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Latent Life-I* 
Its Nature and Its Relations to Certain Theories of ContempQrary Biology 

I.--GENEBAL OBSERVATIONS. 

ALTH OUGH the study of latent life holds an unimportant 
place in most of the stillldard works on biology, yet it 
is none the less one of the mo st widespread phenomena 
of the living kingdom. We meet it everywhere that 
germs exist. And since germs are continually emitted 
in considerable quantity, even more by plants than by 
animals, there is not a piece of ground on which we tread 
nor the smallest quantity of air that we breathe which 
is free from them. 

Not only can the spores of fungi, bacteria, alg::e, 
mosses, and of ferns, the myriad s of grains of pollen 
from flowers, the seeds of phanerogams, the cysts of 
infusoria, the eggs of certain crustaceans and insects. 
pass into a state of latent life, but likewise animal tis­
sues, and even some perfectly developed forms of life 
called reviviscents, as certain species of alg::e, mosses, 
lichens, rotifers, arctisca, and nematodes. 

In that condition of repose, these germs or beings may 
escape the harsh necessities of active life, better re­
sist dryness, cold, or heat, are more easily carried away 
by the currents, winds, or other Causes, finally to await 
for. several years the return of condition s favorable 
to their development. 

II.-THEOBIES AS TO TH E NATURE OF LATENT LIFE. 

But what i s  the true nature of latent life? I s  it 

apparent death in which all the vital functions are 

suspended; is it a relaxed aerobic life demanding gase­

ons exchanges with the atmosphere, or is it a very slug­

gish, intercellular anaerobic life? These are questions 

which since the beginning of the eighteenth century 

have engrossed the attention of eminent naturali sts, 

have incited numerous experiments, and which at this 

moment provoke interesting controversies. 

We owe to Leeuwenhoek (1701), the founder of 

micrography, the first ob servation s on reviviscent ani­

mal s, the arctisca or water bears, and rotifer s of the 

roofs and gutter s. That author observed with great 

astonishment that these little beings may remain dried 

up for five months amid moss and dust without show­

ing the slightest trace of life and then, when moist­

ened, resume their vital functions. 

In 1743 Needham made analogou s observation s upon 

the nematodes from musty wheat. But the most inter­

esting experiments upon these organisms have been 

chiefly thotle of Baker and Spallanzani. 

Baker, working with nematodes (anguillula), suc­

ceeded in bringing them to life twenty-eight years after 

their desiccation. Since we know that the life cycle 

of these minute beings does not exceed ten months, it 

is thus proved that their life has been strikingly pro­

longed by this procedure. 

On the other hand, Spallanzani verified the observa­

tion s made by Leeuwenhoek on the rotifers. After 

having dried and preserved them for three years, he 

found that they returned to life when placed in water. 

All these experiments amazed the public of that period. 

It was at that time believed that these beings had the 

power of resuscitation. The extraordinary properties 

of these animalcules having been doubted in the nine­

teenth century, Doyere and Davaine, from 1840 to 1860, 

studied the subject very critically. Their experiments, 

confirmed by Gavarret, but bitterly contested by Pouchet 

and Pennetier, were the subject of very spirited dis­

cussion s. In fact, at that time two r ival theories, 

vitalism and organicism, were sharing the approbation 

of physiologi sts. Some, and they were in the majority, 

considered l ife as a mysterious principle of action which 

animates matter and set s it in motion. The others 

saw in life only the result of the organization of a 

special complex substance, merely the manifestation of 

the activity of organized matter. 
In order to show the soundness of their conception 

of the question, tho se holding the latter view called 
attention to the phenomena presented by the revivified 
animals, notably in the experiments of Doyere and 
Davaine, in which they believed that they had seen a 
very clear example of an arrest of the functions of 
an organi sm and of their starting again under the 
action of a physical phenomenon, namely, the imbibition 
of water. 

Organized matter, therefore, needed only a vital 

• From the last Annual Report of the Smithsonian Institu­
tion. Translated by permission from Revue Generale de8 

Science8 pures et appUqll�e •• 

By Paul Becquerel, Sc. D. 

principle to resume activity. In the Societe de Biologie 
the strife between the two factions was so earnest that 
to put an end to discussion it was deCided to repeat 
the experiments before a committee of scientists, which 
included Balbiani, Brown-Sequard, Dareste, Guillemin, 
and Robin, and was presided over by Broca. 

Before this committee it was then established: 1<'irst, 
that there is no appreciable life in the inert body of 
reviviscent animals; second, that the bodies preserve 
their revivifying property in conditions incompatible 
with every kind of functioning life, a s, for example, 
for eighty-two days in a dry vacuum, and in free air 
for thirty minutes at a temperature of 100 deg. Cent. 

Some time later, Paul Bert in his researches upon the 
inherent vitality of tissues, corroborated this point of 
view by some interesting experiments. He showed that 
rats' tails dried for eight days, then kept for two hours 
in a temperature of 99 deg. Cent., and grafted four 
days afterward, resumed their vitality at the end of 
a month. About two years later, Claude Bernard, in 
his admirable lessons on the phenomena of life common 
to plant s and animals, resumed the study of reviviscence 
and applied it to the vegetable kingdom. 

In order to characterize the state of repose in which 
the seeds exist before germinating, he coined the term 
"latent life," and he gave us the following theory: 

"The latent life of seeds is potential. It exists ready 
to manifest itself if suitable exterior condition s are 
supplied, but there is not the least manifestation if 
these conditions are lacking. 

" It would be wrong to think that the seed, in this 
case, possesses a life tlO attenuated that its manifesta­
tions escape observation because of the very degree of 
this attenuation. That is true neither in theory nor 
in fact. In theory, we know that life results from the 
coalition of two factors-the one external, derived from 
a cosmic world; the other internal, derived from the 
organism. 

" It is a co-ordination impossible to separate, and wc 
should understand that in the absence of one of these 
factors the being could not live. It no more lives when 
they exist alone. Heat, humidity, and air do not con­
stitute life; no more does the organism. In fact, we 
see some seeds preserved for year s and for prolonged 
periods which, after such long inaction, can germinate 
and produce a new plant. If they had a sluggish life, 
that ought to exhaust it. But it is not exhausted." 

l<'rom the moment that it wa s proposed, this concep­
tion of latent life has had many supporter s who have 
strengthened it by the establishment of Hew facts. 
Thus the resistance of seeds, of spores of bacteria and 
mushrooms to the action of a vacuum, of irrespirable 
gases such as nitrogen, carbon dioxide, carbon monox­
ide, and chlorine, the conservation of the germinative 
power in liquids such as mercury, alcohol, ether and 
chloroform, as shown through numerous experiments 
by Giglioli, Detmer, Romane, de Candolle, Kochs, Jodin, 
IGwart, Kurzevelly, Maquenne, to cite only the prin­
cipal authors, demonstrate in an apparently indisputa­
ble manner the reality of suspended life. 

In spite of these facts, however, other physiologists 
have nevertheless continued to defend a theory directly 
opposed to it; that of the continuity of the vital phe­
nomena, a doctrine according to which latent life is 
but a life relaxed. 

Among the most eminent supporters of this view 
we may cite Van Tieghem and Gaston Bonnier, whose 
researches on the latent life of seeds have become classic. 
These scientists having allowed separate lots of seeds 
to remain two years in confined air and in carbon di­
oxide, perceived in the first medium that there had 
been an absorption of oxygen and a throwing off of 
carbon dioxide, and in the second medium asphyxiation. 
1<'rom this they concluded that respiration takes place 
in latent life, and when it i s  not possible, the organism 
perishes; consequently, life in the embryo can only 
be relaxed. These conclusions allayed certain doubts 
as to the early experiments of Doyere and Davaine. 
Thi s is why Lance, in 1896, took up the study, con­
fining his researches to arCtisca. 

Contrary to the claim s of the committee presided 
over by Broca, he himself affirmed that the coming of 
life of these beings i s  not a resurrection: 

"The arctisca of the roofs adapted to desiccation lo se 
their power to revive when after desiccation they have 
bean plunged into a ga s, un su ited to support life, such 

as carbonic and sulphuric. When they find respira­
tion impo ssible, they die; their latent life is then a 
relaxed life." 

vVe have, therefore, to deal with two contradictory 
hypotheses, apparently based upon facts equally con­
clusive: 

Is the relaxed life a more exact conception of the na­
ture of latent life than the suspended life? 

l\Iust the one completely exclude the other, or is 
each one partly true? 'l'hese are questions which I 
have tried to elucidate and to which we shall now 
turn our attention. 
ilL-TH E IMPERMEABILITY m' THE TEGUMENT OF CERTAIN 

SEEDS. 

When in 1904 I undertook these researches, limiting 
myself entirely to the latent life of seeds,' I asked my­
se lf if the prevailing contradietory o pinions were not due 
to errors in interpretation of certain experimental re­
sults. 1<'or instance, were the embryos of the seeds 
really in contact with the media tried-confined air, 
irrespirable atmosphere, nitrogen, carbon dioxide, mer­
cury, alcohol, chloroform, and ether? If their tegu­
ment had been impermeable, might it not have pro­
tected them against the various media that it was in­
tended to subject them to? That was an important 
point, to which the greater part of my predecessors paid 
too little attention. 

It was therefore very necessary to find a means for 
determining the permeability of the teguments of the 
seeds which were most used in the above-mentioned ex­
periments. I employed a very simple apparatu s: A 
barometric tube closed at one end by a portion of the 
tegument to be experimented upon, then filled with 
mercury with all the usual precautions, and inverted 
in a dish of mercury. The variations of the level of 
the mercury of this pseudo-barometer which terminated 
in a vegetable membrane, compared with the variation s 
in the level of the mercury of another tube of the same 
kind, prepared in the same manner, but closed at one 
of its extremities, indicated under what conditions and 
at what rate the gas passed through the tegument s. 

III this way I was able to determine that the tegu­
ment of most of the seeds of Leguminos::e, such as that 
of the lupine and honey-locust, when it reached a cer­
tain degree of natural desiccation,' proved itself to 
be for two years impermeable to air in all its parts, 
even in those containing the hilum and micropyle. The 
teguments of these seeds do not permit gases to pass 
through them under the la ws of diffusion except when 
they are mui>;tened with water. 

On the other hand, desiccated embryos of these same 
seeds act like porous bodies. Gase s pass through them 
according to the la ws of effusion. The tegument of 
the same species is equally impermeable to liquids, 
such as absolute alcohol, ether, and chloroform, which 
readily penetrate the embryos after decortication. 

These results apply not only to the seeds of many 
species of the family Leguminostp, but like wise to those 
of certain Crucifer::e, Malvace::e, Labiat::e, Linacea::e, and 
Citacea'. They justify the reservations that I had made 
concerning the greater part of the experiments of my 
predecessors, for, in showing that the embryo s pro­
tected by their impermeable teguments were not sub­
mitted to the action of the media employed, they nullify 
in part the deductions that had been drawn from them 
to explain the nature of latent life. 

I wa;; thus led to repeat on seeds with the permeable 
tegument either perforated or removed, the experiment s 
of some of my predecessors. I thereupon ascertained 
that, contrary to their assertions, absolute alcohol, 
ch loroform, and ether, instead of preserving the em­
bryos of seeds, kill them when no longer protected by 
their teguments. On the other hand, the fact of the 
impermeability of their tegument rendered very im­
probable the interpretation that had been placed upon 
the gaseous exchanges of certain seeds. 

With seeds of lupine, peas, castor beans, and beans, 
taking into account the role of their tegument, I repeated 
the experiments of Van Tieghem and Gaston Bonnier. 
Several comparable lots were prepared, some containing 
only decorticated seeds, others consisting only of the 
teguments of these seeds, and finally some seeds pro-

]Rc�earches on the latent life of seeds (1904-19073. Annals 

01 Natural Scienccs, Botanical, 9th series . 

'Degree of desiccation which is normally attained In the 
ordinary conditions of conservation of seeds. 
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tected by their teguments. All these lots were placed 
in the confined dry atmosphere of tubes inverted upon 
mercury, some placed in full light, others in darkness. 

Six months later, having made analyses of these con­
fined atmospheres, I found that the gaseous exchanges 
had been greater in the light, and that the isolated 
teguments of the seeds had absorbed more oxygen and 
given off more carbon dioxide than the embryos. Cer­
tain teguments taken from castor ueans had given off 
in darkness 1.61 per cent of caruon dioxide and had 
reduced the quantity of oxygen to 15 vel' cent while 
the sevarated embryos from which they had been taken, 
placed with their endosperm in the same conditions, 
had not changed their atmosllhere at all. If the gaseous 
exchallge;; of these seed;; vrotected uy their teguments 
had been intervreted as true resviration, one would have 
arrived at the paradoxical conclusion that the tegument 
composed of dcad cell;; respired, while the emuryos with 
their endosllerm ready to gcrminate, having neither 
absorbed nor thrown off the least particle of gas, were 
dead. 

The results obtained with several kinds of decorticated 
seed,;, such as those of peas, beans, and IUlline, in thcir 
natural state of desiccation, that is, still containing 
a certain quantity of water, convinced me that after 
a certain time in darkness they ausorb traces of oxygen 
and throw off traces of caruon dioxide. There must, 
therefore, be in the embryos of those seeds which were 
not llrotected by their teguments and were in their 
natural state of desiccation, extremely slight gaseous 
exchanges. 

IV.-TIlE NATURE OF TIlE GASEOUS EXCHANGES IN SEEDS. 
Dut are theRe gaseous exchanges that are indicated 

in the case of the decorticated seeds in their state of 
natural desiceation really caused by a true respiration, 
the relomlt of a kind of relaxed life for whieh the oxy­
gen of the air is absolutely necessary? To find this out, 
I rendered the respiration of the embryo impossible by 
devriving it by means of a vacuum of its internal at­
lnosphere conlined in the intercellular spaces and the 
cells themsel \'(�s which intercommunicate so readily 
through the punctures of their walls. The embryo 
was then placed for a greater or less time in contact 
with irrespirable media. Treated thus, peas with their 
teguments perforated, and deprived of their internal 
atmosplll're, remained a year under the mercury and 
grew perfectly after the experiments. Seeds of beans. 
Veas, castor beans, and wheat after decortication were 
lwpt ill (larkness in an atmosphere of nitrogen without 
gi viug off any trace of C02 and without losing their 
power of germination. 

Other seeds of lupine, lucerne, peas, clover, mustard, 
vumpldn, buckwheat, and pine, and grains of wheat 
and oats, after perforation of their teguments were 
l{evt for eleven months in pure and dry carbon dioxide 
without suffering any injury. Ifinally, desiccated seeds 
of garden cress, lucerne and peas, and grains of wheat 
with the tegumt'nt perforated, were inclosed for two 
years in vials in which a nearly complete vacuum had 
been obtained, without injury to their germinative 
power. 

These are new results, all agreeing, which are opposed 
to those classic experiments on which dependence is 
still placed to show the existence of a respiration in 
seeds. These relmlts afford a proof that the gaseous 
exchanges demonstrated by Yan Tieghem and Bonnier 
are not uue to an attenuated respiration, but to a 
simple chemical oxidation of the surface of the tegu­
ment or of the embryo. 

The generally accepted conception of the latent life 
�. seeds must be modified. It is an extremely sluggish, 
intracellular, anaie'robic, or else a suspended life. How 
is one to choose between these two hypotheses? 

V.-LONGEVrfY OF SEEDS. 
If the life of seeds in nature were entirely suspended, 

if all the protoplasmic functions of assimilation and of 
disassimilation were completely arrested, as claimed 
by Claude Dernard, their germinative power should be 
unlimited. This is what many naturalists believed when 
they were told of the extraordniary case of the longevity 
of grains of wheat endosed for more than two thou­
sand years in the tombs of the Pharaohs, which, once 

,'Sowed, would have germinated. But it is now known 
-- hat the good faith of these scientists was imposed upon. 

Mixtures of authentic and recent grain were sold to 
them. This fraud, by which such botanists as Alphonse 
de Candolle and Decaisne were not deceived, was un­
masked by M. Masp('ro. This eminent Egyptologist 
never succeeded in germinating the grains of wheat 
which he himself collected in the tombs of the Pharaohs. 
Furthermore, the study of these grains made by Ed­
ward Gain showed that their embryos were vartially 
destroyed; when they were moistened, they were trans­
formed into an amorphous pulp. 

On the other hand, no confidence can be lllaced in 
the story of seeds from Roman sepulchers or the gran­
aries of Ca�sar, Argau, or Herculaneum, or from Mero­
vingian tombs or exea vations. Too many flaws in the 
evidencc, ignored by the investigators, destroy every 
basis for their claims. Only experiments made with 
specimens of which the time of harvesting' the seeds 
and the date of their arrival in the laboratory are 
known can give us acceptable evidence. 

Already, in 1831, Alphonse de Candolle had carried 
on re�earches with 368 kinds of secds preserved for 
fourteen years ill sacks. Many speCies of Leguminosm 
and Malvaceic had conserved their germinative faculty. 
I resumed the work of that learned naturalist, ex­
tending it to five hundred kinds of seeds belonging to 
thirty of the more important families of monocotyledons 
and dicotyledons. The seeds came from the seed col­
lection of the Museum d'Histoire Naturelle of Paris. 
The time of their collection, carefully verified, varied 
between 25 and 135 years. Four families furnished 
germinations: the Leguminosle, the Nelumbonace::e, the 
Malvace::e, and the Lauiat::e. 

Twenty of these germinations came from seeds twenty­
eight to eighty-seven years old. Among the Leguminos:e 
the oldest speCies were Cassia lJicapsularis of 1819, 
Cytisu8 bi!iorus of 1821, Lcucccna leucocephala of 1831, 
and Trifolium arvcnse of 1838. The seeds which germ­
inated at such an age were covered with a very thick 
tegument, whose impermeability to gases was checked 
eXllerimentally in the case of the Leguminos::e and the 
Nelumbonacete. In this way it was proved that some 
seeds con erved their germinative power from the epoch 
of the Restoration to our time without their embryo 
ha ving gaseous exchanges with the atmosphere. The 
tegument of these seeds preventing through the years 
the oxidation of the substances in reserve and their 
hydration under the action of the humidity of the 
atmosphere, did much to assure them this remarkable 
longevity. 

Nevertheless, this longevity is not unlimited. The 
germinative power always diminishes with time. Macro­
biotic seeds, to use the picturesque expression of Ewart, 
who has written an excellent monograph on them,' do 
not keep their germinative power much beyond a hun­
dred years. 

The claim of Claude Bernard that the latent life of 
seeds, under natural conditions of their preservation, 
is not exhausted, rests on inexact data, and the un­
deniable fact of the aging of commercial seeds seems 
to refute it. When, however, you carefully examine 
the significance' of this fact, it is not a positive proof 
against the theory of suspended life. The loss of the 
germinative faculty of the seed may very well be 
caused by physico-chemical phenomena which may not 
aPllly to those of an extremely sluggish life. 

Why should not the protoplasm of the cells, when life 
is susllended, become decomposed in the course of time 
under the influence of the humidity and the oxygen 
accumulated in the intercellular spaces? What would 
prevent its comporting itself like inert substances which 
gradually lose their original properties, their potential 
energy? With time liquors are modified, a spring tends 
to wear out, powder ages, and yet in these SUbstances 
there is no retarded life! 

VI.-THE DEH YDRATION OF GERMS. 

However that may be, since it is impossible to prove 
that a seed llreserved under ordinary conditions is in 
a state of suspended life rather than in one of relaxed 
life, the problem might perhaps be solved by placing 
the seed under artificial conditions such that, without 
affecting its germinative power, its life may be tem­
porarily arrested. 

