidence 
which might have been given in support of the theory 
advanced. The reader will find further facts in my pa­
vers in the Journal of PhysiowUlI and elsewhere, and I 

·have stated in the Journal of PhysiolClgy that this the­
ory should be accepted as the working hypothesis of 
Yisi()n. until some faet is found which is consistent 
with it. I have discussed the theory with the chief 
workers of the world on vision, and they have not been 
able to point out any fact which is opposed to. it. 
Should any reader be able to do so, I should be glad to 
heal' from him. 

CONCLU S I O N .  

The reader might like to know my answer to any ob­
jections raised to the given theories of vision and color 
vision. There have never been any, and it is, therefore, 
difficult to know how to deal with opponents who only 
stab in the back and will not come out in the open. It is 
however, a great satisfaction to find opponents who have 
previously stated diametrically the opposite, now giving 
my facts and conclusions, even though there be no ac­
knowledgment or even mention of my name. This is the 
more curious as a steadily increasing number of the 
ablest scientific men in this and other countries have fa­
yored these vews, and text book after text book has 
adopted them . It is obvious that any theory must ex­
plain the facts as they really are. 

The Life and Relining of Guns 
THE lile of a gun is measured by the number of 

rounds fired beyond which the erosion of the bore im­
pairs the accuracy of fire beyond possible limits. Ero­
sion is produced by the action of the gases at high tem­
perature and pressure. While the time element is 
small, yet the gun, of course, absorbs heat. Thi!-l ab­
sorption is confined to a thin film of steel on the interior 
surface. The local heating causes the film to expand, 
and, there being no room to expand naturally, due to 
the cooler and thicker wall, the elastic limit is passed 
and permanent set takes place. Upon the release of 
the pressure, and in consequence temperature, contrac­
tion of the film occurs, and, as it has been crushed, 
this contraction causes minute cracks. This process 
continues, the minute cracks getting larger at each 
discharge. As they enlarge they form by-passes for the 
hot gas, which tends to further enlarge them. The 
process continues until the inner surface gets badly 
roughened and the lands begin to be eaten away. }<'i­
rially the bore gets so enlarged that the gases can 
escape, the shell does not attain its proper rotation, and 
the flight of the shell becomes erratic and subject to 
errors ; when the gun no longer maintains a reasonable 
accuracy and it is said to be worn out. 

All guns except small ones are now constructed with 
liners in the tube, which, when the bore is worn out,  
are removed and replaced with new liners. The cost 
of thus relining ' a gun can be roughly fixed at 30 per 
cent of the cost of. the gun. There appears to be no 
limi t to the number of times that a gun can be relined ; 
hence the life of a gun is indeterminate. It is, of 
course, a matter of a rbitrary decision as to when a gUll 
:-;hould be relined, as the criterion depends solely on 
what is considered as the accuracy desirable. It  is 
difficult to generalize on the subj ect. The small arms 

used in this country are considered to be worn out after 
5,000 to 7,500 rounds have been fired. Small naval gUllS 
have been fired about 1,000 times before they were re­
garded as worn out. Large 12-inch and 14-inch naval 
guns a re considered to have a life of one liner of from 
1 50 to 200 rounds. Low-velocity guns, such as howitzer,; 
and mortars, have correspondingly longer life than high­
velocity guns of the same caliber, because the pressurf> 
they use, and hence the temperatures are lower. 

As is seen from the preceding, the power and life of 
guns are functions of each other. The amount of power 
that can be wisely sacrificed for the sake of preserving 
the gun is not only extremely difficult to decide, but 
depends on many factors, some of which are subject to 
national policy. Taken broadly, caliber for caliber, per­
manent fortifiC'ation artillery can be given the greatest 
power, naval artillery can be given as great power, and 
field artillery only moderate power.-L. C1'esap, in The 
b'on Age. 
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Fi gs. 1 and 2.-ln the left hand illustration i s  seen t h e  crusher plant, and t h e  system o f  track and switches leading to different parts o f  t h e  quarry. All of 
the cars shown are being operated from the controlling tower by one man. On the right hand is seen a steam shovel that is served by a succession of 

single cars, as required, instead of by long trains. 

An Electric Haulage System* 

Controlling Cars at a Distance From a Central Station 

I AM going to assume that all present are familiar 
witlt the general methods of hauling earth or rock and 
Hha l l  Hot go into descriptions of cable systems, suspen­
� i()u or tractive, or try to draw pictures of a noisy little 
locomotive puffing its head off as it brings its regular 
burden around a curve or up a slight incline ; but will 
proceed at once to a consideration of centrally con­
trolled electric haulage systems. 

The system of haulage I wish to consider in detail 
consists in a method of operating a multiplicity of cars 
used in industrial haulage, from a central controlling 
tower by remote control, and is appliCMtle to such indus­
trial haulage as is found in stone quarries, open mines, 
clay and gravel pits and other places where the dis· 
tance is not too great and where the operation of the 
cars ean he seen for at least part of the time from the 
coutrolling tower. 

'l'he eauHe which led to the development of this sys­

tem was a study of haulage methods which have pre­

vailed for a great many years in the institutions men­

tioned. Where the tonnage required it, locomotives 

have been used for industrial haulage almost univers­

ally. It is true that a few cable ways have heen in­

stalled, but owing to the necessity of track shifting and 

other conditions prevalent in quarries and open mines, 

these systems are very rare. 
In a certain locality in the South it was attempted 

to operate a numher . of cars over a circular track with­
out motormen or operators upon the cars. The cars 
wPl'e to be loaded upon one portion of the circle and 
unloaded at a fixed point upon another part of the circle. 
The cars were equipped with three,phase induction 
motors, using the track rails for one line and two other 
rails as "third rails" for the other two lines. It was 
intended to place a certain number of cars upon the 
track at regular distances apart, starting and stopping 
all the cars at the same time, one being loaded and the 
other being dumped. The operation was by starting 
switches at a remote point. This attempt failed com­
pl etel y on account of the high starting current of the 
induction motors and the enormous overload imposed 
upon the generating plant by starting all the units at 
the same time, as well as the fact that it was impossible 
to maintain the regular positions of the cars in their 
respecti ve places. 

A partial success for handling a smaller amount of 
material than was intended was finally accomplished by 
using one third the original number of cars and by 
equipping each car with a starting switch. By this 
method and by running the cars very slowly, a man at 
the l oading point was able to pull the switch on a 
single car, stopping it for loading, while another man 
at the dumping hopper was able to do the same thing. 

In another instance in the West it was attempted to 
install a haulage system operated by remote control, 
using direct eUITent motors and solenoid brakes. While 
it waf; very easy to operate the motors by remote con­
trol, the hrakes failed to work ; and, as the cars were 

* A paper read before the FJngineers Society of 'Vestern 

\'Pll ll s y l v a n i a ,  amI published in the Proceedings of til!! Society, 
pp. 5 � 4 -"r:) 8 7 ,  1 9 1 5 .  

By F. E .  Woodford 

stopped in one place only, a sliding element under the 
ears was installed at this point and operated by a lever. 
This sliding element was a retarding device such as iH 
commonly used to stop cars operated upon scenic rail­
ways, roller-coasters and the like. 

The motors were started and stopped like traveling 
cranes operated from another part of the building, in 
which both armature and field leads connect with a 
traveler running on separate third rails or feeders, thus 
supplying the means of operating in both directions, but 
compelling the use of four separate feeders for the en­
tire length of track. 

To develop a system of central control, therefore, 
which woul9. be adaptable to industrial haulage of all 
kinds, and which could be installed and maintained at 
a cost not to exceed that of locomotive haulage, it was 
necessary to develop apparatus for the cars that would 
enable them to perform all the functions of the motor 
car with an operator upon it, or cars that could be 
operated in both directions and he stopped and started 
upon any part of the track, and such operation be ac­
complished by using a single third rail, which could be 
placed in the center of the track and not be an encum­
brance to track shifting and track extension. 

Considering the stone quarry as an example where 
prohably the greatest tonnage of material in any indus­
try is handled, we find that during the past few years 
their equipment has been increased in size and capacity 
perhaps more than any other industry, until, at the 
present time, we find initial crushers that will take 
from 5,000 to 6,000 tons of stone in ten hours. With 
the average distance from the quarry to the plant, this 
capacity requires from twelve to sixteen 35-ton locomo­
tives and perhaps seventy-five cars carrying ten cubic 

yards each. These locomotives mean upward of 500 
tons of dead weight transported over the track at each 
trip with the corresvonding power required to propel 
them. This is in addition to the cars and the product 
to be carried. 

It is a well-known fact that the draw-bar pull of a 
locomotive is directly proportionate to its weight, con­
sequently it will readily be seen that the elimination of 
the locomotives and the placing of the load on top of 
the tractive machinery will very materiall y  reduce the 
power cost of any haulage system, regardless of condi­
tions of the track, grades or method of operation. 

Locomotive haulage again requires two men for each 
locomotive and train, besides some SWitchmen, or about 
thirty men for handling such quantities of stone as the 
present crushing machinery is able to take. Labor cost 
consequently is greatly reduced by means of central 
control, where one man is able to handle all the cars in 
such a system. 

It is very common practice in quarries of this size 
for locomotives to handle a train of six cars. Each car 
in the train, therefore, either before loading or after 
being loaded must wait for five other cars to go through 
the same process. This condition is repeated where 
the cars are dumped into the crusher. Each car, there­
fore, loses by waiting ten times the length of time re­
quired for its own operation. With tractive power upon 
each car, and by not having to wait at the loading or 
unloading point, practically only one tenth of the num­
ber of cars of the same capacity are required as for 
locomotive haulage, as each car makes a great many 
more trips than it would if the ears were handled in 
trains. 

These three factors, reduction in power cost, rednc-

o 
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Fig. 3.-Typical plan of the arrangement of tracks in a quarry, 
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Figs. 4 and 5.-0n t h e  left i s  the controlling tower. One o f  t h e  cars i s  ascending the grade to the crushing plant, while t h e  other i s  returning empty to the 
quarry. On the right is shown the switches in the tower, by which one man controls the entire transportation and dumping system. 

tion in labor cost and the decreased amount of rolling 
stock, comprise the elements that entered into the devel­
opment and perfection of a system of haulage which 
can be operated by one man. 

As a preliminary to a general description of the 
elaborate system under consideration, I would give the 
following : 

Each car carries its own motive power and control 
apparatus, taking current from a sectionalized third 
rail, which allows the car to be started and stopped, or 
have brakes applied at the will of tower operator, and 
the car to have its direction reversed at certain fixed 
points. Control apparatus on the car is arranged so 
that as the car descends grades the motors can be con­
nected across resistance banks and the regenerative 
effect used for retardation purposes. 

The third rail, which extends over the whole territory 
covered by haulage system, is divided into long or short 
sections, as conditions require, and an independent 
feeder is extended from the control tower to each sec­
tion. Tower operator has two voltages, 250 volts and 
no volts, which he can apply to various sections of third 
rail at will. Two hundred and fifty volts are used 
for haulage purposes and 90 volts are for braking 
purposes. The regular car rails are used as a return 
eircuit. 

The tower apparatus consists of a switching mechan­
ism by means of which the tower operator may put 
haulage or braking voltages on sections of third rail, 
or allow them to stand without applied voltage. In the 
tower machine there are also, when desired, control 
switches for operating motor-driven track switches, re­
versing switches and other special apparatus located 
at distant points on haulage system. 

In order to better describe the operation of the sys­
tem I would like to describe a single installation, and 
would therefore refer to the system -installed at Ken­
neth, Indiana, where conditions were so varied as to 
make this installation meet practically all haulage 
conditions. 

The initial crusher at this plant, into which the rock 
from the quarry is dumped from the cars, is one of 
the largest jaw crushers built at the present time. Stone 
is brought from two separate quarries in opposite direc­
tions from the crushing plant, over tracks of standard 
gage, as shown in Fig. 2. Three shovels are located in 
the two quarries, with double tracks leading from the 
Hhovels to the crushing plant, the location of tracks be­
ing determined by the conditions, and shifted as the 
quarry is developed. The track in the quarry at one 
of the shovels is approximately thirty-five feet below 
the track at the crusher, the rise being made over a 10 
per cent grade on that portion of the track approaching 
the crusher. 

'l'he third rail, or power rail, is pl�ced between the 
two track rails and insulated in the manner employed in 
regular electric traction practice. As stated before, 
the track rails furnish the return conductor and are 
bonded in the usual manner for service of this class. 

The third rail is divided into different sections, the 
sections at the crusher and near the shovel being con­
siderably shorter than those of the rest of the track. 
Each of these sections is bonded in the usual manner 
and each has a separate feeder connection with the 
controlling tower. The controlling tower in this in­
stance was placed at the crusher, and one operator at 
this point is able to operate and dump all the cars in 
the system, the cars being dumped by a motor-driven 
hoist operated from the same tower. 

