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The Metabolisn1 of Insects--1* 
Successive Changes Undergone During Their Post-Embryonic Lives 

By August Lameere, Professor in the University of Brussels 

1. 
IN the (li�{'w.;si(tll d ItWIlJ' hiolol-(ic problems the 

attention i:,; from the start di;.;traeted uy minute and 
trying con;;i<leratiow; of llhraseology, arising from the 
use either of the ;lallle expression to designate different 
lIhenomena, or of certain terms in other than their gen­
erally aceepted cOllIlOtations. It is in thh, way that 
we are obliged to employ the word metaliolism to desig­
nate the succes:.;ive ehange" undergone by inseds during 
their 1I0st-embryonie live:.;; for these arc of so diverse 
a nature that their general ineiu:.;ion under the caption 
metamol'phusi8 would lead to grievous confm;ion, 

Giard has eiearly defined what should be understood 
uy metamorphosis. The majority of zoologists are 

'to-day in aeeord with his view that, in contrast with a 
eontinuous and rcgular process of evolution, metamor­
phosis is diseontinuous and in some resped revolu­
tionary, that in somewhat teelmical language it is a 
normal necrouiosis effeded uy amputation, by degenera­
tion, or hy-tlhagocytosiH. The elimination of the amnion 
and the plaeenta among the monodelphian mammals, 
the ab:.;orption of the tail of the tadpole, the tralts­
formation of the caterpillar into the butterfly-all 
these are phenomena of metamorphosis. 

It is necessary to guard against confusion of nwta­
lIlorphw;is with what, borrowing an expres;;ion from 

the distingui:.;hed IDnglh;h entomologist 'Yestwood, we 
Illay call heteromorphosis, The latter is distinguished 
by a very special type of difference between the first 
state of post-embryonic development and the permanent 
form-the acquisition on the ]Jart of the young animal 
of new features which are <1istinctly larval character­
istks, whkh dill not a,ist among its ancestors, whieh 
will disal11lear upon the attainmeltt of adulthood, and 
whieh ('on�titute merely a provisional adaptation of the 
organism to an envh·onlllt'nt different from that whieh 

it will have in itR permanent state. The young is then 
a larva, The horny beak and the long intestine of the 
tadpole, the traehean gillR exhibited by the ephemerids 

-the May flies or day flies-during the aquatic stage 
of their life, are heteromorphic characterh,tics. 

Heteromorphosis may exist without subsequent meta­
morphosis, the transformation of the larva into the 
adult insect then being a gradual proceRS. It is this 
that we see in gt'neral among the cruRtaceans. Equally, 

metamorphosis may manifest itself without previous 
heteromorphosis; the tail of the tadpole is an heredi­
tary organ, and not a larval adavtation. Among the 
higher inseetR, however, heteromorphosis i:,; pronounced 
and is invariably followed by a vrofound metamorphosis, 

'Ve sec then that we must avoid associating with thc 

idea either of metamorphosis or of heteromorvhosis the 
casting of the outer covering so general among insects 
of all grades. This phenomenon is a simple external 

Illallifestntion of growth on the part of the animal. 
Ne\'erthelesR, among the winged insects, the manner 

of avvearanee and growth of the wings by successive 
ami discontinuous increments coincident with the suc­

cessh'e castings gives a very particular UR]lect to the 
evolution of these organi8ms, and constitutes a third 
sort of chaltge of which we must take account in a 
eOll1vlete expm;ition of post-embryonic transformations. 

Contrary to the procedure of Heymom;, we shall 
employ the term "metabolism" in the most general 
St'll"e, without identifying it with "heteromorphosis." 

It. may be that the word is illf1eed thus diverted from 
its original significance. But the more competent 
authorities have always used it to designate the entire 

group of ravid tram;formations to which the winged 
in�('ets are suhject. So we shall do likewise and, with 
Hl'nneguy, "hall speak of ametabolism, paul'ometa­

lJOlism, hemimetaliolism and holometabolism. 

II. 
For the past decade we have been acquainted with 

certain very singular hexapods, the i'l'otura or Myrien­

tomes, found first in Italy, later in Germany, Austria, 

Russia, the East Indies, Java and North America. 
Tlwy are extremely small and difficult to locate in the 

damp earth into which they burrow to considerable 
devths. The extent to which this remark is true is 
shown by the fact that while several species should by 

all indications exist in France, they have not yet been 
seen there. These animals, destitute of eyes and anten­

nae, alld having three pairs of degenerate legs upon 
the abdomen, have been variously looked upon as true 

·Translated for the SCIENTIFIC AMERICAN SUPPLEMENT from 
La. ReL'ue Gcnerale des Sciences Pures et Appliques. 

Illyriapods, ai; marking the transition between these 
anll the true insects, or aR belonging to the AptcrYlJota, 

a group of very primitive wiltgless in;;ects, It at length 

appears that we have to do here with true insects, 
extremely speeialized, set apart from all other in:.;ccts 
by a peculiarity which makes their development quite 
unique, and whieh has perhaps some connection with 
the phenomenon of anamorphosis found in many crus­
taceans and myriapods, On emerging from the egg the 
1'1'otum show only nine abdominal segments, three 
more being, in the course of time, interposed before the 
hindmost one so as to uring the total up to twelve. 

All the other hexapods, which are epimorphic, possess 

from birth the complete number of abdominal segments, 
uniformly twelve. 

The c ellimorphic Apterygota-the 'l'hysanum, the 
Carnpodeae and the collemboles-present neither hetero­
morvhosis nor metamorphosis. It is true that UpOIt 
le�lYillg the egg they often differ from their parellts in 
color and in certaiq temporary imperfeetiolts of their 
ap]lendages, as well as in the shape and rudimentary 
state of thc genital organs. But in this respect they 
are not to be set apart from the young of a multitude 
of other animals, the spiders for instance; and as their 
race has never had wings, their casting:.; {lre;;cllt no 

distinctive features and we may consequently con�ider 
them to be purely arnetaliolie. 

III. 
'I'he lower pterygots-that is to say, the i'a/eodictl!­

optcra of the Carboniferous formations, ancestors of 
all the other winged insectH, the Orthoptem (using the 
word in its largest sense), and the Hemiptera-are 
frequently referred to as insects of incomplete meta­
morphosis. In reality they present no metamorphosis 
at all, nor even heteromorphosis. The young differ 

from the adults in the samc way as among the ameta­
bolians, but the gradual development of wings, marked 
externally by discontinuities coincident with the cast­
ings, constitute", as already noted, a distinct type of 
evolution. This is paurometaliolism. 

Again, the young grasshopper, while in a highly pre­
carious state of development at birth, still resembles 
his parents, except that he has no wings. These mani­
fest themselves at each change of skin, in manner 
more and more accentuated, until they have attained 
the final state of functional perfection. There is here 
nothing foreign to what is seen among the birds or 
even the mammals, where organs peculiar to the adult 
develop during adolescence, The freshly hatched grass­
hopper is no more a larva than is the freshly hatched 
chicken, for it presents absolutely nothing in the way 
of speeial or provisional adaptation. Above' all it is 
in no way comparable with the larvae of the holometa 
bolic insects to be considered below, as was shown long 
ago and as can be demonstrated at any time. Berlese 

has suggested the name pl'080pOn to designate thi" 
particular type of infant. 

Up to a certain point thc semi-winged form which 
precedes the final casting may be identified with the 
pupa of the holometabolians. This merely nccessitates 
that we divorce from our notions of the pupa those 
phenomena of inactivity, and espeeially of metamor­
phosis, which are assoeiated with the presence of exter­
nal wings in the pupae of the higher insects, and which 
are lacking among the paurometabolic forms. 

If the passage from pupa to adult among the latter 
is always effected without revolutionary change, we 
nevertheless recognize cases in which it is accompanied 
by a period of repose comparable with that of a chrysa­
lis, It is this that we see in the Thripsidac or 
Thysanoptem. But we have to do here only with an 

exaggerated instance of a general peculiarity which we 
may identify as preeisely the origin of the period of 
pupal. inactivity in the holometabolians. Each casting 
by an arthropo(} is in fact a moment of cri:o;is strongly 
coincident with a more or less prolonged arrest of 
organic activity. 

Among the Orthoptera and the Hemiptera we encoun­
ter a goodly number of forms having lost their wings. 
The louse, the bed-bug and the sexless soldiers and 
workers of the white ant are examples. Their post­
embryonic evolution Jlursues its course without yaria­
tion, resembling that of the ametaholic insects, 'Ye 

have here a secondary, acquired metabolism; it is 
consequently termed apometabolism, 

IV. 
The pearl-moths, the day-flies and the dragon-flies 

are among the illsed:.; without metamorphosis, just a� 
tiw IHlUroml'tailolians, llllt exhibiting in their Hrst stagcs 

lIew ]lrovisional organs-notably tracheal gills-for 
a<laptation to aquatic life. In these stages they are 
cont<equently to be regarded as larvae. These larvae 
are comparable with the holometabolians in no other 
wise than by the possession of heteromorphic character­
i:,;ties. Those aspects of animal transformations which 
are hetcromorphic but not metamorphic have been 
designated by the happy term of hemirnctal101isl1L 

III presenting in this light the distinctive particulari­

ties of these organisms, we are placing ourselves in 
opposition to the ideas of Handlirsch. This eminent 

Au"trian entomologist considers that these insects have 
vre:.;erved the primary aquatic exiRtence of the trilob­
ites, their ancestors, and have inherite(l from t1]('m 
their gills. In this event the pearl-moths, dragon-flies 

amI day-flies would be paurometabolians, for their 
adaptation to life in the water during thcir youllger 
days would not be secondary. 

l']verything goes to show that this cannot be, The 

illlpm�sibility of coneeiving of the appearance of tracheae 
among aquatic animals, the absence of tracheal gills 
aIllong the laryae of such i'aleodictyoptem of the Pri­

mary as are known to us, the fact that tracheal gill', 
have becn acquired secondarily by the aquatic larvae of 

various Co/copt era, Triehoptera, Lepidoptera and Dip­

tera-all these arc potent arguments in favor of our 
viewvoint, And the argument is clinched by the asimi­
larity among the tracheal gills of the pearl-moths, the 
dragoll-fiie;; and the day-flies-an asimilarity suffi­

ciently marke<l to demonstrate, when taken in connec­
tion with certain other lleculiarities, that we have three 
indeVPlHlent adaptations, and that these insects cannot 
properly be united in a single group of Amphibiotiea, as 
was formerly done. 

These hexapods descend from terrestrial pauro­
metabolic pterygots, and are consequently hemimetabolie. 

The day-flies present in addition a singular meta­
morphosis, peculiar to them. The larva on attaining' 
its complete development comes to the surface of the 
water, its skin splits, and it puts forth a sort of wing, 
completely developed, on which it flies heavily to some 

nearby bush. But in spite of appearances it has not 
yet attained the final state of the imago, but is merely 

in a condition of sub-imago suilject once more to change 
to produce the perfect day-fly. This affords the sole 
kltOWll example of an insect losing its original envelope 
only after acquiring the power of flight. 

This curious phenomenon has been intervreted as indi­
cation of a time when the pterygots maintained a suc­
cession of changes even after having reached the perfect 

state, just as many crustaceans and myriapods, and 

even a few Thysanura, change and continue to grow 
after reaching puberty. So far, however, nothing of 
the sort has been established among the Paleodietyop­

tcm of the Carboniferous. Moreover, better reflection 
leads to the conclusion that a change of wings in the 
imal-(o would haye been an organic defect.' '.fhi,; may 
be inferred on numerous grounds, the chief of which is 

that the wing would doubtless have remained decidedly 
thick and heavy, and hence ill adapted to flight-not 
to mention the inconvenience that would result to the 

individual from the interruption of the animal activity 
at each stage of the process. Hence we prefer to believe 
that we have to do here with a peculiarity acquired 
secondarily by the day-flies, an adavtation to their 
svecial manner of emergence into the aerial medium. 

There would have been an acceleration of the wing 
development in the larva, of a sort permitting the 

flight of the pupa; and this premature effort is perhaps 
the cause of the disappearance of the maxillary ap­

pendages in the imago, as well as of the brief span of 

life of the latter. 
To designate the combination of transformations 

undergone by the day-fly, Heymons employs the term 

prometaliolism. 

v. 
Likewise hemimetabolians are the Hemiptera of the 

family Cicadidae, but by virtue of a larval adaJ.ltation 
altogether different from that found among the am­
phibious insects. The first state of existence of the 
cicadas is a subterranean one. The principal hetero­

morphic characteristics of the larvae, which attach 
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thcmsclves to roots, are a transformation of the anterior 
legs to facilitate digging, and a late appearance of rudi­
mentary wings, which do not show themselves until 
after the penultimate casting. It is customary to look 
upon the organism at this stagc of development as a 

pupa. This pupa remains inactive for a certain time, 
as in the Thllsanoptera, but this does not constitute 
metamorvhosis; evolution proceeds gradually, without 
<Iestrndion of tiH"ue, the animal again becoming active 

ill due course and making its way to the surface of thc 
ground to pass into thc perfect insect. 

VI. 
'l'he Coceid(w, or scales, belong to the Hemiptera, 

their transformations considerably resembling thosc of 
the holometabolians. Like the latter they undergo :t 

metamorllhosis combined with heteromorphosis, and 
many zoologists have indeed been tempted to identify 
their post-embryonic evolution with holometabolism; but 
while it is true that the metamorphosis of the scales 
is very similar to that of the higher insects, their 
heteromorphosis is radically different. For it is the 
prosopon that is transformed into the lan-a among the 
IIemiptera, as in the cicada, the pearl-moth, the dragon­
fly and the day-fly; while the larvae of the holometa­
bolians, haye a yery ditIerent point of dl'parture. 

Berlese has l'OIlRequently coined the term neometa­

Imlism for application to the Coeeidae. But we agree 
with Henlleg1lo:r in looking upon this phenomenon merely 
as one of convergence towanl holometabolism, rather 
tlian of transition thereinto. 

'l'he deyelollmellt of the male and female among the 
U()(:Gidae IIlay adyantageously he considered s(,{lUrately. 
At birth the male presents no heteromorphic character­
is ties at all. H.e immediately affixes himself to some 
plant by meam; of ·.hi,; ·beak, however, and then trans­
form:-;, by adaptation to this sort of immobile existence, 
into a larva having more or less the form of a shield. 
In many instances he actually loses both legs and anten­
nae; and in no case does he develop wings. At the en'] 
of this period of growth, after several castings and 
dh;appearance of the beak" there ensnes a period of total 
inactivity, comparable with the pupa-hood of the holo­
lllctabolians in that it is accompanied by a remodelin.:; 
of the individual, with histolysis of the provisiona I 
lanaI organization. From this is�mes an insect without 
beak, hut with wings, antennae and legs. 

The female may present thc same metamorphosis as 
the male, as Mayet has shown in the cases of the 
Porph1JJ"Ophorinae and the Margarodinae; but shc never 
acquires wings. And in the majority of cases she retains 
the larval structure throughout her cxistence, without 
eycr passing into the state of the pupa or of the imago. 
So these creatures have preserved heteromorphosis as a 
feature of their evolution, but have lost metamorphosis. 

VII. 
'Ve eome now to holometabolislll-a group of tranR­

formations improperly styled complete metamorphosis, 
which divide the life of the higher insect so happily into 
three periods, assuring him in the struggle for exist­

e!lee an almost insolent success. As a larva he is 
priYilegcd to grow and accumulate energy; he brings 
himl-lelf to perfection in the sleep of the pupa; he 
attains finally the perfect state of the imago in onlE'r 
to reproduce himself. 

The insects which we include in the category of 
holometaholians, ill distinction from the heterometa­
bolians comprh';ing the balance of the Ptel"ygota, are 

on the one hand the NcuJ"Optcra and the Coleoptera, 

('ollstituting the ol<1er Rehizothoracid' group, and on 
the other the h% thorar-ic' members of the Panorpidac 

( the JIccaptera, 'l'riehoptera, Lepidoptera, Aphaniptera, 

and Diptera) and the Hymenoptera. All these hexapod" 
exhibit a yery original group of larval characteristics 
quite distinct from those of the hemimetabolians. For 

while among the heterometabolians the prosopon or 
even the larva always corresponds in structure at birth 
to the adult, although of course frequently more or less 
impe.rfect, in the holometabolians the individual upon 
E'lllergE'llee from the egg presents an appearance aito­
gethcr different from the imago; and it preserves this 
appearance throughout its growth, right up to its trans­
formation into the pupa, without any external approacll 
to the imago. It looks more like a worm than an insect; 
its outer covering, at least over the stomach, is singu­
larly thin; it shuns dryness and sunlight in pursuit of 
a very sccretive existence. 

This larva, like those of the cicadas and the scales, 
shows no external trace of wings. The appendages. 
antennae, legs and cauda, unlike those of the adult, 

are peculiarly short and of few joints. The frontal 
ocelli are always lacking, and in place of the compound 
eyes which are found even in the prosopon and the 

larvae of the heterometabolians, lateral ocelli arc pro­
vi<1E'd of a very spE'cial structure. These are provisional 
organs, taking the place of the facet eyes of the imago, 

'Greek 8chi.�ein, to cleave; holo, wllole. 

and they are myopic to an excessive degree. We have 
here a reminder of a transformation produced in the 
evolution of the Arachnoids, the Myriapods, and most 

of the Apterllgota. Through adaptation to terrestrial 

life the compound eye of the aquatic ancestor of these 
Arthropods is decomposed into single eyes. The winged 
insects, on the other han<1, llreserve the facet eye of the 
erm,tacean, which, in the aerial medium, continues to 
be of serviee for vision at a distance. 

'l'hc digestive tube of the larva is again much more 
silllple than that of the perfect inscet, the muscles are 
different, and in general the cells of many of the organs 
are larger and less numerous. 