All the writers who are engaged with this subtle 
problem are of the opinion that the water and the 
gases enclosed in protolllasm are the cause of its 
decompmdtion. A seed in a state of natural desic­
cation always contains a quantity of water ranging 
from O.G to 20 per cent of its weight. But is it pos­
sible, without injuring its germinative faculty, to de­
prive it completely of this water? Relying upon ex­
periments by numerous investigators, particularly upon 
those of Schroder and Ewart, it was believed until 
recent years to be impossible to withdraw all the water 
from the protoplasm of seeds without killing them. In 
fact, Ewart had ascertained that as a general rule 
the most resistant seeds lost their vitality when their 
percentage of water fell below from 2 to 3 per cent Of 

their weight. This had led him to believe that the 
llrotoplasll1 of seeds in its state of natural desiccation 
must have a chemical composition very different from 
that of protoplasm fluid in a condition of active life. 
According to this new theory the chemical composition of 

'Ewart, on the long�vlty of seeds. Proo. Roy. Soo., Victoria, 
vol. 21, 1908, 

the protoplasm in latent life would correspond with 
the chemical equation proposed by Loew for certain 
albumins. In that instance there was obtained by 
polymerization of aspartic aldehyde with the addition 
of hydrogen and sulphur, a proteid which finally gave an 
albuminoid, whose formula, C72H112Az18S022+2H20, con­
tains 2 per cent of water. 

This conception of protoplasm from which you can­
not draw out its 2 per cent of water without decomposi­
tion, appears to me too simplistic or one-sided, as much 
from the standpoint of physics as from that of chem­
iloltry. Desides, this formula does not include the greater 
part of the chemical elements, metals, and metalloids 
which are absolutely necessary for the constitution of 
the nuclei of cells and the formation of a protoplasm 
capable of life. Consequently it does not correspond 
to the reality of experimental facts, for though cer­
tain kinds of cells do not endure a prolonged desiccation, 
the result is not the same with many other cells. 

Ewart was unable to ascertain this because he em­
ployed a very defective method of desiccation-that of 
the sulphuric-acid desiccator, a llrocess which has the 
great objection of often altering the protoplasm en­
tirely in desiccating it. Moreover, as Maquenne, the 
learned physiologist of the Museum d'llistoire Naturelle, 
has demonstrated, for completely drying the seeds there 
is only one effective method and that is the employ­
ment of a vacuum for several months at a tempera­
ture of 40 degrees to 45 degrees in the presence of 
anhydrous BaOII'. 

This process is more etlicient than that of the oven 
at 110 deg. Cent., which is employed in the method 
of dry weights. Moreover, if, as I have advocated, the 
precaution is taken of decorticating the seeds or of 
perforating the impermeable tegument, desiccation can 
be obtained more rapidly and more actively, so that 
there is no releasing of vapor in the vacuum nor loss 
of weight; and, besides, the germinative power of the 
seeds thus treated is not destroyed. Maquenne has 
proved this in the case of grains of wheat, seeds of 
parsnip, and castor bean, and myself for seeds of pump­
kin, peas, and uuckwheat, which lost 10 to 14 per cent 
of their weight of water. 

Now, are seeds artificially dried more readily altered, 
or do they conserve longer than others their power of 
germination? 

According to my investigations, the seeds of pump­
kin, castor bean and beans, thoroughly dried, preserved 
in darkness in a dry atmosphere of air or nitrogen 
arc not oxidized. I have been unable to detect by 
analysis the slightest indication of absorption of oxygen 
or release of carbon dioxide.' Likewise, according to 
Maquenne, dried parsnip seeds preserved for two years 
in a vacuum had suffered no loss of their germinative 
power, while seeds preserved in the open air as checks 
had been dead a long time. 

'1'hese parsnip seeds, losing their power of germina­
tion at the end of six months, had, therefore, as a 

consequence of their dehydration and their protection 
from oxidation, quadrupled the duration of their latent 
life. Upon the basis of these results Maquenne con­
cludes that cellular respiration is arrested in a vacuum, 
and that under the influence of desiccation the seed 
passes from a state of relaxed life to a state of sus­
pended life in which vegetative functions cease to be 
performed. This conclusion, which is supported by all 
my above-mentioned researches, appears to agree well 
with the facts. But many physiologists, partisans of 
the theory of the continuity of vital phenomena, are 
unwilling to accept it. 

They oppose the following objections:" 
"In this matter of gaseous exchanges, especially if 

they are intracellular, how can you prove whether they 
are slight or negative? What leads you to believe that 
your methods of analyss are satisfactory evidence? 
'1'here where your judgment hesitates, your theory 
affirms. It maintains a priori that the process of as­
similation neither suffers, nor stops, nor begins again, 
but follows a continuous march." 

Obviously it is very difficult to prove a complete 
arrest of the phenomena of life in the organism in a 
state of latent life. However, it must be acknowledged 
that the vacuum and the dehydration, carried to the 
extreme limit, should signally retard the exchanges of 
matter and energy in the protoplasm. If to these two 
conditions, already very influential, there be added 
a third, that of low temperatures, will not the sus­
pension of life be really accomplished experimentally? 

(To be concluded.) 
'Maquenne: C. R. Acad. des Sc., t. 134, p. 1234; t. 134, 

p. 208. 
'Paul Becquerel: Sur le8 eohangc8 gazeuilJ de8 graines. C. 

n. Acad. des Sc., December 10, 1906. 
'Dastre, La vie et la mort, p. 226 (Flammarlon, Paris). 

M. Dastre, whom I h ave consulted on this subject, now ac­
cepts my point of view.-(Note of M. P. B.) 
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Hungarian patrol signal station o n  a mountain crag. Fighting in the clouds on the Austro-Italian front. 

Fighting Above the Clouds 
h' vuLJlic attention and interest had not LJeen vrevi­

ou�ly concentrated upon the military operations ill 

Belgium, and in the East, amI that interest "timulated 
uy the magnitude of those operations, the campaign be­
ing conducted by Italy would be the marvel and the 
:;ensation of the world, for in difficulty alld spectacular 
features it surpasses anything in the way of war 

maneuvers and military engineering that hm; ever been 
:;een or dreamed of. 

Owing to the extremely rugged nature of the terri­
tory involved the difficulties of the campaign have lleen 
tremendous, for in every direction there is practically 
a succe:;sion of high snow-clad mountains, inter:;persed 

lly narrow winding valleys, which makes the concerted 
aetion of large bodies of troops impossible, and conse­

quently, although there is an aggregate of nearly a 

million men engaged on each side, the numller of mell 
ell gaged in the various actions that have taken place 
has been comparatively small when compared with the 

immellse numbers of men involved in the great battles 
fought in other regions. 

'l'hese small engagements have, however, in many 
cases, lleen of a most desperate character, a:; naturally 
the mo"t inaccessillle cliffs are selected for d.-fense. and 
the attacking party is ollliged to scale the open moun­

tain side in order to dislodge the enemy. 
'1'0 establish these points of defense breastworks of 

::;tone are piled up, or, as has in some cases been neces­
"ary, trenches have been hewn out of the solid rock. 
Of course, it is not always difficult for troops of rifle­
men to establish themselves among the crags, but where 
artillery is also required on some high cliff it is en­
tirely a different question, and remarkable feats of 
engineering have been frequently accomplished in such 
cases. Olle of the illustrations shows how a heavy 

field gun is being slung aCross a narrow mountain gorge 
on a cable way that has been established for the pur­
pose, and the same means has often been employed 
for removing the wounded in places where it was 
found impossillle to convey them down the steep and 
rugged sides of the mountains. 

Much of the success in these regions has been the 
result of the hardiness and darIng of the combatants, 
for a trench on a mountain face is often made untenable 
by a flanking fire from across the valley, or from a more 

elevated position on some neighboring mountain, so 
that, in many cases, in order to make an advance, the 
uttermost heights of mountains eight and ten thousand 

feet high must be won and held in succession. 
Mining operations have been a feature of the fighting 

in these mountains, the same as elsewhere, and on two 
occasions, once by each side, tunnels were driven under 

a fortified mountain, and the entire top blown off by an 
immense charge of explosives. The fact that milch of 
the work of the troops was done amid snow nnd ice, 

and even above the C10lld�, ndrkd milch to the fnlltnstic 
and sensational character of the campaign, and it i� 

to be regretted that more complete reports of the mil­
itary operations in these regions ha ve not lleen published. 

Effect of Water Upon Carbon 
By Glenn Warren 

OWINll to tile numerous claims for devices upon the 
lIlarket designed to remove carbon or prevent its for­

Illation by the injection of water or steam into the 
combustion chamber of an oil or gas engine, the writer 
determined to make an investigation. Experiments 
were made under conditions approximating those ex­
isting in the cylinders of nn internal-combustion en­

gine, and at the same time the apparatus was so ar­
ranged that the action could be easily observed. 

For this purpose a thin-walled steel tube, about 114 

inch diameter and about ]2 inches long was supported 
:;0 that steam from a small boiler could be forced in 
at one elld and under the last 3 inches from the other 

end a COLI pIe of blow-torches were placed. 
It is a well-known fact that incandescent carbon at 

a temperature of about 1,800 to 2,500 deg. Fahr. will de­

compose steam into hydrogen and carbon monoxide ac­

cording to the equation H20 + C = CO + H2• 
'1'0 note the effect of this upon a deposit of carlloll, 

Transporting an Italian field gun to a firing position 

high up on a mountain, by a cradle that travels 
on a wire cable. 

cylinder oil was placed in the steel tube and boiled 

until it no longer gave off inthllllllIal.le vapors, and ill 
this way a thin layer of carbon silllilnr to the depo,,;it 
011 the inside of a cylinder was ohtained. Upon pass­

Ing steam for a short time through the tube, a small 
portion of which was heated to a bright-red heat with 
a blow-torch (about 1,800 deg. Fahr.), the carbon upon 

the inside of the hottest part of the tube was found to 

have been entirely consumed, but that on the tube that 
did not reach a red heat was apparently unaffected. 

Upon throwing water in the liquid condition upon 

the heated carbon on the inside of the tube and allow­

ing it to boil vigorously, a much larger portion of the 
carbon appenred to be removed or loosened to such an 
extent that the leaRt breath of air w0111d blow it away. 

'1'0 verify this observation n smnll nlllollnt of cylin­

der oil was distilled to dryness Ilpon a sheet-iron plate 

without access _ to the air and as nearly as possible 
realizing the conditions in the cylinder where the oil 

Is heated ill all utlllo::;vhere coutniJdllg a large per­

centage of inert gases such as carbon dioxide and nitro­
gen. This sheet iron coated with carbon was then 

heated not quite to redness and treated with water. 
After the water had evaporated the carbon was in 
every cu::;e loosened from the plate so that it could 
easily be lllown away with the breath. 

Kerosene, reputed to be such a good carbon remover, 
was tried similarly and not only failed to remove any 
carbon, but actually left a deposit of its own, for it 

dbtilled in the sallie way that the cylinder oil had. 
One of the chemicals now used to run through the 

carburetor of an auomollile motor was also tried, but 

gave no better results than pure water. 

Thus to sum up, steam removed the carbon that had 
reached an incandescent temperature, but did not af· 
fect the carbon deposit at a lower temperature; While 

water in the liquid state applied to a hot surface coated 
with a deposit of carbon loosened the deposit to such 
an extent that it could easily be blown away. 

'1'he greater part of the carbon in an engine cylinder, 

however, never under normal conditions reaches a tem· 
perature high enough to become incandescent; if it did, 

::;erious trouble from preignition would ensue. 'l'he car­
bon must, however, be deposited from the burning 

charge in a finely divided condition, and this carbon 

before its deposit would be incandescent. 

From this the conclusion must be drawn that steam 
in any form will not remove the greatest part of the 

carbon deposit in a motor, or that part which does not 
reach incandescence, but it would, if mixed with the 
charge, oxidize the finely divided particles of incan· 
descent carhon and prevent the formation of carbon 
deposits. Therefore, those devices on the market de­

signed to mix a small amount of moisture or steam 
with each charge as it enters the cylinder should pre­
vent the formation of carbon, if effective in intro­
ducing a sufficient amount of steam, but would 

not remove the carbon already there. On the other 
hand, the introduction- of water into the cylinders in 
the liquid state should loosen the carbon deposit to such 

an extent that it could be easily blown out the exhaust. 

The action of the water seellls to be that it gets in be­
tween the carbon particles and, upon being suddenly 

vaporized by the heat, loosens the deposit. 
This is nothing new. In fnct, the writer saw water 

used in this way several years ago, but had never 
heard an explanation of its action or seen any experi­
mental proof of its effectiveness. Here, as in many 
other things in the gas-engine industry, practical ex· 

perience has gone ahead of science and theory. Many 

in"tances in practical work bear out the conclusions. 
Upon examining a cylinder having removable heads 

in which the gasket has leaked so that upon standing 

idle, Wf1ter from the jackets will seep in, it will be 
fonnd that the em'bon deposit is loose and not nearly 
;;:0 henvy (1;;: in the other cylinders of the same engine 

",herp the water has not entered. Again, if water alone 
he run through the carburetor of a hot engine, clouds 

of carbon will issue with the exhaust gases.-PoUJcr. 
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An Electro- Chemical Action on Glass* 

An Unusual Action Not Heretofore Reported 

By F. F. S. Bryson, M.A. ,  B .Sc.,  Carnegie Research Fellow in Physics, University of Glasgow 

DUnrNG the course of some research work recentl y 
cal'l'ied on in Prof. Gray's laboratory, in which a 
Wehnelt electrolytic interrupter was used in connec­
tion with an 18-inch inuuction coil to produce a high­
tension uischarge, a disintegrating effect of the inter­
rupteu current was observed on the glass electrode 
holders of the interrupter at the point where the wire 
was sealed through the glass. 1.'his effect does not 

,:: . seem to have been described before. 
The interrupter consists of two electrodes immersed 

in sulpllUric acid. The cathode is a large lead plate ; 
the anode one or more platinum wires, only the points 
of which are exposed to the liquid. Usually the length 
of point so exposed can be adjusted by means of a 
porcelain sleeve which surrounds each wire. For et1i­
cient working, the current must lie between certain 
limits. If the current is too small, mere ordinary 
electrolysis occurs ; while if it is too great, the actioll 
is irregular, the anode hisses, becomes white-hot, and 
disintegrates rapidly. A noticeable feature of the inter­
ruption is the violet, or in some cases pinkish, glow 
which surrounds the pl atinum point when a suitable 
current is passing. 1.'he interruptions are accompanied 
also by an explosive and almost deafening noise. 

Absolute agreement as to the theory of the working 
of the interrupter has not 
yet been atta ined. The 
general stn tement thn t the 
effect is due to the rhyth­
mic sea l ing and unsea ling 
of the anode by the lih­
erated gas obviously does 
not take n ccount of all thp 
ci rcumstan ces. The si7.e 
of the points, the curren t,  
the amount of self-induc­
tance and capacity in the 
circuit, the concentration 
and temperature of the 
electrolyte, are all factors 

Fig. !.  

influencing the interruptions. The following explana­
tion, as given by Ludewig,' is somewhat m ore compre­
hensive. Immediately after the interruption of the cur­
rent the gas begins to form irregularly on elevated 
parts of the electrode, while the current is conducted 
across those parts not covered by gas. As the parts 
of the electrode across which the current is conducted 
hecome smaller, the current density becomes very large, 
and the liquid at those parts is  vaporized. It is well 
known that high resistance is offered to the passage 
of electricity from a smooth metal surface to a fluid. 
'l'he vaporization, then, is caused probabl y by the heat 
developed in overcoming this transitional resistance be­
tween the wire and the liquid, as well as the resistance 
of the electrolyte very close to the point. As this 
greatly increased resistance increases the amount of 
heat evolved for one instant, a portion of the vapor is 
dissociated into oxygen and hydrogen, and then the 
whole electrode is covered with an insulating sheath of 
an explosive mixture which completely interrupts the 
c11l'rent. With the stopping of the current a high self­
i nduced pressure is produced, which breaks down the 
dielectric gas layer by a spark, thus exploding the 
gaseous mixture. The excess of oxygen is driven off 
the electrode by the explOSion, and the electrode again 
comes into contact with the liquid. 

1.'his type of interrupter was used in the research 
work referred to, partly on account of the fact that it 
needed little attention, and the discharge could be 
allowed to run continuously for hours, and partly be­
cause a large secondary current was required. 'Vhen 
an adjustable sleeve is used over the anode, a perfect 
seal cannot be obtained between the wire and the 
porcelain in sulation. 1.'hus there is always a certain 
amount of current leakage-that is, current that passes 
uninterruptedl y ;  and this tends to diminish the effi­
ciency of the interrupter. In our case the electrode 
consisted of a small piece of platinum wire hermetically 
sealed through the end of a glass tube. Contact was 
made with the wire conveying the current by meam; 
of mercury covering the upper end of the platinum wire 
in the tube. Originally the wire was sealed into the 
tube by means of soft "flux" glass, and it was noticed 
that, after the discharge had been running for a short 

• Enoineerinp. 
'Ann. der Pllys., vol. xxvIii,  page 17G ( 1 909) . 

time, the glass round the wire became pitted out, a 

erater being formed with the wire projecting from its 
center. A similar effect was observed with different 
kinds of glasses surrounding the metal wire. Thus, 
not only were clear, ruby, and white "enamel" flux 
glasses tested, but also German soda, new B ritish soda, 
lead, and Jena glasses. 'J'he wire was sealed directly 
into these latter glasses by the Burnside process.' This 
is a cooling process, by means of which electrical con­
ductors may be hermetically sealed into glass and other 
vitreous substances without the aid of any flux. 

In all the glasses tested, this corrosive effect wa;;; 
observed least of all, however, in the Jena glass. The 
resistive properties of Jena glass in other directions 
nre, of course, well known. Photomicrographs are re­
produced showing the platinum point projecting from 
the tip of the glass tube. The magnification in the 
yarious cases may be j udged from the appearance of 
the wire, which was about 0.4 millimeter in diameter. 
Fig. 1 shows the disruptive effect on German soda glass. 
Figs. 2 and 3 are two different photographs of the ;;n nw 
piece of B ritish soda glass, the former showing the 
edge of the crater with the wire projecting, the latter 
;;;howing the rough base. Fig. 4 is of a piece of the 
same kind of gla ss, in  which the crater-wall has broken 

Fig. 2. Fig. 3. Fig. 4. 

down at one side. Slight devitrification of this glnss 
took place during the sealing-in of the wire by means 
of the blow-pipe flame. This devitrification seemed to 
render the glass more liable to corrosion. A glance nt 
the photographs will show that the pitting-out is not 
due to any action of a mechanical nature, as, for exam­
ple, a water-hammer effect. Such an action woul d 
cause radial cracks and fractures ; but these do not 
appeal'. Neither is the phenomenon due to the glass 
having been rendered brittle by the cooling during the 
sealing-in process, for flux glass which had been care­
fully annealed after the wire had been sealed into it 
read ily showed the same effect. In no cases d o  the 
edges or  the walls of the crater show a vitreous or 
conchoidal fracture, but roughnesses and irregularities 
appear.  Fig. 5 shows a piece of Jena glass with two 
wires sealed into it. Fracture of the layer of glass 
between the wires might have occurred had the cor­
rosion been the result simply of the Joule heating effect, 
or  of the Peltier effect ; but it will be noticed that there 
is no such fracture. The glass between the wires is 
quite unbroken, the pitting-out occurring almost llni­
forml y  round each wire. 

It may be suggested that the action is stimulate!l 
hy a species of electrolysis of the glass lying betweell 
the wire and the liquid. It is well known that glass 
may be readily electrolyzed by quite moderate poten­
tials if the temperature of the glass is raised. 1.'his 
electrol ytic action consists of a transference of N a ions 
from the glass, SiO. being left behind. In certain cases 
the Na is replaced by the metal of the anode ; but 
platinum cannot diffuse in this way into the gl ass. 
In the Wehnelt interrupter point electrode the corrosion 
takes place not only when the point is the anode. but 
also when it is the cathode. The formation round the 
wire near the point, of a layer of SiO" which would 
gradually crumble awny, might explain the pitting-out 
action when the platinum is positive to the liquid ; but 
this action would not take place when the current is in 
the reverse direction. Thus electrolysis does not 
account for all the facts. 

1.'he effect of changes in the temperature of the nnode 
during the interruption must be considered. After 
using fusible alloys for points, McClenahan' stated tha t 

'l1 l ec t,.ician, .J uly 4, 1 9 1 :1 ; Na fu,.e.  JUDf> 3, I91G.  