Each car truck is fitted with two railway type, 250-
volt, direct-current series motors, mounted upon the 
axles and supported by suspension springs and connect­
ed with the axlf� through single reduction gears in the 

ordinary manner adopted by electrical traction prac­
tice. These motors have their shafts extended oat the 
commutator ends and carry a spedally designed sol­
enoid brake, which is applied by the action of the 
solenoid and released by springs. The car truck also 
carries three other pieces of apparatus necessary for 
the operation of the cars from a central point. They 
are a bank of resistance, a double pole double throw 
switch for reversing the direction of the motors, and an 
electric relay or selector switch. This selector switch 
is a solenoid-operated switch having two contacts and 
two positions. It is locked in its gravity position with 
one contact open and one contact closed. In its posi­
tion induced by the solenoid it is also locked, opening 
the gravity circuit and closing the other circuit. The 
solenoid will not respond to a voltage lower than 175, 
but after being dosed will hold in with 50 volts, or 
even less. 

The motors are operated with the selector switch in 
its excited position. The circuit in the gravity posi­
tion is to the brake solenoids, and the relay will re­
main locked in gravity position while the brakes are 
applied. While the relay is in the gravity position it 

Fig. 6.-Dumping a car at the crusher. 

also establishes a circuit from the motors on the car 
to the bank of resistance which the car carries. This 
resistance is adjusted to dissipate the current generated 
by the motors running as generators while the car is 
traveling down a grade, thus furnishing a dynamic 
brake for the cars which is not under the control of 
the operator. This feature forms a safety device should 
the circuit breaker go out while the car is ascending 
the grade, as upon circuit breaker opening the car Will 
merely coast back down hill at a not excessive speed. 
While the operator has control of the brakes at all 
times, this feature also relieves him of governing or 
speeding the car while it is traveling down the grade. 
This feature renders the system semi-automatic, an'ang­
ing its operation so that it is necessary for the operator 
to give very little attention to the running of the cars 
except where they are stopped for the loading or un­
loading. 

Each section of third rail is excited separately by 
the controlling mechanism through master control. The 
controlling system consists of ordinary magnet switches 
with magnetic blowouts, a bank of distributing switches 
and controlling levers, assembled in units of three and 
four levers each. The lever is off in its central position. 
The forward arc controls the motors through the con­
tactors, that section of third rail heing excited as the 

magnetiC switches close through resistance which is 
placed at the controlling point. A dash pot switch is 
operated by the controller lever, through the arc of 
motor control, in such a manner as to open all the 
magnet switches by a backward movement of the con­
troller lever from any control point. The backward 
movement of the lever from its central position 1s 
through the arc of brake control and excites the same 
section of third rail directly through resistance, giving 
a range of from thirty to a hundred volts. 

These excitations from the same lever are conducted 
to the third rail feeder through a bank of distributing 
switches which consist of a certain number of hand­
operated switches, one switch for each section of third 
rail. Thus, from the central controlling tower, placed 
at any convenient position, we are able to excite any 
section of third rail with a voltage ranging from 30 to 
100 for controlling the brakes, as well as with the start­
ing and running current for the motors. An interior 
view of the controlling tower is shown in Fig. 5. 

A reversing switch is placed on the car so that it is 
operated by a lever protruding from the side of the 
truck in such a manner as to engage track cams placed 
at desired locations along the traCk, at track switches 
where all the cars are to be reversed. At points along 
the tracks where it is necessary for only part of the 
cars to be reversed, this reversing cam consists of forg­
ings and levers having two positions and operated by 
a solenoid. Should it be necessary to reverse the car, 
this solenoid is excited from the tower by a foot switch. 
It will readily be seen that by this method operation in 
any manner to meet any conditions may be accom­
plished, and with track cams at the top of all grades 
it is impossible for a car to enter upon that grade 
without the reversing switch and selector switch being 
in propel' position to cause the motors to generate cur­
rent as they are propelled by the momentum of the 
car, and furnishing the dynamic brake, maintaining a 
fixed speed at all times. 

At the dumping hopper or crusher another form of 
reversing cam has been adopted, which is thrown into 
different positions by a motor-driven movement. This 
cam carries parallel bars some 10 or 12 feet in length 
between which the reversing level' of the car passes so 
that the car may be spotted in any particular position 
for dumping, arriving from either direction and leaving 
in either direction. This motor-driven cam is also ope­
rated by push-button switches from the tower. 

The dumping device, ll'ig. 6, consists of a motor­
driven hoist turning a cam shaft, the cams of which 
are connected through chains to an I-beam carrying two 
hooks which engage the inside of the car as they are 
drawn up by the hoist, and this is operated from the 
tower through master control with limit stops, limiting 
its run in either direction, and requiring the operator · 
simply to start it in either direction. 

The elements described above, together with centrally 
controlled, electrically operated track switches, with 
which all are familiar, render this system of control 
sufficiently flexible to meet any and all conditions and 
brings its operating levers within the reach of a single 
man. A car may be switched to any track; may be 
run into a passing track from the main line ; may be 
stopped and started from any point and, in fact, ope­
rated in the same manner as though there were a mo­
torman upon each car. 

The design of a car to carry this apparatus is not 
materially different than the standard construction of 
dump cars to which in many cases the motors and other 
apparatus have been applied. 

In the operation of a steam shovel and cars of a size 
adapted to the shovel capacity, it has been found thll t 
four cars will serve a shovel at a distance of half a 
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mile from the crushing plant and keep the shovel in 
continuous operation. 'l'his mean::; a great reduction 

from the number of cars that would be required for 
locomotive or train haulagp. It will also be seen tltH t 
the controlling levers and mechanisms are not a multi­
ple of the car units, but are rather in proportion to the 
amount of track and the conditions of operation. With 
a sufficient amount of . controlling apparatus, therefore, 
changes and extensions of track may be made without 
any other change in the systt'm Whatever, and an in­
crease in haulage capacity may be accomplished by 

simply adding can; to the system. This feature renders 
the system adaptable to whatever conditions may arise 
and renders a\-ailable the use of short tracks and spurs 
that cannot be entered by more than one car at a time. 

It has also bet'n found that the capacity of the steam 
shovel i;,; materia lly increased by sU11plying cars indi-

vidualJy, keeping a succession of cars approaching the 
shovel and t'llablillg the shovel to opera i.t' without wa it­

ing for a train to be pulled out and a notlwr pu\lpd in, 
a� �ho'vn in Ifig. :!. 

'1'he power co;;t, of course,  (1PlJelllb dil'('cU�' U]lOIl thl' 

tOllllage, the distance from the shov!'ls to the c1'ushl'r 

and the vertical elm-ation of the crusher above the 
quarry fl oor. '1'hese three items being different in all 
cases, it has been impossible to obtain all exaet power 
cost that would be useful in a general way. The power 

cost for I'ach prO]losition, thl'refore, must be eomputed 
indi vidually. But on account of the power eost being 
a very low item, and the fact that the labor cost of 
operation is the same in all instances, it has beell found 
that a fair average for operatioll and up-keep of the 
haulage system is not over one half cent per ton mile 
in all except very small installations. 

Aurora* 

The installation cost compared with that o f  loco­
motive haulage has been fount! to he practically equal 
with a capacity of 3,000 tom; in 10 hours. For �maller 
cavacitie,; the installation cONt of au electric haulage 
system hai-l been found to increase gradually above that 
of locomotive haulage, while ahoH� a,ooo tons capacity 
it has been found to be i-lomewhat les:-:. 

'1'he "safety first" principle is emhodied in the fact 
that there are no men around the cars while loading or 
unloading, and it if; not necessary for laborers t o  be on 

or near the track" at any time when the system is in 
overa tion. AmI the tlexibility of handling rna terial while 

the 8hovel i,,; in an eud cut and such varts of the quarry 

ail are otherwi::;e wasted from their being inaccessible 
by a locomotive and train, furnishes the last of many 
arguments in favor of industrial haulage operated hy 
central control. 

Earth Currents and Magnetic Disturbances 

'l'HESE lllay all  be treated m; a COllllllOIl subj ect or 

phenomenon . Let it be 8tated right at the out:-;et that 
0111' ignorance of them is still vast. 

'1'he following del>patch from W innipeg on June 17, 

lU l u, is so interesting that it is inserted in full, besides 

giving an opportuni ty for expla ining some of the state­

ments made therein : 

"Aurora, more lllysterious than wireless telegraphy, 

less constant than the visible mallife::;tations of electrical 

storms, i s  to-day tangling up al l the telegraph wire" 

strung across the top of the continent, more especially 

tho,,;e along the north shore of Lake Superior. There 

has not been such a complete tie-up in the telegraph 

business between eastern and western Canada for a long 

time, and possibly records for the month of June might 

be searched for many years back without finding a 

parallel. In fact, well conducted aurorre confine them­

selves to the fall and winter months, and of all the 

months in the year June is m08t immune. The record 

of observations in Scandanavia and Iceland, as well as 

the Spitzenbergen Station, show no aurora at all in JUllt', 

though on the North American continent it is not an 
unknown, though still a rare June phenomenon. 

"Aurora manifestations are almost entirely confined 

to night, and these manifestations, whether visible or 
not, are commonly accompanied by magnetic earth cur­

rents, and it is these properly that affect the wires. 

Usually with the morning sun the whole manifestation 

lift8, wires surcharged with excessive and variating 
eurrents are freed and released for their daily business 

and the atmospherl', overloaded with electricity, becomes 

nor·mal. But to-day the magnetic storm, potent though 
bGth unseen and unheard, is raging as furiously, to the 
tune of crackling wires at noon, as it was at midnight. 

'1'he sky is heavy and overcast. 'Vhen the clouds lift 

and sun breaks through, the whole trouble will vanish 

magically as it came. J!'or generations scientists have 

sought the secret o f  aurora and earth currents but have 

learned little beyond the central fact of the inconstancy 
of all available data on the subject . 

"Another peculiarity of the pre8ent visitation-a 
scourge alike to the telegraph companies and the daily 
newspapers-is that, whereas usually it is only wires 

running east and west that are affected by the polar 
visitant, on this occasion wires running north and south, 
such as those between Winnipeg and Minneapolis, are 
affected to nearly the same extent. From the meteoro­

logical point of view, this magnetic storm adds one more 
to the queer performances of the current month of June." 

The first and natural question to occur to an observer 
beholding the aurora, a brilliant aurora with its dancing, 

shooting streamers ; building, forming and dissolving ; 

rushing from its northern arch to meet beyond the 
zenith ; clothed, perhaps, in greenish gauzy drapery or 

yet in portentous red ; ceaseless activity, a mysterious 

phenomenon, bewildering to mind and brain-what is 
the aurora ? Beholding it, give,.; no answer, but when 
we ('ompare the phenomenon with associated ones we 

lea rn a little of its nature. We find it to be electric in 
its nature, an eleetric discharge. But here our positive 

knowledge about its nature stops. 
'Ve may mention the theories that have been advanced 

to account for the aurora. Birkeland attributes the 
phenomena as due to cathode rays emanating from the 

sun ; Nordmann replaces the cathode rays by Hertzian 
waves ; and Arrhenius supposes negatively charged par­
ticles to be sent out by the sun and reaching the earth, 
ionizing the upper regions of the atmosphere and thereby 

*.Journal of The Royal Astronomical Society of Canada. 

By Otto Klotz 
making it a good condudor for electrical (lischarge8. 
The ca thode rays we know travel at about a tenth of 

the velocity of l ight, hence would take nearly an hour 

and a half to reach us from the sun ; the Hertz ian waves 
tra vel at the velocity of light, i. e., ISo,OOO miles a second ; 
and Arrheniu8' partides would take about 40 ho nr8, 

about 2 days , for transmission. The transmission time 

forms an illlportant factor when an attempt is made to 

associate particular sun spots and solar outbursts with 
particular aurorte and magnetic disturbances. '1'he solar 

effect i s, that the discharge of the difference of potential 

on the earth i s  greatly facilitated ; we have an electric 

current establi8hed with its consequent phenomena of 

aurorte, earth currents and magnetic disturbances. 

c!'hese are all more or less influenced by local conditions 

on or in the cru8t of the earth, and hence vary in inten­

sity at different places. However, the strong currents 

encirde the earth, as we see in some notable cases, and 

manifest themselves particularly in magnetic disturb­

ances and earth currents. 

The electrical discharges, for, of such are the aurorre, 
where do they take place '! Many measurements and 

photographs ( Stormer ) have been made of the _ aurora 
to determine its position-height-in 'our atmosphere, 

Hnd it has been found that the height, although varying 

considerably, is of the order of GO miles. At that eleva­

tion the atmospheric presl>ure is only about 1/500 of an 

inch, about the pressure in 11 Geissler tube. The dis­

dmrge of electricity through highly rarefied gases and 
vapors in the large tubes, w ith the accompanying glow, 

at the Centennial Exposition, ill lS76, impressed the 
writer at the time with its dose analogy and resem­

blance to the aurora or northern l ights. 