The:-;e intensely heteromorphic features are completE'd 
hy an internal diNpositiOll of greatest importance. The 

larva possesses a rcserve of embryonic cells which have 
not been utilized in its organic formation. 'l'hese cells 
form the histoblaNts, or imaginal disks, which are diR­
tributed throughout the animal upon the future sites of 
the adult organs, being at the same time in anatomic 
eonnection with the corresponding organs of the larva, 
wherever such exist. To the appendages and the diges­
tive tube of the larva, for instance, are annexed the 
histolllasw which later will evolve to give the appendages 
und the digestive tube of the imago. Similarly there 
are imaginal disks to produee the future wings. ]�very­
thing is just as though the animal had suffered all 
arrest of its normal development, aIHI was remainill; 
inactive while a certain numher of thesc embryollie 
outline sketches were being directed to their destina­
tions to furnish provisional organR. 

The holometabolian larvae are therefore comparable 
lll'ither with the proRollon llOr with thc heterometa­
holian Ittrvae, since the latter are organisms whose 
pmilryonic development is terminated, which pre:,;ent dis­
tinctly the appendages and the digcstive tube of the 
imago. They may be said to correspond to an embryo 
supposed to have emerged from the egg before having 
reached the llr080ponic stage, and of which certain 
organs had been bisected while the creature was still 
in an indeterminate state. This explains why during 
all its growth the larva does not verge toward the 
adult except in the slow development of the imaginal 
diHcs as these go through their hidden evolutions. 

Rerlese has adduced several excellent arguments in 
favor of thh,; point of view, which is in fact nothing 
but a revival of an old idea long since forgotten, accord­

ing to which the holometabolian larvae are to be 100kE'd 
upon as embryos living outside the egg. A phenomenon 
of the same sort is to be found iri other animals, the 
.icaridae, for instance-the mites and ticks-which at 
their birth possess only three pairs of legs [as against 
four pairs in the adult], although their ancestors, like 
the other arachnids, must have had four pairs at all 
stages of their lives. 

( To bc continued.) 

Aerial PropUlsion of Boats 
ALTHOUGH little is heard of the use of aerial pro­

pellers instead of the ordinary submerged type for the 
propulsion of motor craft, steady progress is being 
made in this direction, and, what is more important, 
thc possibilities and limitations of the arrangement 
are becoming more fully understood. At first sight it 
might be considered that a propeller which revolves 
in thc air can never be so efficient as one turning in 
the water where more resistance is offered, but there 

has during the past few years been a great adyance in 
the design of aerial propellers, with the result that 
their efficiency is now fairly good and may in certain 
cases exceed that of a submerged propeller. Their use 
as applied to motor-boats is still more or leRs in the 
experimental stage, and it is improbable that the beRt 
results have yet been attained; nevertheless, on com­
parative tests that have been carried out with the two 
types, it has sometimes been found that there is prac­
tically no difference in the speed of the boat whether 
a submerged or aerial propeller be employed. 

SPHERES OF APPLICATION. 
It may not at once be clear why there is any reason 

against the accepted means of propulsion, and in gen­
eral it may be taken that the usc of un aerial propellE'r 
iN to be recommended only when there are special 
circumstances which render its employment specially 
desirable. Chief among its applications is perhaps in 
connection with shallow draught boats for service on 
rivers, the depth of which does not permit of the 
emllloyment of craft with a greater draught than a few 
inches, or at the most a foot. There are many such 
waterways and rivers, particularly in the Dominions 
overseas, and hitherto traders on them have been unable 
to reap the advantages of motor propulsion, especially 
as in most cases only a very low speed is required 
with a correspondingly large propeller, altogether out 
of proportion to the available draught of water. One 
of the special correspondents in Mesopotamia has given 

all account of a hospital ferry in usc on the Tigris, 
which is fitted with an air propeller and a 50 horse­
vower semi-Diesel engine, and "makes more noise than 
a minor battle." 

It might be thought that if submerged propellers are 
unsuitable for slow shallow draught vessels the aerial 
propeller would be equally inefficient, since it is appar­
ently adapted for propulsion at high speed and not at 
such speeds as those requirE'd for the vessels referred 
to, whieh may be no greater than three or four miles 
an hour. But from results attained by aerial-propelled 
tugs and barges it has been proved that this is not the 
caNe, and that aerial propellers can be designed 
efficiently both for relatively heavy low-speed craft and 
for light high-speed vessels of the skimmer or hydro­
vlane type. In fact, it seems that these two classes 
of boat are the most suitable for aerial propulsion, and 
certainly by far the greatest number of examples at 
present in service are comprised in these categories. 

As an instance of the success of aerial propulsion, 
a 30-foot boat, drawing only !) inches, in which a 15 
horse-power engine is installed driving an aerial pro­
peller of about 8 feet diameter, has been in service 
for some time, towing some 15 or 20 shallow-draught 
{lunts, each loaded with about 2 tons. At the other 
extreme, there is the type of boat repreHented by an 
18-foot skimmer, which attains a speed of 30 miles 
an hour, the machinery installation consisting of a 
50 horse-power motor driving a two-bladed aerial pro­
peller. These results, which may be taken as typical, 
appear to bc equal to anything that could be attained 
by the employment of the same power driving a sub­
merged propeller. 

ENGINES AND PROPELLERS. 
All the leading types of motor have been employed 

for aerial propulsion, including the semi-Diesel, paraffin, 
and gasoline motors, the last only for high-speed boats. 
As, in any case, there has to be a chain drive to the 
propeller, its speed of revolution can be varied within 
wide limits for maximum efficiency, to suit the craft 
which. has to be propelled. 'l'his is a particularly advan­
tageous feature, owing to the diversity of the boats on 
which aerial propulsion is used, and the spe(!d of rota­
tion of th.e engine does not have to be seriously taken 
into account when designing the installation. 

It is an almost invariable rule to adopt two-bladed 
prollellers, although there does not seem any reason 
why three or even four-bladed propellers should be 
employed in certain cases, especially where a large 
blade area is desirable. In one or two instances tractors 
have been utilized, but this arrangement does not seem 
to give the best results, besides pORsessing the disad­
vantage of inconveniencing those who are on board, 
owing to the draught of air that is created. The ques­
tion of danger with a rapidly-revolving propeller also 
has to be considered; this is minimized, if not entirely 
avoided, by properly protecting the vropcller with an 

open wire netting. 
There is little likelihood that the aerial propeller will 

ever in any sense replace the submerged type, since in 
the larger number of cases of the application of the 
marine motor to the propulsion of boats it does not 
offer any particular advantages, and indeed possesses 
some disadvantages. But there are many instances in 
which the submerged propeller is unsuitable or even 
impossible, such as in the extremely shallow-draught 
craft mentioned above, and it is here that a wide field 
of avplication for the aerial propeller is opened out.­
Engineering Supplement of the London Times. 

Literacy in China 
IT is difficult to secure any reliable estimatE's as to 

the extent of literacy among the Chinese of this coun­
try, but it is probably safe to estimate that not more 
than 10 per cent of the people of China are able to 
read and write. The estimates have been placed so 
low as 5 per cent and as high as 20 per cent. The 
literacy among the people of South China is greater 
than among tho>'c of the North. The writer has heard 
it said in Canton that nearly all thc children of Can­
tonese parentage, except those of the large boat popu­

lation, receive sufficient schooling to enable them to 
learn to read, whereas in the north of China it is un­
usual to find a family the children of which are all 

placed in school. However, the reading population in 
a eountry as densely populated as China is compara­
tivelJ' great, so that we find native newspapers in cities 
like Shanghai claiming a circulation of 10,000 to 25,000. 

It must also be borne in mind that the native news­

paper is read by a considerably larger number than 
the list of subscribers to that paper would make it 
appear. In and about Shanghai papers are sold two 

and three times over. Collectors go about gathering up 
the newspapers of the previous day's issue, redistribut­

ing them among the lower class of population.-U. S. 
Commerce Dept. 
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Magic Pictures 
A Novel Diversion for Young People 

IT is possiWe to construct a number of novel pictures, 
all of which may afford a good deal of diversion. One 
muy Jirst of all describe the mysterious picture, quite an 
old idea, by the way, but one which is not commonly 
known at the present time. ]<'01' the purpose it is need­
ful to take two pieces of glass exactly the same size; 
the measurements might suitably be about four inches 
widl', and five or six inches long. Hather thick glass 
is !Jest, although any kind would answer the purpose. 
:-;ee that the sheets are quite clean and then set about 
!Jordering one of the pieces with strips of cardboard, 

The magic picture. 

'l'ile picture is fastened behind two pieces of glass, between 
which is a solution that is opaque when cold, but trans­
parent when heated. 

say a quarter of an inch in width. These strips should 
Ile fastened down· with the strongest glue, and it is 
"hie to have somewhat thick eardboard for the pur-
1I0se. The next step is to prepare the following sol u­
lion: Over a slow fire dissolve six ounces of lard with 
half an ounce of white wax; finally add an ounce of 
clear linseed oil. The quantity indicated will be suffi­
cient for the making of a number of mysterious pie­
tures. In its liquid state this mixture is poured on to 
the sheet of glass that has been surrounded with the 
cardboard in such a way that there is a thin film 
of the solution all over, up to the level of the strips. 
If the glass is well warmed before the mixture is poured 
out, and the latter is not too hot, there will not be 
much danger of the sheet cracking. In a few minutes 
the solution will set and, when this occurs, the other 
viece of glass may be glued down on 1;0 the cardboard 
strivs which have been fastened on to the first sheet. 
We shall now have two bits of glass closely fixed to­
g-ether with a film of composition between the two. It 
is now a good plan to bind the edges of the glass with 
strips of parchment or grease proof paper. This is 
fixed in place with glue. Next, take any kind of pic­
ture of a suitable size and fasten this by gumming the 
borders face downward on to one of the sheets of 
gla::ls. A prot/)Cting piece of paper may be placed over 
thc back and the mysterious picture is thcn complete. 
'1'hc workings of the picture are on the following lines. 
On showing the contrivance to your friends there is 
IlO sign of a picture. This is due to the fact that when 
thc solution between the sheets of glass is cold it is 
dense, and .no hint of a picture is to be observed. Make 
some excuse and hold the glass in front of a fire or 
over a lamp. In a moment or so the solution, which is 
"ery sensitive to heat, liquefies, and it at once becomes 
transparent. The picture underneath is plainly seen 
and everyone not in the secret is astonished at the 
magical appearance. When the solution cools the pic­
ture slowly fades away again, and the little experiment 
can be repeated any number of times. 

Another magical picture always causing a great 
deal of interest is that in which a winter landscape 

is in a moment changed to a charming springlike scene. 
In the first place it is needful to draw or secure a pic­
ture showing a typical winter scene such as snow 
covered fields, trees, etc. Mount this on a card and, if 
needful, paint the varions objects in suita ble ('oIOl·s. 
\Vherever there is an indication of f<now trent with 

the following solution: Dissolve cobalt powder in aqua 
regia (a mixture of nitric and hydrochloric acid) and 

allow the solution to stand for twenty-four hours. Then 

By S. Leonard Bastin 

pour off the liquor and add an equal quantity of dis­
tilled water. Keep in a bottle which is well corked. 
Use this solution for painting the parts in the pic­
ture which represent snow. As applied, this mixture 

is quite invisible, and it does not affect the wintry 
aspect of the landscape. A wonderful transformation 
will take place when the picture is held near to a fire, 
or where the warm rays of the sun can fall upon it. 

In a few moments the fields and the trees lose their 
snowy burden and take on the fresh greenness of 
spring. The sudden change is very surprising to those 
who are not "in the know. " 

By using a cobalt SOlUtiOl1 it is possible to produce 
those curious pictures which cbange color. To get thc 
best e1"ect it is a good plan to deal with the print in 
the followillg manner; Select your picture, which 
might suitably represent the figure of a woman or a 
flower. Mount this on cardboard and, wherever there 
are elothes, or the vetals of a blossom, cover these in 
with cut out pieces of white linen or a similar cloth. 

The material is stuck down with strong glue or cement. 
Then treat the cloth to an application of the followin!; 
solution: 

Cob a It chloride . . . .. . . . . .. . . . . .. . 1 ounce. 
�odium chloride .. . . . . .. . . .. . .. .  % ounce. 
Calcium chloride .. . . . . . . . .. . .. . 75. grains. 
Acacia ... ... . ........ . . . . . . .. % ounce. 
\Vater ... ....... ... ..... .. . .. 3 ounces. 

After application the cloth will be of a pretty rose 
color. If the picture is exposed to a :;light heat a 
fine purple tinge is assumed, while a strong heat change:; 
the material to a blue color. All kinds of puzzling 
tricks can be played upon people who do not understand 
the manner in which these magical pictures are formed. 

Glow pictures are very interesting little devices, 
easily formed, and mystifying to those who are not in 
the secret. About the only thing it is needful to pre­
pare is a ::lmall quantity of the following solution. ']'0 
forty parts of saltpeter add twenty parts of gelatin 
and thp whole is dissolved in forty parts of warm water. 
When the mixture is cool it will set somewhat in jplly 
fashion, but it is easily liquefied for use as described 
la tel'. '1'his is how the actual pictures are prepared. 

Developing the magic picture. 

To bring the picture out it is only needful to hold near a 
lamp or fire. 

Take sheets of white paper, which should be somewhat 
thin, similar to that used for typewriting. Now slight­

ly warm your solution by standing the bottle in a cup 
of moderately hot water. Take a clean pen and dip this 

into the mixture, then Rketch ont the picture, design or 
lettering that iR (1eAired. The victurp Rhould not he too 
elaborate, and it is important that all the lines should 
connect. 'l'he finishing line must be carried right down 
to the corner of the paper, and the end of this might 

be marked with a tiny pencil cross. When the lines 
that have been made are dry (which will be in quite 
a ,,'hort time) steps must be taken to mount the paper 
in such a way that there will be an air space between it 
and the table upon which it is resting. The best plan 
is to cut out some strips of cardboard, as shown in the 
accompanying photograph, and stick these with paste 

round the borders of the sheets. The glow pictures 
are then ready for displaying and it is interesting to 
notice that the lines on the paper are practically in­
visible, so that the design appears to come up almost 

Winter changed to spring. 

In tlli, picture the tieWs are at tirst white with snow, but 
on being warmed the green leaves of spring appear. 

from nowhere. 'l'his is how the device is set going. 
Put the sheet of paper cardboard strip downward on 
to a flat surface, such as a board or wood. Next strike 
a mateh and, after allowing this to burn for a minute, 
blow it out. You will then have a glowing end and 
this should be applied to the termination of the line 
which has been marked with the pencil cross. At once 
a trail of smoldering fire is started which follows the 
lines marked on the paper. 'l'he burning does not finish 
until the picture has been entirely worked out, that is, 
provided all the lines connect as previously indicated. 

At no time does the paper flame, and this pretty little 
experiment is an absolutely safe one, even for children 
to carry out. 

New Telephone Sound Augmenter 

I VENTURE to herewith send description of a new 
novel sound augmenter I have invented e::lvecially for 
telephones, gramophones, phonographs, etc. 

It consists of a special microphone sensitive to such 
a degree as to respond to sound inaudible to human ear, 
yet capable of carrying heavy currents and so repro­
ducing by aid of ordinary Bell receiver, augmented 

in volume sufficiently loud, if necessary, to fill a large 
hall. 

In essentials the microvllOne consists of a circular 
elastic disc covered with an electrolytic deposit of 
iron; round the periphery of this elastic disk radiate 
a number of elastic cords coyered with metallic fillings 
electrically in contact. The number of these cords and 
diameter of same vary with the size of microphone and 
current it is intended to carry. These cords are elec­
trically connected to two half-plates of brass whose dis­
tance apart can be determined by screw tension. The 
microphone is fitted in a small adapter, which can 
be clipped on the front

· 
of any ordinary telephone re­

ceiver, and is self-contained and electrically connected,. 
requiring no interference with ordinary telephone con­
nections, which, of course, would not be permitted by 

telephone authorities. The action of the instrument 
in the case of an ordinary telephone receiver is as fol­
lows: The half-audible or inaudible sound ( and what 
person who has ever used a telephone does not know 
the meaning of these terms) is at once responded to 
by the delicate elastic iron-covered disk, which vibrates, 
setting up vibration of the elastic metal-covered cords, 
which instantly vary the reshltallce in a small dry bat­
tery circuit, which in turn, containing a small watch 
receiver, responds in volume of sound, in the case of 
an ordinary instrument speech being audiole a dozen 
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Preparing a magic glow picture. 

'I'lw prpl'n re:1 sl H '<'t Rhould he mounte(l so that it is some­

w ha t raised. 

feet away from the instrument, and hy a Ruitably wound 
receiYer, a large microphone, and a current of 3-1 2 
amperes sound can be easily obtained to fill a large 
hall. In case of phonographs and gramophones the at­
taehment is connected to the sound arm coming from 
the sound box diaphragm, and according to Rize of 
apparatus produces the record powerful in tOile and 
magnitude, minus a yery large percentage of false 
metallic clang so characteristic of phonograph sounds. 
-C. Mayfield, in The English Mechanic. 

Meteorites : Wonderful Messages From the Sky 
THE National Museum has recently issued a hand­

book and descriptiYe catalogue of the meteorite collec­
tions in the museum, written by Dr. George P. Merrill. 
head curator of geology, from which the following is 
an abstract: 

Although meteorites ha ye presumably fallen sinc(' 

time immemorial, a great deal of sceptieism was felt 

at tirst by both the popular and seientitic minds rl'­

ga rding the possibilities of stones falling from space. 

So great was this sceptieism that the examples pre­

seryed in the public museums were once hidden 01' 

discarded, the custodians fearing to make laughing­

"tocks of themselYes. In the few early recorded cases 

where meteorites seen to fall were recovered, they were 

regarded as objects of reverence and worship. A stone 

which fell in ancient Phrygia, in Asia Minor, about 

two hundred years before Christ, was worshiped as 

CYbele the mother of the gods. Another, whieh dates 

b�ck t� the seventh century, is still presel'Yed at Mecca, 

where it is built into the northeast corner of the 

Ka raba and revered as one of the holiest of relies. 