' Cj. C()mpton, 1'11118. R e I'" yol.  xxx, page 1 7 :: ( 1910) . 

in the interruption stage the temperature never rose 
above 168 deg. Cent. , and hence not high enough to 
produce incandescence, and that the light surrounding 
the point during interruption must be of the nature 
of a discharge of electricity through gases. 'l'his tem­
perature seems rather a low estimate, for the interrupt­
ing action is undoubtedly caused by the intense heating 
due to the high current density about the small point. 
The spectra obtained from the light surrounding the 
point have been examined by Morse: who used variou,; 
metals in various electrolytes. His results suggest t1w t 
the environment of the point passes through a grea t 
range of temperature with each interruption of the 
current, and that the high temperature is the cause or 
the luminescence. 1.'his high temperature, being loca I 
in its effect, might render the glass round the wire 
brittle and all ow it to be disintegrated, and thus a 

crater would be formed. But the wide mouth of t.he 
crater nnd the appearance of the edges suggest that 
other factors also influence the action. The heat gen­
erated nt the pOint vaporizes and then dissociates tlw 
water in its immediate vicinity into hydrogen ami oxy­
gen. Spectra like those of the oxyhydrogen ftame ca n 
be obtained from the explosion of the mixed gases by 
the hot metal in the cooler parts of the gaseous envelope. 

Fig. 5. 

The presence thus evi­
denced of free hydrogen 
nnd oxygen nt a tempera ­
ture ahove the puint uf 
disf<ociation uf wntel' a f­
fords the possibil ity of a 
strong reducing ur oxidi7.­
ing n ction on the metal 
forming the electrode n I HI 
a l ;;;o on the gl a :';;;; . 'rha t  
the metal is exposed to 
this chemical action is 
shown by tile fact that, 
when the wire used a s  
electrode i s  o f  a l uminium, 

calcium, barium or other metal having a strong attinity 
for oxygen ,  the spectra given by the light show the 
bands which are usually a scribed to the oxides of these 
metals. The gla ss al:,;o will undoubtedly he affpctpd 
by the reducing nction nnd become disintegratf'd, the 
metal constituents IJeing precipitated or going into solu­
tiun in the acid. 

1.'he ultra-violet rays of the light itself will furthCl' 
assist the a ction either directl y, or indirectl y  hy acting 
on the atmosphere i n  contact with the glass. The active 
nature of ultra-violet radiation is well known. Thus. 
glass exposed in ail' to ultra-violet light becomes colore(). 
This coloration is probably due to ultra-microscopie 
particles of reduced metal in the salt. Metals also, 
when covered with a thin lnyer of water, corrode rap­
idly when suhj ected to the action of ultra-violet rays, 
this effect being caused by the ozone produced hy the 
action of the rays on the water. It  is probahle that 
a simil ar effect is produced on the glass, and that this, 
as well as the other two factors referred to, plays a 

pnrt in disintegrating the glass neal' the expose(l Vf!rt 
of the electrode wire and so producing the cavity. 

A Telephone Sound Augmenter 
I N  the improved type of apparatus n mica d i sc dif!­

phm gm is usecl ; roun(l t.his is a thin hrnss ril lg'.  Radi­
a ting from this,  top nnd bottom , are a sel'i(�" 01' el n stk 
cords fixed to adjusting screws at top amI bottol l l  of 
sound board. On these ela sti c cords are stl'llng a 

numher of brass discs ahout 72 inch diallleter 01' squn l'e, 
made of rnck brass ( rack hrn ss such as u sed for rack 
and pinion clock work, about '\4 inch tlliek ) ,  the !'fI el, 
edge of one piece resting on pl a in side of the ot.lwl'. 
Between these a re placed a few cn rbon granules, the 
fi rst a !H1 last brass discs on each ela stic eOI'd Illaking 
metallic connection with the brass hing and adjusting 
screws. Carbon d iscs or squnres can be a lso used if 
one of th(� Rides of each carbon disc has a few saw-cut.s 
mnde i n  it, so as to form a "rack" edge exactly like 
the brass. Of course, brass or  ca rhon discs have to 
have a hole through the center to pf'rmit them to be 
strung on the elf! stic conl s .-OharZc.q M allflcld, in the 
Fingli8h Mechanic. 

'A s trophYSical J o u r1l al, vol.  xix, p�ge lG:!. 
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New Arch&ological Lights--I I * 

On the Origin of Civilization in Europe 

By Sir Arthur Evans, D .Litt . ,  LL.D . ,  P.S .A. ,  F.R.S. 

Concluded from SCIENTIFIC AMERICAN SUPPLEMENT No. 2 1 29, Page 259, October 2 1 ,  1916 

TURNING t o  the Nile Valley, w e  a r e  again confronted 
with an extraordinary revolution in the whole point 
of view effected during recent years. Thanks mainly 
to the methodical researches initiated by ll'linders 
Petrie, we are able to look back beyond the dynasties 
to the very beginnings of Egyptian civilization. AI· 
ready by the closing phase of the Neolithic and by 
the days of the first incipient use of metals the indi· 
genous population had attained an extraordinary high 
level. If, on the one hand, it displays Libyan connec· 
tions, on the other, we already note the evidences ot 
commercial intercourse with the Red Sea ; and the 
constant appeaJ;llnce of large rowing vessels in the 
figured designs shows that the Nile itself was ex­
tensively used for navigation. ll'lint·working was car· 
ried to unrivalled perfection, and special artistic refine. 
ment was displayed in the manufacture of vessels ot 
variegated breccia and other stones. The antecedent 
stages of many Egyptian hieroglyphs are already 
traceable, and the cult of Egyptian divinities, like Min, 
was already practised. Whatever ethnic change may 
have marked the establishment of Pharaonic rule, here, 
too, the salient features of the old indigeneous culture 
were taken over by the new regime. This early dynas· 
tic period itself has also received entirely new illus­
tration from the same researches, and the freshness 
and force of its artistic works in many respects out­
shine anything produced in the later course of Egyp. 
tian history. 

THE CONTINUITY OF HUMAN TRADITION 

as a whole in areas geographically connected like 
Eurafrica on the one side and Eurasia on the other 
has been here postulated. Since, as we have seen, 
the Late Palreolithic culture was not violently ex· 
tinguished, but shows signs of survival both north and 
south, we are entitled to trace elements of direct deri­
vation from this source among the inherited acquire· 
ments that finally led up to the higher forms of an· 
clent civilization that arose on the Nile and the 
Euphrates. In many directions, we may believe, the 
flaming torch had been carried on by the relay runners. 

But what, it may be asked, of Greece itself, where 
human culture reached its highest pinnacle in the An· 
clent World, and to which we look as the principal 
source of our own civilization 'f 

Till within recent years it seemed almost a point 
of honor for classical scholars to regard Hellenic civ­
ilization as a wonder· child, sprung, like Athena herself, 
fully panoplied from the head of Zeus. The indebted· 
ness to Oriental sources was either regarded as com­
paratively late or confined to such definite borrowings 
as the alphabet or certain weights and measures. 
Egypt, on the other hand, at least till Alexandrine 
times, was looked on as something apart, and it must 
be said that Egyptologists on their side were only too 
anxious to preserve their sanctum from profane con· 
tact. 

A truer perspective has now been opened out. It 
has been made abundantly clear that the rise of Hel· 
lenic civilization was itself part of a wider economy, 
and can be no longer regarded as an isolated phenom· 
enon. Indirectly, its relation to the greater world and 
to the ancient centers to the South and East has been 
now established by its affiliation to the civilization of 
prehistoric Crete and by the revelation of the extra· 
ordinarily high degree of proficiency that was there 
attained in almost all departments of human art and 
Industry. That Crete itself-the "Mid· Sea Land," a 
kind of half·way house between three continents­
should have been the cradle of our European civiliza­
tion was, in fact, a logical consequence of its geograph­
Ical position. An outlier of mainland Greece, almost 
opposite the mouths of the Nile, primitive intercourse 
between Crete and the further shores of the Libyan 
Sea was still further facilitated by favorable winds and 
currents. In the eastern direction, on the other hand, 
Island stepping-stones brought it into easy communi­
cation with the coast of Asia Minor, with which it was 
actually connected in late geological times. 

But the extraneous influences that were here opera­
tive from a remote period encountered on the island 
Itself a primitive indigenous culture that had grown 

*From the presidentIal address before the annual meeting of 

tile British Association. 191( • .  

up there from immemorial time. In view of some re· 
eent geological calculations, such as those of Baron 
De Geer, who, by counting the number of layers of 
lllud in Lake Ragunda, has reduced the ice·free period 
in Sweden to 7,000 years, it will not be supertluous to 
emphasize the extreme antiquity that seems to be in· 
dicated for even the later Neolithic in Crete. The Hill 
of Knossos, upon which the remains of the brilliant 
Minoan civilization have found their most striking rev· 
elation, 

. 
itself resembles in a large part of its compo· 

Bition a great mound or Tell-like those of Mesopo­
tamia or Egypt-formed of layer after layer of human 
deposits. But the remains of the whole of the later 
Ages represented down to the earliest Minoan period 
l which itself goes back to a time contemporary with 
the early dynasties of Egypt-at a moderate estimate 
to 3,400 B. C. ) occupy considerably less than a half-
19 feet, that is, out of a total of over 45. Such cal­
culations can have only a relative value, but, even if 
lVe assume a more rapid accumulation of debris for 
the Neolithic strata and deduct a third from our cal­
culation, they would still occupy a space of over 3,400 
years, giving a total antiquity of some 9,000 years 
from the present time." No Neolithic section in Europe 
can compare in extent with that . of Knossos, which it­
self can be divided by the character of its contents into 
an early, middle and late phase. But its earliest 
stratum · already shows the culture in an advanced 
stage, with carefully ground and polished axes and 
finely burnished pottery. The beginnings of Cretan 
Neolithic must go back to a still more remote antiquity. 

K N OSSOS. 

The continuous history of the Neolithic Age is car· 
ried back at Knossos to an earlier epoch than is rep­
resented in the deposits of its geographically related 
areas on the Greek and Anatolian side. But sufficient 
materials for comparison exist to show that the Cre­
tan branch belongs to a vast province of primitive 
culture that extended from Southern Greece and the 
lEgean islands throughout a wide region of Asia Mi­
nor and probably still further afield. 

An interesting characteristic is the appearance in 
the Knossian deposits of clay images of squatting fe· 
male figures of a pronouncedly steatopygous confor­
mation and with hands on the breasts. These in turn 
fit on to a large family of similar images which re­
cur throughout the above area, though elsewhere they 
are generally known in their somewhat developed 
stage, showing a tendency to be translated into stone, 
and finally-perhaps under extraneous lntluences both 
from the North and East-taking a more extended at­
titude. These clearly stand in a parallel relationship 
to a whole family of figures with the organs of ma­
ternity strongly developed that characterize the Se· 
mitic lands and which seem to have spread from there 
to Sumeria and to the seats of the Anau culture. 

At the same time this steatopygous family, which in 
other parts of the Mediterranean basin ranges from 
prehistoric Egypt and Malta to the north of Mainland 
Greece, calls up suggestive reminiscences of the sim­
Ilar images of Aurignacian Man. It is especially in­
teresting to note that in Crete, as in the Anatolian re­
gion where these primitive images occur, the worship 
of a Mother Goddess predominated in later times, gen­
erally associated with a divine child-a worship which 
later survived in a classical guise and influenced all 
later religion. Another interesting evidence of the 
underlying religious community between Crete and 
Asia Minor is the diffusion in both areas of the cult 
of the double axe. This divine symbol, indeed, or 
"Labrys," became the special emblem of the palace 
sanctuary of Knossos itself, which owes to it its tra· 
ditional name of Labyrinth. I have already called at­
tention to the fact that the absorptive and disseminat­
Ing power of the Roman Empire brought the cult of a 
male form of the divinity of the Double Axe to the 
Roman Wall and to the actual site on which New­
castle stands. 

The fact should never be left out of sight that the 
gifted indigenous stock which in Crete eventually took 
to itself on one hand and the other so many elements 

'For a fuller statement I must refer to my forthc8ming 

work, "The Nine Minoan Periods" (Macmlllans ) ,  Vol. I. : 

Neolithic Section. 

of exotic culture was still deep·rooted in its own. It 
had, moreover, the advantages of an insular people in 
taking what it wanted .and no more. Thus it was stirn· 
ulated by foreign intluences but never dominated by 
them, and there is nothing here of the servility of 
Phamician art. Much as it assimilated, it never lost 
its independent tradition. 

It is interesting to note that the first quickening 
impulse came to Crete from the Egyptian and not 
from the Oriental side-the Eastern factor, indeed, is 
of comparatively late appearance. My own researches 
have led me to the definite conclusion that cultural 
influences were already reaching Crete from beyond 
the Libyan Sea before the beginning of the Egyptian 
Dynasties. These primitive influences are attested, 
amongst other evidences, by the forms of stone vessels. 
by the same !esthetic tradition in the selection of rna· 
terials distinguished by their polychromy, by the ap­
pearance of certain symbolic signs, and the subjects 
of shapes and seals which go back to protoypes in use 
among the "Old Race" of the Nile Valley. The im­
pression of a very active agency indeed is so strong 
that the possibility of some actual immigration into 
the island of the older Egyptian element, due to the 
conquests of the first Pharaohs, cannot be excluded. 

'l'he continuous influence of dynastic Egypt from its 
earliest period onwards is attested both by objects of 
import and their indigenous imitations, and an actual 
monument of a Middle Empire Egyptian was found in 
the Palace Court of Knossos. More surprising still 
are the cumulative proofs of the reaction of this early 
Cretan civilization on Egypt itself, as seen not only 
In the introduction there of such beautiful Minoan 
fabrics as the elegant polychrome vases, but in the 
actual impress observable on Egyptian art even on its 
religious side. The Egyptian grillin is fitted with Mi­
noan wings. So, too, on the other side we see the 
symbols of Egyptian religion impressed into the service 
of the Cretan Nature Goddess, who in certain respects 
was partly assimilated with Bathol', the Egyptian Cow· 
Goddess of the Underworld. 

My own most recent investigations have more and 
more brought home to me the all·pervading community 
between Minoan Crete and the land of the Pharoahs. 
When we realize the great indebtedness of the suc­
ceeding classical culture of Greece to its Minoan pre­
decessor the full significance of this conclusion will be 
understood. Ancient Egypt itself can no longer be re­
garded as something apart from general human his· 
tory. Its influences are seen to lie about the very 
cradle of our own civilization. 

The high early culture, the eqnal rival of that of 
Egypt and Babylonia, which thus began to take its rise 
in Crete in the fourth millennium before our era, flonr· 
ished for some two thousand years, eventually dominat­
[ng the lEgean and a large part of the Mediterranean 
basin. To the civilization as a whole I ventured, from 
the name of the legendary king and law·giver of Crete, 
to apply the name of "Minoan," which has received 
general acceptance ; and it has been possible now to dl 
vide its course into three Ages-Early. Middle, and 
Late, answering roughly to the successive Egyptian 
KIngdoms, and each in turn with a triple subdivision. 

MINOA N  CIVILIZATIO N. 

It is difficult indeed in a few words to do adequate 
justice to this earliest of European civilizations. Its 
achievements are too manifold. The many·storied pal­
aces of the Minoan priest-kings in their great days, 
by their ingenious planning, their successful combina­
tion of the useful with the beautiful and stately. and, 
last but not least, by their scientiflc sanitary arrange­
ments, far outdid the similar works, on however vast 
a scale, of Egyptian or Babylonian builders. What is 
more, the same skilful and commodious construction 
recurs in a whole series of private mansions and 
smaller dwellings throughout the island. Outside 
"broad Knossos" itself, flourishing towns sprang up 
far and wide on the country sides. New and refined 
crafts were developed, some of them, like that of the 
inlaid metal·work, unsurpassed in any age or country. 
Artistic skill, of course, reached its acme in the great 
palaces themselves, the corridors, . landings, and porti· 
coes of which were decked with wall paintings and 

high reliefs, showi.� in the treatmeu of animal life 
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not only an extraordinary grasp of Nature, but a 
grandiose power of composition such as the world had 
never seen before. Such were the great bull-grappling 
reliefs of tile Sea Gate at Knossos and tile agnostic 
scenes of the great Palace hall. 

Tile modernness of lllucil of tile life here revealed to 
us is astonishing. '1'he elaboration of the domestic 
arrangements, the staircases, story above story, the 
front plates given to the ladies at shows, their fash­
ionable flounced robes and j ackets, the gloves sOme­
times seem on their hands or hanging from their fold­
ing-chairs, their very mannerisms as seen on the fres­
coes, pointing their conversation with animated ges­
tures-how strangely out of place would it all appear 
in a Classical design ! Nowhere, not even at Pompeii, 
ha ve more living pictures of ancient life been called 
up for us than in the Minoan Palace of Knossos. The 
touches supplied by its closing scene are singularly 
dramatic-the little bathroom opening out of the 
Queen's parlor, with its painted clay bath, the royal 
draught-board flung down in the court, the vessels for 
anointing and the oil-j ar for filling there ready to hand 
by the throne of the Priest-King, with the benches of 
his Consistory round and the sacral grillins on either 
side. Religion, indeed, entered in at every turn. 'J'lle 
palaces were also temples, the tomb a shrine of the 
Great Mother. It was, perhaps, owing to the religious 
control of art that among all the Minoan representa­
tions-now to be numbered by thousands-no single ex­
ample of indecency has come to light. 

A remarkable feature of this Minoan civilization CUIl­
not be passed over. I remember that at the Liverpool 
meeting of this Association in 1896-just before the 
first results of the new discoveries in Crete were 
known-a distinguished archreologist took as the sub­
ject of an evening lecture "Man Before Writing," and, 
as a striking example of a high culture attained by 
"Analfabeti," singled out that of Myceme--a late off­
shoot, as we know now, from Minoan Crete. '.1'0 such 
a conclusion, based on negative evidence, I confess 1 
could never subscribe-for had not even the people of 
the Reindeer Age attained to a considerable proficiency 
in expression by means of symbolic signs 'l 'J'o-day we 
are able to trace the gradual evolution on Cretan soil 
of a complete system of writing from its earliest pic­
tographic shape, through a conventionalized hieroglyphic 
to a linear stage of great perfection. In addition to 
inscribed sealings and other records some two thousand 
clay tablets have now come to light, mostly inven­
tories or contracts ; for though the script · itself is still 
undeciphered the pictorial figures that often appear 
on these documents supply a valuable clue to their con­
tents. The numeration also is clear, with figures rep­
resenting sums up to 10,000. The inscribed sealings, 
signed, countermarked, and countersigned by control­
ling otlieials, give a high idea of the elaborate machin­
ery of Government and administration under the Mi­
noan rulers. 

The minutely organized legal conditions to which 
this points confirm the later traditions of Minos, the 
great lawgiver of prehistoric Crete, who, like Ham­
murabi and Moses, was said to have received the law 
from the God of the Sacred Mountain. The clay tah­
lets themselves were certainly due to Oriental influ­
ences, which make themselves perceptible in Crete at 
the beginning of the r�ate Minoan Age, and may have 
been partly resultant from the reflex action of Minoan 
colonization in Cyprus. From this time onwards East­
ern elements are more and more traceable in Cretan 
culture, and are evidenced by such phenomena as the 
introduction of chariots-themselves, perhaps, more re­
motely of Aryan-Iranian derivation-and by the occa­
sional use of cylinder seals. 

Simultaneously with its Eastern expansion, which 
affected the coast of Phomicia and Palestine as well as 
Cyprus, Minoan civilization now took firm hold of 
Mainland Greece, while traces of its direct influence 
are found in the West Mediterranean basin-in Sicily, 
the Balearic Islands, and Spain. At the time of the 
actual Conquest and during the immediately succeed­
Ing period the civilization that appears at Mycenre and 
Tiryns, at Thebes and Orchomenos, and at other cen­
ters of Mainland Greece, though it seems to have 
brought with it some already assimilated Anatolian 
elements, is still in the broadest sense Minoan. It is 
only at a later stage that more provincial offshoot came 
into being, to which the name Mycenrean can be prop­
erly applied. But it is clear that some vanguard at 
least of the Ayran Greek immigrants came into contact 
with this high Minoan culture at a time when it was 
still in its most flourishing condition. The evidence of 
Homer itself is conclusive. Arms and armor de­
scribed in the poems are those of the Minoan prime ; 
the fabled shield of Achilles, like that of Herakles 
described by Hesiod, with its elaborate scenes and 

variegated metal-work, refiects the masterpieces of Mi­
noan craftsmen in the full vigor of their art ; the very 
episodes of epic combat receive their best illustration 
on the signets of the great days of Mycenre. �ven 
the lyre to which the minstrel sang was a Minoan in­
vention. Or, if we turn to the sid\! of religion, the 
Greek temple seems to have sprung from a Minoan 
hall, its earliest pedilllent schellles are adaptations 
from the Minoan tympanulll-such as we see in the 
Lions' Gate-the most archaic figures of the Hellenic 
goddesses, like the Spartan Orthia, have the attributes 
and attendant animals of the great Minoan mother. 