'Ve may look upon the sun, not as the source of the 
magnetic disturbances, but as the medium that sets 

loose the bound energy residing in and on the earth. 
It will generally-although not adwaY8-be found that 

the center of the aU1'ora-arch, if there be one, is in the 

magnetic meridian. In eastern Canada and the eastern 

United States this will be west of the true or astronomic 

north, while west of Lake Superior to the Pacific it  w ill 
be east of the true meridian. Furthermore, if the 

streamers ascend from the north toward the zenith or 
beyond it, it will be found that their focus or meeting 

place is beyond or south of the zenith, and at a point 
approximately where the direction of the dipping needle 
intersects the celestial vault. We see here then a pretty 

('lose connection between the aurora and compass and 
dipping needle, whieh we know otherwise to exist . It 

is fairly safe to say that there is never a bright auroral 
display without an accompanying magnetic storm, and 

for which many cases might be cited. The inverse of 

the statement-that with every magnetic storm we have 

auroral display-is not so obvious, because the magnetic 
instruments are always at work, being self-registering, 
indepentient of day or night, while the aurora is a 
matter o.f visibility, and hence observations are relegated 
pra C'tically to the night. Here we may cite a most inter­
est ing case-that of the great auroral display and great 
magnetic storm of .June 17 last. Prof. E. E. Barnard, 

in Nat ure of July 15, gives a vivid description of the 
aurora as seen at the Yerkes Observatory . The maxi­

mum brilliancy was reached shortly after 2 A. M., Cen­
tral Standard Time,. and shortly afterwards dawn blotted 
out further observa tion. While the aurora was pursuing 
its magic performances in the heavens the magnetic in­

struments all over the world were mightily perturbed, 
and as we know from the Winnipeg despatch quoted 
and other pre>;s revorts, the telegraph lines were more 

or le;.;s dellloral ized by the atmospher i c  electric cutTents. 

While dawn was breaking w ith U8, uight was approach­
iug in l'\ew Zealand, so that this world-encircling plw­

nomenon could be observed there after daylight had 

illade it invisible in America. Aud thi� is what hap­

pened. vVhile it was mid- Summer with us, at Dunedin, 
latitude 46 degrees south, longitude 170 degrees ea st or 
11  hours 22 minutes ahead of Greenwich, it was mid­

Winter, and the sun set before 5 1'. ;\1. Standard Time 

in New Zealand is fast on Central Standard �'ime 17 
hour8 ;)0 minutes, so that 2 A. 11. quoted by Barnard 

would be llJ :30 or 7 : =30 1'. 11. in New Zealaud. 

.Mr. \V. E. McAdam of Dunedin writes : 

" Upon that day ( June 17)  there was an exceptionally 

tine display of the Aurora Australis  visible all over 

�ew Zealand. Here a t  Dunedin it commenced at 

7 : 30 P. M. and l asted till midnight. The glow in the 
southern horizon was quite uncanny in effect, producing 

the illusion that the sun was about to rise in an impos­
sible quarter of the sky, and at an impossible hour. I 

have been resident in the Southern Hemisphere off amI 
on for 50 years, and have never seen anything to equal 

the last display of the Aurora Australis, a somewhat 
rare phenomenon, in the latitude of Dunedin, 46 degr ees 
south.- ( N ature, September 30, 1915. ) "  

'l'his is a most interesting case, showing that while the 
"movies" became invisible iu Canada, the night of New 
Zealand revealed their continued presence. 

The aurora does not distribute its favors equally over 

the earth. �'he tropics and semi-tropics are practical ly 
devoid of them. �'he curves of equal frequency dip con­
siderably farther south in America than in Europe. 
No country is so favored by this ethereal visitant as is 

Canada. J!'rom what has been Iilaid it is obvious that 

more aurorre will be seen and are seen during the Win­
ter months than during those of the Summer, simply 
because in the former case the nights are longer al)d 
consequent visibility of the aurora, if there is one. 

The aurora has often the appearance of filaments or 
streaks of clouds, but the distinction is readily observe(l 

by the presence of a star or stars behind ; for the trans­
parency of the former dims but little, if any, the bright­
ness of the star, which by the latter, even if filmy, 
would be more or less obliterated. 

In tabulating sun-spots and the frequency of aurorre 

over a long period of years, it is found that there is a 
very general agreement between the maximum of the 

one and the maximum of the other, and similarly be­
tween the minima, but the definite relationship between 
the two is not known. Aurorre, magnetic disturbances 

and earth currents are simultaneous phenomena, due to 

electric currents in the higher regions of the atmosphere. 
Their individual intensity is to a degree dependent on 

local conditions, such as difference in geological forma­
tions, and all follow in a general way the sun-spot cycle 
of 11 years. 

In examining the spectrum of the aurora it is found 
that there is one rather prominent line in the yellow­
green wave-length 5,571 which coincides with a promi­
nent line in the spectrum of krypton. 

'l'he writer has seen many aurorre in our North-West, 

their home, and has conversed with Hudson's Bay Com­
pany officers and voyageurs, from whom information is 
said to have been obtained that noises have been heard 
during auroral displays, and which has been quoted in 
books and articles on the subject, yet the writer is con­
vinced that there is no authentic record of any noise 
ever having been heard, although snhject ivply the 

"noises" lllay have been telt. 
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The interference of earth currents with the working 

of telegraph and cable lines is largely overcome by mak­

ing a meta l l i c  circuit and thereby cutting out the earth. 

This, of course, reduces the capacity of the serv ice. 
Prof. Barnard reports that signals on June 17, during 

the aurora display, on the wireless receiver at the ob­
HPrvatory were not affE'cted, and that the static' eondi ­

tions were norma\ . 
'Vith referenee to earth currents and eahles, tilE' writ PI' 

may be permitted to quote extracts from his offieial 
report in 1892, i n  connection with the trans-Atlantic 

dE'tE'rmination of longitude. At that time there wpre 10 
eables across the Atlantic, but when earth currents set 

in they are not all equally disturbed, in fact, sometimes 

sOllle of the cables not at all. The French cap\[- from 

Brest to St. Pierre seems to be disturbed the mo�t, and 
again the disturbances are felt to a greater extent at 

St. Pierre than at Brest. It often happens that St. Pierre 

can send messa ges to Brest but cannot receivc any. 
Long cables seem to be more affected than short ones, 
and, furthermore, the earth currents appear to travel 
mostly from east to west. \Vhen the aurora iR visiblE', 
it is pretty certain that earth currents will  show them­
selves. 'L'hunderstorms and thE'Y, however, do not seem 

to be so closely related, i f at all. During the past sea­

son ( 1 892 ) on July 16, there was a remarkable disturb­
ance notieed at Canso, stopping all work completely. 

The greatest "kick," a s  it is called, was given at 
12 :20 P. 1\1., E. S.  T., or 5 :20 G. 1\1. T. Some weekS 
n fterwards reports eame in the tedmieal journals, from 

Vitamin Solution of the Pellagra Problem* 
A NU:!IfBER of writers' have suggested the possibility 

of the solution of the pellagra problem in a vitamin 
removed in the process of milling, but there has been 
no experimental or clinical evidence worthy of serious 
consideration. 

ThE're is no doubt in the minds of a large number of 
the students of pellagra that the deficiency theory of 
Dr. Joseph Goldberger' is correct. This report is based 
on the correctness of his theory. The present work 
had its inception in an idea suggested by Dr. G oldberger 
pointing out the analogy between pellagra and beriberi. 
Reviewing the beriberi situation as it stands at thl:,; 
time, one is impressed with the fact that it is not ess!'n­
tial to eat rice in order to suffer the disease, but that 
it is highly improbable that beriberi will ever become 
a g-rt'a t P(·OI lOllli<' vrollipm excE'pt in rice-eating COUll­
trips thoug-It sllora<1ie easl's are oecurring even in this 
country. With this idea in mind, one naturally turns 
back to the old theories that pellagra was caused by 
defective corn. An effort was made to determine if 
corn suffered in the milling process. The work was 
planned entirely from the standpoint of a deficiency, 
and developments soon justified the strong suspicion 
that the protective vitamin was removed by milling, 
just as the vitamin is removed in the milling of rice 
when the product is polished rice, 

Until recent years,' in the South especially, corn was 
simply crushed between two stones, and the only thing­
rE'moved was the coarse particles of outer skin or husk. 
'L'his method of milling has been l argely replaced by 

steam or eledric milling. By this process the corn is 
subjected to heat in order to loosen the outer coarse 
husk. Our attention at this time is d}rected to this 
portion of the industry to determine how much heat if; 
employed. In the modern mill, in which these observa­
tions were made, the heat is a negligible quantity ; but 
it mURt be remembered that 120 deg. Cent. is sufficient to 
destroy any vitamin that may be contained. This part 
of the work, therefore, cannot be too strongly empha­
sized. After the heating process the grain is passed 
into a "degerminator, " which removes the germ. This 
is done because the germ contains such a large amount 
of fat that rancidity would soon occur if it were IE'ft 
in the meal. Besides this, the germ would give to the 
meal a yellow color which by modern standards is 
counted undesirable_ The offal,  which contains the 
germ, husks and bran, some flour and flinty portions 
of the grain, constitutes about 30 per cent of the entire 
weight of the grain_ It is known as "corn chops, "  and 
is fed to the cattle. The remaining endosperm, after 
the removal of the offal, is finely ground, and the 
product is known as granulated corn meal ; but in this 
article it will be referred to as milled meal. 

Nightingale' found that priSOllE'rS who had been fed 

' Edward Jenner Wood, in a note from the Public Health 
Laboratory of the City of Wilmington and County of New 
Hanover, North Carolina. 

'Castellani and Chalmers : Manual of Tropical DiSeases, 1M. 
2, 1913. Stitt : Diagnostics and Treatment of Tropical 

Diseases, 1914. 
'Goldberger, Joseph : Pellagra : Causation and a Method of 

prevention, The Journal A. M. A., Feb. 12, 19i6, p. 471. 
'Farmers' Bull . 298, U. S. Dept. Agric. 
'Nightingale : Zelsm : A Disease Caused by

· 
Dl1'eetlve Mealle 

Meal, Transvaal Med. loW ., July, 1912. 

Brest, Malta, Cairo, Madras and east to S ingapore 
of a simi l ar disturbance on that day. Cairo, ]Jgypt, 
fortunately stated the time, and frolll it it was found 
to have been simultaneous w i th that of C;lIlHO. On 
August 24 ( lS!)2 ) , strong earth currents set in at 
Canso, and at the time there was a marked auroral 

d i splay. The southern cable ( Commercial  COlllpany ) 
was far more affected than the northern onl'. As most 
of the companies haye 2 cables , they can generally get 

rid of the effects of earth currents by looping tllP cableR 

together, that is, by mak ing 1l metal l ic cireuit.  Some­
times the earth current" are so strong as to illjure the 

condensers. From the direction of the cables it is 
noticed that cables running east and west are more 

troubled with these currents than cables running north 

and south . 'L'here is, however, a wide difference on eas t 

and west l ines. The superintendent at St. Pierre told 

me that he experienced more earth currents in the past 
2 years ( 1891, 18(2 ) at that place, than in the preceding 
]8 years at Torbay and Canso, N. S. ,  and besi des that 

they arl' felt more on the American than on the guro­

pE'an side. And furthermore : 
"The cable i s  quite unprejudiced and shows equal favor 

to positive or negative gallantries. They are of the most 

E'rratic nature ; sometimes they take off the ir things amI 

lIlake quite a v isit,  1, 2 or 3 days, varying greatly in 

their demonstrativeness during the time, but seldom 

getting so bad as to tota l ly stop traffic. Sometimes they 
favor us with a 2 or 3-minute call only, as if to remind 
us that they are still a l ive. They fluctuate in degree 

on whole meal ground in the j ail did well, and were 
free from disease. Owing to a crop shortage, he was 
forced to use milled meal, and there soon developE'd 
a disease for which he coined the term "zeism," think­
ing it to be an undescribed condition. The symptoms 
were symmetrical erythema of the exposed portions 
of the body surface, sore mouth, digestive disturbances 
with diarrhea, and even mental symptoms, He says 
that it somewhat resembled pellagra, but was not that 
disease, even if an acute form of it occurred. In 1905 
the failure in making the diagnosis was because we did 
not recognize an acute form of pellagra which is un­
known in European litera�ure. A careful reading of 
Nightingale's paper will convince any one who has 
seen pellagra in America that this disease could not 
be otherwise diagnosed. Certainly if it is not pellagra, 
then the disease going by that name in the United 
States has been erroneously classified. No better ani­
mal experiment will ever be done than this experience 
of Nightingale to confirm the correctness of our bE'Ilef 
that the protective vitamin is removed from corn by 
the present m ethod of milling. He says that after he 
found that commercial corn m eal caused the trouble, 
he secured a fresh lot of corn and had it hand milled 
in the jaiL The result of its use is declared "imme­
diate and magicaL" 

Following the general plan of investigation in poly· 
neuritis gallinarum, pigeons were selected for feeding 
experiments. One group was fed the best commercial 
meal on the l ocal market. The result was very strik­
ing. Polyneuritic symptoms developed almost at once, 
and other symptoms which are exceedingly suggestive 
of pellagra. The next group of pigeons was fed on 
the best corn, which was not kiln dried, and it was 
ground in the laboratory at the feeding time. These 
pigeons have made a striking contrast with the form!'r 
group. In spite of the fact that the onl y  food allowed 
was corn, they have remainea perfectly healthy and 
active. 