'l'he great Casas Grandes iron, weighing about threl' 

thousand pounds, now in the national collections at 

Washington, was found in an aneient Mexiean ruin 

Hwathed with mummy cloths in a manner to indieate 

that it was held in more than ordinary veneration 

by the prehistoric inhabitants. 
The earliest known undoubted meteorites still pre­

served are those of IiJlbogen, Bohemia, and IiJnsisheim, 
Upper Alsace, Germany; the tirst mentioned is iron, 
the second a stone. 'l'he iron was found somewhere 
about the year 1400 of our era, but its meteoric nature 
seems not to have been fully established until 1812. It 
has, however, for several hundred years been preserved 
in the Rathhaus at Elbogen. The Ensisheim stone seen 
to fall on November 16, 1492, about the time Columbus 
made his discoveries, was accompanied with a loud 
erash like thunder. Portions of this stone are to be 
seen in the National Museum exhibit. 

Occurrences so well authenticated as the last should 
have gone a long way toward convincing the scientific 
world, at least, but such was not the case, and as late 
as 1772, a committee presented to the French Academy 
a report of the examination of a stone seen to fall at 

Luce, four years previously, which they asserted was 
but an ordinary rock that had been struck by lightning. 

In 1794, the German scientist Chladni brought 
together all the accounts of the supposed meteorites, 
calling the attention of the scientitic world to the fact 
that several masses of iron had in all probability come 

to the earth from the outer space. He referred 
especially to the now well-known Pallas iron, which 
was found by a Cossack in 1749, among the rocks in 

the highest part of a lofty mountain near Krasnojarsk 

in Siberia. Chladni argued that this iron could not 
ha ve been formed under the influence of fire, and held 
that it could not have been formed where found, or by 
man, electricity, or an accidental conflagration. Hence, 
he inferred that it had been projected from a distance, 
and, as there were no volcanoes known to eject iron, 
and none in that vicinity, he was compelled to regard 
it as actually having fallen from the sky. During this 
same year an observed shower of meteoric stones fel l 

Ilear �iella, Italy, and the following year a 56-pound 
Rtone fell out of a clear sky almost at the feet of H 

laborer in Yorkshire, IiJngland, while in 1978 many 
more stones fell at Krakhut, llear Benares, IJl(lia. 

The scientitic mind was, howeyer, slow ill accepting" 
these proofs, but fortunately a shO\ver of Rtonel', up­
ward of three thousand in number, occurred about April, 
lSm, in the neighborhood of L'Aigle near PariH. '1'he 
circumstances of thh; fall were fully  investigated under 
the au,.;pices of the French Academy of �eien('eH, th'� 
t·eport of which was of so conelusiye a nature as to 
forever set at rest all doubts concerning their eelestial 
o-�igin. 

'l'he fall of a meteorite is usually accompanied by 
noises yariously described as resembling the tire of mUf'­
ketry, cannonading, or even thunder. If the fall take" 
place during the periods of darkness it is also aCCOlll­
panied by a flash of light and followed by a luminous 
roeket-like trail. These phenomena are due to the rapid 
vassage of the objeets through the air, and a consequent 
rise in temperature, sufficient to produce fusion of the 
outer surface and even ignition, thus giving rise to the 
thin, dark, glass-like crust which is found to cover all 
stony meteorites. 'l'he time of passage through the 
atmosphere is, however, too short to permit the heat to 
penetrate to great depths, and nearly all meteorites 
are quite cool, or scarcely warm, on reaching the sur ­
face of the ground. It is to the sudden rise in tempera­
ture and pressure of the atmosphere that the breaking 
up of a meteorite and its reaching the ground as a 

A magic glow picture. 

'1'1w lines are drllwn with a saltpeter solution, which is 

invisible. 

shower of fragments rather than a single individual 
is due. 

vVe have little to guide us in estimating the speed at 
whieh a meteorite reaches the earth and its consequent 
power of penetration. The velocities as giYell by various 
observers vary between 2 and 45 miles a second. The 
greatest recorded depth of penetration of a meteoric 
stone is that of Knyahinya, Hungary, where a 660-pound 
stone penetrated to a depth of 11 feet. On the other 
hand, still heayier masses have been found under such 
conditions as to lead one to infer that they scarcely 
buried themselves. 

All statements relative to the temperature of meteor­
ites immediately after reaching the ground must be 
accepted guardedly, owing to their extremely contra­
dictory character. Some stones which fl'll in Styria in 
1859 are stated to have remained in a state of incan­
descence for over five seconds, and for a quarter of an 
hour were too hot to be handled. On the other hand, 
the Dhurmsala stone is said to have been intensely cold 
when picked up immediately after falling. 

Reports of the setting of fires by the falling of meteor­
ites must also be taken with some degree of allowance. 
In the cases of both Allegan and vVinnebago falls, the 
stones struck on the dried grass, which was not charred 

in the least, and one of them fell on a stack of dry 
stra w without igniting it, 

The possibility of human beings and animals being 
struck by these falling bodies has been discussed, and 
several instances dating back to periods from 1511 to 
1674 are mentioned in which persons were killed. The 
absence of any recorded instances of this sort within 

The rag picture. 

!low th e variously 6'eated pieces of ra g are put into pORition. 

rrh e  girl's dress cha nges color aeeording to t h e  t1egTt'(� of 

heat applied. 

lllore recent times, howeH�r, render;; the occurrence� 
(loubtful. 

Upwards of 650 falls and tinds of meteorites haye 
been reported, representatives of which haye found their 
way into museums and lll·iYate collections, and there 
preserved for study amI illYe8tigation. The largest 
known meteoric mas" is that brought by COlllluandpr 
Peary from Cape York, Greenland; this weighed 7;{,000 

pounds. 'l'he next largest lies in the plain near Bacu­
llirito in Mexico, and has been estimated to weigh SOlll!' 

;;0,000 pounds, while the third is that of Willamette, 
Ore., weighing 31,107 pounds. 'l'hese are all iron meteor­
ites. The largest known individual aerolite or meteoric 
Rtone is that of Knyahinya, Hungary, weighing some 
550 pounds, now in the Vienna National Museum. 

Dr. Merrill says in conclusion that all known meteor­
ites were produced by the action of heat, and Imvl' 
yie](Jed no traces of :mimal or yegelable life. although 
] larts of their peculiar structurl's were at one time 
mil'laken for organic remains. 

Natural His tory of the Eel 
DR .. ToRs. SOH MIDT, in vol. xxiii. of RalJport8 r,t Pror(\�­

verbaux flu Conseil International lJOur l' exploration de 
/n mer, gives a further contribution of hi,; studies Oil 
the natural history of the eel. Thl' pa ver deals with thp 
question of the existence of sma ller ,.;pef"ies" or "races" 
of the I�uropean eel , and with the distinguishing fpa­
tures of this speCies, of tile Americnn and of the Jap­
anese eel. The characters investiga ted include the llUlll­
bel' of \'ertebrae, the number of rays in different tins. 
and the number of hranchiostegal ray". The eonclm;ion 
arrived at is that, while the three speciel'l illYestigatpd 
are clearly marked the one from the other, it lUIS not 
been found possible to distinguish between different 
"races" of the liJuropean eel. The most conyenient char­
acter is the number of yertebrae. The author brings 
forward a point of considerable biological interest b�' 
comparing the condition found among the eels with 
that founrl in the Yiviparous hleuny ( ZoCt}"ces vivipanls ) .  

a species having about the same number of vertebrae 
as the eel. He finds that samples of 7,oarces ta](pl) 
from closely adjacent localities in Danish waters may 
(Urfer one from another as regards numher of yerte­
brae to a higher degree than does the FJuropean ep i 
from the American eel in respect of the same character. 
and that, whereas zoarces viviparus in the north of 
liJurope is diyided up into numerous distinctly different 
stocks or populations according to locality, all the eels 
of liJurope are identical. This difference the author con­
siders must be due to the fact that all European eels 
have the same origin in the spawning grounds of the 
Atlantic Ocean. The blenny, on the other hand, is 
yiyiparous and has no pelagic stage, so that it if; highly 
localized, and specimens collected, for instance, in tlw 
inner waters of a fjord may have a lower number of 
yertehrae than those taken at the mouth . vVhetller this 
is due to "genotypic differences" or to the immediate 
effect of nll"ying external conditions, the author hope,; 
to make a matter of direct experiment.-Na ture. 

Towing At Sea 
IT is not so many years that commercial ocean tow­

ing wa R not considered practiea ble, but experiments 
proved the contrary, and as experience was gained 
longer yoyages were made. The towing of big barges, 
specially constructed for the rmrpose, across the At­
lantic has been not at all unusual of late, and now the 
report is made that a big American tank yessel has 
arriYed safely at Shanghai, ha ving in tow a large 
barge, both laden with oil. 'rhe distance covered if; 
said tn he 12,4flc. mi leR, whkh is a re('orrl for ocean 
towing. 
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The Decay of Metals* 

Certain Changes In Character That Are Liable to Occur 

TIlE present Imppr is intpnded to descrihp cprtain 
dJangps of an unfu yorablp eharactpr whieh take plaee 

in metals and alloys in the course of use 01' storage, 
including under the llame "decay" such changes as pro­
ceed coml lletely through the mass of the metal, and are 

thus of a more thorough and far-reaching char:H'tpr 
than mere Ruperficial eorrosion. It is proposed t o  i n ­

clude thr('(' dasses of changes; naulPly, disintpgrntion 
(lue to inte rnal lllOlecular change of the kind known in 
clH'mistry as allotropic ; disintegration due to the exiH­
tence of internal strains and eonsequent instability; and 
decay brought about by an external agent, the examples 
of the last class being e»sentially cases of corrosion. 

'1'he first elass is the simplest in princivle. As an ex­
amvle, the behavior of tin in col d climateH may be con­
sidered. While ordinary white tin is a crystalline, ap­
pan'ntly stable metal possessing ('onsiderable touglmeRR, 
it is known to ullllergo a remarkable change under cer­

tain (·on(litions. In ('old count rips, Ruch m; Russia, wliprc 
tin is largely used for roofing and other purvosps, it 
sometimes hal lPcns that a roof 01' other object of tin 
will suddenly b('gin to decay in a peculiar fashion. 
Rmall svots make their al lvcarance on the surface, at 
eaeh of whieh a inound of gray vow del' becomes visiblr, 
and in a

> 
short time each spot becomes a holc, which 

rapidly perforates the metal. The most remarkable 
feature of the dJangc is that whenever a fcw partiel(,R 

of the gray dust arc carried by th� wind and fall on 
to another viece of tin, a similar spot of decay starts 

on the �mrface of sound metal where it is touchetl hy 
the dust. In this way' the disintegration mny sprearl 
through a district, ulltii not a piece of sound tin is left. 
Once having begun, this mysterious form of decay pro­
ceeds at an increasing rate, as the contacts between 
Round and decayed tin multiply. l!'rom the appearance> 
of the original "eruption, " and the way in which til(' 

infection is carried by "germs," the whole l)rOCeSs has 
a eurious similarity to an infectious disease, and hal', 

in consequence, received the name of the "tin plague." 
Organ pipes in Central Europe are frequently of tin, 

and the same disintegration has been observed in their 
case. It is al�o recorded that a large stock of military 
buttons of tin was held in one of the Hussian stores 
at one time, and when the buttons were to be taken in­
to use, the whole stock was found to have crumbled to 
a gray powdpr. 

This lURease of tin has been studied in detail by Prof. 
Cohen, of Amsterdam, who has shown that the chnnge 
is an allotropic one, ami that the temperature at whieh 

white tin ehangps into the gray modification is 18 deg. C. 
Acpording to this-antl the result has been abundantly 
eon firmed-tin is in an unstable condition whenevpr 
the temperature ifl hplow 18 dpg. C., that is, throughout 
by far the greater part of the year even in thb coun­
try. However, the liability of the metal to change 

spontaneously iR very small, and at ordinary temI)era­
tures tin may be regarded as practically stable. The 

lower the temverature, the greater the likelihood that 
change will take place, so that it is only in cold coun· 
tries that the ponditions are continuously favorable for 

its occurrence. The hastening of> the transformation 
by contact with the new modification is a usual comli­
tion of allotropic changes, and it is only in the manner of 
its occurrence that the deacy of tin differs from other 

allotropic changes which are familiar in the laboratory. 
It is very probable that tin is capable of undergoing 

another transformation, quite independent of that just 

mentioned, at higher temperatures. Tin worms used 
as eondensers in distilling apparatus occasionally deca y 

at t he point at which they are heated to the tempera­
ture of boiling water, in such a way that the metal ac­

quires a columnar structure, and breaks up into frag­
ments, transversely to its thickness. The writer has 

examined such a condensing worm, and has found that 
the change is in no way one of corrosion, but that the 
tin remains chemieally uninjured, although losing its 

strength almost completely. Several observers have 
re('onled decay of this kind, but it has never received 
system a tic investigation as has the corresponding change 

at low temperatures. 
It is probable that lead is also liable to undergo al­

lotropic change, under conditions which are not as yet 

well defined. It is certainly the case that lead sheets 

will sometimes break up into separate crystals, especial· 

* 1'ra nHu('tionH of the I nstitution of Eng-in!'!'!'R a n ,] Ship­
builders in Scotland. 

By Mr. Cecil H. Desch, D .Sc. ,  Ph . D .  

l y  where subjected t o  the action of solutionfl containing 
lend salts. The In'oceRs is not simvly one of ehemieal 
corrosion, as the crysta ls that remain are pure Ipad, 
but is rather to be regarded as one of allotropic change. 
accelerated, as such changes are known to be, by the 
presence of an plectrolyte. It dol'S not a ppea r to be 
connected with the impurities in ordinary I pad , as the 
writer has found that it takes plaee with equnl rea(li­
Ilt'SS with eommon she('t lead or the purest aRsay foil. 

Some of the light alluminium alloys are Iiahle to dis­

integrate spontaneously, falling completely to powder 
owing to internal molecular changp, but fortunately none 
of the alloys in common use behayp in this way, al­

though the occurrence of Ruch a cond ition throws a cer­
taiIi su'svicion on all such alloy,; Ulltil th('y haye been 
systematically tested for stability under varying con­
(lition". 

Anot her type of decay i" tlue to the movement ot 
gasps (li:-;solved in the metal. 'Ve may l):lSS oyer such 
eases a" the "gassing " of ('opver, the chemical cause 
of whit-h i" well known anti the condition l)l'en'utahle, 

but a reference may be made to the beha yior of nickel 
wires when used as resistances in electric furnaces. 
Prolonged u"e results in the develovment of brittleness, 
the cause of whit-h has bepn explained by Prof. Carpen­
tpr. Nickel invariably contains dissoh'ed gases, and 
tllP"e are set free during the heating of the wire, while 
the cooling between two periods of use is insufficipntly 
sl ow to allow of the complete reversal of the process, 
"0 that a part of the gas remains ulldissolved between 
the crystal grains of the metal. Repeated alternations 
of heating and cooling, t1lP outcr layers of the wire al­
wnp; cooling before the interior, result in the loospn­
ing of the structure, so that in time the cry>ltal grains 
a re comvletely separated, and the wire crumbles. The 

process may be followed under the microscope. 
The next form of decay takes place in metals whiCh 

have been severely eold-worked. Brass rods aIHI tubes 
which have been hart! drawn are occasionally liable to 

"season-cracking," the cracks making their appearance 
either during use or in storage, being specially liable 
to occur when the rods are transferred to a warmer 
climate, or exposed to slight corrosion. Numerous fail­
ures of brass and bronze from this cause have been 
reeort\ptl during the last few years from the Catskill 
AqUl'duct, wlwre the decay hm; occurred on a ypry large 

Rcale. '1'he exvlanation lies in the existence of severe 
i n tpl'll:ll st re"se,; in the meta I, owing to the unequal 
deformation of the inner and outer layers. The cracks 
are vpry commonly transverse. 

Although season-cracking is generally hastened by ex­

po"ure to temperatures aboye the normal, yet the reverse 

eondition, of heating pn'venting this form of (lecny, may 

sometimes occur. The writer onee had to deal with 
"Ollie yellow metal rods which were inten(led for us(' 
as the shafts of stirrers in a vat containing a boiling 

chemical solution. '1'hose rods, which were lllaped in 
the hot solution as soon as they were reeeived from 

the makers, remained sound and retained their strength, 
while those which were placed in store broke into sev­
pral vieces. Evidently the heating in the boiling sol u­
tion sufficed to anneal the alloy and relieve the stress. 
Very frequently the cracking is started by superficial 

('orrosion, the attack of the corroding agent separating 

the crystal grains of the surface layer, and so acting in 
the same way as a crack. Ammonia is known to cause 

season-cracking in brass, but many other agents will 
act in the same way, while the previous existence of 

internal stresses in the metal is always presupposed. 

When the chemical agent is one which acts rapidly, a 

remarkable effect may be produced. The loosening of 
the texture at the surface may be so rapid that crack­

ing set in immediately, with almost explosive violence. 
Very hard-drawn rods of brass or bronze will some­
times fly to pieces on being touched with a solution of 

a mercury salt, or of ferric chloride. Thin sheet metals 
which have been "spun" into shave are particularly 

liable to crack from this cause. 
Severe stresses in a metal may, by opening up cleav­

ages in the crystal grains, inerease the liability to 

corrosion, such cleayages affording a path along which 
the corroding agent may find entry, even though the 
action may not have gone so far as to produce cracks. 