Some elements of the old culture were t'aken over 
on the soil of Hellas. Others which had been crushed 
out in their old centers survived in the llIore Eastern 
shores and islands formerly dominated by Minoan civil­
ization, and were carried back by Phoonician or Ionian 
intermediaries to their old homes. In spite of the over­
throw which about the twelfth century before our era 
fell on the old Minoan dominion and the onrush of the 
lIew conquerors from the North, much of the old tra­
dition still sur vi ved to form the base for the fabric 
of the later civilization of Greece. Once more through 
the darkness the lighted torch was carried on, the first 
glimmering ttame of which had been painfully kindled 
by the old cave-dwellers in that earlier Palreolithic 
world. 

The Roman Empire, which in turn appropriated the 
heritage that Greece had received from Minoan Crete, 
placed civilization on a broader basis by welding to­
gether heterogeneous ingredients and promoting a cos­
mopolitan ideal. If even the primeval culture of the 
Heindeer Age embraced more than one race and ab­
sorbed extraneous elements from many sides, how 
Illuch more is that the case with our own, which grew 
out of the Greco-Homan ! Civilization in its higher 
form to-day, though highly complex, forms essentially 
a unitary mass. It has no longer to be sought out in 
separate luminous centers, shining like planets through 
the surrounding night. Still less is it the property o f  
one privileged country or people. Many a s  are the 
tongues of mortal men, its votaries, like the Immortals, 
speak a single language. Throughout the whole vast 
arpa illumined by its quickening rays its workers are 
interdependent and pledged to a common cause. 

Earl), Maps Relating to the Search for 
., El Dorado. " 

'1' nE name "El Dorado," which dates back to the first 
part of the lGth century, is Spanish for "the gilded 
onp," and an abbrevation for "the gilded man" ( el 
hmubre dorado ) . It was first applied to a native 
South American ruler or priest who, so early Spanish 
writers state, was gilded at a certain annual cere­
mony and then bathed in a lake near Santa Fe de 
Bogota, Colombia. The name next came to signify a 
lpgpndary golden city, also called Manoa or Omoa, much 
sought after but never found. Later it was used to 
indicate a mythical country somewhere in South 
America where gold and precious stones were to be 
found in great abundance, and for which many expe­
ditions searched in vain, among them those of Ordaz, 
Orellana, von Hutten, Quesada, and Sir vYalter Ra· 
leigh. To-day El Dorado is used metaphorically to 
designate a place where wealth can be rapidly acquired. 

A pamphlet issued by the Smithsonian Institution re­
lates to the recent investigations of Dr. Rudolf Schul­
ler, who writes on two 16th century maps which 
relate to the Ordaz and Dortal expeditions in search of 
El Dorado. The first map he attributes to Oviedo, 
placing the date after 1542, and the latter, which is 
anonymous, Dr. Schuller believes to have been made 
about 1560. 

Diego de Ordaz, a former companion of Cortez, also 
credited as the first person to ascend the great volcano 
Popocatepetl near the City of Mexico, was granted a 
tract of land in South America by the Spanish Crown 
in 1530. His concession was for the colonization of 
the then every indefinite district of Maranon on the 
mainland. Ordaz sailed for South America, October 
20, 1531, with 450 men in three vessels ; he was met at 
the Canaries by another vessel and 150 men, but owing 
to severe storms the Admiral's ship was the only one 
to reach the coast in the neighborhood of the mouth 
of the Amazon. Thence he sailed northward to Paria, 
where he found and ('aptured a fort built by Antonio 
Sedeno, justly claiming that this fort was on his con­
cession where Sedeno had no right. Being dissatisfied 
with the region of the mouths of the Amazon and the 
coast of southern Guiana, however, Ordaz abandoned 
all attempts to colonize there and sailed north to the 
mouths of the Orinoco to explore the delta. 

Two of thl' inscriptions on the old Spanish map refer 

to thi::; explorillg expedition, which set out from Paria 
on June 23, 1532, with 280 men, 18 horses and one mule, 
in seven galleys, and finally arrived at nn Indian vil­
lage called Huyapari or Aruacay. A translation of 
the legend reads : · ·'1'he large village of Huyapari is 
situated two leagues inland from the Orinoco." Ac­
cording to Indian informants the source of the river 
was in a large lake lying in the mountains, the route 
to which lay through a province called Meta, where 
gold was abundant. '1'his was El Dorado. 

But the second legend inscribed above the mountains 
in the npper fight-hand corner of the llIap, informs us 
t hat. · ·Ordaz {"ould not pass this chain of mountains 
( IJY the river, OIL account of) the bad condition of the 
water, and from this mountain he returned down the 
sallie river to the sea."  Another inscription states that 
"'1'0 this side ( west o[ the mountains ) ,  or the other end 
of thif; rock, Christians had not ( yet ) come," while an 
added note by the cartographer Oviedo mentions the 
accident on the return trip from the expedition in 
search of Meta-I·]l Dorado-"Ordaz's large canoe re­
lIlUined ( here ) on dry ( land ) ." 

Although he later tried an overland route, Ordaz 
never located IDI Dorado ; he suffered misfortune, lost 
his holdillgs in South America, and finally died on the 
\Yay to Spain in 1533. 

In 1533 Geronimo Dortal, treasurer of the Ordaz ex­
pedition, was granted the position formerly held by 
Ordaz, and also made governor of Paria. Shortly after 
his arrival, in 1534, Dortal equipped a new expedition 
to search for the famous Meta-Jj]l Dorado-under the 
comllland of Alonso de Herrera, a former lieutenant of 
Ordaz, and the itinerary of his ill-fated voyage is de­
scribed on Oviedo's map in several legends, the last of 
which tells pathetically of his end : "Here they killed 
Alonso de lIe-rrera, lieutenant of Governor Dortal ; and 
to this place came afterwards the said Dortal and 
round true marks of the death of the aforesaid Her­
("era ; and tllPre were found alllong othE'r things, a lit. 
tle hPiI and a tin-cup." 

III 153U, about a year after Herrera's dl'ath, Dortal 
organized another expedition whieh is said to have dis­
covered the domain of the female chief Orocomay, an 
independpnt community of Indian women, located on 
Oviedo's map bl'tween the Huyapari and the Barrancas 
rivers. '1'his lpgend reads : "Here are the villages and 
domain of Queen Oroeomay, who employs only females." 
Similar Amazons were also reported by Orellana in 
1542, but to-day science does not crpdit sueh communi­
ties to South America. 

One other legpnd relating to El Dorado reads : "Be· 
rond thl'se chains of monntains of the river lluyapari, 
there are vast plains whieh are believed to be the land 
of Pern, and the Indians say that beyond these chains 
of mountains ther!' are great treasures and much gold." 
Contrary to SOll1l' students of history Dr. Schuller 
[Jlac'�R the date of this early map as after 1542, believ­
Ing that it {"ould not have been made until two or three 
years after the latest date recorded. 

The spcond map, showing the rivers Amazon and 
Orino('o and the adjacent shores, is believed by Dr. 
Selmller to date about 1500. It include'S two refer­
('nces to the Ordaz expl'dition in 1532, and much other 
interesting information to students of geography and 
history. 

The region whE're on other maps is generally shown 
thp leg-pndary lake of Mauoa, is here occupied

· 
by the 

ful lowing imwription : "This chain of mountains ex­
tends from the kingdom ( of New Granada ) and from 
Peru ; in Peru it is rieh in silver ; and in the kingdom 
it is rich in gold ; and this is what they call El Dorado." 

The author feels that : "The influence of EI Dorado 
and other similar traditions of genuine Indian origin, 
on the cartography of South America during the sec­
ond half of the 16th century has not yet been studied 
with the care and attention which such an important 
historical and geographieal question deserves." 

Prompters Boxes for Theatres 
A RECENT European idea relates to an arrangement 

of a theatre stage with s('veral promptprs' boxes of a 
new kind. 'l'he boxes nre arranged to display the 
text in illuminated letters upon an endless band upon 
rollers, passing in front of electric lamps. Part of the 
roller device can lie below the stage, while the lamps 
are placed in the box and behind the transparent band 
so as to show up the part of the text that is paSSing. 
'rhe boxes are connected with each other by any suit­
ahlp driving gear and the machinist operates all the 
outfit from the side of the stage by a crank. A num­
ber of box(,s are preferred, so that the text can be seen 
from all parts of the stage. An electric motor can 
also be used for running the device. 
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A class in swimming receiving their first lesson. 

The Enlisted Man In the United States Navy 

Advantages and Opportunities Offered by the Service 

THE desirability of any particular employment may 

be measured, apart from its direct pecuniary remunera­

tion, by the opportunity it affords for leisure, travel, 

self-improvement, hygienic living and careful medical 

supervision and treatment. Judged by these oppor­
tunities few employments measure up with that of an 

enlisted man, or as he is  sometimes called a "blue 

jacket" of the United States Navy. And all things 
considered the pecuniary emoluments are not incon­

siderable. Take an apprentice seaman or a landsman 

at $17.60 a mQnth. On top of this he is housed, and 

well fed, is  furnished skilled medical  treatment and 
in the course of an enl istment is frequently carried 
over practically the entire civilized world. Also a free 

outfit of clothing valued at $60 is furnished every 
enlisted man of the Navy on his first enlistment. Can 
you think of anything in commercial or other civil life 

that equals  it ? 
In entering the naval service every person must pass 

the physical examination prescribed and must, in addi· 

tion to good health, measure up in size and weight to 

the regulation standard. After entering the service his 

Jlb�'sical training begins under the system based on the 
Swedish, modified to suit our requirements. One reason 

for systematic physical training is found in the 

changed condition of a seaman's life, sailormen of 

to-day being said to be not the equal, in all  around 
physical ability, general nimbleness and lack of physi­

cal fear, of those who manped the sailing ships of 

former times, due probably to the fact that the life 

aloft strongly aided in the formation of these charac­
teristics. The shelf exercise, one form of which is 
shown in the illustration, has many modifications and 

variations increasing its effectiveness as well as its at­

tractions because in most of the exercises the game 

feature is utilized to a high degree, the participants 
developing individually as well as in team work, the 
complete illustration of the exercising and calisthenic 

program of the man in training showing a superior 
development of the gymnastic work the enthusiastic 

civilian pays large sums to enjoy. These exercises are 

carried on in perfectly-equipped halls, open air fields, 

and swimming tanks. 
As  to the inner man, that certain route to the affec­

tions of humanity, we find that applications for the 

cook and baker class are only received from those who 
have been on board a cruising ship for at least four 

months, and are possessed of a fair knowledge of the 
trade. These are given a course of six months, and 
the high class of the candidates and the superiority 

of the surroundings is shown in one of the accompany­

ing pictures, and it will be seen that a navy kitchen 
is in no way inferior in equipment to that of a first 

class hotel on land. 

Before reverting to the material advantages or the 

Navy we must not overlook the romantic side as well 

as the beneficial side, for we remember that Sidney 
Lanier sang, 

"Oh, is it not to widen man 
Stretches the sea ?" 

So the life of the sea may be regarded as having a 

widening influence on the enl isted man. This comes in 
the educational features, for the Navy maintains 
numerous schools for the instruction of its recruits, 

large ones being located at Newport, R. I. ; Norfolk, Va. ; 

Great Lakes, III . ,  and San Francisco, Calif., where he 

may obtain a general education as well as an educa­

t ion along special lines. And then the enlisted man is 
never stranded away from home, for when he is enl isted 

he is furnished by the Government with transportation 
to the training-station or to the receiving ship, to which 

he is assigned, and if there is a night ride, he is given 
a berth in the sleeper, or a stateroom if sent by 

steamer. Meals are furnished, as are carfare and 

transfer across the city. When he is discharged at the 

expiration of his enlistment, he is furnished with a 
travel allowance of four cents per mile to the place 

of enl istment within the United States, while if he is 

honorably discharged or his enlistment expires because 
of physical inability, he is furnished with transporta­

tion and subsistence to his home, if in the United 

States, as men traveling under orders are always fur­
nished with traveling expenses, and it is only when a 

man is traveling at his own convenience or on leave, 
that he is required to pay his own expenses. 

'.rhere is also reasonable assurance that he will  be in 
good company, because while a man enlisting in one 
of the lower ratings, is advanced one step at a time, 

with a corresponding raise in pay, as he becomes pro­

ficient and his conduct warrants, both of which require­

ments are essential to a man's advancement, as no matter 

how capable he may be in his duties he cannot expect to 
be advanced unless his conduct entitles him to considera­

tion. This opportunity for advancement is not incon­
siderable since the enl isted man may become a chief 

petty-officer with a monthly pay in some instances as 

high as $77, and he has the opportunity of advancement 
by appointment to the Naval Academy or by promotion 
to be a warrant-officer, as advancement in the Navy does 

not stop with chief petty-officer. The next higher grade 

is that of warrant-officer, which is a l ife position, ob­
tainable only by promotion from enlisted grades, the 

pay of a warrant-officer being from $1,500 to $2,400 a 

year, with benefits of retirement at 62 years of age on 

three-quarters pay. If the enlisted man does not secure 
advancement to petty-officer or to warrant-officer before 
re-enlistment he has a special allowance for re-enlist­
ment, this al lowance being a monthly one and increas­

ing with the number of re-enlistments. He bas further 

opportunities in the way of allownnces for special 

duties running all the way from coxwains of boats at 
$5 a month, in addition to other pay, to divers who in 
some instances receive $1.20 the hour for the time 

employed under the water, and gun pointers whose 

allowance ranges, from $2 to $10 per month. TlIere is 

also the possibility of a boatswain, gunner or machinist, 

or a chief boatswain, or chief gunner, or chief ma­

chinist, who has been in his grade four years and is 

under 35 years old, to enter the examination for ap­

pointment as ensign, which examination is  held every 

year, and the man who wins the commission in this 

manner is entitled to the same pay, privileges, honors 
and position for further advancement as are open to 
officers or graduates in the Naval Academy. 

There is also the opportunity open to an enlisted 

man in the Navy not undergoing punishment, charged 

or in debt to the Government, who may, in the discretion 

of the Secretary of the Navy when the exigencies of 

the service permit, to purchase his discharge from the 

Navy by reimburSing the Government for expenses in­

curred in their behalf, and for which adequate return 

by service has not been made, and this is regulated in 

accordance with the regular table prescribed in Naval 
regulations. • 

On shipboard effort is made for making life as 

pleasant as consistent by providing sundry amusements 

and opportunities for recreation and by encouraging 

mascots in various forms from monkeys to goats. 

On top of all this there are death benefits and pen­

sions provided by law, so that all in all the position 

of an en l isted man is one that might wel l be envied by 
Illany a ski l led llInn in  private life. 

Canal and River Barges 
ONE of the sections of naval architectural science 

about which there is little recorded information is that 

relating to resistance and propulsion of barges in 
canals and in shallow rivers, possibly because of its 

limited application" though it is interesting In its char­
acter, and often enough important in its results for 
those who make use of canals and barges. The prob­

lems associated with it differ in some ways frolll 
those of deep-water navigation, but are similar to those 
which are encountered where depth of water is re­
stricted and deep-sea vessels have to run for some 

portion of their voyages in shallow water. 
In a canal, width of water is restricted as well as 

depth, and the abnormalities of resistance which are 

exhibited in shallow water are accentuated by the 
double restriction, strange and almost paradoxical 

features are met with, and care must be taken if the 
highest efficiency is to be obtained. For every depth 
of shallow water there is a natural speed at which a 

© 1916 SCIENTIFIC AMERICAN, INC.



October 28, 1 9 1 6  SCIENTIFIC AMERICAN SUPPLEMENT No. 2 130 28 1 

An exercise in scaling by a class at the school. Calesthenic exercises produce supple muscles. 

solitary wave, termed the "wave of translation," if 
once propagated, will travel along a canal, and if the 
wnter were a frictionless fluid, and there were no re­
sistance, it would continue to travel indefinitely, In 
reality, til e  wav;) energy is soon destroyed by viscous 
friction in the water itself, along the sides and bottom 
of the ca n a l ,  and in the air. This wave is called the 

"long wa ve," and its speed is expressed by y ga;-where 
g is the acceleration due to gravity, d the depth of 
water in feet, and the speed is in feet per second. For 
a eanal {i feet from bottom to water surfaee this criti­
cal speed is 9 72  miles per hour ; for 8 feet depth of 
water, 11 miles per hour. It will be at once seen that 
these speeds are considerably higher than those usually 
obtained by canal boats. Scott Russel investigated 
this feature when m aking experiments on wave for­
mation in the Forth and Clyde Canal, many years ago. 
Ill' found that if a camrl boat were towed at any speed 
less tha n this eritical speed a procession of waves was 
formed and maintained behind the boat, while a corre­
sponding high resistance was experienced ; but if the 
vessel were towed at a speed higher than this, it was 
impossible to form a r(,gular procession of waves, be­
eause the speed was greater than that of the longest 
possible wave for the particular depth of water, the 
result bdng that the vessel was borne along on the 
top of a solitary "hump," which needed little energy 
to maintain it, the resistance then being greatly re­
duced. Professor Biles stated in his book, "Design 
and Construction of Ships," that Scott Russel noticed 
this curious feature from the accident of a frightened 
and spirited horse running off and dragging a boat 
y ',th it at such a speed that the vessel was carried 
along through comparatively smooth water with 
greatly diminished resistance. At the time that this 
was discovered canals were much more in use than 
they are now, and the result was the introduction of 
very light canal boats, constructed of sheet iron and 
drawn by a pair of horses. They were known as "fly 
boats," and were able to attain the requisite speed to 
make use of the "wave of translation." I� was stated 
that "the boat starts at a low velocity behind the wave, 
and at a given signal it is pulled up with a sudden 
jerk on to the top of the wave, where it moves with 
diminished resistance at the rate of about 7 to 9 miles 

.per hOllr." Obviously, the phenomenon wns more curi-

ous than valuable, for the wash from such a wave had 
most destructive effects on the canal banks, and little 
more was heard of it. For nearly nil inland canals 
the speed is restricted to three or four miles per hour, 
and the barges are of such full proportions that there 
is no serious damage caused to the banks by their pas­
sage. It  is at these low speeds that the distinctive 
features of canal work are of importance, but there is 
not much reliable information available on the subject. 

Beaufoy, during his investigations on resistance in 
1 793, tested many forms of bow and stern, applied to 
straight middle bodies of square section and of varying 
length. The experiments were not made in shallow 
water, but the general deductions drawn from them 
may be accepted as a safe guide. He found that 
the best form of ends was a wedge of right-angled 
section in elevation, the hypotenuse of this triangular 
section j oining keel to deck, so that the underside of 
the wedge was a plane inclined upwards from the bot­
tom of the boat or model. The ends were such as one 
would make for a vessel to run up easily on a sloping 
beach, and were similar to those of a Thames pleasure 
punt. This form was recently tried for barge design 
by Sadler, who found that, taken all round, it was 
the best whether towed singly or in groups-that is to 
say, the form of bow which forces the water to go 
under the bottom of the barge and not round the sides 
1s better than a form triangulated at the ends in the 
other way to form a stern and sternpost. Baker, in 
his " Ship }1'orm Resistance," gathers up nearly all the 
available information on barge forms, and he concludes 
that while any advantage which a barge may possess, 
when running in deep water, due to its form, is to a 
certain extent masked in shallow water, yet it is never 
obliterated. I n  every case of certain canal boats 
which were tested in the Seine, and also in a canal. 
that which towed best in the river also towed best in 
the canal, the differences being roughly the same.  This 
Is a broad generalization, and is probably not true for 
all conditions ; but it may be accepted as justifying the 
use of Beaufoy's deductions for shallow-water condi­
tions. 