In a search through the mountains of North Carolina, 
I have found no cases of pellagra in those counties 
removed from the lines of railroad traveL The moun­
taineer lives on much the same food and in equally as 
unhygienic conditions as the l owlander, but there the 
difference in the corn is again quite striking. The 
mountaineer is too far away from the railroad to get 
milled meal, so he must send his corn to the local mill, 
where it is ground in small amounts at a time, and 
the whole grain is eaten, giving him the necessary pro­
tE'ctive Rubstance. The man in the low country can 
get the meal from the village store, and thereby save 
the time and labor of a man and a mule to send to the 
mill. In so iloing he fails to get the protective sub­
sta nce, and unless his diet is otherwise adapted to 
supplying the vitamin, pell agra .should naturally foll ow. 
In an eastern country remote from railroad travel , 
there are broad areas where pellagra has never been 
seen, and it is notable that the people eat water-ground 
whole meal. In all other respects this country seE'mE'd 
to be peculiarly suited to pel lagra, and the fact of its 
absence has always been very puzzling. 

Beriberi occurs sporadically among those who never 
,eat rice, but it will never be a great economic problem 
excE'pt in thof'e ('()untries in which rice forms the chief 
food. Pellagra , likt'wilole, Illay Ol"CU l' in those who never 

v(,ry greatly. TlIe strength or electro-motive force of 

these earth currents has run up to 500 volts." 

"'e have now said considerable about the subject of 

this vaver, yet have, undoubtedly, failed to answer all 
the questions of the "practical! ' Illan. The practica l 

man wants the aurora, earth currents and magnetiC' 

di sturbances stopped, for they interfere w ith his work ; 

the sdentist doesn't  want them stopped for they are a 

stt'VVing stone leading upward toward unravelling the 

grand mer-hanism of nature. All  l ife, all  activity, all 

energy of the ea rth, we Ill ay trace back to the sun, and 

until h is secrets are revealed we shall remain in ignor­
anee of much tllat is going on, on our globe. At present 

0\11' hopes are especially centered on Mount \Vi l son, 

where Prof. Hale and his assistants a re bending all  their 

energies uJlon our central orb. 'l'hey intercept every 
messenger coming from the sun and put him through a 

rigorous examination, what his business is, and what 

despatchcs were entrusted to him before he lE'ft hOllle. 

All  these despatches are written in hieroglyphs, and 

only for a few , as yet, has a Rosetta stone been found 

for t heir interpretation. ]1\0 gained ground is  eyer lost 

b�' the scientist ; he is eyer on the offensive. Of the 
I llesRPngers sent out by the sun, the earth intercepts but 

a YE'ry small portion ; less than one two-thousalHl· 

mill ionth. 

Until some of these messengers have been made to 

reveal their seerets, until then, we can only conjeetllre 

a R  to the why of the aurora, earth current s  and mag­

IH'tiC' disturbanceR. 

eat corn, but will probabl y never reach any proportion" 

except in corn-eating people. Both dh-;ea�eH a re defi­
ciencies, and the defidencies may, and frequently arE', 

made up by other wholesome vitamin-supplying food,,;, 

even when deficient grain is eaten. 

Photographic Effect of Luminous Watches 
]'OR obvious reasons watches with luminous dials art' 

extremely vopular among mil itary men, espeCially in 

the form of the wrist-watch, which i s  always at hand 
for instant inspection by uight or by day_ The lum i­
nous substance with which they are treated is stated 
by the maker to contain radium, and this circumstanC'e 

lllay occasion a eertain inconveniellee at times, for the 
reason that the rays from radium, like x-rays, are 
capable of penetrating non-transparent materials  and 

affecting photographic plates or films. 
'L'hus a package of undeveloped plates might he 

clouded or obscured by the proximity of such a watch. 
In order to determine just how serious such interfer­

ence might be it German photographer, Mr. Carl 
Schiirer, made a series of experiments, of which he 

gives a report in Photographic fUT A llc_ 

In his first test a luminous wrist-watch was placed in 
a dark room with the dial turned down for one m i nute 

on the uncovered sensitive side o f  a h ighly sensitive 
photographic plate. \Vhen this was , d eveloped it 

showed a clear image of the dial. Obviously, there­
fore, such a watch should not be worn while the oper­
ator is developing plates or films. 

In a second test the watch was again laid upon the 
film side of a highly sensit ive plate, but the latter wag 
wrapped in a piece of the black paper tnken from t ilP 
plate box. The plate was developed at the enrl of ·24 
hours. It plainly showed a blu('kcn illg due to ra(l io­
active influence operating through the black [laver. In 
thi s  case the center was clouded by the action of the 
hands, which were moving throughout the 24 hours, 

A third experiment was made to determine the de­
gree of protection afforded by paRteboard ( of the plat�· 
box ) and by thin metal sheets. A h ighly sensitive 
plate was again wrapped in black paper.  u pon that 
side of the paper lying next to the sensitive side of the 
plate there were placed a rectangular piece of paste­
board about 2 mi l l imeters in thickness , cut from a sille 

of the plate-box, and a piece of tin-foi l  ( from a cake of 
chocolate ) of equal size, the two being pasted together 
with joiners' glue. The luminous watch was then so 
placed that about a fourth of the dial was covered by 
pasteboard and the adjacent fourth by t in-foil .  After 
remaining thus for 24 hours the plnte was developed. 
It was then seen that the pnsteboard afforded but Kl ight 
protection, while that given by the tin-foil was surpris­
ingly small. The expcriment shows, therefore, that the 
radioactive rays from the watch are tolerably "hard" 
( aK the term i s  used in Roentgenography ) . 

In a fourth experiment the watch was enclosed in a 

cigarette box of lacquered tin, and this was laid on the 
sensitive plate wrapped in black paper. It was left 
thus for 3 days, and the plate then thoroughly devel­
oped, but no trace of blackening was observable. 

The conelusion reached is that when wearing such a 
watch plates and films must be carried in boxes made 
of comparatively heavy metal .  
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�'ITH the exception o f  the time fuse the construction 
of the shrapnel projectile is relatively simple, but like 
most  simple mechanical things car,,, in design and in 
manufacture are necessary to secure satisfactory results. 
The general principles are now so well established that a 
tentative design closely resembling the finished can usu­
ally be laid down without difficulty and it is merely in-

Fig. I.-Typical 3 inch, fifteen-pound 

shrapnel. 

tended to outline the steps in checking up and testing 
such a tentative design. 

The 3-inch, 15-pound shrapnel shown in Fig. 1 will be 
taken as an example and assumed to be fired with a 
maximum powder pressure of 30,000 pounds to the square 
inch or a total pressure on the base of the shrapnel of 
2 1 1 ,000 pounds. Assuming that the walls at the sec­
tion A-A have a thickness of 7:2 inch and that 14 pounds 
of the weight of the shrapnel are in front of this section, 
the total press ure on this section at the instant of firing 
will be 14/ 1 5  x 2 1 1 ,000 or 197,000 pounds, and this di­
vided by the area of the section gives a unit pressure in 
the walls of, 50,000 pounds, which is safe for the high 
quality metal of which the case is made.  

The diaphragm must carry the load of  accelerating 
about 7 pounds of balls and matrix or 7/15 x 2 1 1,000 or 
98,000 pounds. The diaphragm is a circular tlisk uni­
formly loaded and its strength may be computed accord­
ingly. Fig. 2 shows a fixture for testing diaphragms for 
strength. It is not desired that the balls should shift 
or "set back" at the time of firing, and at least the balls 
nearest the diaphragm may be pressed into the case with 
a pressure which is greater than that which will be on 
the diaphragm at the time of firing. 

When the shrapnel is exploded in the air by th e time 
fuse the action is much like that 01' a shotgun, the case 
corresponding to the barrel, the powder in the base to 
the charge of the gun, the diaphragm to the wad and 
the balls to the shot. The pressure in the chamber at 
the base of the shrapnel at the time or  exploding is about 
20,000 pounds per square inch, and the unit. stress in the 
walls at the section A -A due to this pressure is given by 
the formula : 

Eo = interior radius. 
Hi = exterior radius. 
P = interior unit pressure. 

This formula is strictly true only when the stresses are 
within the elastic limit of the metal. '1'he remainder of 
the walls are correspondingly thinner for the same reason 
that a gun barrel i� thinner near the muzzle. 

It is assumed that at the time the gun is fired the balls 
act as a fluid mass tending to burst the case by hydraulic 
pressure. The unit pressure at the diaphragm is the 
total pressure on it of 98,000 pounds divided by its area, 
and the strength of the walls to resist this fluid pressure 
is checked by the same formula as the powder chamber 
walls. In practice shrapnel are fired with excessive gun 
pressures into a sand butt and if the recovered case shows 
no marks of the rifling of the gun it is assumed that it is 
strong enough to stand the shock of firing. 

'1'0 determine whether the case will stand the bursting 
charge a number of shrapnel are exploded by electric 
fuses in a steel-lined room, so that the cases may be 
recovered to see that they did not break up. Fig. 3 
shows a special method of testing sample cases by hy­
draulic pressure and Fig. 4 shows a case tested by this 
method that failed, due to defective metal. 

Great importance is attached to the velocity with 
which the balls are driven out of the case as this velocity 
is, of course, added to that of the projectile at the time of 
explosion. '1'0 determine this increased ball velocity a 
shrapnel is suspended in the air as shown by Fig. 5 and 
exploded by an electric fuse. Frames strung with elec­
tric wires leading to velocity measuring instruments are 
so arranged that not only the forward v elocity of the 

Shrapnel Shells 
How They Are Designed and Tested 

By George P.  Jewel] 

balls but the rearward velocity of the case, which is used 
as a check on the total energy of the balls , are measured. 

The " pattern " and angle or "cone" of dispersion of 
the balls wheu the projectile explodes in flight are de­
termined by firing the shrapnel through a wooden screen 
to explode it and catching the fragments on a wooden 
frame perhaps 30 feet square covered with paper. l<'ig. 6 

falls after the balls leave the case. A burst which will 
give about one ball to each sqnare yard is considered 
desirable, and in the United States service it is assumed 
that the ball must have an energy of 58 foot pou nds to 
put a man out of action, or a velocity of 400 feet per 
second with a 170-graiu ball. If the velocity is high the 
point of burst can be s u c h  a distance in front. of the tal'-

FUton 

_CJ==rJ4--
+----- --+ 

Fig. 3.-Bursting shrapnel cases by interior hydraulic pressure to detect 
hidden defects in the metal. 

shows a typical "pattern. "  This test corresponds to that 
of a hun ter who fires his shotgun against a fence to see 
about how far the shot spread and whether they are 
evenly distributed . 

Fig. 7 shows the rapidity with which the ball velocity 

D 

c A 

B 

Fig. 2.-Fixture for testing shrapnel diaphragms. 

A, steel cylinder ; 11, diaphragm ; 0, sand ; D ,  steel puncb 
pushed down by hydraulic press. 

Fig. 4.-6 inch shrapnel case burst by the t esting 
fixture shown in Fig. 3. 

The fractures followed bidden streaks in tbe metal rather 
t h a n  the streaks 011 the exterior th a t  proilllhly th rew the 
case under suspicion. 

get that the desired dispersion will be obtained, but if the 
velocity is low or the shrapnel is of large caliber contain­
ing a great number of balls , the theoretically correct 
point of burst will be so far in front of the target that the 
balls will arrive with insufficient energy to be etl'eetive. 

Proper remedies for this condition are to increase the 
si1.e of the balls and reduce the uumber, to use a stronger 
case with a larger bursting charge, and if a new gun is 
also being designed to increase the twist of the rifling 
so that t4e angle of dispersio n of the liberated balls 
will be greater, due to their greater centrifugal velocity. 

Another modern expedient is to reduce the number of 
balls and put part of the weight into a relatively large 
head loaded with high explosive which continues on its 
way after tl\e explosion of the shrapnel and expbdes as 
a shell when it strikes the ground.  An old method was 
to spread the balls by putting the bursting charge in the 
head and breaking up the case. This has , however, been 
completely discarded as all increased ball velocity due to 
the explosion is lost and the ball velocity may even be 
reduced below that of the projectile at explosion. 

Wave or Vortex 
RESEARCHES into the nature of air spirals or whirl­

pools, begun many years ago by a prominent French 
manufacturer, have recently 'been taken up by mem­
bers of Frenel). and Russian learned societies, and 
have been the subject of a good deal of discussion ac-
cording to Le Genie Civil of April 8th. 

' 

The means of experiment employed have been the 
air currents generated by rapid rotation of cylindrical 
spindles, or spheres, and whose behavior has been re­
vealed by their effects upon minute particles of gold­
leaf and saw-dust, as well as upon jets of steam. A 
number of most interesting results have been obtained 
which are taken as indicating a strong analogy be: 
tween these air-whirls and the magnetic field. 