It is well known that corrosion is accelerated by the 
eon tact of tli:,;similar metals. As a single metal in the 
annealed and the cold-worked conditions difTers in its 

eleetr,cal properties, the contaet of the two favors cor­
rosion. so that a mptal which i" lot'llll y eoltl-worked is 
partit-nlarly liable to COlTOtlp. For this rca"on the 

COlTO"ioll of a ('ol tl-rol l l'd mpta l takes plncl' in sueh n 
way that the rolling lines hp('ome clearly visible, pitting 
or grooH's appearing in a direction parallel with that 
of rolling. 

Thp eOlTo"ion of al loys which eontain two or lIlore 
;;;ol itl con"ti tupnts or pha�es is of a s]lecial character. 
An in"ta nee lllay be taken from the "graphitization" of 
iron pipes, a form of (lecay to which cast-iron is liable 
when buried in the ground. The iron becomes ;;0 soft 
that it may he eut with a knife, while its external form 
a Jl(1 appt'a rance remain llnchang('(l. Mieroseo]lical ex­

amination ;;hows that the ferrite has been allllost COlll­

pletely remoYe(l , t he cpmetite and ]lhosphitle eutectic 
rt'maining unaItert'd, while the gravhite either retains 
itl> original character or, in some instances, i" COnYNtetl 
into a white "llbstance, whieh borders the lamell:e of 
graphitp, and has the appearance of a carbide. Here 
the pleetrolytic tlifferPIH"e between gravhite and iron 
has vlayed a vart in determining the eour;.;e of the 
process of corrosion. 

Another illustration of the course of corrosion in 

an alloy containing two solid phases lIlay lle ta lwn 
from the light aluminiUln alloys. Sueh an alloy as dur > 
nlumin contains flmall partidps of a hard cOllstituent, 
pmbetldetl in the softer groull(l-mass of solid sol ution. 

Corrosion of Huch a n  a l l oy usually starts in the form 
of minute pitting, and til(' vits are secn under the 

miel'oseove to he quite close to the minute massps of 

tilt' ("Olll POUlHl , a mI varal lel to them in outline. '1'he for­
mation of local electrolytie couples, determining the 
way in whieh corrosioll takes places, is here obvious. 

This tyve of decay is most clparly observable in tllOS(, 
alloys of covper and zine which consist of two solid 

pha;;es, the yellow metals, including Muntz metal, Delta 
metal, the illavprollriat('ly-named "manganese bronze," 
amI similar alloys. The two eonstituents, known as 

alvha and beta, contain different proportions of the eom­
ponent metalR. 'Vhen COITOl>ion bpgins, the beta, which 

is the richer in zinc, is the more readily attacked. The 

zinc is dissolved out of the alloy, and the residue of 
svongy COllver soon oxidizps, so that a porous mass 
of red COVller oxide come" to occupy the parts which 
originally consisted of beta. 'Vhen the whole of this  
constituent has been remoYe(l, t h e  attack extentlfl t o  the 
alvha, which is in turn (It'llrived of its zinc and eon­
Y('rted to s]Jongy COllver and oxide. '1'his takes place 

in such a way that the object may retain its external 
form un�hanged, although it may eonsist merely of 

brittle oxide. This form of decay was first studied in 
detail by Prof. Arnol d in the case of bra zing metal . 
It is remarkah le that the zinc may be remo" ('!l from 

the heta eonstituent to a consitlprable de]Jth hefore any 
change takes pl ace in the alpha. A section through a 
bolt of yellow metal which has been corroded in Rea 

water often exhibits three zones : An outer, in whieh 
the removal of zinc has been complete, so that nothing 
but oxide remains; an intermediate, in which only the 
beta has been del>troyed and the alpha remains; and 

an inner core of still uncorroded metal. Instances of 
this form of corrosion were described by Milton and 

Larke in a well-known paper. The beta constituent, be­
ing richer in zinc, is naturally more electro-positive 

than the alpha, and serves as a cathode in the initial 
stages of the corrosion, whilst the reversal at a later 

stage shows that the alpha is then anodic toward the 

copper. It is not at first sight clear why there should n ot 
be a position of equilibrium, at which the beta would 

have so much zinc removed as to have the same com­
]Josition as the alpha, so that an electro-chemical dif­

ference would cease to exist. That this does not occur 
is no doubt due to the loose and porous texture of the 
metal after the removal of zinc, whieh makes a true 

equilibrium impossible. 
An unusual example of this form of decay is a valve 

Rpintlle which has corroded in such a way as to have 
separated into two concentric parts, an inner core of 
almost sound metal, and an outer sleeve of dezincitied 

mctal, the intermediate zone having been completely 
dissolved away. In the absence of detailed information 
as to the exact conditions of the corrosion, the only 

explanation which suggests itself is that the original rod 
was cold-worked, and that a sufficient difference of 
electrol�·tic properti('s existed between the inner and 
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outer zones to limit the initial corrosion to the inter­
vening layer_ Having once starteLl ill thiR way, the 
porosity of the resulting mass woul<1 tend to localize 
the corrosion during the continuance of the llroceSR. 

In view of the fact that the physical character of 
the products formed in the initial stages of the corrosion 
process plays so important a part in determining the 
subsequent course of the change, the writer, together 
with some of his students, has carried out investiga­
tions by means of a small laboratory apparatus of 
special design, in which a specimen of metal of the 
size usually employeLl for microscopical examination is 
subjected to controlled corrosion unLler the influence 
of an applied electromotive force. It has been found 
that conclm;ions arriveLl at in this way may be applie!l 
with some confidence to cases of corrosion occurring 
under the conditions of practice. A few of the principal 
conclusions may be mentioneLl. 

The removal of zinc from brass by the action of 
electrolytes always proceeds in the flrst place along the 
hounLlaries of the crystal grains. Moreover, the boun­
dary between unaltered metal anLl spongy copper is 
invariably sharp----that is, there is no zone of appreci­
able thickness in which the metal contains a proportion 
of zinc which is less than that of the original crystals, 
but greater than zero. It is a point of some theoretical 
interest that twinning planes behave in this respect 
like crystal boundaries. 

The corrositJll of condenser tubes in sea water is a 
problem of great interest to engineers, anLl one which 
lenLls itself to this method of investigation. The slides 
exhibited show that there is no difference between the 
structure of tubes whl.ch have been corroded in actual 
service anLl similar tubes which have been corroLled 
rapidly in the laboratory by the electrolytic method. 
In b oth cases the first stage is the removal of zinc, and 
the formation of copper oxide is a secondary effect, due 
to the oxiLlation of the spongy copper. '  In both cases, 
also, the bounLlary between corrodeLl and uncorroded 
metal is sharp, even under a high magnification. 

One factor which is proved by such experiments as 
these to be of great importance is the physical conLlition 
of the product of corrosion. 'l'his fact may be illus­
trateLl by reference to the familiar instances of iron anLl 
zinc. B oth are attacked by m oist air containing carbon 
LlioxiLle, but while iron forms a loose, incoherent mass 
of rust, through which more moist air readily finLls a 

way, so that corrosion may proceed unchecked, thp 
layer of white salts formed on zinc is tough anLl ad­
herent, anLl serves as a protective varnish, preventing 
the entrance of air anLl bringing the corrosion to a 

standstill, provided that the layer remains unbroken. 
The conditions under which the attack by chemical 
agents takes place affect the character of the surface 
film to a remarkable degree. Thus aluminium forms a 
tough, adherent film by atmospheric corrosion in tem­
perate climates, but in tropical climates the film is 
much more porous, so that aluminium Llrinking vessels 
in the tropics acquire a foul taste, similar to that ac­
quired by porous earthenware, and from the same cause. 
Again, when aluminium is rubbed with mercury, the 
oxidation in ordinary air is so rapid that the metal be­
comes hot, and the oxide forms a loose, incoherent 
growth resembling a vegetable rather than a mineral 
substance. 

It is well known that the addition of one per cent 
of tin to either brass or Muntz metal greatly increases 
the resistance of the allOY to corrosion by sea water, 
and this addition is commonly practiced. The reason 
is not immeLliately ob vious. The quantity of tin cannot 
be supposed to alter the electrolytic potential of the 
alloy to so material an extent, but yet the influence of 
tin is often regarded as electro-chemical. Examination 
by the method j ust described shows that the protec­
tion afforded by tin is really mechanical in its character. 
Tin does not hinder corrosion in its earliest stage, but 
the layer of basic tin salts which soon forms is peculiar­
ly tough anLl adherent, and can only be removed with 
some difficulty, so that it acts as a protective varnish. 
The presence of two per cent of lead, recently recom­
mended for the protection of condenser tubes, has a 

similar effect. In this case, it is of interest to note that 
one per cent of lead is insufficient for the purpose, as 
the basic salts are then too porous to protect the under­
lying metal, and that a larger quantity is necessary. 
Lead actually promotes the corrosion in the initial stage 
of the attack on brass, and the subsequent arrest is, 
as stated above, purely mechanical in its, nature. 

Gun-metal has been examined in the , same manner. 
This alloy normally consists of two constituents, a homo­
geneous soliLl solution known as alpha, and isolated 
masses of a hard, white substance known as delta, and 
containing a relatively higher proportion of tin. During 
ordinary corrosion, only the former is attacked, anLl the 
hard particles remain in relief on the surface of the 

section. Only When the corrosion is very rapid, as 
when a large current is passed, does the attack extend 
to the seconLl constituent. Tin being much less electro­
positive than zinc, there is no such preferential removal 
of tin from gun-metals during corrosion as would cor­
respond with the removal of zinc from brasses. 

The memoir of Milton and Larke, to which reference 
has already been made, contains the description of a 
case of decay in gun-metal which has followed a differ­
ent course from that j ust described. Examination unLlel' 
the microscope shows that the greater part of the alpha 
constituent has remained un attacked, while the delta 
lIlasses have been l'eplaceLl by copper or are represented 
by cavities. The metal was in the form of a steam 
valve, and the most probable explanation of the anoma­
lous Llecay seems to be that the alternate heating and 
cooling, owing to the very different coefficients of ex­
pansion of the alpha and delta constituents, produced a 
loosening of the texture, so that the entering steam, 
probably carrying corrosive gases, found its way be­
tween the cry:;tal grains awl proLluced the channels. 
The removal of tin is curiousl y complete, the Llecaycd 
portion of the valve showing little else but copper in 
the channel s. 

\ Animal Ecology 
ANIMAL ecology is the most recent branch of zoology 

and is now only in the initial stages of its development. 
vVe may define it as the study of animals in relation to 
their environment. 

Plant ecology is a good deal olLIeI' than animal ecology, 
and has stooLl as a separate branch of botany for the 
pa:;t fifteen years. This is unLloubteLlly due to the 
:;impler anLl far more uniform structure of' plants as 
eompareLl with animals and to the fact that most plants 
are stationary and thus their relation to th"ir habitat 
is far easier to work out. 

Animal ecology is an extremely broaLl subj ect. The 
study of the environment requires some knowledge of 
gpology, meteorology, soil physics, soil chemistry, aIHl 
of plant ecology. Plant ecology requires a knowledge 
of systematic botany, plant physiology and plant his­
tol ogy. The study of the animals in the environment" 
calls for a knowleLlge of systematic zoology, anatomy, 
llhYBiology, embryology anLl animal psychology. It is of 
course a tielLl study and this means that a knowledge 
of fielLl work, with its incident familiarity with equip­
ment, camp-life, wood-craft, chart-reading, photography, 
colleeiing, and note-taking, is a prerequisite. 

Animal ecology is a dynamic study, not a static one. 
'1'he compiling of a lh;t of the species of animals of a 
region is not animal ecology. The compiling of a list 
of the Llominant forms of a particular habitat is only 
a beginning or basis for ecological work. ltea1 etoological 
work entails the working out of the I1elllltion of each 
dominant species to its environment, and to every other 
<lominant species, since all other species in a habitat 
are part of the environment of any particular species. 
It entails also the study of the changes contimlltlly, 
yery slowly often, it is true, but still continually, .taking 
place in the environment. This change by which one 
habitat gradually passes into another is termed suc , 
cession and may be illustrated by consiLlering a pond . 
In the early stages we have clear shores and clear 
bottom, and consequently we find animals characteristic 
of sucll habitats. In the next stage Chara is present 
and with it certain species of animals. Next we have 
submerged aquatic plants present, such as Myriophyl­
IUlll , Elodea, and Potamogeton, and again we find a 
changed fauna. Then the emerging vegetation, such as 
rushes, sedges and grasses, gradually grows out from 
the margin until the pond is converted into a marsh. 
In this stage we find again a different group of animals, 
and we have two strata-an aquatic stratum and an 
aerial stratum. The marsh is in turn invaded by trees 
and with them come other characteristic animal groups. 
Gradually the marsh is converted by the accumulation 
of vegetabl e  debris into dry land, anLl passes through 
several stages, each marked by certain characteristic 
animal forms, into the climax formation of the region. 
This climax formation varies in different parts of the 
country. Over a large part of southern Ontario it is 
the Maple-Beech forest, over other large stretches of 
Canada it is the Spruce-Birch forest. 

A climax formation is that formation towards which 
all other formations tend, and this particular type of 
succession, in which several quite distinct habitats all 
converge towards one formation, is termed convergence. 
In southern Ontario, for example, habitats as diverse 
aH ponLls, peat-bogs, dry thickets anLl sanLl-dunes all 
converge towards the Maple-Beech forest. Further, this 
climax formation is, as the name implies, the last and 
stable formation. 

Another kinLl of succession, which is well marked 

in some habitats, is seasonal succession. In this case 
a certain area may be an aquatic environment earl y in 
the season anLl a terrestrial one later on. 

The idea of succession is expressed even on a smaller 
scale, as in the succession of beetles in a single tree. 
Certain wooLl-boring beetles attack living trees anLl by 
their attacks kill them , thus paving the way for other 
species which live only in recently killed trees, while 
these in turn are suceeeded by species which live in 
wood which is more or less decayed. 

One important difference between the ecology of 
plants and animals is that the former re'4I1OnLl to thp 
influence of the environment by 

'
a change in structure, 

the latter by a change in behavior. 
A fact which complicates animal ecology is that ani­

mals may belong to two or even three habitats. Thus 
an animal may breeLl in one habitat amI feed in another; 
or it 'may pass its fir�t stages in one and its aLlult life> 
in another, onl y visiting the first habitat again for 
oviposition. The turtles, which feeLl in the water and 
lay their eggs in dry sanLly banks, are an exampl e o f  
t h e  tirst class, and' numerous insects belong i n  the latter 
category. 

In aquatic environments the factors whicl, we have 
to consider are the amount of salts, oxygen, and carbon 
dioxide, l ight, temperature and materials for food and 
ahode. In terrestrial habitats the factors are tempera­
ture, light, humiLlity, air pressure, air current� a n d  
materials f o r  fooLl a n d  aboLle. T h e  best Ringl e criterion 
for a terrestrial environment is the evaporating power 
of the air, as it takes ill all tlle factors exce>pt the 
last two. 

In making our main divisions of habitats one factor 
must be taken and the one which gives the mOl-;t prac­
tical arrangement is the amount of wate>r. On thi;;: 
basis we classify our formations, whi'Ch is the name 
giYlm to the main ecological divisions. The formations 
are then divided into asociations, and the association:;: 
into consocies. In making these two latter LliviRions 
different factors have to be taken into consiLleration in 
Llifferent cases. As an example of these groups we place 
all fresh-water animals in the Hydrotheric Formation, 
thmle of streams belong to the Potamicolm; Association, 
and if they live in pools in these streams tlley constitute 
the Pool Consocies. A consocies is thus the uuit in 
animal ecology, much as a species is the unit in RY:;:­
tematic zoology. In some associations, as for instance 
in the associations of the Hylitheric ))'ormation, or 
Forest Formation, stratification comes in. 'l'hus in the 
Maple-Beech Association we have a subterranean 
stratum, herbaceous stratum, shrub stratum, tree-trunk 
stratum anLl tree-top stratum, and each stratum has its 
consocies. 

))'rom this brief outl ine it can be seen that animal 
ecology is essentially a live subject, a study of living 
animals under natural conLlitions, that it is a complex 
but extremel y fascinating stuLly, anrl that results 
ohtn ineLl by it will nct as a bal ance-wheel on llurely 
lahoratory stu(lies of anim als.-A . R. Klugh in Qucen's 
Quarterly. 

By Rail to Ceylon 
ENGINEERS have long contemplated the sandbanks 

st retching betwl'en l udia and Ceylon a s  affordi ng the 
route for the railway that nnmt ultimat('ly connee>t 
the beautiful isle of the �inhalee with the Indian ma in­
land. 

But just how to make Adam's B ridge a bridge in 
fact as well as in name has batHed several generation" 
of engineers. 'l'he gap is not a ,;  long as it was a few 
years ago, thanks to recent skilful seaward extensions of 
the terminal points of the railways. In fact, the break 
now mea,mres barely twenty miles, since the South 
Indian Railway has been extended to Dhanushkodi, the 
Ceylon State Railway meanwhile beiug brought to 
Talaimannar, at the op08ite side of the shallow strait. 
I,]xcellent, though these extensions are, tlle desire itl 
now, as always, to abolish the ferry-boats entirelY, ana 
to secure through running trains. 

vVith this obj ect in view, a scheme has been worked 
out whereby a connecting railway line should be laid 
on a solid embankment to be erected on the sand­
bank known as Adam's Bridge. 

'l'his causeway would extend ahout twenty miles, of 
which about seven miles would be built upon the dry 
land of the various islands, and thirteen miles in water. 
The section through the sea would be constructed on 
a double row of reinforceLl concrete piles driven into 
the sand. B ehind the piles slabs of reinforced concrete 
would be slipped into position, the bottom slabs being 
sunk well into the sea-bottom, and the space enclosed 
by the slabs filled in with sund. The top of the concrete 
work would be ca rried six feet a bove high-water. The 
estimated cost of the work if> £740,OOO.-London Daily 
'1'elegraph. 
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One o f  the long range field guns, recently built b y the British, i n  action a t  the front in France. 