The type of barge must depend largely on the char· 
acter of the service required of it, whether it is  to be 
towed singly or as one of a group, or articulated in a 
long or short train with other barges. Pure resistance 

considerations must give way to practical necessities, 
but, taking a n  all-round view, it appears that the in­
dined plane entrance with a gentle slope gives a good 
performance in either condition. In deep water the re­
sistance of a number of grouped barges is not largPly 
different from the sum of their individual resistances, 
but in shallow water, where there is only a short 
distant between the bottom of the barges and the canal 
or river bed, it is of great advantage to use a long train 
of barges. 'I.'he resistance of such a long train is not 
much greater than that of a short one, and it is  easily 
handled if the articulation is  well carried out. Where 
resistance is of importance it is an advantage to use 
steel and not wood for construction, for steel hulls 
keep a much smoother surface after much wear and 
tear. Most modern barges are of steel. 

What now of the canal itself ? If the waterway be 
very shallow, the water forced down by the bow is 
unable to flow steadily between the barge and the 
river or canal bottom. Instability is observed, the 
motion of the barge becomes eccentric, and there is 
an increase of resistance due to eddy-making. The 
depth of water under the keel should not be much less 
than 2 feet for an ordinary canal, say G feet or 7 feet 
deep. It is better to have this clearance even at the ex­
pense of width in order to get the best results, for the 
resistance in a canal depends very largely on the rela­
tion of the cross-sectional area of the waterway to the 
immersed section of the boat, and, given a constant 
relation between the two areas, the least resistance 
Is obtained with a deep, narrow waterway rather than 
a wide, shallow one for the speeds used in canal work. 
It will have been noticed that the width of the canal 
does not affect the critical speed, which is a function 
of depth only, but the speeds under consideration are 
much below that of the wave of translation. 

Slow-running deep sea vessf�ls-say, those capable 

of a deep-water speed in knot;; less than 9 y-r..=-are 
always subject to an increase of resistance and a loss 
of speed in shallow water, for the reason that they 
cannot be pushed at a high enough speed to take them 
over the last hump of the resistance curve, and in this 
respect the problem is similar to that of canal boats. 
The condition of service of deep-sea vessels, however, 
do not admit of the adoption of forms which can easily 
he used for still-water canal navigation.-The FJngineer. 

The crew's reading room on a government vessel. A naval kitchen equals that of a hotel. 
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Thermometer Scales 
THERE has been mueh discussion lately concerning 

the use of the Centigrade and the abolition of the Fah­
renheit scale and it would seem as if the latter must 
soon be abandoned even in the most conservative coun­
tries. The British Weather Service is now using ex­
tensively Centigrade and Absolute scale ; but our own 
weather bureau lags behind. On the · current daily 
weather maps no effort is made to give at one end of 
the isotherm the equivalent Centigrade or Absolute 
reading. Moreover, as has been pointed out elsewhere, 
a most peculiar practice is followed of connecting in 
one continuous isotherm readings made at 8 A. M., 
7 A. M.,  {j A. M. and 5 A. M. 'I'hus, if it should hap­
pen to be 300 deg. A. ( 20 deg. l!'. )  this morning at 
New York and 277 deg. A. at Reno, Nev., because the 
observation is taken at 5 A. M., instead of applying a 
suitable correction corresponding to a temperature at 
8 A. M. at the given place, the first reading is used ; 
and the result is a conglomerate weather map, one that 
does not fairly represent the conditions of temperature 
for the given date. Pressure is reduced for elevation 
to a common base ; but temperature, which, after all, 
affects us most, is not corrected even for time and, of 
course, not for elevation. 

Nearly all national weather services now use the 
Centigrade scale and internationally no other scale has 
been recognized for some years. Even the few weather 
services retaining the Fahrenheit scale restrict its use 
and banish it from all investigational research work. 

At Blue Hill Observatory, no less than three scales 
lIa ve been used and we are now considering a fourth. 
Beginning with 1891, the Centigrade scale displaced 
Fahrenheit in our published summaries. In 1914 the 
Absolute scale displaced the Centigrade, the first ot the 
three figures being written once in tabular work at the 
head of the column. 'l'he use of minus signs for low 
temperatures, frequent in Winter months for surtace 
readings, and in all months with upper air readings, 
is thus avoided. 

The objection made, however, to the length ot the 
Centigrade division holds also for the Absolute scale 
and, therefore, the writer suggested a scale based on 
the Absolute system but with the present 273 degrees 
marked 1,000 degrees. 

For many reasons the freezing point is important. 
The new scale emphasizes this point. The boiling point 
is not so definitely marked but the whole system has 
the advantage of flexibility and consistency. For ther­
modynamic problems it is an ideal arrangement. 

It is urged that "the common people are familiar 
with the l!'ahrenheit scale." 'I.'hey may be familiar 
with it and yet not understand it. When the tempera­
ture is G4 deg. Fahr., is it cleariy understood by every 
one that the temperature is 32 degrees above freezing ; 
and on the other hand when it is - 32 deg. Fahr., that 
the temperature is (;4 degrees below freezing ? The 
scale says one thing and means another. It is true 
that the Centigrade scale division is nearly twice the 
length of the other scale division ; and much has been 
made of this by some who insist upon accuracy to the 
tenth of a degree ; but it may be well to remember that 
most air temperatures are a degree or more in error. 
Even with official instruments, errors of exposure or 
time, exceeding several degrees, go uncorrected, while 
Instrumental errors are applied to a tenth of a degree. 

The diagrams, based upon a circular issued by the 
British Meteorological Office, show comparative read­
ings on the Absolute scale from 0 degree to 1,500 de­
grees, the upper reading representing WHITE HOT 
( meaning, I presume, ordinary iron ) ; and from 180 

deg. to 330 deg. A., the latter being a shade temperature 
recorded at Greenland Ranch, Cal., Jnly 10, 1913. 

( Parenthetically, Greenland Ranch is 4 miles from 

Cultivation and Utilization of Sunflower, Niger 

and Samower Seed. 

THE sunflower is cultivated on a commercial scale 
only in Central and South Eastern Europe, but trial 
and experimental crops have been grown in many other 
parts of the world, usually with success. The stems 
and leaves of the plant have little nutritive value, but 
the ash of the former yields about 39 per cent of pot­
ash ( as K20 ) ,  whilst the seedhusks give an ash con­
taining 56 per cent of potash. An acre of land pro­
duces 2,600 to 4,000 pounds of stalks yielding 40 to 53 
pounds of potash. Sunflower seed is used largely as a 
poultry food, and as a source of oil. Russian seed 
kernels yield 18 to 24 per cent whilst Hungarian seed 
kernels yield 28 to 30 per cent of oil on a commercial 
scale. Seed grown in the · Sudan contained 22 per cent 
of oil, the kernels containing 47.9 per cent. Sunflower 

Ryan in Death Valley, and thermometers were installed 
there when I was director of the California section. ) 
This is probably the highest reliable shade temperature 
as yet recorded at any station. The other limit, 180 

deg. A. is the outcome of recent upper air work ; and 

December 4th, 1913, by van Bemmelen when at a height 
of 17,000 meters the temperature fell to 181 deg. A. 

The lowest temperature obtained in the United States 
is 196 deg. A., obtained in the Blue Hill ascents at 
St. Louis. Temperatures of :.!04 deg. A. and sUghtly 

TEMPERATURE SCALES. 

Oomp(tri80n of the A b80lute Scale Of rPemperature with the Fahrenheit and Centigrade Scales. 
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Scales based o n  a circular issued by t h e  British 

Meteorological Office. 

as stated in the diagram, a reading of 189 deg. A. was 
obtained over Victoria Nyanza in August, 1908. How­
ever, this is not the lowest natural temperature re­
corded. I am somewhat surprised at the omission of 
the record obtained in an ascension at Batavia, Java, 

seed oil has sp. gr. 0.924 to 0.926 at 15 deg.j15 deg. C., 
saponif. value 188 to 194, iodine value 120 to 135 per 
cent. When cold-pressed it is almost tasteless and is 
suitable for edible purposes. Oil unsuitable for edible 
purposes is used for burning and soapmaking and as an 
inferior varnish oil. Sunflower cake is produced in 
large quantities in South Russia and is largely export­
ed to Denmark, where it is a popular cattle food. The 
niger seed plant ( Guizotia abyssinia, Cass. ) is culti­
vated fairly generally in East Africa for local use and 
also on a large scale in India. The small black seeds 
contain 40 to 45 per cent of oil having the characters : 
sp. gr. at 15 deg.j15 deg. C., O.U25--{).927 ; saponif. 
value, 189-192 ; iodine value, 1:.!T-134 per cent ; it is 
used as an edible oil, for soapmaki��g, and as an in­
ferior substitute for linseed oil. Niger seed cake is 
similar in feeding value to sunflower seed cake. Saf­
flower ( Carthamull tinctorius, Linn. ) is an annual herb 
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(') Greenland RaDch, Death Valley, Ca!., July 10, 1913. 
( ' )  Scott, South Pole. 
( ' )  Blue Hill balloon, St. Louis to Iuka, Miss., January 25, 

1905, at a height of 14,830 meters. 
( ')  At Batavia, Java, near the equator, December 4, 1913, 

at a height of 17,000 meters, by Van Bemmelen. 

higher have been obtained by the weather bureau In 
the ascensions made at Fort Omaha. It may not be 
out of place to mention that the lowest temperature 
given by Scott is 212 deg. A. 

ALEXANDER McADIE. 

grown in India and Egypt chiefly as an oil-seed plant 
and also to a small extent for the dye which is obtained 
from the florets. 'l'he seeds contain 30 to 32 per cent 
of oil, which is very similar to sunflower seed oil and 
has the characters : sp. gr. at 15 deg.jl5 deg. C., 0.U:.!5 

-0.928 ; suponif. value, 187-194 ; iodine value, 130 to 
150 per cent.-Bull Imp. Inst. 

A Pallograph Cor the U. S. Navy Engineers 
THE pallograph is an instrument that simultaneously 

records vertical and transverse vibrations, and while 
primarily designed for use on ships, it may equally 
well be employed for tracing vibrations or oscillations 
of any character to their source. There are but tWQ 
or three pallographs in the world, and one ls the inst�", 
ment recently supplied to the U. S. Navy engineers for 
use at the model basin at Washington. 
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Speech , 

My READERS, did you ever meet with that certain 
handsome young lady, dressed by a first-rate Paris 
dressmaker, smart and " GUn 80ign/1c" from top to top, 
who moves about so gracefully and looks so extremely 
distinguished and retined 'i J!'ascinated by so many 
charms you are only too happy to obtain an introduc­
tion and to be allowed to speak to her. When she 
opened her lips to respond to your modest flattery, I 
noticed a sort of bewildered look in your eyes, which 
bye and bye changed into an ironical smile. What was 
the matter-this outwardly distinguished and retined 
young person betrayed only too distinctly her low 
origin both by her voice and accent. 

Poor young lady ! She had spent so much for her 
general refinement and culture, and only forgot an 
essential matter : the culture and retinement of her 
speech. 

Sometimes you go to church, I suppose. Going home 
you want to think over the beautiful words which the 
clergyman uttered, but it is too much for you. You 
got a bad headache while listening to the sermon. 
You overstrained yourself in the effort to understand 
the speaker, and you came to the conclusion that the 
sermon failed to make the desired impression because 
of the fatiguing resonance of the clergyman's voice 
and his want of distinct articulation. 

And the clergyman himself . . He did his ut-
most effort to make himself understood in the spacious 
church ; but before he had finished half of his sermon, 
he had the desperate feeling that his voice was losing 
its clearness and became hoarse and indistinct. He 
came home with a sore throat and the unpleasant feel­
ing that his audience had not come under the spell 
of his eloquence. Yet he had carefully meditated his 
subject and his sermon was well prepared. He only 
never thought of training and preparing his voice for 
its strenuous task. And this is the same case with 
ever so many speakers. How often does it not occur 
that, in the midst of an electioneering campaign, the 
candidate is forced to renounce speaking at a meeting 
because his voice has given out entirely. And no 
wonder ! What fighter, gymnast, pianist, violinist or 
any other performer will go in for a performance with­
out having thoroughly prepared and trained his muscles 
by appropriate and eflicient exercise ?  They know too 
well that their success depends on the readiness of 
their muscles for the task. While in the United States, 
[ noticed that the public speaker, as a rule, never 
thinks of getting his voice ready for the work. 

The American speaker does not seem to realize that 
the voice and speech is the result of the action of a 
complicated and delicate set of muscles, which need 
more than any of our muscles to be properly trained 
when we demand a great exertion of them. Yet the 
speaker who masters the right employment of the 
voice will meet with the pleasant experience that his 
voice lasts till the end of his task. Serenely, in full 
possession of his faculties, he faces his audience, who 
follow with pleasure his intelligible and comprehens­
Ible speech. 

It is a matter of course that the training of the 
voice includes its refinement. Vicious accents, as for 
Instance the nasal twang, disappear altogether or are 
diminished sensibly when the muscles become more 
supple and tractable by their exercise. 

How do we train the voice ? I mean the fundamen­
tal training, which has in view the exercising and 
strengthening of the muscles used when speaking and 
singing and the furthering of the harmonious co-opera­
tion of the different groups of muscles. 

When we observe a speaker or singer, we notice that, 
before he begins to produce a sound, he inhales more or 

less deeply. This inhalation procures him the pro­
vision of air which he uses as the motor power to put 
his instrument Into action. We can compare this in­
halation with the work which the bellows blower does 
for the organist. Without the necessary provision of 
air the organist is unable to play his instrument. Only 
after the bellows are put in action and he ha s the man­
agement over a sufficient quantity of air or, what is 
here the same, a suflicient quantity of motor power, 
he can draw sounds from his instrument. 

Exhaling, the speaker or singer uses this provision 
of air to make the tented vocal cords vibrate. This vi­
bration engenders the sound, which we call "the voice." 

• M /ltJwal ReeortJ. 

I ts Culture and Refinement* 

What Is Done for It in lIolland 

By N. J. Poock Van Baggen 

Ifrom the voice box the voice or sounding breath is 
driven into the pharynx, the mouth, and the nose. 
Those parts assume by means of the articulating 
muscles the different attitudes and shapes necessary 
for the formation of vowels and consonants, which as 
such leave the mouth and reach our ear. 

The sonorous vibrations of the voice cause the co­
vibrations or resonance from the partitions of the 
vocal instrument, i. e., of the thorax, the larynx, the 
pharynx, the mouth, and the nose with its cavities. 
This co-vibration or resonance gives the tone, its char­
acteristic quality or "timbre," its brilliancy, and its 
fullness. 

From the above results we learn to distinguish in the 
speaker and singer four elements : ( 1 ) A motor ele­
ment ( the breath ) ; ( 2 )  a vibrating element ( the 
voice ) ; ( 3 )  a forming element ( the articulation ) ;  ( 4 )  
a resonant element ( the co-vibration o f  the walls of 
the vocal instrument ) .  

Thus for the training of the speaker and singer we 
consider in the first place the breathing. If the breath­
ing is faulty and weak, it is corrected and strength­
ened by appropriate exerCises, after which the pupil 
is taught how he can best use his breath on behalf 
of his voice and articulation. 

Secondly, the articulating muscleR are examined and 
the di fferent vowels and consonants reformed so far 
as necessary. Nearly at the same time the ameliora­
tion of the action of the vocal muscles is undertaken ; 
while finally the resonant element is developed. 

Normal speech and singing depend on the faultless 
action and the exact harmonious co-operation of the 
four elements. This co-operation is so strict that even 
the least deviation of one of the parts is of direct 
influence on the other elements. 

A faulty articulation, for instance, impedes the ac­
tion of the vibrating element and requires a greater 
effort on the part of the breathing muscles ; while, 
on the other hand, a wrong use of the breath thwarts 
the distinct pronunciation of the vowels and · conso­
nants as well as the voice production. And also a non­
developed resonance or gaps in this element are an im­
portant impediment to the clearness and purity of the 
voice. 

Very many times I have been asked in America if, 
when I speak of the training of the voice, it is elo­
cution that I mean. 

It is not. The training of the voice precedes the 
lessons of the elocutionist. This training is given by 
what we call here the "leeraar in het methodisch 
spreken," which means : "Specialist or expert in normal 
speech and voice hygieniCS." 

The sphere of action of the expert implies not only 
the training of the healthy vo

·
ice but also the treat­

ment of all the voice affiictions which appear after ser­
tous diseases of the throat such as diphtheria, angina, 
etc., and after those affections caused by the too gen­
I'ral misuse of the voice as well as by speakers as by 
singers. Most of the time the expert is also speciallst 
for correcting speech impediments and for gymnastics 
of the respiratory organs. 

The expert works in combination with the medica l 
specialist in diseases of the throat and respiratory or­
gans. No serious expert begins his work before the 
patient has gone through a j udicious medical examina­
tion. 

The stUdies of the student-speciallst for voice hy­
gienics include the exact anatomical knowledge of the 
vocal instrument, the pathology of the throat and of 
the voice, the diagnosis, the modes of treatment, and 
the application of the exercises in the dilrerent cases, 
tone production, acoustics, and phonetics. If he goes in 
for the breathing and the speech impediments, he 
stUdies also the diseases of the respiratary organs and 
the central and peripheral speech affections, their or­
igin and treatment. 

With regard to the treatment of the voice, alrected 
through misuse or illness, I can say that I have found 
it nowhere so complete as in Holland. During my in­
vestigations regarding the care for the voice and the 
culture of speech in the different countries, I have been 
astonished to find that in some countries this special 
treatment Is altogether unknown, as for instance in 
France and in the United States ; while in other placefl, 
as in Berlin, it was introduced by Dutch speciallsts and 
received with general appreciation. 

Since the last twenty years the culture and refine­
ment of speech in Holland has largely improved. The 
conservatories for Singing at Amsterdam and at the 
,Hague, as well as the school for actors and actresses 
have long had their own expert speciallst and every 
pupil is obliged to go through a severe treatment for 
general voice hygienics and purification of the accent. 

Particular care is also given to the training of the 
voice and the refinement of the speech of the teach­
ers. To every Dutch training school for teachers is 
attached nowadays a specialist for voice hygienics who 
is salaried by the government or by the municipality 
to which the school belongs. Moreover, in the large 
towns, as in the Hague and Amsterdam, the municipal­
Ity has appointed a specialist for voice hygienics, who 
gives courses free of charge to the teachers of the mu­
nicipal schools. Those courses were started to com­
bat the throat disease ( the same as clergymen's sore 
throat ) to which the teachers, in the exercise of their 
profession, are so frequently subject. 

When the teachers suffer from the throat the visit­
ing physician of the school examines them and, if nec­
essary, sends them to the courses for voice hygieniCS. 
For the teachers with a healthy voice those courses are 
not obligatory but on his ( or her) demand, he ( or she ) 
can follow the course. Generally all the teachers of 
the municipal schools take a course because it gives 
them a better chance for an appointment and for pro­
motion when they have a well-trained voice and refined 
speech. 

It is a matter of course that those trained teachers 
exert a favorable refining influence over the speech of 
their pupils. I have often noticed that the young 
teachers who have followed the course take pleasure 
in correcting the speech and purifying the accent of 
the children, who are under their care and demand 
from them a faultless pronunciation. 

Besides the care for the voice and for the refinement 
of the speech in general, the speech defects are spe­
cially attended to. 

In every town of some importance there Is nowadays 
a specialist for speech impediments, attached to the 
public schools and salaried by the muniCipality. In the 
large towns, as Amsterdam and the Hague, the special­
ist has a stair of assistants. They visit the public 
schools regularly and at the request of the teacher 
examine the pupils who suffer from any speech de­
fect. After the diagnosis is made the children go to 
the municipal institution, where they receive free of 
charge the treatment which their case demands. 

Some years ago the specialists for voice hygienics in 
Holland founded the Dutch association for the speech 
culture, which meets regularly. In those meetings spe­
cial cases are discussed, and in particular the measures 
to be taken to further the general culture and reflne­
ment of speech are advocated. 

The influence of the refinement of speech is not mere­
ly external. I have explained above how speech is 
produced by the action of some groups or muscles. 
Those muscles are stirred by the vibration of the 
nerves. They vibrate under the impulse of the action 
of the brain, which is the utterance of the soul. Thus 
speech comes from the soul to go to the soul. 

And so the culture and refinement of speech mean 
the smoothing down of the obstacles which hinder 
the free communication of the souls. 