Just as we have two kinds of electric induction 
which result in the phenomena of attraction and re: 
pulsion, it is found that a rotating spindle generates 
two types of air-vortex, one traveling toward the 
equator of the spindle, the other toward the extrem­
ities. :M�over, two of these air-spirals which rotate in 
the same �nse repel one another, and two which ro­
tate in UIJIjosite senses attract one another ; this at­
traction and repulsion being so strong that if the 
spindles are free to move longitudinally, the vortices 
will actually approach or recede from one another 
carrying their generating spindles with them. Th� 
likeness or unlikeness of the air-spirals is regulated 
by rotating the spindles in the same or in opposite 
senses. And in every respect these air spirals are com­
parable to the magnetic lines of force. 

H is suggested by the scientists who have investigated 
this matter, that the wave-theory of light, electricity, 
and similar phenomena, may have to be replaced bv 
a spiral or vortex theory. l.'hey point out that unde

'
r 

the wave theory it is difficult or impossible to explain 
the failure of material obstacles to interfere with the 
passage of the wireless current on any other ground 
than that electricity, like light, is susceptible of dif­
fraction. But, they aver, the objections to the dif­
frangibility of the electric current, based on a compari. 
son of the conditions of electric transmission with 
those of light transmission, are insurmountable. Hence 
they hope to see physicists driven to the vortex as II 
substitute for the wave-length. 
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Drainage t o  Prevent Erosion* 
Benjamin Brooks 

THE problem of soil conservation on a watershed is 
l ike the problem of flood prevention,  navigation an.d 

power development on a river. To be properly solved It 

must be studied broadly from the source down.  Much 

more popular interest and support and much better re­

sults have been obtained by handling river navigation, 

flood prevention and power development together than 

by handling them separately, for they are all three re­

lated. But erosion of watersheds is first cousin t() them 

all, and should be included in the discussion of the family 

affairs. It should be put on the li!'t of natural resources 

to be conserved, for upon it we chiefly depend for our 

three hundred million square meals a day. 
United States Army engineers have spent a great deal 

of money dredging harbors, removing sand bars and set­

ting beacons for the sake of n avigation . The mud they 

dug was of no interest to them. Other engineers have 

spent other large sums in chaperoning unruly rivers �cro
.
ss 

the map so that they co uld successfully carry theIr sIlt 

along to fill up the harbors again. To them t�e mud 

was merely a menace to fill up their channels durmg low 

stages of the river so as to cause it to seek new channels 

during freshets. 
In 1840 the Chemung River in New York appeared to 

an engineer who was born upon its banks , and was then 

six years old, as a clear, smooth stream with well-defined 

channel and firm grassy banks. Fifty years after, at 

the time of a freshet, it was scarcely recognizable. The 

banks were t wice as far apart, the river was full of bars 

and had forsaken its proper course to tear up the crops 

and the property of the u nhappy citizpns who lived be­

side it .  This old inhabitant blamed the wood c utters 

for this, without measuring the stream to find that no 

more water was going by than in his childhood and 

without stopping to consider that accurate gagings for 

fifty years on American rivers an d for eight hundred 

years on the Danube show no gen�ral inCl:ease in fl?��s 

throughout the whole process of deforestatIOn and clvlh­

zation-that is, no general increase in the amount . of 

water carried during flo?ds, although the destruc��ve 

effect of this amoun t  has mcreased many fold.
. 

Why : 
Very few of us engineers have foll�wed thIS questIOn 

properly to its source, n or regarded It as a , suffiClent�y 

close relative to our other river qU(jstions , to solve It. 

One reason for this is that, as we approach the source of 

the difficulty, the problem frays out into count�e�s sep�­

rate little problems too small to interest the CIVIl engI­

neer or to pay him to solve . In fact, among o�der �eoples, 

the solution is already well kp own. The c�lef dlffic�lty 

in our pew civilization is to get the old solutIOns apphed. 

In the mountainous districts of the Philippine Islands, 

for instance . the savages (so called) , although they have 

not yet _diRc�vered how to wear breeches ,  have developed 

a tremendous system of retaining walls and terraces so 

that en tire flanks of the steepest moun�ains that would 

lie bare to the cloudburst and deluge m our states are 

brought under intensive cultivation despite a customary 

d frequent downpour of rain a day. In the Caucasus an · ' 1 t Mountains the inhabitan ts often use a S!nil ar sys e�, 

and so well aware have they become of the value of SOlI 

that if any escapes them, they descend to the valle�s 

and carry it painstakingly back again ill baskets on theIr 

heads .  . 
f In the uplands of the Carolinas and GeorgIa the arm�rs 

have been in business in one place long enough to realize 

that the light top soil which floats away from them so 

easily is their principal stock in trade a�d �nu�t be c?n­

served. I h ave ridden hours through thIS dIstrIct, seeIn g  

scarcely a hillsid<l that i s  not 
.
comp�etely terraced-the 

steps being maintained by �tlff, th:ck, low:-cu� hedges 

which are not interfered WIth durmg cultlVa�lOn . In 

this same district the Mangum terrace was lllvented 

-a low mound approximately following the contou
.
r, 

able to retain soil and prevent stream flow, but stIll 

allowing the agricultural machinery to pass over it. 

Coming now to a newer country near home,  we can see 

the idea of soil conservation just beginning to take root.  

I b ave met an d  talked with some of the oldest farmer 

i habitan ts along the south bank of the Missouri . Their 

f:rms lie in a hill country with very light soi1 some miles 

back from the main stream, but drained by !:small tribu­

taries. These men have been through the whole gam ut 

of experience starting with smooth, grass-covered farms, 

plowing the �rass under, loosening the soil and having it 

wash away from them, leaving only deep ragged gullies 

and mortgages ;  then having to devi�e their ow� me�ns 
.
of 

taining what soil was left and refillmg the gulhes WIth It .  re 
To accomplish this they worked on two main principles 

of soil conservation ,  which they discovered slowl� �lUt b! 
bitter experience. They found out what every CIVIl engI­

neer knows , that running water caught !n the act of 

robbing a farm of its soil can be arrested In a pool lon
.
g 

enough to drop its loot and go on empty handed. TheIr 

method of arrf'sting it is simply to throw earth dams at 

• The [ule a  Engineer. 

intervals across the gullies ;  but, in order that the dams 
shall not be overflowed and washed out , they provided 
each with a by-pass, pipe undfilrneath and a suitable 
riser made of ordinary clay sewer pipe, so that the water 
pooled and rose to the height of the by-pass , dropped its 
soil, and ran off comparatively clear. As the gully filled 
up with this deposited soil , they raised the dam and added 
more sewer pipe to the riser until the entire gully became 
a fligbt of smootb terraces instead of a hole in the ground. 

The other principle they discovered is also well known 
to us--the fact that water, soaking slowly down through 

, '13' 
/' 

Fig. 5.-Measuring the velocity of shrapnel balls 
and case. 

'l'he suspended sh rapnel Is exploded by an electric fuse, cur­
rent being supplied th rough t\le wires A. 'L'h e  expelled 
balls break the electric circuits B E' and the ease circuits 
C C'. '1'h c screens of each pair of circuits are ahout 
25 feet apart, and the interval of time taken to travel 
this distance Is recorded by special instruments. 

soil and out through sub-drains , will cause no erosion ;  
while the same amollnt of water coursing over the sur­
face will cause it.  Accordingly, some of t,hem laid clay 
drain tile along the bottoms of the gullies and filled in 
over them. Sometimes they combined the two ideas, 
throwing low dams across the filled gullies and connect­
ing a riser pipe witb the drain below. They went so 
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Fig. 6.-Typical "pattern" of shrapnel. 
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The hurst was 47 feet in front of the target, and the diameter 
of the circle Is 8 feet, giving a "cone of dispersion" of 
91,l, degrees. 

far as to get the county supervisors to allow them to take 
out their old wooden culverts which let soil and water 
alike go by, a n d  to put in soil saving sewer pipes wherever 
a bad gully crossed a country road. 

But these successful farmers are but a very few out of 
many. Everywhere one travels in the Mississippi Val­
ley, by simply looking out the car window in any county 
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Fig. 7.-Showing the rapid IQSS in velocity of average 
sized shrapnel balls, due to air resistance. 

in any State, one sees innumerable places where farmers 
have tried to prevent this soil erosion by filling their 
gullies with tin cans, brush and unprotected mud dams.  
None of these crude attempts works. The s0il keeps 
going . 

Now here is the important and most regrettable point. 
Although these petty details on the farm can never each 
receive the individual attention of a life-sized engineer, 
still it is exactly from the�e innumerable small beginnings 
that the ruination of the continent-already said to have 
spread over three million square miles-begins . These 
arfl the little sources from which rivers receive the silt 
that lessens their depth, increases their width, spills their 
floods over valuable property and shoals the harbors. 
The source of the soil is not the source of the main rivers . 
The Missouri, the Platte, th e Arkansas , the Red River, 
are all comparatively clear streams n ear their sources, 
and receive their load of soil only when they reach plowed 
land. Old farmers have shown me tributary streams 
which used w be clear before they broke the soil, but 
which are now heavy with brown silt. I have old charts 
of San Francisco Bay and the testimony of old-time 
yachtsmen still living to show that certain to wns near 
th e confluence of the two principal rivers of the State 
werfl once on navigable wa,ters although I have found it 
impossible to get within a mile of them in a boat draw­
ing three feet. This change is coincident with the culti­
vation of the broad valleys above . When the Phoeni­
cians first lan ded at the eastern end of the Mediter­
ranean they founded their cities on isolated rocks off 
shore. When the Israelites came to cultivate and plow 
the adjacent slopes , these cities became part of the main 
land. Government reports , engineering rpports , history 
and goography all contain copious proofs that agricul­
ture is the chief factor in soil erosion, river clogging, flood 
increase and harhor shoaling. 

But it will be a long time in this country hefore farmers 
generally will be driven by necessity to conserve their 
soil for its own sake. They will never do it for these 
other considerations of flood prevention and navigation. 
We engineers will never have time to devote to each farm 
piece-meal. The matter must be handled in a more 
wholesale, inter-related way ; and the object of this paper 
is principally to su.ggest two or three ways. 

The United States Government is already on the point 
of saying how much sewage a community may dump into 
a river on account of public health. Countless analyses 
have already been made along our principal stream

'
s in 

preparation for saying just this . Is it inconceivable that 
once having demon�trated to the right authorities where 
the soil comes from, the government, in stead of appro­
priating millions of dollars to fix up temporarily a "ilt­
clogged river, might take accoun t of the silt content in 
a certain tributary stream and compel every farmer on 
its watershed to take such precaution again st soil erosion 
as to prf'vent, or pay a fine for spoiling the public's 
navigable river? Or take it in connection with floods . 
We all know that tile draining is something more than a 
quick way of shed,ding water. It will take the farmers­
generally speaking-a, long, long time to think of it a8 a 
means of improving his soil, of emptying it of surplus 
water and filling it with air without drymg it, to his 
great benefit. But if we are to regard tile drainage on a 
large scale throughout wet lands as a mean s of making the 
en tire floor of the Mississippi Valley in to a storage reser­
voir three or four feet deep which could have no surface 
torrents rushing over it, but which would deliver water 
to the rivers at, say ,  half an inch each twenty-four hours, 
then the flood prevention commissioners might take 
notice and ultimately find a way to penalize a man who 
neglectfully stored a potential flood on b is land. By 
such a stroke all three difficulties-soil erosion,  naviga­
tion in terruption, and floods--could be overcome at once 
and on a large scale compatible with modern engineering. 

Or take it again on the principle of public ::sanitation .  
While our American health boards and investigators have 
been studying various bugs , flies, germs and fungi to dis­
cover which is the cause of Pellagra-that Eltropean 
scourge that is gaining so rapidly i ll this country-the 
University of Rome, after years of continual research , 
has definitely determined and proved that Pellagra is 
caused by muddy water-by the erosion of agricultural 
�oils containing colloidal silica. In New Hampshire, 
Nevada, Utah , Wyoming, and Minnesota (districts free 
from clav waters) there is no Pellagra. In the Carolinas, 
in Geor�ia, Missouri, Illinois (places where the farmer 
turns the streams a rich chocolate color) there is an eve.r­
incrf'asillg and seriously menacing amount of it.  To pre­
vent soil erosion would eliminate one more hitherto in­
vincible enemy of mankind. 