Guns 
• 

the War In The Big 

The New Artillery Now Being Used By the Allies 
A H U M ORO U S  paragra pher in a daily paper has said 

that "the art of war is a rtillery," and this appears to 

he literally true, for without its pOWerful artillery, 
aga illl.t which Belgium and France had nothing to op­

pose, the great advance of Germany in the early day s 
of the war coul d  not have been so readily accom­
plished, nor the rolling hack of the Russians from East 
Prussia and the borders of Hungary. With the great 
42 centimeter howitzers that Germany so dramatically 
disclosed the famous armored turret forts of Antwerp, 
of which so much had heen expected, were crumpled 

up like paper toys, and the supposedly impregnable 
masonry fortresses at other points were reduced 
to useless heaps of debris, and from distances that were 
utterly beyond the reach of any guns then possessed 
by the Allies. And it was not alone the great size of 
these guns, with the immense shells  they threw, that 
caused consternation among the F rench and B elgians, 
but the facili ty and rapidity with which they were 
tranaferred (rom place to place, easily keeping pace 
with the advancing armies, for which they opened the 
way, for before this war began other nations had gen­
erally considered that the 6-inch howitzer, with its l it­
tle 12()..lb. projectile was the heaviest weapon requi red 
by an army, and the largest that COUld,  be practically 

handled in the field. Now, however, howitzers of  from 
11 to 16 inches are employed by a l l  of the countries 

engaged in this great conflict and are being readily 

transported in the field. 
It may be remarked that the idea of using Buch 

enormous pieces d id not o riginate with Germany, but 

with the Japanese, during their campaign in Manchuria 

against the Russian s ; but German stratagists quickly 
grasped thei r  value, and immediately began to de­

velop the idea, not onl y  working out the details neces­

\lary to make the nse of guns of large size practical, but 
also solved the additional and difficu lt problem of 
transportation, without which the new methods of 

warfare would be impossible. 
It is  rather difficult, with the information available, 

to exactly classify the big guns used by Germany and 

Austria in their siege operations, whether they should 
\)e called mortars or howitzers. '.rhe true howitzer is 
a weapon having a barrel considerably shorter, in pro­
portion to its bore, than the ordinary type of cannon, 
but still  much longer than a mortar. On the other 
hand; of late years, mortars have been growing .longer. 
Both the howitzer and the mortar must be aimed at a 

ulUch higher angle to attain a practical working range 
than the long cannon, so that in actual use the dif­
ference between the two classes of a rms appears to 
'come down to a matter of the degrees of elevation at 
which they are usually fired. All  things cons idered, it 
would seem that the new heavy guns of Europe may be 
termed howitzers, for even with long guns there is a 

growing tendency to operate them at greater angles of 

elevation than was formerly considered deSirable, even 
on ships, where special considerations have been sup­
posed to limit the elevation. 

The big guns used by the Germans at the sieges of 
Liege and Namur are said to have had a bore of 12 

inches, and they fired shell s  weighing from 800 to 1,000 
pounds a distance of eight m iles. These were the 
guns so frequently referred to in the reports from 
abroad as "Busy Berthas," a nickname alluding to 
Frau Krupp ; and it has been rumored that still bigger 
howitzers have been designed, having a bore of 52 

centimeters, or 20.5 inches, but so far they have not 
lila terialized. 

The Austrian " Skoda" howitzers, built at the Skoda 
works at Pilsen, in Bohemia, are credited with a bore 
of 42 centimeters, or nearly 17 inches. The shell s  
fired b y  these giants a r e  said to weigh 2,800 pounds, and 

it has been claimed that they kil l  every human being 
within a radius of 150 yards. These short, .but heavy, 
guns use only explosive shells, for it i s said that ex­

perience during the war has demonstrated that shrap­

nel is not effective when fired at such high angles as 

are necessary when using this class of artillery. 

As has been said, the range of these German and 

Austrian weapons is about eight mi les, but some of the 

guns ot large caliber used by Germany have had a tar 

greater range. Thus in the bombardment of Dunkirl;: 
shell s  were dropped into the city from a distance of 

22 mi les, and these are said to have been of 12 or 15 
inches bore. '1'0 attain such a range the guns used 
must have been of much greater length than any that 

have been heretofore referred to, and it has been esti­
mated that they were fi red w ith an elevation of over 

30 degrees. As far as is known, however, very l ittle 
has been done at such ranges since the Dunkirk inci­
dent, and there is no definite information in regard to 

the character of the guns used. 

One of the interesting questions that ·  will not be an­
swered until after the end of the war is in regard to 
the life of these big guns, although all of the con­
tending nations will  individually know all about it long 
before that time, as a l l  are now provided with weapons 
of from 10 to 17 inches bore. Befo re the war a hun­
dred rounds was considered the limit of the life of 

heavy naval guns, but since then the same guns have 

been found capable of effective work up to doubl e  and 
treble that number of shots. I t  is reported, however, 
that the new howitzers, which are of the built-up con­

struction, are very durable. 

When one of these big guns is  fired the recoi l  is 
very heavy, the shell leaving the muzzle of the 12"inch 
Skoda mortar, for example, at 1,115 feet a second, anf! 
this recoil must be taken up by the carriage. To pro­
vide for this a deal of heavy mechanism is necessary 
in the form of brakes and the machinery for return iug 
the gun to its firing position. This brake i s  u sually of 
the l iquid type, a piston attached to the barrel work­
ing in a cylinder forces liquid through a small opeIl.ing, 
which can be regulated as desired, as the gun slides 
backward on its carriage. To return the gun compressed 
air is used, working in cylinders attached to the car­
riage in a way similar to th e  brakes. It is these brake 
and return cylinders that are seen grouped above and 
below the barrel of the guns in the many pictures that 

have been published. 
In the descriptions of battles it is quite common to read 

of the "thunder" of the cannon, and while this term may 
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S pecial cars transporting big French shells to the front. A long range French gun on special railway car. 

have been more or less accurate in tile old days of gUll ­
powder it is  110 longer true at the present time, when 
both gun and shell are charged with tile newer high 
explosives. In the modern battle we no longer hear 
the roll of thunder, but,  as an ]�nglish correspondent 
puts it, "a serIes of enormous strokes upon invisible 
anvils. The guns slammed sharply, with hard, metall ic  
knocks." Such sharp, metallic knocks a re character istic 
of the detonation of modern high explosives, which 
take place in a very much shorter space of time than 
the old-fashioned blaCk powder ; and this sudden explo­
sion, together with the greater power of the explosive 
subjects the gun to a strain that would destroy one of 
the old-time guns instantly. I t  is only because of the 
newer and stronger varieties of steel that are being 
used in building modern guns, together with improved 
processes and methods of construction, that it is pos­
sible to make use of the newer explosives in either gUllS 
or shells_ 

When one of these big guns has to be moved froUl 
one location to another the outfit is divided into several 
soctions, usually three, each of which is hauled by :\ 

powerful motor truck of special construction. 'rhus the 
gun is transferred from its regular carriage, or firing 
mounu, to a motor truck designed for the purpose, the 
carriage is taken by a second truck, while the founda­
tion, which is often made in several parts for conve­
nience in handling, is carried by a third truck. As 
these trucks cannot be limited in their  operation s  to 
good roads, or even to roads at all,  rubber tires are 
entirely discarded, and heavy metal-trimmed wheels are 

used, and these wheels are usually provided with an 
extra wide bearing surface by fitting to their circum­
ference a series of steel-shod wooden blocks, each one 
being hinged to the wheel so as to maintain a flat 
bearing on the ground as the wheel revolves. Of late, 
however, railways have been utilized, both for bringing 
the guns to the front and for keeping them supplied 
with ammunition, light railway lines being laid directly 
to the point from which the guns are to be fired ; and 
the guns frequently are mounted directly upon heavy, 
special cars that form a foundation platform from 
which they are fired directly. In other cases, as shown 
by one of the illustrations, the railway trucks have 
been designed merely for the convenient transportation 
of the gun, which is to be placed upon a specially pre­
pared monnt. 

When the war started none of the Allies were pro­
vided with guns adapted for field service that could 
successfully cope with the heavy pieces brought ior­
ward by G ermany and Austria, although in some places 
attempts were made to utilize long-range navy guns of 
large caliber ; but preparations were promptly put into 
operation to supply the defiCiency, and for some time 
reports have been coming of increasing numbers of 
large guns that are being operated, particularly on the 
western front ; and it is due to the work of these heavy 
weapons of the Allies that they have been able to make 
the advances of the last two months. There is  no 
definite information available as to the sizes of these 
new guns, but it is evident that they are sufficiently 
large to meet the German howitzers on equal grounds, 
and in some cases it is claime<1 the French guns are not 
only equal in size to the Germnn's, but considerably 
superior in range and efficiency. A photograph of some 
French shells has been published which shows pro­
jectiles of 1 6.5, 14 and 12 inches diameter, with weights 
of 2,350 pounds, 1,400 pounds and 850 pounds, respec­
tively, and from this it may be gathered what a won­
derful effort has been made in the French gun shops 
that has resulted in a material number of such monster 
weapons in such a short time, together with ammnnition 
to make them effeetive. England evidently has not 

been able to turn out as many nor as big guns as the 
French ;' stifi, they appear to be HOW provided w ith a 
large number of very effective weapons of cons iderable 
sir-e, which seem capable of meeting anything the enemy 
has so far brought against them. Of the doing of Italy 
in gun-making, not much is knowlI. At first she was as 
l ittle prepared for war as the ])'reneh or the IDnglish, 
hut the results of her campaign would indicate that she 
has succeeded in making good her deficiencies ;  and 
from an i l l u stration whieh we reproduce on the first 
page it is evident that Italy i s  not lacking in facil ities 
for turning out as powerful weapons as employed hy 
her opponent. 

Imperial Trains of Europe * 

By Walter S .  Hiatt 

AMo:-!G other railroau material that is being worked 
overtime now because of the IDuropean war may be 
mentioned the palatial trains of the IDmperors of Rus­
sia and Germany, the King of Italy, and that of the 
President of the French Republic. These trains hav'� 
never been in service so frequently before. 

Indeed, it is likely, should the war last many months 
longer, that the train of the President of the French 
Republic will have to be rebuilt. It is a war order 
that some enterprising American car builder may keep 
in mind. The train was about to be rebuilt when the 
war started .but the shorthanded conditions in the 
French car factories have not permitted the work to be 
carried out. 

This train, while not the most luxurious and con ­
venient o f  the official trains o f  Europe, has perhaps the 
most interesting history of them all. It  has figured in 
more important political events than any of the others, 
and has carried at some time nearly all of the great 
men of the world, including, possibly, France's greatest 
enemy, the Emperor William himself. The train was 
hurriedly built in the autumn of 1896 for the immediate 
purpose of receiving the unexpected visit of the Czar 
of all the Russias, whose visit at this time cemented 
and put the official seal on the alliance between France 
and Russia, the most portentous political affair pos­
sibly in the whole history of m odern Europe. The 
French wanted, as is their custom, to celebrate this 
visit themselves and to welcome their visitor with every 
possible honor. It was on this occasion, for example, 
that the trees of the Champs Elysees were decorated 
with hundreds of thousands of flowers, a rtificial flow­
ers 'to be sure, owing to the lateness of the season, 
but yet flowers. 

For the same reason the then most palatial of trains 
was built to carry the emperor from the frontier to 
Paris. Its four cars were built in 13 days at the order 
of President Felix Faure, and incidentally without the 
legal sanction that ordinarily must accompany such 
expenditures. This sanction was formally granted long 
after the emperor had gone home. So hastily was the 
private personal car of the four built that it was not 
recalled until the tenth day that the emperor might 
want to take a bath: So the roof of the car was 
promptly cut open and a space made large enough to 
permit the lowering of a huge bath tub into a corner 
of the car, not an ordinary bath tub, but one of solid 
silver. The tub is there after all these years, as is the 
patch in the car roof. I was at pains to note it when 
visiting the cars. This train has its own great special 
housing shed at Villeneuve St. Georges, some miles out 
of Paris, though it has been as frequently out as in 
that shed this year. 

In October the train was used to convey the King 

* Special European ('orrespolltlence of the Rail1ray A ge 
Gautte. 

of IDngland to the };'rench front where he reviewed in 
company with President Poincare 50,000 of the troops 
that had taken part in the victory of last �e]ltell l llPr 
about Rheims, the victory to-day known as that of the 
fields of Champagne. Although the review took pl act' 
but 12 miles behind the front, neither the King of 
IDngland, nor the troops, nor the train was bombarded 
by the Germans, for the simple reason that the Gel'mans 
did not know the place where the review was being 
held. 

The train was used late in August for the purpose of 
conveying the King of Belgium to Paris. It  was on this 
occasion that the king lost his suspenders, 'or rather, 
being used to a soldier's life and uniform, he forgot 
to put them on the morning he left the train after his 
night ride from Paris back to the nortlwl'n front of 
the w a r. 

'l'he ceremonial train of the French Republic differ" 
from the imperial trains in that it is not armored, and 
has no protection whatever against bullets and shells. 
It was built at a time when such trains had neither 
been conceived nor thought necessary. All of the four 
cars are elaborately upholstered in red and yellow silk 
velvets, and all are of wood construction, each 40 tOilS 
in weight. The cars are not at all of the typical 
French construction, but look rather like the massive 
American Pullman parlor car, except that the roofs are 
not full y  rounded at the car ends. The interiors of 
the cars resemble somewhat the inspection or tourist 
cars used on the westeru railways of the United States, 
and have none of the abrupt divisions and cross com .. 
partments peculiar to the English or continental cars. 
While thoroughly comfortabl e, howevPl', it is a pl 'are l l t  
by their fading curtains a n d  upholstering, I)y thei r  Loo 
palatial parlors, by their clumsy and ponderous arr,wge­
ments which can no longer be called conveniences, that 
they have outlived their time and usefulness. They 
vaguely remind one of the old palace at Oiron, whose 
magnificence is falling into decay because no one can 
afford to live in the place. 

In sharp contrast is the Imperial train of Germany 
which conveys the Emperor William to his several 
battle fronts. All of the seven cars of the train are 
partially armored, with bomb-proof bottoms and tops. 
When the train is run near the front it is pulled by 
one of the many a rmored locomotives now so common 
in France and Germany, a locomotive prepared to resist 
not only aeroplane bombs but cannon shell, a locomo­
tive whose armor reaches down to the tracks and curves 
sharply upward until it cl osel y resembles a la1\(l 
Merrimac. 

A feature of the train is the library car in which is 
hung up a multitude of military maps, more than 700, 
for the study of the operations of German and enemy 
troops. Of course the train has its special telephone 
which can be connected at any station. 

The special train of the Emperor of Russia is the 
most l uxurious and longest of them all. It  is composed 
of a dozen cars and is often run in two sections. It 
was adapted to war uses long ago, before the present 
conflict was thought of, its top, bottom, and sides being 
heavily armored and proof against dynamite charges 
planted on the tracks. Some of the cars are set aside 
for the emperor's suite and guard, in others p rovision 
is made for a real Russian bath, a real kitchen, a smok­
ing saloon and every comfort that the emperor might 
find in one of his own great palaces. There is also a 
chapel ill stalled for m:e in worship and various religiolls 
services. 

Despite the many j ourneys now being made in these 
special trains, and the vigilance and effort of the enemy 
aeronaut", nOlle so far has actual l y  been injured during 
(he war. 
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I nternal Combustion Engine Cycles- I I* 
Possibilities of the Constant Pressure Cycle 

By Arthur B. Browne and Herbert Chase 

Concluded from SCI�NTIFIC AMERICAN SUPPLEMENT No. 2 1 23, Page 1 74, September 9, 1916 

DESCRIPTION O F  T H E  BURNER. 

'I'he operation of the proposed cycle is dependent to 
a large extent upon the functioning of the burner 
marked 17 in l�ig. 2 and shown in detail in I!'ig. 3. To 
understand the operation of this burner it is neces­
sary first to have clearly in mind eertain fundamental 
laws governing flame propagation. Imagine a tube 
composed of material that is a non-conductor of heat, 
this tube being closed at one end and open to atmos­
phere at the other. Now suppose the tube be filled with . 
a highly combustible mixture of air and gas. If the 
mixture be ignited near the open end of the tube the 
flame will travel toward the closed end at a rate of 
speed dependent chiefly on the quality, temperature and 
pressure of the mixture. 

Suppose now a vessel containing a combustible mix­
ture under pressure be connected to the open end of 
the tube. If  the end of the tube formerly closed is 
then opened the combustible gas in the vessel will flow 
out through the tube at a rate dependent upon the 
pressure. If  now the mixture be ignited at a point 
midway of the tube the flame will propagate itself 
either toward fhe vessel or away from it · according 
to the relation between the velocity of the gas and the 
rate of flame propagation. If the rate of flame propa­
gation be greater than the velocity of the gas through 
the tube the flame will travel against the flow of the 
gas and ultimately ent(�r the vessel from which the mix­
ture is issuing. If  the velocity of the gas is greater 
than the rate of flame propagation the flame will travel 
with the tlow of gas and ultimately blow out at or  near 
the open end of the tube. I f, however, the rate of 
flame propagation is equal to the velocity of the gas the 
flame cap will remain stationary, the combustible gas 
approaching it from one side and the products of com­
bustion leaving on the other. 

In the case of the burner shown in Fig. 3 the com­
bustible mixture enters under pressure through the 
pipe A and fills the annulus ( called the diffusion cham­
ber ) surrounding the combustion chamber B. Entra nce 
to the latter is afforded by openings a so arranged that 
the streams of gas come from opposite directions and 
meet a t  a point where their velocity is zero. 'l'he 
velocity at the point of entrance to the combustioll 
chamber of the burner will depend upon the pressure 
(liff!'rence becween the combustion chamber and the 
chamber from which the gas issu('>;. Suppose now the 
pr('ssure difference is such that the vel ocity at the 
point of entrance is one hundred feet a second and 
that the rate of flame propagation in the particular 
mixture under consideration is fifty feet a second. 
If the gas he ignited hy spark plug D after entering 
the combustion chamber, the flame cap will travel 
against the gas current until it reaches a point where 
the velocity is the same as the rate of flame propaga­
tion, in this case, fifty feet a second. 