The culture and refinement of speech mean the fur­
thering of the better understanding between mankind ; 
and that better understanding between mankind is 
what we require nowadays, essentially ; there Is no 
doubt about that. 

What Causes a Fuse to Blow 
COM MENTING on the idea held by many people that it 

is the voltage that causes fuses to blow pOUJcr calls 
attention to the fact that the heating of an electric cir­
cuit is caused by the current that flOWfl through it, and 
not the voltage impressed upon it. 

What causes a fuse to blow is excessive heating pro­
duced by a greater current than that which it was in­
tended to carry. The heating in any circuit is propor­
tional to the watts ( PR)  expended in the circuit, and 
varies as the square of the current. Thus, if the value 
of the current flowing in a given circuit is doubled, the 
temperature is not increased In the same ratio, but by 
the square of 2 01' 4 times . 
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A Morse Optical Pyrometer* 

An Instrument Adapted to a Wide Range of Laboratory Uses 

By W. E.  Forsythe, Nela Research I .. aboratory 

'rIl E following is a tlescription of an optical py ro­

meter of the Morse type ( genera l l y  known a �  the H o l­

born-Kurlbaum pyrollleter ) tilat ilas been constructed 

for use in Nela Hesearcil Laboratory. I t  is thought 

to ila ve some atlvantages over existing forllls. A plloto­

grapil of tile complete instrulllen t  is shown in Fig. 1. In 

Fig. 2 i s  silown diagramlllatically the arrangelllent of 

the different parts. 

Tile objective lens A is an acilromntic Jens 3.5 cm. in 

diallleter. If the pyroll1eter were to be used only 

witil a particular so-called monocilrolllntic filter ( e. g., 

red glass ) before the eyepiece, there wonld be n o  need 

of ila ving anything but simple lenses. However, it  is 

quite often desirable to use different filters before the 

eyepiece, in wilicil case quite a change i n  focus would 

be requi red if only s illlple l enses were used. 

As may be seen from tile diagralll , the tube ilolding 

tile obj ective l ens is not a part o f  the tube to which 

tile rack and p inion are attached. 'rile reason for 

making i t  a separate tube was to i ncrease the range 

o f  magnification. 1<'01' the same rea son this tube is made 

in two parts, there being a j oint at the point marked 

B. 'rhus, w ith only a comparatively short rack for 

focnsing, adjustments from magnification of little more 

tilan two t imes down to a focus for para l lel l ight can 

be obtained. This is accompl i shed by moving the tube 

holding the objective lens backward or forward in the 

holder c. 'l'he tube can also be taken apart at the 

point B and only the short piece containing the objec­

tive lens used. '1'he lens can a l so be r eversed in this 

short tnbe and u'le tube reversed in the holder C. 'l'hus 

the l en s  can be placed very near the d iaphragm D. 
At this pOSition the pyrometer is focused for parallel 

l ight. This feature has been found quite desirable. The 

pyrometer may be calibrated by cOlll parison with a 

black body where la rge magnification cannot be used 

conven iently, and the pyrometer may also be used to 

measure the brightness of either distant obj ects or, 

by a slight change, to measure the brightness of a lamp 

filament w hich is only about 0.1 mm. in diameter. 

The pyrometer lamp I( has a tungsten filament some­

what of the shape shown in Fig. 3.  The pointer l' 
and the smaller bend in the filament indicate the point 

of the filament under observation. The filaments used 

are of three sizes ( 0. 1  mm., 0.0(;1 mm., and o.o:n mm. 

in di ameter ) ,  but for tile most part the second size i s 

used, as witil this the disappearance is satisfactory. 'fhe 

length of these filaments is approximately shown in lT ig. 

3. '1'he ( 0.001 mm. ) filament requires about 0.4(; am­

peres at about 3.3 volts to apparently matcil i n  br ight· 

ness the black body at the temperature of melting 

palladium. '1'he pyrometer lamp bulb i s  about 5 cm. 

in diameter. T hese bulbs were selected with very great 

care in order to obtain bulbs as free from defects a s 

possible. 

The pyrometer lamp is so mounted that it may be 

moved across the field of v i ew by a screw motioll . 

Thus the particul ar part of the filament that i t  is (1c­

sired to use IlIay be easily brought into the center of 

the field of vi ew. In addition to this the mounting i s 

so arranged that a l l  otiler possible adjustments, sllrh 

a� raising and lowering, turning and tipping the bu lb, 

can be easily obtained. 

As i t  i s  sometimes very desirable to have the pyrolll ­

eter filament horizontal and at other times vertic a l ,  

the pyrometer lamp-holder P'  a n d  t h e  eyepiece telesco p,' 

were made so as to rotate in the collar G. By tilis means 

the pyrometer filament can be set at any angle. T h i s  

h a s  been found very convenient when measuring the 

temperature of a lamp filament. Owing to the varia­

t ion from the cosine law of emission,' it is desirable to 

have the pyrometer filament parallel to the background 

fil ament. I n  this case it  is the brightness of the cen­

tral part of the filament that is measured rather than 

the lIIeaIl brightneRs across the fi l ament. ThiR average 

brightness has been shown to be about 3 p(>r cent 

greater than the norma l  brightness. 

It is sometimes desirable to use two different pyrom­

eter lamps in the same optical pyrometer. 'l'h i s  is 

necessary when two different observers hnve to use 

the same pyrometer but desire to use different pyrom­

eter lamps. I t  is also desirable to have a second 

pyrometer lamp to use occasionally to ch(>ck the cali-

• From the A .�tTophy .• ical  JOllTnal .  

'Astrophysical JOll,.,wl, 3G, 34ti.  191:!.  

uration of ihe pyrometer lamp that i s  generally used. 

To be sure, one pyrometer lamp can be removed and 

the other put i n  its p lace, but a much more accu rate 

procedure i s  to have the bolder l arge enougb so that 

both l amps can be kept in the holder at all times. 'rbe 

holder for the pyrometer lamps can be brought ex­

actly into p l ace. This can be accomplished by turn­

ing the holder or by sliding it alollg guides. If the 

lamps are kept in the holder, they w i l l  be more likely 

to be used in the exact pOSition in which they were 

c elibrated, which is very important for a ccurate work. 

The pyrometer l amps with tungsten fi laments have a 

yery long l ife as they a re used in this kind of work. 

T hey are seldom operated a t  a brightness above that 

Fig. I.-Optical Pyrometer. 

necessary to match that of a bl ack body a t  the tem­

perature of melting p a l ladium ( 1822 0 K ) .  A pa rticular 

lamp that has been in use for about two years,  and 

has during the greater p a rt o f  that time been used 

almost every day, shows an exceptionally good per­

formance. When it was first calibrated two years ago 

it  required 0.4573 ampere to a pparently match the 

bl ack body at the temperature of melting pallatlium. 

A recent cal ibration showed that it now required 

0.4578 ampere to apparently match the black body at 

tile same temperature. As this lamp has been operated 

for about 300 hours i n  a l l ,  it is seen to be very satis­

factory. This pyrometer lamp has a 0.062 mm. fi la­

ment. 

As a rpad.\" mealls of checking the cal i iJration of the 

c B A 

Fig. 2.-Det ails of the optical pyrometer. 

Fig. a.-Lam p  used in the instrument. 

pyrometer lamp a l arge filament (0.25 mm. ) tungsten 

lamp, standa rdized by comparison with the black body 

by the substitution method, is nsed. By using this 

lamp as a secondary standard the neceSSity of set­

ting up and calibrating a standa rd b lack body can 

often be avoided. The cal ibration of the pyrometer 

lamp can be checked much more readily by means of 

this secondary standard than with the bl ack body. 

'1'he opening at E was made for two purposes :  ( 1 )  

to allow the lamp-holder and eyepiece telescope to 

revolve, as was pointed out above ; and ( 2 )  to per­

mit the insertion of a rotating secto r, since it has 

been shown' that if a rotating sector disk is used to 

'A.stroph1Jsica l  Journal, 42, 303, 191ti.  

reduce the intensity of tile l ight incident upon the 

pyrometer lamp it should be placed as ncar tile pyrom­

eter lamp as possible. 'l' hough for the most part it is 

IllUcil better to use rotating sectors to reduce the in­

tenSity of the incident radiation, owing to tile difficulty 

of securing satisfactory filters of nentral tint, it i s  

sometimes necessary to u s e  such filters. 'l'his is eSpe­

cially true w hen nsing l ight of the shorter wave-lengths, 

as the ratio of change of brightness for a given cbange 

in temperature is much greater for shorter wave­

l engths. A holder for the absorbing glasses is l ocatpd 

at /:). 
'1' h e  telescope, consisting of the objective lens J and 

the eyepi ece L, is used to observe the pyrometer fila­

ment and the p roj ected background. This telescope is 

so constructed that the m agnification can be altered. 

Thus it  is possible to use the greatest magnification 

a l lowable and still have a good disappearance of the 

pyrometer fi lament against the background. One objec­

tion that has been ra ised against tungsten pyrometer 

filaments is that they disappear against the background 

too easily. This is due for the most part to the optical 

system used to observe the pyrometer filament. Witil an 

optical system of good resolving power and large 

magnification it is o ften impossible to get an apparent 

d isappearance of the pyrometer fi l ament against the 

background. It has been pointed out' that in order to 

obtain a disappearance it is sometimes necessary to 

use an eyepiece with less resolving power than woul d  

otherwise be convenient. I t  i s  n o t  t o  be understood that 

the trouble witil d isappea rance is limited to tungsten 

pyrometer filaments. \Vitil ca rbon pyrometer fi laments 

it i s  often difficult to obtain a disappearance. Tung­

sten and carbon pyrometer fi laments of the same size 

behave d ifferently, owing to their difference in devia­

tion from Lumbert' s  cosine l aw.' 

At D is located the d iaphragm that has been shown' 

to be necessary in order to avoid a n  error due to dif­

fraction at the pyrometer filament. This error is caused 

by changing tile so l i d  angle of the radiation incident 

upon the pyrometer fi lament, due to changing the po­

sition of the obj ective lens. As the sol i d  angle is 

cha nged the diffraction a round the filament will be 

changed. I f, for example, this solid angle is in­

creased, more l ight will be diffracted around the fila­

ment. The fi lament w i l l  thus require less current to 

apparently match in brightness a particular back­

ground. The size of thi s  diaphragm is so chosen that 

it  is completely fi lled by the cone of l ight from the 

objective lens and particularly even when the lens is 
moved to the farthest distance possible from the pyro­

meter fi lament. 

T h  real l imiting d iaphragm is located at H. The 

upper limit to the size o f  this diaphragm must be so 

chosen that it i s  smaller than the cross-section of the 

cone of rays l imited by the d iaphragm D. A l i m iting 

d iaphragm is necessary, as the apparent brightness of 

any radiating body depends upon the sol i d  angle 

through wilich the radiation passes before i t  enters the 

eye. Thus, w i th a l i m iting diaphragm, the brightness 

of any radiating solid, as observed with a telescope, i s 

independent of its distance so long as the l imiting 

diaphragm is fil led. T ilis same argument applies to the 

pyrometcr fil ament, and the two should always have 

the sallie l imiting cone. What really determ ines the 

size of this diaphragm i s  the resolving power of the 

eyep iece telescope. 'rhe size of this diaphragm mnst be 

so chosen that with the magnification necesary for use, 

disa ppearance of tile pyrometer fi lament can be ob· 

ta illed. The foregO ing d i aphragms D and H were 

respectively 1 cm. and 2 %  111m .  The other diaphragms, 

shown i n  the eyepiece telescope and, the objective tele­

scope, are for the purposes of lessen ing the stray l ight. 

The support for the pyrometer, a s  shown in Fig. 2, is  so 

constructed that the instrument can be rotated, raised 

or lowered, or set at any angle with the horizonta l .  

T h e  pyrometer c a n  a l s o  be raised a small amount by 

means of the screw S. 
This pyrometer has been used in connection with 

tile les;;; portable forms of the Holborn-Kurlbaum opti­

cal pyrometer previously ,described.' The accuracy 

'PhY8'ica l  R eview ( N . S. ) ,  4,  1 6 3 ,  1914.  

'A strophysical JOIlTna l, 3 6 ,  345, 1912.  

'Physical Review ( N. S. ) ,  4 ,  1 G n ,  1 !) 1 4  . 

'PhYSical Ret'iew ( N. S . ) ,4,  1 6 3 ,  1 9 1 4 .  
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obta incd with this vyrometer is about thc salllC as with 
the largcr forms. 

It is intercsting to note that the Ilrineiple of this 

Jlyrollleter ( genera l l y  referred to as the lIolborn-Kurl­
haum llyrolllcte r ) , patented by Morse in this country 
a liout lDOO, was cl is('overcd and used hack in lSSS in 
one of the lamp fa dories. At that tillle a ccrtain 
funu\('e w m ;  opcrated a t  sueh a tem]lcrature that i t  

matched the standard lall111 a t  about 80 volts. 
The author does not desirc to elaim o riginality for 

[he above-descr ibed instnuuent. 'l' he llyrollleter as 
('onstruded i s  the outgrowth oj' several yean; of u se 

of "uell instruments both ill this  l aboratory and i ll 
t ll P  University of \Viseollsin. D i fferent members of this 

l a boratory as well  as others elsewhere havc gi l'en lllany 
v a l uable suggestions. 

Some Recent Post Office Improvements 
TilE Fourth Assistant Postmaster General, who has 

ch a rge of the IIl Hllufaduring (�nterprises of the Post 

O fliee Departm(�nt, is  about t o  introduee an offiee all­
pliH llce in the way of an improved facing table d ��­

si gned in the equipltlent SllOlls, for use in tile larger 
post offkes of the eountry, wllkll will mark a dis­
tind jI�'ogress in suell office equipment. These tables 

a re used in fal'ing letters before being put through a 
l'aneellillg machine. Mail taken up by collectors from 
street letter boxcs is hrought to the ollice and dumped 
upon tlte table. Four clerks work on each side of the 

ta hle arranging letters so that the stamps all face 

one way. The long letters are separated from the 

8110rt ones and as soon a:,; 

t ll P  cl erk has a handful of 
either, he pl a('es them 011 
a conveyor helt which runs 
l engthwise of the table and 

are then earried to a staek­
er at the end of the table, 
'rhey are thell run through 
the canceling machine at 
the rate of live or six hU11-
dred vel' minute. Two con­
veyor belts and staekers a re 
used, the Ullper for long and 
the low(�r one for short let­
ters. 'l'he four chutes at 
the ('orners of the table are 
for neWSjlHjlers and ma i1 
which c a n n  0 t h e put 
th rough the calleeling mtl­
chille. 

and eleganee to an unusual degree for ordinary postal 
service. To an ornate design is added the very con­
venient feature of a full front ovening, by which the 

eollector can see at a glance the entire contents of 
the box and remove the lIlail with one sweep of the 

hand. Bids for the a ccepted model were ollened at 

the Post Ofliee Department the latter part of August, 
and as soon as the dies and necessary preparations are 
('omllieted the work of manufacturing will begin and 

the new boxes be placed in service. 

The Genetic Relations of Certain Forms 
in American Aboriginal Art* 

By Clarke Wissler 
ONE of the most diflicult problellls ill anthropology 

has been the working out of successive steps in the 
origins of particular traits of c ulture. The most in­
t(,!lsi ve effort seems to have hl'l'n m ade in studies on 
the evolution of decorative dpsigm;. By a rranging de­
signs foulld upon prehistork or otlwr pottery in order 
of thf�ir increasing conventionality, series have resulted, 

showing a dearly realh;tic lll'l iwing at Olle end and un 
almost entirely geometrkal one at the other, Such 
series s uggested that all these forms were arrived at 
h y fir"t drawing frol\l real life and then hy successive 
('()]lvl'lJtion alizations arriying at It pure geometric form. 

The weak point in this interpretation is that there 
a re no means of dating the tUlitS of the series, their 
arrangement heing merely a matter of selection on 

tlw part of the observer. 'l'hpl'l' are still other obvious 

'l'his llew table is a very 
gn'ut imvrovement ovcr the 
old sty l e  facing table as it 
can be operated with less 
c]Prical help, makes no 
noisc, the old Rtyle table 
being so noisy that a spp­
d a l  telephone reeei\'(,l' it-; 
lIec<,ss:try if located any­
where lIeur it ; there is no 
dallger of mutila tillg the 

mail and, while the old 
"tyle cost approximately 
$1,500, this improved table 
can be built for less tlum 

TABL( usm IN POST OFriCES fOR ASSORTING AND fACING LETTERS FOR CANCEUNG MAC K I N E  

one-third that amount 'l'he 
ti rst one of this improved pattern has been recently 
set uv in the Pittsburgll , Pellllsylvania, post offiee, and 

others will be placed in seniee as rapidly as needs 
require. 

'l'he Department has l lud ill eontel llviation and is  
now about to install eleetrie trueks for transferring 

Illail between train sheds and post offices, whereyer 
praeticable, l'f�v1acing the old-fashioned two-wheel hand 
trueks, so commonly used but which are now being 

rapidly discarded by this later and IlIore satisfactory 

method. These old trueks often overloaded, with the 
m aterial earried falling off, while the men tugged 
and strainecl at the burden, will now give way to what 
will lighten labor, seeure more expeditious handling 
and be a saving of time and expense. As these el(�ctric 
trucks cau also be used in some eases as conveyors i n  
post offices, their introduction for mail uses will 
serH� a double VlIl'pose and lloubtless be weleolIled 
as a dedded eonvenienee ill both directions. 

Among tile lIlany recent irnprovemenif; in postal fa­
dlities and a ccommodations is one wbich the publie 
at la rge will douhtkRS note with pleasure and be of 
espeei al comfort a nd benefit to the a rmy of mail eol­
l e('j:ors in tbe Rervice of th e Government, This is the 
i nt rod ui'tioll of n lIew a n d very handsome letter box 
to repl ace the old pa ltern with which dwellers in cities 
a re so familiar. 'l'his new box combines convenience 

ollj ections to the interpretatioll, so that the tendency 

of the critical is to reject these conclusions. Some­
what anulogous attempts have been made in thc stlldy 
of industrial arts and technology, but with equally Ull ­
cOIlvineing results. Consequently, as the ease stands 
to-day, we can point to scarcely a single example in 

which the lif(� history of a trait can be satisfactorily 
demonstrated in obj ective data. 

In the murse of some technological stUdies in the 

American Museum of Natural History, the writer ob­

served that eertain structural styles of skin dothing 

among the Indian tribes of the Mississippi and Great 

Lake areas were dearly due to the forms of the orig­

inal materials. The skins of deer were used and prac­

tically always removed from the animal in the same 

way. \Vhole skins were then ('()mbined to form a 

garment, their natural outlincs being prcserved, but 

Ilsually trimmed to a symmetrical form. That the 

cut, or style, thus resulting heeame a rccognized fea­

ture in the native mind is sl\Own h y  its survivnl after 

doth was introduced by traders. Hcre the form of 

the material did not l end it,.;elf to the Rtyle hut w a s  

c u t  to conform to i t .  Hellce. we h a v e  n e a se in whieh 

the evidenee for tbe geneRis of fI trnit iN sati sfa cton', 

Kext 0111' attention was turned to the decorations 
upon these costumes. Here it ean be shown that these 

" Pr'oeccdinY8 of the National Academy of Sciences. 

sanw stylb,;tic lines, determined by the contours of the 

ntateJ'ial, were followed in the embroidered decorations, 
r('sulting in peculiar eurved designs. Thus on the old 
�peeimens in our eollections, the dcsign follows the 

cut of the skin m aterial, but upon the modern ones i t  
is reveated upon an e v e n  unbroken surface. So with­
(lut going into details we Illay state that satisfa eiory 

proof can he given to sllOw that this partieular design 
rose frolll tile decoration following the eontour of a 

part of the garment. 
The investigation was then extellded to moceasin dec­

oration in the SUlne geographical area. In this case 
s H.tisfactor'y evidenee ctl n be found for the same kind 
of gent'tic relation Iwtween three diffcrcnt st�'les of 
<leeoratioll and as many different types of strueiure. 
For installce, north of the Great Lakes, for a eon sid­
c�rable distance, east and west, the m occasin is made 
hy folding a llieCt� of skin up over the foot and j oin­
ing on the tOll and at the heel. 'rile shape of the foot 
prevents its covering the entire instep, leaving a U­
HhHllcd space. This is closed by an insert. The dec­
oration is placed uvon this insert, for which there are 
good tedll1ological reasons, and so has in its entirety 
a U-shalle.  Then alllong some of the neighhors of thes �  
tribes, particularly the Blaekfoot, we find a similar 
dt�corati()n upon a IllOeeasin of an entirely diffcrent 
pattern and olle in wlIieh it bears no necessary relation 
to the structure. Yet these Indians are mnsistent 
cnough to m ake a fnlse in sert upon which the deeora­
tion is VI a c('cl. I Il short, there are ver'y strong rea­
sons for C'Onelmling that the Blaekfoot horrowed the 
d ('('oration from their northern neigh hoI's and that these 

tribe:,; al'l'ived at it by ad­

j usting the decoration to 
the structure. 