The American fa.rmer , no matter how little he reads 
or how heedless he may be of our individual suggestions,  
will finallv come , through dire necessity , to the idea of  
conserving his soil just as  the m,ked farmer of  the Philip­
pines has finally left off hunting the heads of his wife's 
relatives and taken to giant powder, rock drills, stone 
walls and terraces ; but if our influential engineering 
!'ocieties can suggest strongly enough to our influential 
law-makers how the importan t problem of soil saving 
may be connected to and handled with our other great 
national engineering prohloms , we may save a few 
generations of time and a great part of the arable 
continent. 
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The Cosmological Ideas of the Greeks* 
Philosophy Which Aimed to Comprehend the W orId In a Na tural Way 

(I ) TilE c\ P E C U LAT1V�� P E R I O D .  
T o  T H E  ancient Greeks belongs the honor of separating, 

for the first time , cosmology from thE'ology. ,lust as the 
genius of thp H ebrew people was religious , that of the 
H ellenE'S was in the direction of philosophy and art .  
And just a s  the Hebr8ws developed the religious view of 
the world,  it fell to the Greeks to d8velop the philo­
sophic view. As l<�ucken remarks : "Philosophy whiflh ,  
i n  the case o f  the Greeks , does n o t  start from man and 
the problem of his happiness bu t from the Universe as 
a whole , aims to comprehend the world in a nfl tural way 
by means of its own interconneetions ; it seeks for an 
imm utable substance or for fixed quantitative relations . 
It is forced to discard the first impression of things and 
to destroy their visible image ; but with a sure instinct 
for the essential it reconstructs the world in outlines 
whose simplicity bears t he marks of genius and excites 
our perpetual wonder . "  

Nevertheless Greek cosmologi('al speculation had its 
origin in the mythological age , and was at first similar to 
the mythologies of Bahylon and othE'r ancient lands. In 
the poems of Homer and Hesiod we rne(,t with earlier 
Gre8k cosmological ideas ; and in thorn cosmology and 
th eology are , as in thtl Babylonian world-concept,  in ex­
tricably ('onnecttld. 

Both Hom8r and Hesiod ,  in their poems , give us an 
idea of the world-view of the primitive Gn'eks . In 
Homer,  the 8arth is a flat circular disk, surrou nded on all 
sides by thtl great river Okeanos.  This mighty riv8r com­
mell',ed north of the Pillars of Herades ,  and wound its 
way north , east and south of the earth. The disk of the 
earth is supposed to he partly covered with the sea. 
Southwest of the river Oktlanos is thtl land of the Cim­
merians ; and ,  in some place�, Homer indicates that adja­
cent to the Cimmerian land is Rrebus or the land of the 
shades ; in other passages,  however, Homer places Hadtls 
beneath the surface of the earth. 

Above the earth is the region of thtl ether ; and still 
higher is the vault of the heaven. Beneath this vault 
the sun, moon and stars perform their Illotions, rising 
out of Okeanos in the morn.ing and returning thither at 
n.ight. The Hesiodic conception is somewhat similar. 
Hesiod places Tartarus, " the depth , "  as far below thtl 
earth as thtl height of heaven is above. Thus, thtl whole 
universe is represE'nted as a sphere. And this sphtlre is 
divided into two halves by the earth's  surface. This 
(Jonception is somewhat akin to that of thtl Hehrews, as 
brought out by Schiaparelli . In his " Theogony" Hesiod 
puts forth his cosmogonic views .  H o w  far this work i s  
the produet of purely HE'llenic thoug'ht is uneertain. 
Pflpidmer considers that the work "in many instances 
disarranged popular legends with forPign Asiatic specula­
tion." In the beginning was Chaos,  from which sprang 
thc earth-goddess Gaia , the mother of all. Then follow 
I�rolHls and Aether, and these are followed hy the pro­
duction of lJranos ,  the god of the heaven, and from the 
union of the god of heaven and Gaia, the goddess of 
tlarth , there springs the race of gods and titans-personi­
fications for the most part of natural forces . The only 
important point about. the theogony is the fact that the 
'€ltrth sprang from Chaos.  an d from the union of Earth 
and Heaven the other personified natural forces were 
produced.  

What Hesiod actually meant by C haos is uncertain. 
Plutarch bE'lieved it to be wattlr ; and in one or two 
places,  Homer sptlaks of Okeanos as the origin of every­
thing. Here wc have the connection of Greek and Baby­
lonian mythology, as Dr. Dreyer notes, "the connecting 
link between the primiti ve popular notions and the first 
attempt at philosophical enquiry , "  

This first attempt was due t o  Thales o f  Miletus , the 
first Greek philosopher. It is  true that his idea of the 
constitution of the world was as primitive and, in thtl 

·light of later knowledge , as absurd as those of Homtlr and 
Hesiod. '1'he earth,  he believed, was a circular disk 
floating liktl a piece of wood on the ocean ; and in water 
Thales fou�d the ultimate principles or substance of the 
world. At first sight Thales may appear to have ad­
vanced but little beyond the standpoint of the poets ; 
but there is one essential difference btl tween his explana­
tion of the world and theirs. '1'hales separated cosmo­
logical from religious speculation. I n  his explanation of 
the universe thtlre was no mythological element . No 
gods or goddtlsses were invoked-as in thtl cosmology of 
Hesiod and in the creation tlpie of the Babylonians . 
Aristotle discussing Thales'  belief in water as the " first 
principle" suggests that the Milesian philosopher got 
the idea " because he saw that the nourishment of all 

* From I'opu.lal _4slrono1HY. 
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heings i s  moist and that heat itself i s  gtlnerated from 
moisture, and persists in it (for that from which all 
things spring is the first principle of them) and getting 
this idca also from the fad that the germs of all heings artl 
of a moist naturtl . "  Thales,  at all events, has the dis­
tinction of being the first scient.ific philo�opher . 

Anaximandtlr, the seeond philosopher of the Ionian 
school, ahandoned the view of Thales .  He found the 
first principle not in water nor in any other substance, 
hut in the infinite ( 'lCO ' ,ne ipoY ) or the indefinite. This, 
says Bchwt'gel , "was not something immaterial, hut was 
probably conctlived by Anaximander as primal matter 
not yet sundered into its individual dement,s . "  Out of 
this are all things developed and into it all things return. 
This conception of the origin of things was a remarkable 
one , and the sagacity of Anaximander's  cosmogony is a 
strangE' contrast to the crudity of his world-view. Htl 
helieved the earth to be flat or convex on the surface and 
to he in equilibrium in the cen ter of the world . The 
heavens , he considered, were of the nature of fire and 
spherical in form. '1'he heavenly bodies were thought to 
be placed at different distances-the sun being more dis­
tant than the fixed stars . He had a curious explanation 
of the nature of the heayenly bodies . The sun was a 
hole in a great ring throu gh which thtl inhahitants of the 
earth got a, view of the fire which filltld the rim of the ring, 
whil E' the moon. and stars wtlrtl similarly tlxplained .  

A.naximenes, the t.hird o f  t h e  Ionian philosophers , was , 
if anything, less advanced than the second . He found 
the " first principle" in air out of which all things were 
formed by compression or rarefaction ; thus the earth was 
produeed from dense air. Anaximentls b elieved thtl earth 
to be flat and the sun, moon and planets to be also flat 
bodies,  while he supposed the stars to be attached like 
nails to a 801id vault .  

The Ionian sehool did not advance very far i n  the ex­
planation of the world. At the other end of the Greek 
world , however, another school of thinkers-the Eltlatics 
-had aristln and they developed more advanced views . 
Xenophanes . the founder of the school, it is true, did 
not advance beyond thtl Ionion standpoint.  '1'he earth 
he btllieved to be flat and "rooted in the infinite, "  while 
tho sun, comets and stars wertl supposed to be fiery 
clouds . The sun and stars wtlre formed daily from fiery 
particles while the moon was a compressed cloud which 
shone by inherent light and was extinguished monthly. 
Parmenides,  the virtual founder of the E loatic school, 
was a much mortl profound thinker. To him belongs the 
distinetion of perceiving the spherical form of tho earth­
a great advance in thought ;  h e  eonsidered the tlntire uni­
vmse to consist of a number of concentric layers en­
cireling the stationary earth. This is the first time, as 
Dr. Dyers obstlrves,  that we meet with the conception of 
concentric spheres .  Parmtlnides also noticed that the 
moon appears "always gazing earnestly toward the rays 
of thtl sun" and he drew the corrtlct deduction that it 
shines by reflected light.  He considered the sun and 
moon to consist of materials detached from thtl "Milky 
Way , "  and the stars to be nearer to the earth than the 
sun, an error similar to that of Anaximander. 

Curiously enough Heracleitus of Ephesus , who was a 
thinker at least as profound as Parmenides,  was much less 
happy in his cosmological speculatIOns.  Heracleitus found 
the explanation of the world in univsersal ftux-"Be­
(lOming, " , "All things flow" ('lCGlYtri pet ) .  Ar;cordingly he 
was led to consider fire to , be the " first principle" of the 
world. 'rhertl is,  he taught,  an unending circulation in 
nature "upward, downward, the way is ontl and the 
Rame . "  Accordingly it was in keeping with th(' doc �rine 
of fiux to revert to the idea of a flat earth. The sun he 
believed to be formed of moist exhalations eaught in a 
hollow hasin with its cavity facing the earth. The orb of 
day was ignited e very morning and extinguishtld every 
night . On the who10 Heracleitus' cosmological specula­
tions marked not an advance but a retrogrtlssion in 
thought.  Indeed the marvelous intuition of Parm enides 
seems to have he(,Il completely ovtlrlooked. Such illus­
trious thinkers as Anaxagoras , E mpedocles ,  Leueippus 
and Democritus errtld fundamentally in regard to thtl 
shape of thtl earth. 

Anaxagoras believed that mind ( YOYs ) had prod u ced 
the world out of the original chaos-the most profound 
idea of the ultimate cause of the universe put forward 
beforo Plato and Aristotle . Mind formed the world by 
starting a rotatory movement, by which the present state 
of things was produced. Matter was thus separattld into 
two halves ,  ether and air. 'rhe air-cold, dark, and heavy 
-was agglomerated in the center, and from this was 
producod wat.er from whidl again earth appeared. The 

earth was considertld to he flat, ancl the sun and moon were 
supposed to be composed of similar matter-a consider­
able advan ce in thonght. Anaxagoras also held tho some­
what absmd view that the Milky Way represented the 
shadow of the earth. 

l<�mpedocles-working from his idea of four primary 
elements , fire,  air, wat8r and carth, swayed to and fro 
by love and hate , attraction and repulsion-believed the 
universe to be spherical and the earth to be flat. The 
moon he considered to be air rolled together and mixed 
\v ith fire and illuminated by the rays of the sun, which 
was itself "a refltlction of the fire surrounding the earth. " 

Leucippus and Dtlmocritus wertl the first exponents, in 
rudimentary fashion no doubt, of scitlntific materialism. 
Leucipp1.l s believed matter to consist of an infinite num­
ber of atoms , very small and indivisible , by the u nioll and 
separation of which the world is caused. Democritus 
believed that as a rtlsult of collisions among the atoms 
themstllves a vortex motion resulted. Thus an infinite 
number of worlds is formed and thus the earth originated. 
The earth, according to Leucippus, is flat o n  the surface 
with an elevated rim. Democritus considered thtl earth 
on the other hand to be a disclls, higher at the circumfer­
ence and lower in the middle. The sun and moon were 
considered to be largp and solid masses . In regard to 
the moon and to thtl Mil ky Way, Democritus held vitlws 
in advan ce of his time . He believed the lunar marki ngs 
to h(' due to the shadows of mountains and valleys ; and 
he propounded the view that the Milky Way was an 

, appearance due to the combined light of many faint stars . 
Mortl influential than the Ionian or the Eleatic schools 

or than the followtlrs of Heracleitus and Democritus was 
the famous PythagorE'an Brotherhood. The philosophi­
cal school of Pythagoras was not only devo ted to science 
and philosophy ; it was also a religious society :tnd a 
political organization.  Hence it occupitls a somewhat 
unique placE' in the history of Greek thought. 

The underlying idea of Pythagoras was that the ex­
plan.ation of everything is to 'be Rought in numbE'r. In 
the clear words of Dr. Drtlyer, Pythagoras belillVed that 
"numher not merely represents the relations of the phe­
nomtlna to each o ther but is, the substance of things, the 
cause of every phenomenon of n ature. Pythagoras and 
his followers wertl Itld to this assumption by perceiving 
how e verything in nature is governed by numerical rela­
tions,  how the celestial motions are performed with regu­
larity and how the harmony of musical Rounds depends 
on rtlgular inttlrvals the numerical valuation of which 
they were thE' first to determine. "  Amid a great deal of 
fantastic Rpeculation, Pythagoras seemR to have got hold 
of various aspects or truth. To him, the universe was a 
sphtlre ; and at its Ctlnter was the earth, also of a spherical 
figure . This vitlw, held by Parmenides alone ou tside of 
the Pythagorean School, was n ow accepted bv tho dis-
ciples of the founder. 