Such a point must exist between the point where the 
velocity of the gases is zero and the point of entrance. 
Otherwise the flame will travel through the opening 
through which the gas is entering, and ignite the mix­
ture approaching the burner. To confine the flame 
within the burner it is therefore necessary at all times 
to maintain at the point of entrance a velocity higher 
than that of the flame propagation. This will result 
in maintaining the flame within the burner and the 
products of combustion will issue from the outlet E 
of its combustion chamber. 

In practical application of the burner already made 
it has been found that the burner can be operated over 
a wide range of pressure differences without adjust­
ment and it has also been found possible to use the 
burner with the heaviest and cheapest grades of oil 
obtainable and still secure complete combustion, at 
least so far as the eye and nose can detect. 

In case liquid fuel of low volatility is used it is of 
course necessary to heat the air in which the fuel is 
mixed and see that the latter is  finely divided. In 
practice this i s  done as follows : 

The air, passing through the atomizing device 25 
( Fig. 2 ) ,  becomes impregnated with fuel mist and is 
immediately conducted through tubes where its tem-

*A paper presented at the Semi-Annual Meeti ng of the 
�ociet.Y of Automobile F.llgineer�. HepubliHhed from the 
Bulletin of the Society. 

perature is raised by contact with the hot walls of 
the inner tubes l l , carrying exhaust ga:;es. 'I'his ex­
haust heating at constant presure, not only effects the 
material increase in efficiency already noted, but serves 
to make a fixed gas of the mixture, which may there­
a ftl'r be safely conducted to the point of combustion 
without fear of condensation. With ga:;oline this fix­
ation is unnecessary. Hence a ready means for start­
ing a cold engine is available. 

In applying the burner to an engine it is necessary 
simply to see that the conditions outlined for properly 
mixing and volatilizing the fuel are met. If the tem­
perature of the air passing the nozzle 10 ,  E'ig. 2, is 
Hl;tliei�ntly high to cause immediate ignition of the fuel, 
two alternatives are open. The first is to maintain 
a velocity in the mixing chamber that is always greater 
than the rate of flame propagation in the mixture. 
The second is to make provision as by valves 23 and 
24 ( Fig. 2) whereby the mixture while on its way to 
the burner is too rich to ignite, that is, until sutlicient 
air entering through auxiliary inlet P ( E'ig. 3 )  is added 
to this over-rich mixture in the space surrounding the 
con.;:':ustion chamber so as to secure complete com­
bustion. 

The degree of rapidity at which the heat is liberated 
in the burner is indicated by the fact that it has been 
found possible in tests alrea dy made - to melt a bar 
of steel inserted in a burner made of brass. The design 
of the burner is such that the gases entering insulate 
the walls so that the latter remain comparatively cool. 

ADVANTAG E S  OF TH E PROPO SED CYCLE AS APPLIED TO AUTO­

M OllILE ENGINES. 

The advantages resulting from the use in a motor 
vehicle of an engine operated on the proposed cycle 
include all of the inheren t advantages of the constant 
pressure cycle previously mentioned. While the field 
in which it may be applied is by no means limited to 
that of the motor vehicle this cycle is peculiarly adapted 
to motor-vehicle engines for the following reasons : 

( 1 )  It renders available for use fuels, such as kero­
sene and oil fuel, now produced in such large quantities 
( to supply the demand for gasoline ) that they have 
become more or less of a drug on the market. 

( 2 )  It is thermally efficient at all loads because of the 
constant compression pressure, utilization of exhaust 
heat and other factors outlined under the heading "Ad­
vantages of the Constant Pressure Cycle." 

( 3 )  I t  produces a more uniform torque and is smooth­
er in operation than any Otto cycle engine owing to the 
fact that fuel can be admitted through a considerable 
proportion of the stroke and that there is no sudden 
rise of pressure such as produces sudden and violent 
shocks in an engine operating on the Otto cycle. Under 
these conditions it is impossible to see any necessity 
for an engtne of more than four cylinders, while it is 
probable one of fewer cylinders can readily be used. 

( 4 )  It has a considerable overload capacity. In 
other words the normal turning effort can be much 
increased either by increasing the pressure on the un­
loading valve and thus raising the compression pressure 
or by lengthening the admission period up to practi­
cally full stroke. Under Wese circumstances it is 
possible to dispense entirely with a change speed gear 
as is done in the case of steam-driven cars and loco­
motives. 

( 5 )  It can be operated on a two-stroke cycle and 
thus further decrease the variation in torque and the 
loss in power resulting from the two idle strokes in 
a four-stroke cycle engine. In short the engine will 
possess all the inherent advantages of the two-stroke 
as compared with the four-stroke cycle without any of 
the disadvantages of the former, which have operated 
against the success of a two-stroke Otto cycle engine. 

( 6 )  It  can be built to produce much higher mean 
effective pressures than do engines operating on the 
Otto cycle. The engine therefore can be made much 
lighter for a given normal power than any Otto cycle 
engine practicable for motor-vehicle use. The design 
can also be made as compact as that of the motor­
vehicle engines now' used. 

( 7 )  It will probably require no starting device. When 
the engine is stopped after running for even a short 
period of time, air under prpstmre will remain in the 

receiver. Under these conditions it will be necessa ry 
only to open the throttle, permit the air remaining 
under pressure to flow into the mixing chamber and 
thus through the burner into the cylinder. If the 
clutch be held out during this starting period the air 
pressure even though it be low will under normal COlI­
ditions be sutficient to >;tart the engine. Once sta rted 
the engine will in a few turns till the receiver with air 
at the normal compressioll pressure of the cycle. In 
case an engine stops on dead center and all  air  in the 
receiver leaks out, the engine can be cranked by hand 
or a small hand pump used to fill the receiver. 

( 8 )  It will in all probability be comparatively free 
from difficulties due to the accumulation of carbon, 
providing a reasonably good grade of lubricating oil is 
employed, because of the ideal combustion conditions 
previously mentioned. 

( 9 )  It will operate to decrease car weight on account 
of its own light weight and the fact that no gear change 
or starter will be required. Owing to the smooth 
torque characteristics the whole driving mechanism can 
probably be made lighter than under present conditions. 
It  is probable also that no mutller will be required on 
account of the expansion and cooling of the exhaust 
gases occurring in the regenerator. It should be en­
tirely free from difficulties corresponding to those now 
resulting from imperfections in carbureter design amI 
operation. 

( 10 )  Its use will result in a much simpler control of 
the car owing to the absence of any gear-changing mech­
anism. There is no occasion for a spark advance 
mechanism since the mixture will always be ignited 
the moment it enters the burner ; hence pre-ignition iR 
impossible. 

( 11 )  It will be as easily reversible as a steam en­
gine, hence no reversing gear will be required. 

CONCLUSION. 

I n  view of the numerous advantages of the constant 
pressure cycle and the peculiar advantages of the 
proposed theory of construction the authors anticipate 
a rapid change from the constant volume to the con­
sta nt pressure type of engine in automobile construction. 

BIBLIOGRAPHY. 

The authors have purposely avoided the use in this 
paper of formulas having to do with the thermody­
namics of the constant pressure cycl(�, for the rl'tlSOIl 
that this ground is covered thoroughly in most rl'fl'r­
enee hooks on the gas engine. 

Particular attention is called to the paper hy R. 1\1. 
Neilson, quoted at length in Suplee's book on "The 
Gas Turbine," in which the author states that with a 
compression pressure of only 30 pounds absolute ( ap­
proximately 15-pound gage ) a constant pressure en­
gine has an ideal efficiency of 84 per cent, the highest 
ideal efficiency of any cycle mentioned, including the 
Otto cycle with an ideal efficiency of 40 to 45 per cent. 

Another point worthy of special mention is tllat 
cited by Hiscox in his book entitled "Compressed Air 
and Its Applications." In the chapter devoted to " Com­
pressed Air Reheating and Its Work" it is made evi­
dent that one of the most efficient methods of con­
verting heat energy into useful work is to heat air 
already compressed and expand it in an air motor. 
Hiscox states that 1.28 horse-power can be developed 
by the combustion of one pound of coal per hour, or 
where the internal combustion method of heating is 
used ( products of combustion are added to the air ) 
no less than 2.4 horse-power per pound of coal per 
hour . may be developed-a far better efficiency than 
can be realized in any known type of steam vower 
plant. 

The constant pressure engine can be considered prac­
tically as being an air motor in which the air is heated 
after being compressed and then allowed to expand 
in the same cylinder in which compression takes place. 
In the cycle proposed in the paper heating is done in 
a most efficient manner with slight opportunity for loss 
of heat energy, since the latter is not liberated until 
the air enters the cylinder in which the work is done. 
Furthermore, a considerable vroportion of the heat 
normally lost in the exhaust is returned to the next 
charge of air entering the cylinder. 
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The Truth About Colored Rubber* 

How Color Is Obtained and Why It Is Unrelated to Quality 

THE production of crude rubber and its manufacture 
into the m�'l'iad objects of daily use comprises a most 
important industry. It is so important that vast cap­
ital and a small army of agricultural, chemical and 
engineering experts and inventors are studying every 
phasc of the subject in the effort to produce better 
goods and new avplications. 

Ordinary vulcanized rubber is so familiar as a black, 
white, gray or red elastic or resilient substance that it is 
quite natural for those who use it  in any form, with­
out manufacturing knowledge, to believe that its ob­
served colors mean more than they do, and to associate 
the notion of quality with a non-essential-like color, 
or possibly odor. 

It is very convenient for the purposes of the ad­
vertising man to claim color as a guide to quality in 
rubber goods and associate the two ideas as related 
whether they lI,l'e or not, so long as the customer is 
directed to some trademarked line that may perchance 
stand for superior quality. There are other miscon­
ceptions about rubber, the currency of which are not in 
any way attributable to a dvertising zeal, as, for ex­
ample, that rubber is. melted and poured into molds to 
give desired form to any article. 

Crude rubber is the dried gum from the latex or 
milk-like fluid derived from ' a variety of trees and 
vines native to the tropical countries ,of South and 
Central America, Africa and Asia. 

The rubber industry began less than seventy-five years 
ago, and developed gradually for fifty years until about 
tlle period that rubber tires began to appear. Since 
that time the remarlmble increase in the use of rubber 
1m:,; becn more rapid than the production of the ma­
terial from its wild sources. This condition led to the 
establh,llluent of plantations for the cultivation of the 
best, or Para grade, first in Ceylon, under government 
aid, and later in Malaya and elsewhere. During the 
long experimental stage serious doubt was entertained 
as to the succe'lS of the rubber planting industry ; to­
day, however, the world derives over 66 per cent of its 
annual supply of rubber from the plantations . of the 
Far East, and this proportion is steadily increasing. 

Crude rubber, as received by the mamifacturer from 
the wild sources, is in balls, blocks, rolls, strips or 
slabs, usually wet and very much mixed with earth, 
bark, leaves and wood. The plantation grades are uni­
formly in clean sheets or blocks, dry and free from for­
£'ign admixtures. 

The preparatory processes of working are essential l y  

t h e  same whatever the quality o f  the crude rubber o r  the 

ultimate product of its manufacture. These processes 

begin �ith washing to remove the earth, wood, barl" 

etc.,  and there is a rough standard shrinkage by wa sh­

ing to which each well defined market grade of rubher 

may be expected to approximate. This loss varies from 

5 to 50, or more, per cent by w eight, according to the 

sou rce of the ruhber. 'I'here is an extremely wide range 

as regards strength and other properties of clean rub­

bers derived from various sources, which is taken into 

account when selecting for manufacture. 

Formerly, after washing, the rough sheets of clean 

rubber were dried in a warm ventilated loft for weeks. 

The modern practice is to dry the sheets on trays in a 

vacuum steam oven, by which the water within the 

rubber substance is rapidly removed under reduced 

pressure without danger of injury by overheating. This 

important a dvance in rubber working is due chiefly to 

a gifted American engineer, Joseph P. Devine, of Buf­

falo, N. Y. Pure unmodified rubber is not suitable 

to many technical uses, but can be made so by proper 

mixing, or Compounding and vulcanizing. 
Vulcanization, or the union of sulphur

' 
with rubber, 

was Goodyear's great invention. It is the basic process 
in rubber manufacture. The term indicates the chemi­
cal changes prodvcing the well-known characteristics 
observed in rubber goods, such as hardness, toughness, 
elasticity, etc. The variety of materials employed for 
'ulmixture in rubber is very great, and the catalogue 
of such materials may be divided approximately into 
vulcanizing . agents, tougheners, fillers without chemi­
cal influence, and pigments. This list of ingredients is 
so large that a practically limitless variety of rubber 
s 'ocks is possible, giving to rubber its unique position 
In the · modern world. 

* From the Hor8ele88 Age. 

By Webster Norris 

I t  is evident that the production of a rubber stocl, 
of special quality requires the exercise of much ex­
perience and scientific knowledge. This work consti­
tutes one phase of the rubber chemist's work, as he 
controls the factory routine processes. Rubber com­
pounding is directed to secure some specific result 
with the materials employed, usually the production 
of goods to give creditable service under given con­
ditions ; sometimes, however, to meet a price propo­
sition where disproportionate value is sought by the 
purchaser ( who is uniformly disappointed, as a mat­
ter of course ) .  

The numerous crude rubber sorts and the long list 
of compounding ingredients offer the chemist a wide 
range of resources wherewith to exercise his skill. 
Among the rubber grades are those, for example, that 
have crisp, strong fiber suitable for wear resisting, 
tough tire treads when rightly compounded and others 
which can never be made into equivalent stocks, what­
ever the compounding. Among the mixing ingredients 
some have chemical effect, others purely physical , and 
still others exert both of these functions. The principal 
vulcanizing material is sulphur. Its chemical effect 
changes the crude rubber into an essentially different 
material. The metallic oxides, sulphides and certain 
organic compounds assist the process of vulcanization 
and otherwise modify the physical properties, and some 
of them incidentally affect the color of the product. 

The natural Color of vulcanized rubber free of pig­
ment is black for ebonite or hard rubber, and gray 
for soft cured rubber. Referring more particularly to 
heat-cured soft rubber goods,  such, for example, as 
tires, hose, water bottles, bulbs, etc. ,  these articles are 
made in black, white and red chiefly, although other 
colors are possible. The pigments are mineral colors, 
metallic oxides or sulphides mixed into the rubber by 
milling on iron rolls. 

Organic colors are unstable in contact with heat 
and sulphur, and for this reason are limited as rubber 
colors to use in the cold cure process for transparent 
and surface effects. The trivial value of color in rub­
ber is evident in the case of a tire tread or even a hot 
water bottle, where service is the real test of quality, 
and quality means good rubber scientifically compounded 
and carefully cured, whether colored incidentally or 
intentionally; 

An excellent quality of tire tread or water bottle 
can be made either red or white. They can also be 
made of equal or superior quality in some other color. 
A red rubber article may be red because it contains 
antimony, oxide of iron or red reclaimed rubber and 
in each case the quality may be vastly different. 

The pigments used in rubber have no beneficial effect 
on the rubber mixture, either preservative or other­
wise, except in case of zinc oxide and antimony sul­
phide, particularly the former, which is remarkabl e  
as a toughener.  They are both used mainly for thiH 
purpose ; the zinc oxide to a greater extent than the 
antimony, because the white stock produced is cheaper 
and may be given any other color desired. Color as 
a feature in rubber compounding is thus seen to be a 
matter of taste or fancy and of value only in adding 
distinction to some trade design. A discriminating pur­
chaser may thus be aided by it in identifying the goods 
sought. 

No manufacturer is warranted in claiming to be the 
headquarters for red or any other color of rubber nor 
to base a claim of superior quality on the particular 
color he offers in his goods. The truth is that progres­
sive manufacturers, both large and small, have long 
recognized the value and need of scientific investiga­
tion in the development and control of their products. 
Their chemists are continually studying to secure in­
creased value in the goods. Differences in experience 
and skill naturally are reflected in the product, not only 
as regards quality and color, but in many other re­
spects. 

White color in rubber is obtained by zinc oxide, or 
lithopone, a preparation of zinc oxide and barium sul­
phate, sold under various trade names and largely used 
in rubber work. 

Red color in rubber i s  obtained by crimson sulphuret 
of antimony or the cheaper and effective red oxides of 
iron in various grades. 

Black, when especially sought, is obtained by the use 

of lampblack. The natural dark color of , vulcanizcd 
rubber is often made practically black, as in the ca 3e 
of tires, by the incidental color of such material as 
refined asphaltum, known as mineral rubber. When 
lampblack is used, the amount required is small owing 
to its powerful covering quality as a pigment. The 
percentages of these colors required to produce the 
ordinary white, red and black rubber are about as fol­
lows : white, 30 to 40 per cent ; red, 10 per cent ; black, 
2 per cent. 

The prices of practically all of the compounding in­
gredients for rubber are on a war basis. Zinc oxide 
and lithopone have risen 200 to 300 per cent above 
normal ; antimony red is scarcely to be had ; lamp­
black has · risen proportionately less, but is of small 
consequence, compared with zinc and antimony. 

At a time like the present the tire manufacturer 
continues to make white treads by observing the strict­
est economy in his use of zinc and lithopone or wisely 
makes a better stock with something else, regardless 
of color. For red tires he abandons antimony and 
uses oxide of iron. In this way he may he very little 
inconvenienced by existing conditions in the matters 
of quality, price or color. 