Allother eut of IIlo('casill 
among some tribes south 
of the Great Lakes requires 
IlO insert on the instep, but 
hm,; a long uu"ightly puck­
ered seam, extending down 
tile m iddle of the foot to 
the toe. This is lIsua lIy 
concealed by overlaying 

with a long lutl'rOW band 
of em broidered sldn. 'l'his 

sty Ie  extends over ill the 

tri bes of the Plains to the 
west where we find it upon 

1Il0CCm;iml of a pattern hav­
ing no seams to hide. 

Again, the Apaehe of New 
Mexico and Arizona 1m ve 
a moccasin with a l ong nar­
row insert reaehing down 
the top of the foot to the 
toe. 'l'hii:l gives two con­
verging seams which are 
cOlieealed by fringes and 
very nanow embroidered 
bands. 'l'lIell alIlollg their 
IIl1l'thern lleighbol's we find 
moccasins without any in­
sert whatever bearing ex­
a elly the same deeoration. 

'l'hus, in m oecasin decora­
tion we find three different 
examples of deeorative de­

signs developed from the strueture. 
\Ve lIlay summa rize this investigatioIl as revealing 

scveral good examples of the genesis of specific deeora­

tive designs. With one possible exeeption, they differ 
[rom the previous genetic studies of design in that 
the origin was not strictly in attempts at realistic art 

but merely grew out of uttemllts to embellish surfaces 
of fixed contour and to conceal unsightly lines. 

'l'he data in full appear in the Ant hropo logical Papcrs 

of the American Muscum of Natural History. 

Checking Forest Fires With Dynamite 
I']VERY one knows it is a yery difficult m atter to stop n 

forest fire after it has gotten a good start. It is also a 
well known fact that the trunks and foliage of the 
trees do not burn readily beeause they are green . 'rhe 
fire usually spreads and feeds upon the dry m aterial 
upon the gro und uuder the trees. 'L'herefore, allY 
method that will prevent the fire from spreading along 
the ground will generally effeetiYely check it. 

A plan that proved satisfactory in one case was to 
bore two pa ra llel rows of holes 36 inehes apart, al,;o 
spfl eing th e holes in the rows 3(l i n ehes apart. IDach 

h ole was 10fl(led wit.h a ellflrge of 1 ponnd of gel at.in 

dynamite and nil were fired eleetrically. The result 
was a broad shallow ditch, which prevented spread of 

fire along the ground and served as an effeetive eheck. 
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The Passing of the Acid Bessem er Steer 
Phases of Its  Career In the United States and Great Britain 

TH E  acid Be�semer procm.;,; was invcnted in 18(j6, but 

the first re�;ults in tile hands of practieal iron master:; 

were far from snccessful ,  and it was left to Bessemer 

himself, not only to find the caUl'e of fai lure, but actu­

ally to build a wurks and prove the mer it of his inven­

tion. I t  is  this complete dominance of the situation that 

puts him head and shoulders above other claimants for 

the llOnor of bringing about a revolution in the art of 

making stpel. 

Between 1800 and 1 k(j(j rapid vrogress ,vas made in 

G reat Britain, aml converten; were started in Germany, 

France, Belgium, Austri a  and the United States. By 

1870 the process was firm ly established and during the 

next ten years there was a rapid increase in the pro· 

dud ion ; but the nations of Central E urope labored un­

der a great handicap in being forced to send to Spain, 

Algeria aml mba to get are w h ich would give a suit­

able pig iron. So when in l S7S the basic Bessemer ap­

peared un the scene, it was illlllwdiately put in opera­

tion in buth Germany and Belgium and a few years 

later in }1'rance. 

}1'or a long time these three countries did not collect 

records showing how much metal was treated in the 

acid and how much in the basic vessel, so no figures can 

be given of the early history of acid Bessemer steel 

on the Continent. From a general point of v iew, how­

ever, it may be said that after 1880 no new acid works 

were built i n  Germany, Austria, }1�rance or Belgium, 

although many existing works continued to operate, 

while some increased their rate of product ion, but to­

day Russia is the only large producer on the Conti· 

nent. In Germany i n  1V1 3  only 1 per cent o f  the steel 

output was made in the acid converter ; i n  }1'rance ant! 

Austria only 2 per eent. Belgium does not keep sep­

a rate records for acid and basic steel, out it is known 

that most of the product comes from the basic conver­

ter. Great .Britain and the United States lead in m a k­

ing acid Bessemer steel and it may be well  to give a 

few facts about tile de,-elopment of the process in those 

two countries. 

WANING OF BlllTISII ORE S .  

In 1870 Great Britain was first in the list of steel 

producers, this being natural because the Bessemer pro­

cess was first overated there and be(�ause England alone 

of all  the leading liJurovean nations possessed a large 

supply of pure ore ; for on the \Vest Coast near Bar­

row-in-Furness in the counties of Cumberland and 

Lancashire tllere are s('vera l heds varying frolll (j0 to 

G8 per cent in iron and giving a Vig iron containing 

about 0.04 per cent of phosphorus. Half a century ago 

there was no sveeia l (lemaml for pure ore and thel'f� 

was only a lim ited output in th is dh;t riet ; but after the 

advent of the Bessemer process the mines on the \Vest 

Coast became very important. '1'he ore was shipped to 

southern \Vales and the pig iron to Sheflield and to for­

e ign COUll tries, thousands of tons coming to the United 

States, where it formed the basis of our early steel 

industry. Of course, these conditions created great ac­

tivity in Cumberland and Lancashire and the production 

of are rapidly increased. In 1 8(j0 the output was !)!)O,-

000 tons, while  in 1 870 it was 2,O!);3,000 tons. '1'he max­

imum was reaehed in 1 882 when :1,13(j,OOO tons was 
mined ; but since then the output has decreased ow­

ing to the exhaustion of the mines, so that to-day it  is 

only about half what it was 35 years ago. 

BRITIS H  I M PORTS OF BES SEMER ORE S .  

Before 1800 no foreign ore was brought into Great 

Britain a nd in 1870 only 400,000 tons was imported, 

whieh would account for less than 4 per cent of thE' 

total outvut of pig iron a t  that t ime. Imports have 

been steadily increasing ever since and in 1!)13 they 

amounted to 7,442,000 tons, which would account for 

over 38 per cent of all the Vig iron produced. But lea v" 

ing out of consideration all materia l h igh in phosphorus, 
we find that in 1 870 only 1 (j per cent of the Bessemer 

pig iron produced in Great Britain was made from iQl­

ported ores and 85 per cent from West Coast hematites ; 

in 1882 the proportion was just half and half ; while in 

1913 Cumberland and Lancashire furnished only 24 per 
cent of the low-phosphorus ores Ilsed in the Kingdom, 

the remaining 'j(j per cent coming frum abroad, most 

of it from Spain. 

SPA N I S H  ORES I N  GREAT BRITAI N .  

As soon as the importance of  the Bessemer proeess 

was real ized, men t nrned to S]Jain for a supply of pure 

· The Iron Age. 
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ore, because the deposits in the Province of Viscaya had 

been known to all  the world for twenty centuries. It  

took a long time to develop a system of transportation 

and in 1870 every ton of ore was hauled from the mines 

in ox carts, while  as  late as 1881 over 700,000 tuns wa" 

transported more than a mile over bad roads by this 

primitive conveyance. lDven when tidewater was 

reached there were troubles, for only small  vessels could 

cross the bar at the harbor of Bilbao, which was tlll' 

chief shipping port. Politica l  conditions were intoler­

able in Spain at that time and from 1872 to ] 87G thera 

was ci v i l  war, the city of Bilbao being besieged for five 

months. 

Notwithstanding these difficul ties, exports i ncreased 

and in 1878 they amounted to ] ,225,000 tOll S, three· 
quarters going to the British I sles. In H)13 Great Brit· 

ain imvorted ,1,714,000 tons of ore from �pain, which 

accounted for GO per cent of the outvut of Bessemer pig 

i ron. It should be said, however, that the greater por­

tion of the i ron made from Spall ish ore is used in 

acid oven-hea rth furnaces, the "Test Coast hematites 

making a large propurtion of the British acid Bessemer 

steel.  

EAHLY B E S S E bJ El\ W OllE: I N  TIU; U N ITE D STATES .  

B essemer steel was made at \Vyandotte, Mich., in 

18G4, and at 'rro�', N. Y.,  in lS()(j ; but operations were 

not carried on regnlarly and COlllmercial ly until after 

the Steelton lllant was built in 1868, flO that as late a�  

1870 the whole country made only :17,000 tons of  Besse· 

mer steel . It must he relllembered, however, that while 

Europe was buildin� converters, we were engaged in 

civil war and for four years the destruction of cap ita l 

and the loss of l ife in llrovortion to our wealth and pop­

ulation at that time were greater than the waflte of  

money and of life in the  IDuropcan maelstrom to-day. 

For a long time the pig iron usell at  steelton was 

brought from the Wf�st l'oast of England and m ixed with 

i ron from Cornwall ,  I'u., but blast furnaces were bu i l t  

i n  1872, which used a large llroportion of anthracito 

as  fuel and smel ted the low-phosphorus magnetites of 

Cornwall,  only 30 miles away, and a smaller amount 

from New .Jersey. For many years every nook and 

corner o f  the earth was ransacked for suitable ore, and 

somewhere about 1 884 the yard a t  Steelton contained 

at one time m inerals from 2G different localities, includ· 

ing Pennslyvania, New ,Jerscy, New York, Virginia,  

North Carolina, Spain, Algeria, liJIba,  Cuba, Ireland, 

the G reeian Archivelngo, besides other p laceB 

It may not be uninteresting to put on record that thH 

Pennsylvania Steel Company started a dll'mical l ab­

oratory in 18U!) and that it was in regular  operation i ll 

1870, w ith Andrew S. I\IeCreath, now of Harrisburg. 

as chemist. This probably was the fin;t fully equipped 

laboratory at any i ron plant in the lTnited States. 

LAKE SUPEHIOH ORE S .  

All thh; time i t  was well known that there were va�t 

iron deposits ill l\1iclligan,  but tranHlIortat ion on the 

Lakci'l was crulle and expensiYe, so thn t it was not un­

til  1 880 that a� lUud. a;.; :!,O(JO,(JOO tons of ore was mined 
011 Lake Suverior, while not until lS8G was 2,000,000 

Produ.ctiun oj U csscutcr Steel  in the United States in Per 
Cent oj the 7'o tal Steel Outz,ut 

Per Cent Per Cent Per Cent 
1 9 0 1  . . . . . . . .  6 5  1 9 0 6  . . . . . . . .  5 2  1 9 1 1  . . • . . • . •  3 4 
1 9 0 2  . . . . . . . .  6 1  1 9 0 7  . . . . . . . .  5 0  1 9 1 2  . . . . . . • •  3 3  
1 9 0 3  . . . . . . . .  5 9  1 9 0 8  . . . . . . . .  4 4  1 9 1 3  . • • • • • • .  3 0  
1 9 0 4  . . . . . . . .  5 7  1 9 0 9  . . . . . . . .  3 9  1 9 1 4  . . . . . . . .  2 6  
1 9 0 5  . . . . . . . . 5 5  1 9 1 0  . . . . . . . . 3 6  1 9 1 5  . . . . . . . . 2 6  

tons ta kell to IJake IiJrie. Frolll t hat tillle t o  this the 

flood has oeen rising until  in 1 !l 1 :3  the output o f  Lake 

ores was 4!),D47,000 tons, whil'h would make morl' pig 

irun tllan all the ore nii lled i n  Ureat Britain, Germany, 

France, A ustria and Belgium combined. 

Speaking roughly, about half of this ore will give a 

pig iron fit for the acid converter. In 1906 about 13,-

000,000 tons of Bessemer pig i ron was made from Lake 

ores, which was more than half the total output of  low­

phosphorus iron in the whole world. I n  that year the 

United States made 1 2,27(;,000 tons of tleid Bessemer 

steel, whil'h is five times as mudl as has ('vcr been 

made in one year fMher before or since hy a l l  the rest 

of the world put together.  

DECREA SE I N  OUTPUT OF A C l I l  I m s s�; M E H  STEEL. 

The a ('('ompallyin� ta ble g i l'es the production o f  add 
Be�Henler stcel  in  G reat Bri t a in and the United States 
at different periods during the last balf century. In 

Great Br ita in a maxilll um was reached about 1890 and 

the outvut lms been det'reasing ever since, tllere be ing 

a sharp dedirw ill the last few year". 

In the United States, on tlle ot her hand, there was a 

steady inerease in prodlldion frolll the bpgiIming until 
HJOn when the maxilllUlIl output was recorded . }1'rom 

that time there has oeen a tenden('y to increase the 

outllUt of the open-llCarth furnace and tu push the con­

I'CIter into the backgroul!(l. I t is lIot fair to draw 

eondusions from the record of any s i ngle year ; so an 

average has been taken of two recent five-year periods, 

two abnorm al  years being omitted. 

The first period runs from W03 to W07 and the sec­

ond frum l 00!) to 1 !)13 . During tllh; time the tota l 

steel ontllUt increased 43 ]leI' cent, but the production 

of Bessemer steel decreased !) per cent . If any process 

is holding its own, i t  ought to m ake frolll year to year 

the same proportiun of the total output, and measured 

by this standard the converter has been losing ground 

for m a ny years, as shown hy the table herew ith, which 

gi ves the Vrodud ioll of Bessemcr steel in per cent of 

the tota l output during the IllSt  1(j years : 

---- �- .. -.�- �--- - -

Production oj Steel  in the United S t a t e s  a n d  Great Britain 
Total Steel, Acid Bessemer, Per Cent of 

Thousand Tons Thousand Tons Total Output 

� r--".A.---. � 
United Great United Great United Great 
States Britain States Britain States Britain 

1 8 8 0 . . . .  . . .  1 , 2 4 7  1 , 3 7 5  1 , 0 7 4  1 . 0 3 4  86 7 5  
1 8 9 0  . . . .  ' "  4 . 2 7 7  3 , 6 7 9  3 , 6 8 9  1 . 6 1 3  8 6  4 4  
1 9 0 0  . . . . . .  , 1 0 . 1 8 8  5 , 0 0 1  6 , 6 8 5  1 . 2 5 4  6 6  2 5  
1 9 1 0  . . . . . . .  2 6 , 0 9 4  6 . 3 7 4  9 . 4 1 3  1 , 1 3 8  3 6  1 8  
1 9 1 3  . . . . . . .  3 1 . 3 0 1  7 , 6 6 4  9 , 5 4 6  1 , 0 4 9  3 0  1 4  
1 9 1 4  . . . . . . .  2 3 , 5 1 3  7 , 8 3 5  6 , 2 2 1  7 9 7  2 6  1 0  
1 9 1 5  . . . . . . .  3 2 , 1 5 1  8 . 3 5 1  8 . 2 8 7  8 2 1  2 6  1 0  

Five year averages : ·  
1 9 0 3  t o  1 9 0 7  1 9 . 0 3 6  5 , 5 7 2  1 0 . 2 6 7  1 . 2 8 6  5 4  2 3  
1 9 0 9  t o  1 9 1 3  2 7 , 2 5 6  6 . 6 3 5  9 . 3 1 3  1 , 0 3 3  3 1  1 6  

* 1 9 0 8  and 1 9 1 1  are omitted from these averages because 
these years were abnormal general financial cond itions. 

Both the tables here �h-ell Ahow that as the years 

go by the add convert er is m aking a constantly de­
el'ea�i llg VI'OVOl'tion of our steel a n d  this is the yard· 

stick we un( 'oJ]seiously use ill measuring the rdati v(' 

imvortunce of different proceSSCH. \Ve say, for ill­

sta nce, that the basic uven-hearth has supplanted the 

ll < ·i<l furnace, because basic furnaces i ll 191 (j turned out 
Hi t imes as much steel as the acid hearths ; and we 
rightly ignore the faet that the add furnaces in that 
year produced three times as lI11I('h metal as tlwy did in 
l S!)O when the bask furnace was just �f'tting under way. 
Thirty years ago it  was firmly bel ien'd by many that 
the 01<1 crucible lll'oeess wouIa be diRvlaccd by tlle open­
hparth fUl'llaee, but ill HJl 5  this country made twiee a::; 
tllueh cl'1l(' ible steel as in 1 880 and more thau three 
times as lImdl as ill 187(j. This sounds rather strange 
unti l  wc say that in l SkO crucihle steel fornwd over 
(j per cent of our total outvut, while in 1U15 i t  was only 
one-third of 1 per cent. 

SURVIVALS. 

All around us are examp les of what the llaturalh;ts 
would ('a l l  "survivals." 'I'hus, \\'lwn the add Bessemer 
proeesf' was deyelopcd half a eelltury ago it was said 
that "tJlC death knell of t he puddling furnace had been 
sounded" ; and a bela ted requiem was again sung over 
its grave when t he Imsie open-hearth furnace came upon 
the scene. Yet the Unite<l States to-day is making 
twi l'(' as nmd. wrought iron as i t  did in  1870. 

\Ve say that chareoal pig iron belongs to a bygone 
age ; but the output of our charcoal blast furnaces ill 
19 1[) was nea rly twi<'e what it was at the time of our 
Civil  \Va r. 'I'he m aximum was reached a s  l a l e  as 18!)P. 
wllen (j28,OOO tOilS was produced, this  heiug twice as 
Illueh at' was mude in 1 854. 'l'he ease, however, has a 
rather (li ffel'ent aspect w!tl'n we say t!tat in 1854 the 
output of charcoa l Vig i ron was 47 ver cent of our 
total  tOlllluge, while  in ] !)1 (j  only 1 per eent of our 
blast-fnrnnce ]lroduct was smeltpd with eharcoal . 

So in 1!)()(j the United States ]lroduced !)(j,OOO tOilS of 
charcoal blooms and as late as 1880 we made 3(j,000 
tons d i rect from the are in the old Catalan hearths, 
which possibly is as much as \Yas made in Nori('um 
and Catalonia in the days of Jul ius Caesar. Old meth­
ods die hard and no olle a l ive to-day will see the total 
abandonment of the acid com·erter. \Ve cannot yet 
write the final chapter of its history ; hut we can say 
that it  mnde possible our modern railroads, which ('ould 
never have reached thei r p resent development with 
wrought-i ron rails .  I t  ('rpat('<l the Ag(' of R l pel and 
during the latlt half ('put tl r.v h as bel'll one of the most 
potent factors in recollstructing our world. 
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Powdered Coal as Fuer 
One of the Best Means for the ProITlOtion of Combustion Efficiency 

NOT only to promote combustion efficiency, but to 
more perfectly pu l ver ize, the coal ,;houhl be pract ica l ly 
dry, 1 per cent of moisture being the m aximum ; % of 

1 per cent is ordinarily required. Under these con- ' 

ditiom; the coal, when pulverized, remains qu ite tiuid 

and will break duwn under the intiuenee of the crush­

ing rolls  with much less cxpenditure of power than 
whcn damp. In order that the fuel may remain sus-

� pended in the carrying air in the furnace chamber 

during combustiun, it is necessary to reduce the coal 
to a certain degree of  fineness. After much experience 

this standard has been establ ished as follows : SG per 

cent must pass through a 200-mesh screen, and DG per 

cent through a 100-mesh screen. 
As to the qual ity of coal mm;t suitable for pulver­

ization, no arbitrary l imits can be established. Broadly 

speaking, the greater the volatile combustible content 

the more readily will the coal ign ite and burn and the 
less dependent will be this process upun the size and 

pruportions of the combustion chamber. As the vola­

tile content decreases, however, more dependence must 
be placed upon the proportions and locations of the 

surrounding brickwork, to maintain the temperature 

unti l  ignition is complete. Anthracite has been burned 
in a pulverized form, but it must be finely ground and 
m1H;t be burned in a rather confincd space, so that 
the ignition may be prompt and aid rcndered by nearby 

brickwork during the period of early combust ion . 