• 

The Pythagoreans latterly advanced beyond their mas­
ter's cosmological standpoint. Philolau s taught that the 
apparent rotation of the starry s phere and the motion 
of the mn around the earth are caused by the movement 
of the earth in twenty-four hours round the circumfertlnce 
of a circle . This idtla, incorrect though it was, marks a 
real advanctl in scientific thought. Philolaus went a step 
further. He considered that the earth could not be the 
centtlr of the universe, but that the earth and t he o ther 
celestial bodies moved round the " Central Firtl" or the 
"Hearth of the un.iverse . "  This body Philolaus an d his 
followers held to be invisible from Greece and only to be 
seen in the rtlgions beyond India. This doctrine called 
forth the ridicule of Aristotle . " They forcibly make , "  
h e  said, "the phenomena fit their opinions and precon­
ceived notions and attempt to construct the universe . "  

I n  many ways the Pythagoreans deserved the ridicule 
of the great philosopher. For instance, as ten was sup­
posed to be a perfect number, it was necessary to asSUme 
the existence of ten celestial bodies.  Only nine were 
known-the earth, the sun, the moon, the five planets , 
and the sphere of the fixed stars . Therefore the Pytha­
goreans imagined the existence of another body-the 
"antichthon" or "counter-earth" perpetually invisible 
from the inhabited side of our planet's surface .  

Yet with all their errors the Pythagorean School under 
Philolaus took a remarkable step. They boldly declare :!  
that thtl chief �lace i n  the universe was not occupied by 
our world .  H1cetas of Syracuse seems to have gone still 
further and anticipated partially the Copernican s vstem. 
Cicero writing long afterward said that " Hicetas of Syra­
cuse , aeeording to Theophrastus, believes that the heav­
ens , the sun, moon, stars and all heavtlnly bodies ,  are 
standing still and that nothing in the universe is moving 
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except the earth , which while it turn� and twists itself 
with the greatest velocity round its axis , produces all the 
same phenomena as if the heavens were moved an d the 
earth were standing still . "  Opposition was developed 
within the Pythagorean School not only to this notion 
but also to that of Philolaus. Both Philolaus and Hice­
tas were in advance of their time , an d their views were 
destined to meet with but little approval. 

In one particular the Pythagorean School did not teach 
in vain. The doctrine of the spherical form of the earth 
was never again seriously challenged by intelligent men. 
The Pythagorean School had in itself a wide influence, but 
it exerted a still wider influence through the greatest of 
ancient philosophers, and one of the greatest minds of all 
ages-Plato .  On the whole, Plato had little interest in 
natural science . He had inherited from his master Soc­
rates his somewhat contemptuous attitude to the obser­
vational study of nature . According to Xenophon, Soc­
rates considered a knowledge of astronomy useful in 
so far as it enabled determinations of the days and hours 
to be made ; but such questions as the orbits and dis­
tances of planets and stars and the causes of their revolu­
tions , he considered to be a waste of time . Plato , like 
his master Socrates,  was neither an astronomer nor a 
mathematician nor a physicis t .  N everthel(,ss he was de�­
tined on ac(JOunt of hi" far-reaching influence to have a 
profound effer;t on cosmological thought. In the Timllc lls, 
Plato explains that the Deity made the universe and that 
he made it of a spherical shape , with one motion, that of 
rotation on its axis. After his exposition of his i deas 
regarding the "soul of the universe , "  Plato explains that 
God resolved to form a movable image of etemity on the 
principl!' of lll unhers, whieh is time. "With thi s design 
the Deity ereated the sun, moon and the fi ve other stars, 
which .are ealled planets, to fix and mai ntain the nllmbers 
of time . "  A good deal of controversy has raged over 
certain obscure pa�sages . Some scholars eonsider that 
Plato beli!wed in the rotation of the earth ahout its axis, 
an d that he was actually a follower of Philolaus .  But, 
on the whole, the balance of evidence is  against the con­
tcmtion that he held such views . There seems no reason 
to doubt that he believed the earth to be the center of the 
universe, a sphere suspended in space, fixed a,nd immov­
able at the cI'nter of creation .  

I n  regard t o  the heavenly bodies, Plato considered that 
the stars , chiefly formed of fire ,  move through the ether, 
a particularly pure form of air, whic-h reaches from the 
limit of the terrestrial atmosphere into thfl starry spaces .  
The moon he believed t o  be the nearest body to the 
parth ; and in virtue of its proximity it resemhled the 
earth more t,han did the other celestial bodies .  n(l be­
liev ed it to b8 dark, shining by reflected sunlight . 

On the whole, it mllst be admitted that, great thinker 
though Plato undoubtedly was, stupendous as was his 
intdlect ,  he played a very unimportant part in the his­
tory of cosmological thought. At the same time, there 
is no doubt that Plato di d a great deal to popularize the 
notion of t,he spherical form of the earth. His hooks had 
a wide circulation in the ancient world, and his opinion 
carried (lxtraordirrary weight.  By the time of Plato ' s  
death, therefore , the fact of spherical form was accepted 
on all hands . 

(II) THE PRACTICAL PERIOD. 
With E lldoxlls of Cnidus, the cosmology of the Greeks 

f'ntered on a new phase . With all his limitations, Eu­
doxus may be described as the first in vestigator of cos­
mological prohlems from a purely scientific standpoint . 
The changed outlook may be realized whf'n we compare 
the methods of the previous thinkers wi th that of E u­
doxus. The earlier philosophers had proceeded on the 
grounds of reason alone. Their method was deductive . 
J<�udoxus,  on thp other hand, was on the whole an induc­
tive thinker. He was an observer of the phenomena of 
the heavens and to explain these phenomena he advanced 
his famous theory of the homocentric spheres. Whether 
the theory was ever more to him than a c-oll venient work­
ing hypothesis is uncertain. Dr. Dreyer, who has made 
a close study of the Eudoxian theory, believes that l<Ju­
doxus only regarded his spheres as "geometrical construc­
tions suitable for computing the apparent paths of the 
planets. " 

The �ystem was a very complicated one, but a brief 
�ketch will suffi<le to explain its general nature . The 
earth of course was believed to be spherical , occupying 
the center of the universe, and each celestial body was 
belieyed to be situated on the equator of a sph ere revolv­
ing with uniform velocity arou nd its poles. But EudoXlls,  
by observation of the heavens, was aware of the irregu­
larities--retrogressions, vari able velocities and station­
ary poi nts-of thf' planets, and so it was necessary to 
postulate the existence of other spheres.  The poles of 
each planetary �phere were believed to be attaclltld to 
larger spheres,  concentric with the others rotating round 
different poles with varying velocities .  These poles of 
the second spheres were themselves rotat,ing round other 
and still lnr2:pr spheres. For the �un and moon Eu doxus 
fOllnd three spherps each suf'fieil'nt, but in order to f)X­
plain the complicated motions of the planets it was neces-

sary to assume the existence of fou r  spheres for each. 
J<'or the fixed stars, of coursp , one sphere was sufficient . 
J<'in ally Eudoxus had to assume the existence of twenty­
seven sphere� in all . On the whole, the theory, compli­
cated and cumbersome though it was , accounted fairly 
well for the observed c-elestial motions. It explained 
the motions of all the planets, except Venus and Mars, 
but this is not to be wondered at , considering the insuffi­
cient observational data on which Eu doxus was compelled 
to work. Thirty years after the thplJry was first pro­
pounded, it was improved by Calippus, a pupil of Eu­
doxus , whn is also known for his improvement on the 
Metonic cycle. Calippus considerably altered the system 
hy adding a number of extra spheres to explain irregu­
larities which had either escaped the notice of Eudoxus 
or which had been ignored. 

The theory of homocentric spheres.  as it i s  generally 
called, seems cumhersome if not fantastic in the light of 
present-day kn o\vledge , b llt viewed in its true light it 
marks an era in cosmological speculation. It was the 
first attempt to il,ecount for the observed phenomena of 
tlw u niverse .  Eudoxu s wa� not a p hilosopher ; he was 
first and foremost a mat1lOmatician and man of science,  
and hi s theory was framed to explain observed facts.  
Indeed, as already mentioned, to him it  may have been 
a eonvenient working hypotheSIS and nothing more. 

H Lhe theory was merely a theory to both Eudoxus 
and Calippus, it was a great deal more to Aristotle. In 
fact .  it form0d the basis of that grea t philosopher's cos­
mological conceptions, which exercised so profound an 
inflllence over human thought not only in hi s own day 
but throughout the post-classical period and the Middle 
Ages . When we realize thp range of Aristotle 's researches 
and his deserveflly great reputation as philosopher and 
moralist, we are enahled to understand, partly at least, 
the ruason of his long supremacy over the minds of m e n .  

T h e  natmal philosophy o f  Arhltotle was expounded in 
the eight books of his work on "Physic s , "  in his four 
books on " The Hpavens , "  and his four books on " Mete­
orologica."  In t.he first of his books on " The Heavens" 
he argues that the material universe cannot be extended 
indefinitely in space, since a line drawn from the center of 
our e'.trth to a body indefinitely distant could not perform 
a motion of rotation in twen ty-four hours . If the Aris­
totelian ' universe was not infinite, howev8r, it was re­
garded as eternal. In his cosmica! speculations Aristo­
tle was largely guided by his philosophical ideas . He 
adopted the vie w of Eudoxus as to the spherical shape 
of the universf'. On the groun.d that the sphere is  among 
bodies the most perfect .  Tn the spherical cosmos the 
most perfect sphere is that with the most pf'rfect motion ; 
and as the swiftest sphere is the most perfef)t in motion,  
the outermost is the most perfect of  all. Th!' fllltire 
argument is purely speculative and the outlook of Aris­
totle on the ultimate problpm of the universe cnntrasts 
strangely with the scien tific procedure of Eudoxus , whose 
cosmological hypothesis he adopted. To Aristotle the 
spheres were actually in existence, portions of the vast 
m echanism of the universe. He found it necessary-in 
order to explain why the motion of the outer spheres was 
not shared by the inner in spite of their connection-to 
add twenty-two extra spheres. Calippus had assumed 
the existence of thirty-five, so that as left by Aristotle , 
the system comprised fifty-two separate spheres.  

Aristotle devoted considerable attention to the form 
of the earth, its position in the universe .  and i ts possible 
motion. Aristotle bases his belief ill th(' spherical shape 
of the earth on both theoretical and empirical considera­
tions . The former are of little account , hut the Iv.tter are 
of more permanent value. He J;lotes firs t the fact that 
the shadow thrown by the earth on the moon is always 
circular, showing that the earth must be a bphere ; and 
second, a journey north or south changes the apparent 
positions of the stars , He mentions the Pythagorean 
view that not the earth but a central fire occupies the 
center of the universe .  but this theory he rejects in favor 
of the view that the earth is fixed and immovable in the 
center of creation ; and he does not seem to have been 
acquainted with the view of a rotation of the earth on 
its axis.  

Aristotle is careful to di�tinguish between the heavens, 
the region of unchangeable order where circular motion 
prevails, and the region below the lunar sphere in which 
are placed the four elements ,  earth, water, air and fire. 
The e ther he believes to berJome inerenRingly pure at 
greater dis tances from the earth's surface ;  and in the 
upper atmosphere comets and meteors and aurorm wpre 
believed to hp prodw,ed. He also believed the Milky Way 
to be an atmospheric phenomenon. 

After all the cosmological ideas of Aristotle do not seem 
to be very far in advanee of those of earl ier thinker'S ; and 
indeed in some instanees his opinions were decidedly 
reactionary. There is therefore a natural temptation to 
ask why the opinions o f  Aristotle on cosmology should 
hav!' so !1:rnat W!1iidlt in lat er years . The answer is to 
be found in th.) llllique posilion occupied by Adstotle in 
the his tory of thought . He )Va� not llwrely an astro­
nomic-al or scientific thinker, or a great mathematician. 

He was the most commanding figure of his age and in 
him , so to speak,  was summed up the scientific and philo­
Roph ic culture of the Hellenic world. Thus the pro­
nouncements of Aristotle, even in the Hellenistic period ,  
were invested with p eculiar authority .  

We find, for instance,  that among men of philosophic 
or scientific mind,  the spherical form of the earth was 
never again seriously disputed ; while the erroneous doc­
trine of the fixity of the world in the c-enter of the creation 
was invested with all the authority of the greatest of 
philosophers . 

Yet, almost contemporary with Aristotle ,  there were 
two distinguished Greeks who seem to have grasped the 
truth in regard to the earth' s  place in nature. Hera­
cleides of Pontus was a pupil of Aristotle , but appears to 
have had the courage to think for himself on the system 
of the world. In the words of the commentator Simplicius 
" Heracleides of Pontus , assuming the earth to be in th e 
middle and to move in a circle , but the heavens to be at 
rest , considered the phenomena to be accounted for. "  
Actius , another ancient writer ,  remarks that Heracleides 
considered the earth to move "not progressively, but in 
a turning manner, like a wheel fitted with an axis , from 
west to east,  round its own center."  In other words, 
Heracleides believed that the earth turned on its axis 
in twenty-four hours and thus explained the apparent 
motion of the sphere of the fixed stars . Another forward 
step was taken by Aristarchus of Samos ,  who boldly 
declared that instead of the sun moving round the earth, 
our world traveled round the sun. "He supposes , "  said 
his contemporary Archimedes , " that the fixed stars and 
the sun are immovable but that the earth is carried round 
the sun in a circle. "  His brilliant intuition, however, 
was destined to obscurity. It did not harmonize with the 
opinions of Aristotle and the authority of the great phi­
losophpr was supreme. Besides , even in those Pagan days , 
the heliocentric theory was consid ered a dangerous doc­
trine. According to Plutarch, " Cleanthes held that 
Aristarchus of Samos ought to be accused of impiety for 
moving the hearth of the world, as the m an, in order to 
save the phenomena, supposed that the heavens stand 
still and the earth moves in an oblique circle at the same 
time as it turns round its axis . "  Aristarchus was the last 
thinker of the Greek world who strove to find the physi­
cally true system of the universe. The theories which 
followed were merely mathematical hypotheses repre­
senting the motions-regular and irregular-of the vari­
ous planets .  