An average tire tread showing 45 per cent mineral 
besides sulphur, if white would show all zinc oxide 
or lithopone ; if red, 10 per cent antimony sulphide 
or iron oxide and 35 per cent zinc oxide or lithopone ; 
if black, it would contain a mixed assortment of ma­
terials about half with vulcanizing effect and half in­
ert fillers 

War conditions have affected the avail;ability of 
many of the materals used in rubber manufacture, 
but this has served to stimulate closer study, and in 
tires, for example, has been maintained or even sur­
passed by newly applied resources 

Regarding quality in automobile tires , the question 
frequently is  asked, How much actual rubber is in an 
inner tube and a tire casing ? The ordinary high grade 
tube contains about 90 per cent of Para rubber. The 
average tire casing contains not only several qualities 
of rubber composition, but these vary in grades of rub­
ber employed, although Para, either wild or plantation, 
is the principal one. 

Reclaimers of waste rubber find that the average 
composition of automobile casings is, approximately, 
fabric, 50 per cent ; rubber, 25 per cent ; mineral in­
gredients, 25 per cent. The rubber and compounding 
ingredients in a tire tread composition will probably 
average, rubber, 50 per cent ; metallic oxides, inert 
fillers and pigments, 45 per cent ; sulphur, 5 per cent. 

Having realized the lack of reliahility of surface char­
acteristics as indications of quality in rubber goods, 
the purchaser may well inquire what course he is to 
pursue in selecting, for example, a tire. As between 
several tires, red, white, black, gray or any other Color 
singly or in combination, makes no selection on color, 
weight or odor. If  not familiar with tire construction 
simply select a manufacturer whose experts have solved 
the problem. By this course one's j udgment is backed 
by a competent organization and any failures of the 
goods in service can be put up to the organization 
with confidence in the outcome. 

News by Wireless 
THE story of a correspondent who spent an evening 

in the wireless room of a British battleship stationed in 
the North Sea illustrates the great range of many pres­
ent-day radio stations. On that particular evening, 
which he admits was unusually favorable to wireless 
communication, he heard Poldhu, the Welsh station of 
the Marconi chain ; Nordeich, the German station from 
which the Teutonic version of the war is sent out daily 
to ships at sea ; the Eiffel Tower station at Paris, which 
handles a goodly part of the French Government's 
orders to distant commands ; the Spanish station at 
Madrid ; the Russian naval commander in the Baltic

' 
as 

well as the Admiral of the British Grand Fleet, the Ger­
man Commander-in-Chief with his land-locked fleet, and 
the British Commander-in-Chief in the Mediterranean. 
The correspondent comments on the ease wIth which the 
operator was able to tune in any desired statioo whil e 
eliminating the others.-7'hc English Mechanic. 
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The Pallograph * 

An Ingenious Instrument for Recording Vibrations 

THE only pallograph in America, and, indeed, one of 
but two or three in existence, has lately been completed 
by the Sperry Gyroscope Company for the use of the 
lJnited States Navy engin eers at the Model Basin, 'IVash­
ington, D. C., in connection with their investigation of 
vibration of ships. Briefly, the pallograph is an instru­
llIent which simultaneously records vertical and hori­
zOlltal transverse vibrations ; and while the instrument 
iN primarily intended for use aboard ships, it may be 
uRPd to trace vibrations or oscillations of any charactN 
to their primal source. Doubtless the first practical 
pall ograph was the one made some years ago by Dr. 
Schlick of Hamburg, and it was he who demonstrated 
the wonderful results that may be achieved by means 
of this device in definitely locating the source or cause 
of vibrations. 

A pallograph consists of six principal parts, namely : 
( a )  Apparatus for measuring vertical vibrations. 
( Ii )  Apparatus for measuring horizontal vibrations. 
( c )  Mechanism for propelling the recording strip. 
( d )  lDlectrical connection with ship's tail-shafts. 
( e )  Clockwork for registering seconds ; and 
( f )  Marking-pens. 
When the pallograph is set up on a vessel where it 

is moved up and down by vertical vibrations, a weight, 
shown diagrammatically at W, in Fig. 1, by reason of 
its inertia remains- at rest, although it appears to move 
rapidly up and down. When the apparatus is in a 
state of rest, a vertical impulse given to the weight 
will cause it to swing up and down with oscillations 
having a certain regular period. Wlien measurements 
of vibrations are to be made, this period must always 
differ materially from the period of the vibrations 
which are to be analyzed ; otherwise the weight would 
begin a synchronous oscillation, and anything like 3 

record of vibration would be impossible. The period 
of the weight is quickly changed, however, by varying 
t he tension of the spring S and moving it to or from 
the point marked P. 

The pendulum used to record horizontal oscillations 
is diagrammatically illustrated in Fig. 2. It will be 
noted that the swiveled sleeve, A, is adjustable in n 
restrained vertical direction, and it will be readily 
understood how, by raising or lowering this sleeve, 
the pendulum may be lengthened or shortened-every 
slight adjustment of the sleeve is tremendously multi­
plied in its effect near the critical point-on the on� 
hand representing a pendulum hung from a height of 
several hundred feet, and on the other almost zero 
height. Indeed, in the Sperry pallograph it is possibl e 
to arrange the parts so that the weight acts as if sus­
pended from a practically infinite height, thus creating 
a pendulum of many miles in length, and the length of 
this pendulum may be adjusted from zero to maximum 
in two or three seconds. 

Records are made on a 5-inch paper strip, which is 
moved upwardly at constant speed by a small motor ; 
the speed of travel may be regulated from 1 �  inches 
down to % inch per second, as required. It will be 
readily understood that vibrations of high frequency or 
of considerable amplitude should be recorded on a 
rapidly moving strip, so that the wavy lines of the 
diagram may be widely separated for thorough analysis ; 
indeed, it is even frequently necessary to enlarge cer­
tain sections, so that conclusions as to the cause of 
the vibrations may be determined with absolute cer· 
tainty. 

A collar being fitted to each propeller-shaft with an 
ordinary electrical connection, each revolution of each 
shaft is el ectrically transmitted to its respective record­
ing-pen. The records shown in the illustration of the 
complete instrument, Fig. 3, reading from left to right, 
are as follows : Vertical vibration, horizontal vibration, 
tail-shaft, tail shaft and seconds. The instrument is 
shown equipped with pens for recording the revolutions 
of only two propeller-shafts, but it is understood, of 
courRe, that provisions have been made for the attach­
ment of as many pens as there are tail-shafts in the ship 
Oil whieh the tests are conducted. 

In discussing the analysis of the diagrams produced 
by the pallograph, Dr. Schlick stated : "It is necessary, 
in the first place, to exactly determine the period 
within which the ordinates always have the same vallIe. 
When the curve is a regular one, the determination of 
the period is a simple matter. If, for instance, the 
curve 0 0 0 in Fig. 4 be given, tangents a a and b Ii are 
drawn to its succesive uppermost and lowermost points, 
so that these are respectively connected with one an-

• Engineering. 

other. Then a line c c is drawn in a position about 
midway between a a and Il Il, as may appear suitable, 
parallel to these, cutting the curve 0 0 0 in the points 
m, n, m" nIl mOl n2, etc. The distances apart of the 
ann logou;.; points of iutersection m and ml, 11h and m2 
or n amI nl then correspond with the period. 

"The curves, however, which occur in the pallographic 
investigation do not show the complete regularity here 
assumed, at any rate in the case of steamers with two 
or more screws, for, in the first place, the speed of 
advance of the recor<liug strip is not absolutely uniform, 
and in the second the period relations borne by the 
vibrations of higher order to those of lower order are 
constantly changing. Both these circumstances tend 

Fig. 3. 

to make each successive wave differ in form from its 
]lredecessor. 

"In the application of the pallographic curves the 
only practicable method of determining the period is 
first to endeavor, in the manner above described, to fix 
the length of the waves. In this more or less consider­
able differences will present themselves, which, how­
ever, will preserve a certain regularity in so far as 
they will keep on gradually increasing or decreasing in 
one particular direction. The investigator must then 
follow his instinct in finding two points on the wave­
line that are a wave-length apart. After a little prac­
tIce this may be done without considerable error. 

"After, then, the wave-length has been found from 
a curve by the determination of the points a, a. ( see 
Fig. 5 ) , the analysis may be proceeded with in the fol­
lowing manner : The investigator must fi rst make up 
his mind how far he will carry his analysis-i. e., up 
to what order of curve. It may, for instance, be pro­
posed to investigate the curves up to that of the sixth 
order. 

"The distance a a. is then divided into six parts, 
and ordinates are Ret np at the stations a" a2• a,. a,. and 

(t" so a s  to cut the curve. The arithmetie mean of 
these ordinates is then determined and the distanee is 
set off at each of the stations, so that the points /)" /)" 
Ii" . . . are olltained. These points then belong to 
the curve of the sixth order. After this, furthpr ordi­
nates are set off at the stations a, a" a2,  • • • •  ([ . ,  which 
are moved along through equal distances, a a = (/, a1= 
112 CL2,  pte. ,  to the right of the stations first set off. '1'he 
length of these distances a tl .  al, al, etc., is of no weight. 
The arithmetic mean of all the ordinates set up at tllP 
new points of the curve 0 0 0 must here again be de­
termined and set up from the base line of the new ordi­
nate". '1'he points thus "let off, /3, /3" /3" . . . /3., belong 
to the desired curve of the sixth order also. Hereupon 
a fresh group of ordinates is taken in hand, and addi­
tional points on the curve of the sixth order are found 
in the same manner as before. In this manner it is 
llossible to determine any desired number of points on 
the curve required. 

· 'When the curve of the sixth order has thus been 
found, its ordinates must be subtracted from those of 
the original curve 0 0 0, and a new curve is thus ob­
tained, which may be called 0, 0, 0,. Should the curve 
of the sixth order, as will usually be the case, show 
waves of comparatively small height, the form of the 
newly found curve C, 0, 0, will not differ materiall y 
from that of the original eurve 0 0 O. The llew curve 
C5 C, 0, now contains all the curves of the lower order, 
those of the sixth and of any higher order being elimi­
nated. 

"To determine the other curves of lower order, the 
curve 0, 0, 0, obtained by the above process of sub­
traction must be treated in exactly the manner described 
for the curve 0 0 O. The wave-length must he divi der! 
into five equal parts, and ordinates are then to he set 
up at the points of division, the arithmetic mean of 
which must again be sought. A line may now be drawn, 
in the same mallner as before, which constitutes a curve 
of the fifth order. 

"The ordinates of the curve of the fifth order are next 
subtracted from those of the curve 0, 0, 0" and the 
differences set off again in the form of a new 'lower 
curve O. O. 0., which then contains all the eurves of 
lower order, those of the fifth, sixth, and higher or(ler 
being eliminated. 

"The curves of the fourth, third, and second or<1er 
may now successively he fOllnd by similar application 
of the aboye process. After elimination of these latter, 
the remaining curve will be one of the first order, and 
must take the form of a true curve of sines. Error>l 
of greater or less magnitude, due to unavoidable inex­
actness in drawing, will here, of course, show them­
selves. 

"In vessels with three-bladed screw-propellers it will 
generally be sutlicient to determine the curves of, and 
below, the third order, and in vessels with four-blade(] 
propell ers that of the fourth order in addition, since 
under such conditions the curves generally show vibra­
tions of very small extent. Only in exceptional cases 
do curves of the sixth order show themselves in vessels 
with three-bladed, and curves of the eighth order in 
those with four-bladed propellers. Further curves of 
the fifth order never show themselves in connection 
with the former, nor curves of the seventh order in 
connection with the latter vessels. 

"No curves of the fourth order occur in vessels having 
engines with three cranks and three-bladed propellers, 
and no curves of the third order in those having engines 
with four cranks and four-bladed propellers. It i", in 
fact, unnecessary to go to the trouble of seeking such 
curves." 

Modern Methods in Surveying 
IN spite of the systematic ageing of measuring wires 

by shocks, annealing, etc., experience has shown that 
restandardization is necessary both before and after 
each base measurement. In recognition of this the In­
dian Government has made careful preparations in 
undertaking extensive new triangulations. Invar tapes 
and wires 24 meters long are used, and these are reg­
ularly compared with invar bars. These bars are 4 
meters long, so a comparator of 24 meters divided into 
six sections is required. A separate comparator 4 me­
ters long is provided to compare the 4 meter bars witb 
a 1 m eter bar, which is compared with the primary 
standard. This 4 meter comparator is used botb 'for 
comparisons of length and also for determinipg the 
coeffi cient of expanRion, the l atter process being done 
under water. 
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Arc and Unstable States In Glow* 
The Diverse W ays In Which the Instability Asserts Itself 

IN sulid and liquid conductors, in which Ohm's law is 
applicable, unstable states,  where a small variation in 
voltage produces a large change in current, are almost 
unknown. Exceptions occur only when a critical state 
in the conductor is reached, as, for example, in an iron 
wire at a certain temperature, or in an aluminium valve 
cell at break-down voltage. 

Characteristics of the Gas Discharge .-When an electric 
current passes through a gas, the number of available 
carriers of the discharge increases with increasing cur­
rent at a very rapid rate. In a popular sense, an ionized 
gas is a most "unstable" conductor, having a resistance 
by no means amenable to Ohm's law. In the language 
of dynamics, however, a gas discharge is normally stable 
in the sense that there is a restoring force to damp out 
small disturbances. The nature of this force, as well as 
the criterion for stability of any discharge, can be under­
stood best by reference to the characteristic curve of the 
discharge shown in the diagram. 

This curve shows qualitatively the relation between 
current and voltage in the discharge between two fixed 
electrodes. The nature and pressure of the surrounding 
gas are supposed constant, except as modified by condi­
tions at the electrodes themselves. All of the common 
types of discharge are �epresented on this diagram. With 
a sufficiently high electromotive force it is theoretically 
possible, by decreasing the external resistance, to pass 
through all the stages in succession. Pra;cticaHy certain 
portions are unattainable, and different sources of supply 
are necessary for different forms of discharge. In any 
case, however, the curve is characteristic of the discharge 
apparatus and not of the supply. 

'rhe first part of the curve , OA , represents the satura­
tion current, which soon assumes a value that is practi­
cally constant over a great range of voltage. This 
current is carried by the few free ions that are always 
present. As the voltage increases, the charged particles 
are sufficiently accelerated to form new ions by impact. 
At this point the current begins to increase, and a faint 
glow appears. The point A represents the sparking 
potential. In the present case the external resistance 
is supposed to be too high to admit of sparking. 

AB is the glow discharge proper, in which the rate of 
ionization is so great that the voltage across the gap 
begins to drop. If the cathode is small, the curve may 
rise again before B is reached, owing to the abnormally 
high cathode drop. 

Since the drop at the cathode is much larger than that 
at the anode, the cathode becomes relatively hot .  As B 
is approached, the expenditure of energy at the cathode 
becomes so high that the cathode rapidly becomes in­
candescent. Here a new phenomenon appears, namely, 
the emission of electrons from the hot cathode, according 
to Hichardson's law. These greatly increase the ioniza­
tion close to the cathode, and the positive ions thus pro­
duced heat the cathode by impact still more. If the 
cathode metal is volatile enough, it begins to vaporize, 
thus lowering the cathode drop as well as the resistance 
of the gas. 

'I'he discharge quickly resolves itself into an arc, in 
which the negative base is concentrated to an intensely 
bright spot, the current is carried chiefly by the vapor 
from the cathode, but in which the mechanism of the 
discharge is essentially as before. The portion BC of 
the curve cannot be observed. Over CD the discharge 
is an arc as far as the cathode is concerned, but since 
less energy is being expended at the anode, at the latter 
we may still have a glow discharge. The positive base 
of the discharge · is still diffuse and faintly luminous. 
This is the first stage of the arc.  

With increasing current the anode is brought to the 
boiling point. This causes a decrease in the anode drop 
and a further increase in conductivity of the gas, so 
that the portion DF is quickly passed over. FG is then 
a full arc, or second stage arc. Exceptions to this typical 
sequence of events will be described below. 

Quantitatively, it is impossible to make the diagram 
give a correct idea of the voltage and current relations, 
since the current at G is in reality many thousands of 
times greater than at A .  

Stability of the Discharge .-While theoretically i t  is 
possible to maintain a steady discharge at any point of 
the entire curve, practically the transition from one 
portion to the next is always discontinuous. As the 

* A paper read before the New York Section of the American 

Electrochemical Society in joint session with the Illuminating 

Engineering Society a.s reported in the Metallurgical and Chemical 
Engineer. 

By W. G. Cady 

voltage or the external resistance is varied, a critic�al 
point is always rea.ched where the discharge is absolutely 
unstable, changing abruptly to a stable region on another 
part of the curve. Still, with any given supply electro­
motive force and external resistance, it is always possible 
to predict between which two points the discharge must 
change. The method of procedure is largely due to 
Kaufmann.! 

Let us suppose that the supply electromotive force is 
measured by OE, in the figure. If M is the point on the 
curve at which the discharge takes place, then since the 
ordinate of M is the voltage consumed by the discharge, 
it is evident that the external resistance R is equal to 
tan a .  If R is decreased, a must decrease and M will 
move to the right along the curve. 

Kaufman'n showed analytically that a stable discharge 
is only possible when the line through E" or the " resis­
tance line" as it is called, slopes more �teepl!l than the  

characteri �tic curve at the point in question. Thus, the 
discharge is stable at M, and, starting with zero current, 
It  would also be stable at N with the same external re­
sistance, but not at P. A glow at P could only be ob­
tained with an enormously high electromotive force. At 
B the discharge is unstable ; this is the first of the unstable 
states to which attention is directed. As soon as the 
point of tangency is reached , the discharge changes ab-

E 
A 
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Characteristic Curves of Gas Discharge 

OA , Satur ation current : A B ,  Glow : CD, Arc ,  first stage : 

FG, Arc , second stage. 

ruptly to a first-stage arc at Q. If now the external re­
sistance is increased, the discharge does not change back 
to a glow along QB, but owing to the vaporization of the 
cathode it remains an arc until the point of tangency at 
C is reached. Then if, as is usually the case, the dis­
charge cannot change to a stable glow, it goes out. 