Several types of machinery that are comlllcrcial ly 

marketed will  satisfactory pu lverize coal.  'l'hey are 

divided broadly into a i r  separation machines and 

screen machincs. In the former class there is an up­

war<1 current of air produced by a fan that has a carry­

ing capacity suflicient to take with it the finest particles, 

but which will not l ift the coarser ones. As soon, 

therefore, as the coal is reducell to the required degree 

of filleness, this air current will l i ft the llart ieles and 

take them away and wil l  then deposit them in a receiv­

ing tank by means of a cyclone separator, which is 

mmally vented in some manner to prevent the loss of 

dUIlt. 
In the screen mill the coal is continua l ly thrown 

against a screen that perlllits the fine particles to pass 
thruugh but causes the coarser part iek's to fall back 

under the rullR .  l'ulverization cau be effected in a tube 
mil l  or ball  mill ,  with an expenditure of power and cost 

not greatly different from that uf tile utller types. 

The pulverized fuel, being colleded in a hopper, is 

conveyed either by screws or pneumatic means to t he 

burner, wllich is situated at the furnace to be served. 

At this part icular puint there is a differenee uf oviniull 

and a variety of allparatu;: is u�ed. It is now gen­

era l ly cOll('eded that t he llIost cflieient results are ob­

tained when the eoa l  dust is carried intu the furnace 

in a I:ltream uf a i r  the volume of whicll is just sulliclent 

to supply the oxygen ne<:essa ry fur its complete . com­

bustion . 
This mixture uf coal and air  must be made in fairly 

close proximity to the furnace, the reasom; being that 

when this mixing ill done, there is produced an explosive 

compound which mu�t not be allowed to accumul ate. 
'rhe velocity of  the cntering jet must be greater than 
the rate of flame propagation to prevent burning back 
intu the pipe. 

Another reason for making the explosive mixture 
close to the furnace is that there Is a tendency for 

the coal to separate amI lose its uniformity of mixture, 
under which condition it is obvious that part of the jet 
would be over-supplied with coal and the other part 

over-suppl ied with a i r. Various devices have been pro­

vided for producing and maintaining the required uni­
formity of mixture. 

In the existing commercial installations the fuel is 

remove!l from the storage hopper by means of a screw 

of special design which is placed at the bottom of the 

hopper an<1 is usually driven by some form of variable 

speed device, thereby securing control over the amount 

of coal extracted per unit of time. It is well known 

that the delivery from such a screw is  not uniform, 

the coal being delivered in l ittle masses and producing 

a distinct pulsati on in the furnace. To reduce this 

effect these screws have been made of double and triple 

thread, in whieh ('ase there are two or three discha rges 

. From a paper read before the Chicago section of the 
American Society ot Mechanical Engineers. 

By Joseph Harrington 

per revolution in p lace uf une. This is an improvement, 
but even under these conditions a noticeable vulsating 

effect is observed . Devices have been developed for pass­

ing this discha rged material over a perforated screen or 

over a moving disk operated at high speed, the idea 

being to smouth out the inequalities and produce a cun­

tinuuus tiow of dust. Some uf these devices Ilave 

proved their abi l ity tu secure this effect. Once estab­
lished, this unifurmity must be llIaintained, aud if it 
is  neccssary tu have the mixer at a cunsiderable dis­

tance from the furnace, Illeans llIu st be provided for 

cuntinual  agitation of tile air current thnt the fuel cloud 

may remain of constant density . This is nut a par­

ticul arly diflicult matter, but is one which mu;;t not be 

overlooked. 

Like al l new things, the early histury of powdered 
coal is ful l of accuunts uf fai lure. This has left on 

the minds of the engineering public an i mpression 

which it will hIke years of successful applicatiun to 
eradicate. 'l'he early experimenters did not under­

stand the necessity of fino grinding, and it would seem 

that they did nut apvreciate the intiuence of furnace 
design upon the temperature of the resulting gases. 'rile 

coa l  was powdered sufficiently  fine, however, to develup 

intense temperatures, even though part of the fuel was 
lost by fall ing to the bottom uf the furnace and being 

extracted with the slag and ash. 
Insufficient combustion space and the eUfm with which 

this fuel can be mixed with the m inimum amount of 
air combined to produce abnormal temperatures and a 
direct contact of thune and brickwork. The blowp ipe 

effect of the high velocity jet acted to Illelt out the 
brickwork upun which it impin�ed. A layer of melted 

lava formed by the fusing of both ash and brickwork 

formed in the bottom uf the cumbustion chamber and 

naturally discouraged the people who depended upon 
this fuel for continuous serviee. 

Later, difficulty was encountered by reallon of the 

minute particles of l iquid slag being carried i ll su�­
pension , and depusited upon the tube sheet or water 
tubes of the boiler, thereby closill� up the flame space, 
sometimes putting the builer uut of action. 'rhese effects 
are particul arly conspicuous with certain �rades of 

coal, but noticeably absent with other grades uf 
coal .  On ly recently has the research wurk been ear­
ried to a point where any knowledge has been obtained 
of what causes this truubl e  and what cuals are most 

suitable for this work. 

From the viewpoint of the theorist powdered coal 

forms one of the best means ever advocated for the 
promotion o f  combustion effieiency and commercial 
economics. 'rhere is in all  transformatiolls of energy 
unavoidable loss, and there is no apparatus that wiII  

gasify coal with 100 per cent efficiency. I n  the vroducer 
there are many losses that reduce the available heat in 
the gas, and in the mechanical stoker there a re un­

avoidable losses due to various forms of incumplete 

cumbustiun. Only i n  the case of  powdered coal i s  the 
actual solid fuel both gasified amI completely con­

RUined directly within the chamber desired to be heated. 
'Vi th thorough pu l verizat ion all the coal is  burned in 
suslJension, and in practiee hut a fractiun of 1 per 

('ent is lost in the tine dust or slag pan . 

On account uf the fuel being conveyed into the fur­
nace by the a ir  which is afterward to be uS!'d in its 
('ombustion and on aecount of the diffusing of  the coal 

throughuut thc air in eloudlil,e furmation, there is  a 
possibility of a m ixture that can be secured by no uther 

means. Each particle uf eoal is su rroul1(Ied by a i r, and 
on account of the extreme fineness of the partiele 

instantaneous oxidation occurs. 
The result i s  efficient combm;tion, and it is neees­

sary to deal only with the effed,.; uf t.he high tem­

perature thereby obtained. That it is now possible 

to control this temperature while not sacrificing any 
material gain due to it is definitely establ ished. More­
over, the definite control of the amount of  air pm' unit 

of coal permits of the most perfect variation in the 
results obtained.  

Stea m generation by the usc of powdered coal as 
a fuel is still in the experimcntal stn ge, and herein, 
if anywhere, powdere!l coal will meet severe compe­

tition. That steam can be effkiently pl'o!luced in thi s  

way is unquestion ed If  the mere matter of eombns­
tion and evaporation Is considered. Whether It can 

be dune mure economica l ly  than at present done by the 
best mechanical ::;tukel':; still remain;; tu be commercially 
proven, and even with vuwdered cual, gas analyses bet­
ter than 10 vel' cent. of CO, are not <1evcluped. vVith 
the IlledJanica l  stoker the CO, c a n  be maintained aruund 
14 per cent. 

vVith powdered coa l tim IO�1l ill the ashlli t and ill the 

flue dues not exceed 1 per cent and in the best me­
l'hanical stokpr� will not exeeed 2 per cent of the 
coal fired. A Vus;;ible advantage in favor uf powdered 

cual of 2 or � vel' cent in combm;tiun efficiency is off::;et 
by the cust of fllel vrevaration. I t  is not reasonably to 

be anticipated that better tllan Dli vel' cent effidellcy can 
be obtained, and this is a figure llossible with the me­
chanical stoker. 

It is in cases sueh m; the locomut ive that vuwdered 

coal shows most fuvurably. Here there is not only the 
�illgle problem of cumbustiun eflicieney, but a long l ist 

of related conditions that are elIeded t llCreby. A SUIll­
Illary of the advantages ilH'urvurate<1 in the r(�port of 

the standing comm ittee Oil powdered mal o f the Amer­

ican Uailway j)'uel Assudation was vresented . The 
committee was uf the opiniun that the effectiveness and 

util ity of the u se uf fuel i n  pulverized form has been 
demonstrated from the past year':, deyelupment and 
tha t the progress in the usc of thi,; llIethod of stuking 
and burning bit.uminous and anthracite eoa ls  and l ig­

nites for generating power, heat awl l ight on railway:; 

will be quite marked frOll! nuw on . 

'1'he mnstantly increm.;i llg cost uf railway fuel at the 

mine, the sca reity of fuel uil, the dumestic and export 
demand for the larger size,.; o f  mal, the prohibitive cust 
fur briquetting the smaller sizes uf eoal and of l ignite 
for railway use, the payment of lalJUr un the run-of­
mine basis fur mining bitUin illom; coa l s  and the neees­

sity for eliminating smoke, sparks and cinders w i l l  all  

tend toward the inau�uratiou of this practica l  means 

and method for increasing the etlidency of steam-bo iler 

operation, which today affurds the greatest opportunity 
for improving locumotive antl power-plant costs and 
performHnce Hnd for changing public sentimen t  by 

smoke abatement. 

A phase of the colllbustion probleul ,  both ill eOlll1eC­
tion with pow(lered cual and medJaniea l  stokers, which 

h;  but now receiving adequnte attentiun is  the litudy 
uf the temperatures and conditions nnder which ash w i l l  

melt. Engineers h a y e  a l w a y s  recogn ized t h e  fact that 

('ertain ('oa ls were greater cl inker producers than others, 
awl this was laid at the door of the sulphur content. 

Hecent experiments have shown that the sulphur is not 
the control l ing element, a lthough the exact causes are 
nut yet suflidently well  known to be definitely stated. 

Coal ash will  Illelt at temperatures between 2,300 and 

2,7()0 deg. j)'ahr.  j)'urnace temperatures in commercial 

pra etke run between I,ROO and 2,800 degrees, so that 
it is possible tu secure coal s  the ash from whieh will  

pass through the furmlce without fusing. Hnder these 
conditions no cl inker formation is eneol1ntered and the 

('oa l  is rated as satisfactory frum t h i s  standpOint. I n  
the sallie furnace another coa l  will  cliuker badly and 

give trouble. There is no hard-and-fa st rule, therefore, 
whieh can be stated for the seledion of a coal .  

'rhe temperature obtained in service, which is a func­
tion of the rate of cumbustion, the alllount of excess air 
and the pruportions of the furnaee chamber, must be 
determined and analyscR of the fllPI made to determine 
whether it  will be suitable under the given conditions. 

Like many uther sdelltifh: inVestigations, the value of 
a few dol lars spent in this mamwr is  not a lways ap­
preciated, and the 118pr wil l  tulerate the furmation of 

dinkel'S for months before he turns to another source 
of coal sllpply. 'Vhell he docs so, he may or Ill ay not 
soln� his problelll , and it becomes ne('essary to purchase 
and consume a va riety of coals befure one ill found 

whieh is suitable to his needs . 
In powdered-coal work with the more scient i fic ('()m­

bustiun process, the necessity fur proper knowledge of 
the point of ash fusibility is  greatly irl(·reas(�d. The day 
is ra pidly upvroaelling when the bUl'll ing of eoal will  
be considered a sc i entific ehmnieal  react ion in which 
the clements a re suppl ied with exn ctness and under­
standing', and the resul t  obtaincd, correspond ing in 
de fin itcness to t he preci ;; ion of the mixing process, will 
be made to conform tu the requirements of the particu lar 
service. 
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Valuable Magnetic Method for Steel Testing 
"ONE of the most important problems of the day" L., 

how the International Association for Testing Materials 
has designated the corelation of the magnetic and 
mechanical properties of steel. 

Work already done on this subject during the past 
few years shows that the prospects are very bright 
that a magnetic examination of steel will furnish in­
formation of practical value as to its fitness for mechan­
ical uses, without at the same time injuring or destroy­
ing the specimen under test. 

Among the mechanical properties that have been 
btuUied in connection with the magnetic characteris­
tics are hardness, toughness, elasticity, tensile strength 
and resistance to repeated stresses. The well known 
faet that not only do these various properties depend 
upon the chemical composition and the heat treatment, 
but that frequently very slight changes in the chemical 
composition or the heat treatment produce very appre­
ciable effects on the magnetic and mechanical proper­
ties, complicates the problem considerably. 

There are at least three phases of this subject that 
warrant consideration. Of first importance is the com­
parison of the magnetic properties with the other 
physical properties of the material. If it can be shown 
that every variation in composition and method of 
preparation brings with it a corresponding variation 
in magnetic characteristics, and, further, that varia­
tions in magnetic conditions are always accompanieJ 
by other physical variations, then it is obvious that the 
general physical characteristics may be defined in terms 
of the magnetic constants. Whether such a procedure 
is feasible depends upon the fullness of our knowledge 
of the simultaneous magnetic and mechanical data, and 
also upon the facility with which the necessary mag­
netic data are obtainable. 

. A second important phase of this subject is the 
variation in magnetic behavior, as the test piece is 
subjected to the influence of stress. The correlation 
here is so close that the strains set up in a stressed 
bar are accompanied by simultaneous variations in the 
magnetic behavior, which change in character as the 
magnitude of the strain with respect to the elastic 
limit changes. 

I<'inal ly, mechanical inhomogeneities of whatever 
origin are mirrored by corresponding magnetic inhomo­
geneities. A magnetic test may therefore be of assist­
ance in detccting flaws in material where the vital 
characteristic is reliability, e. g. , a mine cable. 

'rESTING A MINE ROPE. 

III this connection quite an ingenious application of 
the fact that mechanical inhomogeneities are accom­
panied by corresponding magnetic variations was made 
by McCann and Colson in 1908. 

The apparatus consists essentially of a solenoid sur­
rounding the mine hoist cable to be tested, and con­
nected in series with a suitable current source and 
measuring instrument. Any variation in the magnetic 
constants of the cable, due either to the breaking of 
individual strands or hardening caused by excessive 
strains, is indicated as soon as the defective portion 
passes through the apparatus. Suitable recording ap­
varatus is provided so that a test of the entire cable 
is made every time the cage travels the length of the 
shaft. 

More recently experimental evidence on this im­
portant and fascinating subject has been put forwar1 
by Mr. Charles W. Burrows, of the Washington Bureau 
of Standards. His evidence seems to point to the con­
clusion that there is one, and only one, set of mechan­
ical characteristics corresponding to a given set of 
magnetic characteristics, and conversely there is one. 
and only one, set of magnetic characteristics corre­
sponding to a given set of mechanical characteristics. 

Although there is no evidence to refute the preceding 
rather broad statement, the utility of this generaliza­
tion is decidedly limited by the complexity of the rela­
tions due to the large number of variables and the 
lack of sufficient quantitative data. Quantitative data, 
however, are gradually being obtained by Mr. Burrows 
and others , who are working on this problem. The 
application of the magnetic tests is further limited by 
practical difficulties in testing irregular shapes. Even 
with these limitations, magnetic testing in conjunction 
with mechanical testing may be expected to be of con­
siderable value in determining mechanical properties. 

UNIFORMITY INDICATIONS. 

It has been shown that magnetic observations taken 
during the course of a tensile test indicate the time 
when the true elastic limit, the yield point, the neck­
ing down point, and the ultimate strength are reached. 
In addition the magnetic data give some idea of the 
uniformity of the material. 

If it is once determined what treatment is requisite 
for a given steel, a magnetic test may be used to deter-

mine whether or not the material has been brought into 
the desired condition. 

It is quite possible that the magnetic data may be 
used to define a bar of steel. In no other manner than 
by a magnetic examination is it possible without doing 
violence to the specimens to determine whether two 
steel bars are identical in properties. A determination 
of the magnetic uniformity of a piece of steel may be 
used as an index of the mechanical homogeneity. 

A magnetic test indicates the character of the entire 
cross section of the metal, rather than merely a surface 
phenomenon, as in the case of certain hardness tests. 

Notwithstanding the possibilities of the magnetic test, 
it must be remembered that at present they are possi­
bilities only. Before the magnetic characteristics can 
be of much practical importance a great deal of investi­
gation is necessary, and a large number of accurate 
measurements on specimens of known chemical compo­
sition and heat treatment must be made. 

Before a magnetic test can be of service as an indi­
cator of the mechanical characteristics in any particular 
case, preliminary work must be done to determine the 
most suitable magnetic data and also the minimum 
amount which will give the desired information. Among 
the magnetic characteristics which may be used are 
permeability, residual induction, coercive force, hys­
teresis energy, etc., and each of these may be taken 
in connection with any one of a great number of 
magnetizing forces. 

A CONCRETE CASE. 

To take a concrete case, we may suppose that the 
problem is to devise a magnetic test for a steel spring 
or a crank axle. The preliminary investigation would 
take some such course as the following : 

1. Determination of magnetic normal induction 
curves and hysteresis data for test pieces made of the 
materials to be tested and submitted to the various 
heat and mechanical treatments that may be expected 
in practice. 

2. Comparison of the above magnetic data with the 
corresponding mechanical data and the determination 
of the most suitable magnetic data to use. 

3. Working out the experimental details so that the 
required magnetic measurements may be made on the 
full-size commercial specimen. 

4. Checking of the magnetic and mechanical data on 
the full-size specimens to be sure that the same condi­
tions are as in the case of the original test pieces. 

Operations 1 ,  2 and 4 are time consuming, but do not 
offer any great difficulties that can not be overcome 
by patient,. intelligent experimenting. The third opera­
tion may offer practical difficulties due to irregulari­
ties in the shape of the material to be tested. Rela­
tively long objects uniform in diameter, such as rails. 
steel rims, band screws, drills and steel cables, present 
no difficulty. Rl;llatively long objects whose cross sec­
tion changes gradually from section to section, such as 
spring leaves, straight axles and files, present compa ra­
tively little difficulty. Relatively long objects of irregu­
lar section, such as crank axles, present great, but not 
insuperable, difficulty. Short, thick castings present 
difficulties which for the present seem insuperable.­
London Daily Telegraph. 

The Avoidance of Industrial Diseases 
'l'HE slogan "safety first" should be extended from its 

original application as a safeguard against accidents to 
safeguard against disease. There is, for instance, a 
tremendous economiC loss going on yearly which might 
be largely prevented by hygienic measures. Dr. Schere­
schewsky, in a recent public health report, has .outlined 
a plan for the prevention of industrial diseases which 
is worthy of note. Estimating that there are from 25 
to 30 million industrial workers in the United States 
and that each one loses from 8 to 9 days' work a year 
from illness, that would make the annual loss 600,000 
years, or an economic loss of $360,000,000, supposing the 
workman's average pay was $50 a month. A great part 
of this loss is  undoubtedly preventable and Schereschew­
sky calls attention to several ways to prevent it. He 
believes that more attention should be given in medical 
schools to the interrelations of occupation and disease 
-in fact, he would give a chair to.  this subject. Death 
certificates, too, should be filled out with greater exact­
ness and should indicate correctly and exactly the occu­
pation of the decedent. Also information regarding in­
dustrial hygiene should be disseminated as industriously 
as crusades against tuberculosis and alcohol are being 
carried on now. He suggests six main parts of such an 
edutational campaign : permanent exhlbits, popular lec­
tures; bulletins, popular articles in the lay press, and 
instruction in the public schools. In a great many cases 
investigated among industrial workers it has been 
found that disease has been the result of neglect of per-

sonal hygiene rather than from inattention to any sani­
tary precautions connected with the particular occupa­
tion. These fundamentals of hygiene should, of course, 
be taught in the home and, that failing, in the schools, 
but it does not seem that the instruction there hus 
hitherto been sufficiently convincing to bear much fruit. 
When we consider that about one-third of our school 
children later become industrial workers the importance 
of including personal hygiene in every p ublic school 
curriculum becomes evident.-Medical Record. 
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