It is somewhat remarkable that while more and more 
stress was laid on Aristotle 's opinion as to the immobility 
of the earth. the astronomical theory on which he based 
his hypothesis-the spheres of F;udoxus-was soon dis­
carded. The rise of practical astronomy by demon­
strating its inadequacy hastened its rejection.  'l'he neces­
sity of regul ating time . the need for an accnrate calendar, 
had stimulated observation of the sun and moon and this 
in turn influenced o ther branches of astronomy. At 
Alexandria, under the patronage of the dynasty of the 
Ptolemies a school of astronomy was founded and sys­
tematic observation of the heavenly hodies was made. 
As Dr. Dreyer has well remarked, "Vague doctrines and 
generalizations were abandoned, while mathematical rea­
soning founded on observation took their place. That 
this change occurred about the middle of the third cen­
tury was a circumstance not unconnected with the simul­
taneous rise of the school of Stoic philosophy. Both in 
abstract philosophy and in science the wish to get on more 
solid ground now became universal and no science bene­
fited more by this realistic tendency than astronomy . "  

To Apollonius of Perge i s  due the distinction of invent­
ing the famous theory of epicycles �hich superseded 
the spheres of Eudoxus. After using for some time the 
so-called theory of " excentric circles," Apollonius put 
forward the theory of epicyclic motion.  The idea of con­
centric spheres was abandoned ; sun, moon and stars w ere 
assumed to be in motion round the earth in eircular 
orbits ; but some explanation had to be given of the irregu­
larities of the celestial motions . In essence, the systems 
of Apollonius, Hipparchus and Ptolemy were identical , 
but the latter scientist worked the epicyclic theory to 
its fullest perfection .  

The epicycl ic theory i s  not easy o f  explanation a n d  we 
cannot do better than reproduce the exposition given by 
Sir Robert Ball in his sketch of Ptolemy. He takes the 
typical case of Mars with its irregular motion. " We have 
the earth at the center and the sun describing its cir('u­
lar orbit around that center. The path of Mars is taken 
as exterior to that of the sun. We are to suppose that at 
a point M there is a fictitious planet which revolves 
around the earth uniformly in a circle called the deferent. 
This point (M) which is thus animated by a perfect 
movement is the center of a circle which is carried on­
ward with M and around the circumference of which 
Mars revolves u niformly. It is easy to show that th e 
combinod e ffeet of these two perfect movements is to 
produce I'xadly that diBplacem8nt of �Mars whiuh obser­
Yatioll discloses . "  

This is a sketch o f  the theory a t  its simplest, but i t  is 
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sufficien t t o  illustrate its general principle. A s  astronomi­
cal observatIon progressed, new irregularities were dis­
covered and had to be accounted for. Hipparchus of 
Rhodes will ever hold the chief place among the astrono­
mers of an tiquity. Not only did he form a catalogue of 
stars, and thus lay the foundations of practical astron­
omy , not only did he discover the prece�sion of the equi­
noxes , but he succeeded ir. working out solar and lunar 
theories. He did not satisfactorily explain the motions 
of the planets on the epicyclic theory, and in fact he 
merely accepted the epicyclic theory ,  as a conven ient 
working hypothesis . 

In Ptolemy of Alexandria, who lived three hundred 
years after Hipparchus, ancient science reached its cul­
mination. In his great work the " Syntaxls , "  commonly 
known as the "Almage5t," he develops the theory to 
its fullest extent. In the first book of his great, work, 
he demonstrates that the earth is a sphere fixed and im­
movable in the center of creation, and the heavens is 
also a sphere, rotating in twenty-four hours round an 
axis. This is the fundamental assumption of the Aris­
totelian philosophy and Ptolem y accepted it .  He worked 
out carefully the epicyclie theory in the light of the dis­
covery of n ew irreg1daritles in the celestial motions, and 
as a result a number of extra circles and epicycles had 
to be introduced. 

Like Eudoxus and Calippus, Apollonius and Hippar­
chus , Ptolemy does not seem to have troubled as to the 
actual physical truth of his system. " I  do not," he said, 
"profess to be able to account for all the motions at the 
same time ; but I shall show that each by itself is well 
explained by its proper hypothesis." If to Ptolemy the 
theory was merely a working hypothesis , it was soon 
regarded . by the intellectual world at large as the true 
sYstem of the world. The philosophy of. Aristotle and 
tho science of Hipparchus and Ptolemy was the las t word 
of ancient cosmological thought ; and during the Middle 
Ages the word of these masters was final. 

In the Hellenistic period-after Aristotle and Plato­
men do not seem to have troubled over purely cosmogonic 
problems . There was little speculation as to how the 
world came to be. The Stoic School in so far as it con­
cerned itself over such matters followed Aristotle . 'I'he 
pantheistic nature of the Stoic philosophy led these 
thinkers to the doctrine of an all-pervading primary sub­
stance co-extensive with matter. This primary substance 
identified by Cleanthes with fire, was generally regarded 
as one with the Deity . 'I'huB the Stoic cosmogony re­
sulted in pantheism. 

The atomist school , representf'd among post-Socratic 
thinkers by the Epicureans, found its leading exponent 
in the Roman poet Lucretius . On the whole, Lucretius 
is not original ; he merely reproduees the ruling ideas 
of Leucippus and Demoeritus.  He pietures the eoneourse 
of atoms in indeseribable eonfusion at the beginning of 
time. "At last the parts began to fly asunder, and like 
to join to like and mark off the members of the world 
and every one of its mighty parts-to separate high 
heaven from earth and let the sea spr'lad itself ont apart, 
and abo let the fires of the ether spread apart, pure and 
unmixed ."  We cannot but be impressed with the retro­
gression illustrated by the cosmological fancies of Luere­
tius ; and thus, he cou nts for littlo in the history of 
eosmology . 

Hellenic eulture had exhausted itself at the beginning 
of the Christian Era ; and although it lingered on for some 
centuries , it eounted for little in the world's thought. 
When the Emperor Justinian suppres�ed the Neopla­
tonist Schools in 529 he merely gave legal expression to 
an aceoIl1plished bet. The long night of the Middle 
Ages had begu n .  

Fundamentals of Signaling 
S01\1]<; coufusion exists in the minds of employees not 

counected with the signal department, and possibly also 
in the minds of some signalmen whose experience has 
been confined to one railroad, perhaps to one division, 
as to just what the differences are in the several sys­
tems of signaling and interlocking. It is the endeavor 
in the following, to make these fundamentals clear, as well 
as to distinguish dearly between block signaling and in­
terlocking, two ,mbjects which are often confused in the 
minds of those not connected with the signal department. 

Signaling is the control of railway operation by means 
of fixed signals. By fixed signals are meant those 
located permanently at given points, as contrasted with 
hand or other signals which are not restricted to any 
particular points on the road. 

The purpose of signaling is to safeguard the move­
ments of trains aud to facilitate traffic. The method 
Wllieh is best adapted for a given location depends upon 
the amount and kind of traffic, climate and many other 
conditions. The fundamental systems will be described 
later in this series of articles. 

'1'here art' two gralH] division,; of signaling : ( 1 )  block 
signaling, and ( 2 )  interlocking. Block signaling pertains 
to spacing trains movin� in the same or in opposite direc-

tions on the same track. Interlocking is the means for 
routing trains over conflicting routes, as at crossings, 
junctions and terminals ; or over routes that are not 
always intact or lined up for trains, as draw bridges, 
etc. The standard code definition for interlocking is : 
"An arangement of Rwitch, lock and signal appliances so 
inter-connected that their movements must succeed each 
other in a predetermined order." This refers to lock­
ing, that is, a switch or derail must be locked in its cor­
rect position before the signal is unlockel so that it can 
be cleared. Then, if the enginemen always obey the 
signals, it will be impossible for a train to be derailed 
or sent over a route not intended, when these are lined 
up for the train movements. The leverman is prevented 
from throwing switcheR and lining up two conflicting 
routes by the cross-locking in the interlocking machine. 

Block signaling may be separated into two subheads : 
( 1 )  the time interval system, ( 2 )  the space interval sys­

tem. The time interval system is the old telegraphic 
block system ; all that was attempted was to prevent a 
following train from starting out of a station until after 
n period of time had elapsed, or to prevent a train from 
leaving a station when an opposing train had al ready 
left the adjacent station in advance. The old tele­
graphic block was not a block system in the strict sense 
of the word. 

The space interval I'ystem may be further subdivided 
into ( a )  manual block, ( b )  controlled manual block and 
( c )  automatic block. And the order in which these sys­
tems are shown. is tbe order in which they were devel­
oped in practice. The old telegraphic block was the first 
system used, following which was developed the manual 
block in which each signal is operated by a man located 
at the block station. Later, a further feature was added 
to the manual blocks, so that the actions of the operator 
were partially controlled in that the operator at the ad­
jaeent bloek station had to eo-operate before the signals 
could be cleared. 

In the automatic block system signals are operated 
not by the leverman, but by mechanism;,; which are con­
trolled by the trains themselves, thereby eliminating the 
human element as far as the operation of the signals is 
concerned. 

The time interval, or old telegraphic block system, re­
quires no further explanation than that given above. In 
the manual bloek systE'm, the block signals at a station 
are moved by a lever, operated by an attendant. By 
means of the telegraph or telephone, the attendant is" 
im;tructed whether to dear his signal or to leave it at 
stop. 

There are thrE'e variations of the controlled manual 
block sys.tem : ( 1 )  The lock-and-block system, in which 
the lever at a station is electrically locked by the lever 
of an adjoining station ; thus the signal cannot be 
cleared to admit a train into the block without the con­
Ront of the signalman at the block in advance. ( 2 )  The 
controlled manual block with track circuits ; with this 
Rystem, if the ollerator at an adjoining block station 
makes a mistake and tries to clear up a route when it 
is occupied, the train itself prevents him, by means of 
the track circuit and a lock which locks the lever elec­
trically. ( 3 ) '1'he staff system, in Which the rules re­
quire the engineman to have a staff before he has the 
right of way over the bloek section. This staff must be 
obtained from a machine which is electrically locked 
with the machine in advance. Two adjacent machines 
are so arranged that when the staff is withdrawn from 
one of them, the staff is locked in the opposing maehine 
and cannot be withdrawn ; thus, when an engineman 
trieR to obtain the staff from a machine and enter a 
block which is already occupied, he will find the staff 
locke!! so that he cannot withdraw it. It is customary 
for operators to secure staffs from instruments and hand 
them to the engineman. 

In the automatic block system, the signals are worked 
entirely by meehanisms which, in turn, are controlled 
by a train or by certain conditions affecting the use of a 
block, such as a misplaced switch, broken rail, etc. The 
basis of all systems of automatic block is track circuit 
control. The track is divided up into a series of insu­
lated sections called track circuits, with one or more sec­
tions between each two adjacent signals. In each sec­
tion there is a track circuit--current flows from a track 
battery located at one end of a section, to one rail, then 
through the rail to the opposite end of the insulated 
section, across to the opposite rail through an instru­
ment called a rE'lay, and then back again to the battery. 
The track circuit current energizes the relay which 
causeR the signal to operate by closing a local battery 
circuit at the Rignal. There is a complete electric cir­
cuit and a continuous electric current in the track rails, 
then, when the track is unoccupied. When the track i,; 
occupied by a train, the electric current, instead of pass­
ing through the relny,  the im;trument whieh controls 
the signal,;. will he short-cireuited and pass through 
the wheels and axles of the train and back to the bat­
tery without going through the relay. Depriving the relay 

of current causes the blade of the block signal to operate 
to the stop position by gravity. Thus, when the track 
is occupied by a train, the Signal will come to a stop. 
When the track is again unoccupied, the original circuit 
through the relay will again be completed and the signal 
will be operated to the "clear" or proceed position. 

This principle is what is called the "closed circuit." 
In case any part of the apparatus fails, a switch is not 
lined up correctly or a rail breaks, the current through 
the rails and relay will be cut off and the signal Will 
operate to the stop position the same as if the track 
were occupied by a train. The signal indicating stop, 
with no train in the block, indicates to the signalman 
that something is wrong with the apparatus, and tests 
and repairs are made.-Kenneth L. Van Auken in the 

Railway Review. 
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