Similar points of instability exist at D and F. If 
the supply electromotive force is low, as at El, not even 
the first stage of the arc is possible, but only the second. 
This is the case with most arcs, operating with low 
electromotive force and small external resistance, and 
lighted by touching the electrodes together. 

The physical significance of Kaufmann's criterion may 
be seen from the following considerations : If the resis­
tance line slopes more steeply than the characteristic 
curve, then if through any chance the discharge at a given 
instant happens to take place at an abnormally high 
current, it cannot persist at this current, since the voltage 
available for the discharge is limited by the external re­
sistance, and the steep slope of the resistance line brings 
the operating point too low for the discharge to be main­
tained ; hence, the current settles back to its normal 
value. Similar reasoning will show that if the resistance 

1 Kaufmann, Annalen d. Phys. 2 ,�p. 158, 1900. 

line slopes less steeply than the characteristie eurve, then 
any slight disturbance will grow until the discharge goes 
out or becomes stable at another part of the curve . 

In a general way this sort of stability is, of course , 
analogous to the mechanical stability of a pymmid , 
whieh is stable or unstable according to whether i t  
stands on i ts  base or  is balanced on its point. A more 
exact analogy would be furnished by a hydraulic model, 
in which the discharge tube was represented by a valve 
so contrived as to open wider, the greater the flow of 
water through it. This would provide the "falling char­
acteristic ."  If then the water were supplied from a 
vessel of variable height, and regulated by a valve at 
the supply, it is evident that at high pressure and with 
the supply valve nearly closed, any given flow of water 
would be maintained more stably than if the pressure 
were low and the supply valve wide open, for in the latter 
case a much greater percen tage of the total "resistance" 
would be in the valve of "falling characteristic ."  

Kaufmann applied his criterion of  stability with great 
success not only to glow and arc , but to the point dis­
charge, to a discharge gap ionized by an external source 
and, most remarkable of all, to the case of a discharge 
having a capacity in parallel with it. This came pretty 
near being the discovery of the singing arc , whieh, by a 
coincidence , was discovered experimentally by Duddell 
in the same year. 

The Carbon A rc.-I have obtained a glow discharge 
and both stages of the arc between carbon terminals, 
using an electromotive force of 460 volts, in nitrogen at 
reduced pressure. Air was then admitted and the cur­
rent increased until the hissing state was also reached, 
making four forms of discharge with the same electrodes. 
On the characteristic curve for carbon electrodes the 
hissing point would be represented by a kink similar to 
that shown at DF, but situated between F and G. 
'fhe laws governing the current-voltage relations on 
tmnsition between normal and hissing carbon arcs are 
the same as those discussed above. 

First and Second Stages of A rc. Effect of I mpurities.­

The unstable state occurring between the first and second 
stages of the arc has been investigated by Arnold and the 
writer. It is on the first stage that the ordinary mercury 
arc burns, having an anode of iron or graphite. The 
change from first to second stage has now been observed 
with anodes of a large number of metals, though in some 
eases reduced gas pressure or exclusion of oxygen was 
necessary. 

An instability in the di scharge is sometimes occasioned 
by traces of impurities on the surfaces of the electrodes. 
It  is well known that the glow tends to change to an arc 
more readily if the metallic cathode is contaminated with 
traces of oxide . This is related, of course , to the emission 
of electrons from hot oxides. At the anode in a glow or 
a firs t stage arc , traces of impurities serve as nuclei around 
which the discharge tends to become concentrated, 
though it is still a glow. This effect may become so 
pronounced as to be taken for a new type of discharge , 2  
especially, since the voltage suffers a sudden drop when 
the concentration sets in.  

A n  Unusual Type of Arc.-A very unusual type of 
discharge is that in which, as the current increases, an 
arc appears at the anode while there is still a glow at the 
cathode. Those who define the arc as essentially a 
cathode phenomenon will not be disposed to admit that 
this is an arc at all, yet it has every characteriistc of an 
arc at the anode, and the appearance here does not alter 
further when the arc phase sets in at the cathode . The 
writer has encountered this form of discharge with anodes 
of C ,  Ag, Cu and Hg, the cathode in most cases being of 
silver. The condition is decidedly unstable . 

Is an A rc Possible from a Pure Metal ?-The writer 
observed some years ago that a cathode of pure silver 
may become heated by the glow discharge in nitrogen 
nearly to the boiling point without the formation of an 
arc. At currents as high as 1.3 amperes the discharge 
is still a glow, though the molten metal is white hot and 
vaporizes so intensely that clouds of silver " steam" fill 
the discharge tube. This is important evidence that 
incandescence and vaporization of the cathode are not 
enough of themselves to cause the formation of an arc.  
Whether even at the boiling point of  silver the glow would 
still persist if no impurities were present cannot be stated. 
In the present tests, at the highest currents, t.he cathode 
mantle always grew so large as to eneroach upon the 
friil.ge of impurities that inevitably surrounded the 

2 Aagenbach, Phys. Zeitschr. 12, p.  1015, 1 9 1 1 .  
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molten mass, and then an arc immediately formed.  The 
admission of a small quantity of oxygen also precipitated 
an arc. 

Intermittent Dischrge . Corona.-Both glow and metal­
lic arc, as well as the discharge from points, are some­
times foun d to be intermittent. For this to be the case, 
the current must be relatively small and the capacity of 
the external circuit considerable. There is usually a cer­
tain critical external resistance at which the intermit­
tence vanishes, as shown by the cessation of sound in a 
telephone connected to the circuit.  The phenomenon is 
closely related to the use of the arc as a generator of 
electric oscillations. The Cooper-Hewitt mercury inter­
ru pter is a notable example of intermittent arc . 

In a strong magnetic field an arc can also be made 
intermittent. In this case the instability is due to the 
lengthening of the column of vapor by the magnet, caus-

, ing the voltage to rise above the point where the dis­

charge can be maintained. Owing to the incandescence 

of the cathode, the discharge quickly relights and the 

operation repeats itself. 
The corona discharge from high voltage transmission 

lines is similar to a glow discharge, and is said to be often 

intel'mitt£'nt. It exhibits the characteristic cathode and 

anode phenomena, as well as the tendency to concentrate 

at certain points which were mentioned above . .  Since the 
ail' serves as one electrode, the corona has in some re­
spects more in common with the discharge from points 

than with "the typical glow. 
Rotation at the A node.-Two effects will now be 

described, illustrating the instability of gas discharges 

as certain currents. The first of these has to do with 

the anode, the second with the cathode. 

In the iron arc"in free air the discharge normally takes 

place between globules of molten oxide . The second 

stage sets in at a little over an ampere . A close exam­

ination shows that the bright spot at the positive end of 

the arc is in rapid rotation, describing a minute ring. 

As the current increases, this form of rotation suddenly 

changes to one in which the ring is still smaller, "then at 

about 1 .8  amperes a large ring takes its place, which 

presently yields the stage to a smaller ring again. 

Each of the four types of rotation has its characteristic 

diameter and speed, and produces a faint note of a cer­

tain pitch. Oscillograph records show that the current 

and voltage undergo corresponding changes. Reasons 

have been given elsewhere3 f()r believing that these move­

ments are due to a reduction of the oxide at the positive 

base of the discharge, causing the base to wander to 

regions richer in oxygen. The changes from one type 

to the next are probably due to modifications in the com-

a Phys. Rev. 2,  p.  249, 1913.  

position of the oxide , brought about by increasing tem­
perature. I have found similar effects to a slight extent 
in nickel and cobalt . These results have a bearing on 
the use of the iron arc as a wave-length standard in spec­
troscopy. 

Glow-arc Oscillations .-The effect at the cathode to 
which reference has been made is of the nature of a 
rapid pulsation back and forth between glow and arc.  
To obtain it ,  the supply electromotive force must be 
high, and the gas should be hydrogen at atmospheric 
pressure, mixed with a little hydrocarbon vapor. The 
electrodes may be of any metal, placed very close to­
gether, the discharge current being of the order of 1 / 1 0  
ampere. 

When the discharge is a glow, a spot on the cathode 
becomes heated to such a degree that a small arc forms, 
but the voltage then drops so much and the current 
increases so little, owing to the shape of the characteristic 
curve, t,hat the energy is too slight to maintain the arc , 
and immediately the glow sets in again. Such pulsations 
between arc and glow are of a frequency anywhere be­
tween 1 and 250,000, depending on various conditions. 
I have succeeded in converting 66 pel' cent of the power 
applied to the discharge into high frequency oscillations 
of this ttype . Unfortunately, the nature of the discharge 
is such that the conversion of large amounts of power by 
this means is impossible . 

In these experiments , no capacity was connected in 
parallel to the discharge, though the adjacent parts of 
the circuit acted as capacities for the high frequency 
currents. 

The Singing A rc .-In the singing arc, including the 
Poulsen arc used in radio-telegraphy, a capacity and 
self-inductance in series are placed in parallel with the 
arc . The effect of the capacity is to drain energy from 

' the arc when the current in the condenser circuit is in 
one direction, and to strengthen the arc current when in 
the other direction. Continuous oscillations are thus 
maintained, the condenser circuit receiving energy and 
timing its own impulses in a manner analogous to the 
balance wheel or pendulum of a clock. 

The point of chief interest here is that, as Kaufmann, 
Simon and others have shown, such oscillations are 
possible only when the arc (or glow) possesses a falling 
characteristic. Simon has found that the alternating­
current, or "dynamic, " characteristic differs from the 
direct-current, or " static ," characteristic, the difference 
being due to a sort of hysteresis, and that the result of 
this is that at high frequency the dynamic characteristic 
tends to change from a falling to a rising type. This 
liniits the attainable frequency, but by reducing the 
hysteresis and choosing such conditions as will make 

the ,characteristic fall as steeply as possiole. frequencies 
of over a million are easily reached. 

If the oscillations are weak, the direct current through 
the arc simply fluctuates. This can occur with the carbon 
arc . If the oscillations are stronger, they put the arc 
out at each cycle, and before the arc relights the con­
denser becomes charged. The oscillating arc used in 
radio-telegraphy is of this type . A third type, in which 
the oscillations are powerful enough to make the arc 
relight in the opposite direction, produce a coarse tone 
and are not much used. 

Effect of Second Harmonic .-When the oscillations 
are of the second type , extinguishing the arc at each 
cycle , the wave form is very complex. The second har­
monic is especially prominent. As an example of oscilla­
tions of this type of audible frequency, the following 
experiment may be described. 

A carbon arc is made to sing by connecting a large 
capacity and a self-inductance coil of low resistance in 
parallel with it. A second coil is connected to a capacity 
such that the natural period of the secondary circuit is 
nearly the same as that of the circuit connected to the 
arc . When the two coils are brought near together, the 
pitch of the arc changes, owing to the effect of close 
coupling. If the pitch falls, it can be made to reach an 
unstable value from which it suddenly jumps up a whole 
octave, the discharge remaining stable at this higher 
pitch . 

The explanation of this is, that when any two oscillat­
ing circuits are closely coupled there are two possible 
frequencies, one higher and one lower, in either of which 
oscillations may take place. At a certain stage of 
coupling the higher frequency is just an octave above 
the lower. If now the arc is on the lower frequency 
and has a very strong second harmonic, then if resonance 
is also possible at the octave above, the harmonic may 
be reinforced to such an extent as to assume the role of 
fundamental frequency its�lf. The pitch then rises to 
the higher octave . 

It is hoped that the phenomena that have been de­
scribed may serve to illustrate the unstable nature of 
some form of gas discharge, as well as the very diverse 
ways in which the instability asserts itself. 

With respect to practical conclusions,  the following 
may be said : for stability, an arc should be operated 
with supply electromotive force, external resistance , and 
current all large. Or, if the discharge is to be a glow, a 
region on the characteristic should be chosen at a safe 
distance from a critical point, having due regard to the 
supply electromotive force . For oscillations, a steeply 
falling characteristic , small current, large electromotive 
force and artificial cooling of the electrodes are factors . 

The History of the Safety Lamp* 
The Result of One Hundred Years of Effort 

By Prof. F. W. Hardwick, M.A . ,  and Prof. L. T. O'Shea, M.Sc. 

THE earliest references to  the nature of  fire-damp ap­
pear to occur in the latter part of the seventeenth cen­
tury. From these it is evident that the risk of its igni­
tion and explosion were known , and it was recognized 
that ventilation (to keep the air very "quick" ) was a 
means of prevention of these dangers. The recognition 
of the presence of fire-damp by means of the candle­
flame was also known . No remedy other than ventila­
tion appears to have been suggested until about 1730 
or 1750, when the flint-and-steel mill was invented. The 
invention is attributed to Mr. Carlisle Spedding of White­
haven. The use of flint and steel in the presence of fire­
damp is mentioned by Sir James Lowther in 1733, and 
Mr. John BuddIe in 1813 gave a full description of the 
flint-and-steel mill. This instrument, however, did not 
give immunity from explosion. An explosion at Walls­
end in 1785 was stated by Mr. BuddIe to have been 
traced to the use of the steel mill, and he also affirmed 
that, although he had witnessed an explosion from the 
sparks emitted by the instrument, yet "the inflammable 
air has frequently fired at the sparks of the steel mills , 
but only when they are played near the place where 
the hydrogen gas is discharged." Matthias Dunn also 
asserted that explosions were originated by the flint-and­
steel mill. Other attempts to avoid the use of naked 
lights in presence of fire-damp were made, and Von Hum­
boldt describes a lamp invented by him in which a candle 
would burn supplied with air from an air-reservoir. The 
use of phosphoric lights , fish in a state of incipient 
putrescence, Amadou (or fungus tinder) , and other 
schemes were suggested, while sunlight was direqted 

"'Abstract of a paper read before the Institution of Mining 

Engineers, June 8th, 1916. From the Chemical News. 

down the shaft by mirrors, and proposals were made at 
a later date to raflect the light into the workings. 

SOllle progress was also made in respect of the knowl­
edge of the properties and composition of fire-damp . 
Some investigators recognized its similarity to hydrogen 
gas, and were aware that it was heavier than hydrogen, 
but lighter than air, and although Volta pointed out the 
differences between fire-damp and hydrogen as early as 
1776, and Berthollet proved that it contained both car­
bon and hydrogen in its composition, still fire-damp con­
tinued to be spoken of as "hydrogen."  In 1805 Dr. 
William Hemy distinguished between marsh-gas and 
olefiant gas. The occurrence of fire-damp in coal-mines 
was , however, not understood at this date, and in many 
instances its presence was attributed to the decomposi­
tion of water by iron pyrites , or to the decomposition of 
water by the coal with separation of the hydrogen . 

The years 1812 and 1813 were important in the his­
tory of the safety-lamp. On May 25th, 1812,  an ex­
plosion occurred at the Felling Colliery. In consequence 
of this explosion, the Rev. John Hodgson, the incumbent 
of Jarrow and Heworth, and Mr. James John Wilkinson 
took steps which eventually resulted in the formation 
on October 1st ,  1813,  of the "Society in Sunderland for 
Preventing Accidents in Coal-mines ."  This society had, 
as patron , His Grace the Duke of Northumberland, there 
were sixteen vice-presidents , with Sir Ralph Milbanke, 
Bart. , as president, and Mr. W. Burn as secretary. In 
addition, there was a permanent eommittee of twenty­
eight, among whom were the Rev. Robert Gray, the 
Rev. John Hodgson, William Reid Clanny, James John 
Wilkinson , John BuddIe , and Matthias Dunn. This 
society was most assiduous in its endeavors to promote 

the objects for which it wad formed, and it was due to 
its efforts that the safety-lamp was introduced at this 
period .  Among those who , at the time when the society 
was formed,  were actively engaged in endeavoring to 
discover some safe means of lighting coal-mines were 
William Reid Clanny and George Stephenson, and the 
society , apparently influenced by Mr. BuddIe 's expressed 
opinion that nothing further could be done to prevent 
explosion by the application of mechanical agencies, that 
the only remedy lay in the discovery of some chemical 
method for rendering fire-damp harmless , as it was dis­
charged, and that it had to look to scientific men for 
assistance in providing "a cheap and effectual remedy, " 
eventually determined to apply to Sir Humphry Davy 
for assistance. 

The work accomplished by the society in connection 
with the movement of the safety-lamp entitled it to be 
gratefully remembered by all interested in coal-mining. 

Dr. Clanny.-William Reid Clanny was born in 1776 
at Bangor, County Down, Ireland. He entered the medi­
cal profession, and eventually settled down in practice at 
Bishop Wearmouth ,  near Sunderland. In 1810 his atten­
tion wag drawn to the subject of explosion of fire-damp 
in collieries .  He invented a number of lamps ,  among 
which is the well-known Clanny lamp. On Mav 23rd 
1813,  he contributed a paper on his newly-invented lam; 
to the Royal Society. 

Clanny's first lamp (the "Blast" lamp) consisted of a 
lantern with cisterns of water above and below the light. 
Air was forced in by means of a bellows, so that it bubbled 
through the water in the lower cistern while the products 
of combustion escaped through a chimney at the top , the 
open end of which was narrowed and bent over so a<l to 
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dip beneath the surface of the water in the upper cistern. 
This lamp was tested on the surface on October 16th, 
1815, and underground on November 20th, 1815. The 
construction of the lamp was subsequently modified ; the 
water cisterns were abandoned, the oil in the oil-vessel 
was used to seal the inlet of the air , and the outlet con­
sisted of a vertical chimney that tapered to a fine point. 

His second lamp was exhibited to the Sunderland 
Society in Dccember, 181 6,  was described before the 
Royal Socicty of Arts on Apdl 2nd, 1 8 17, and was known 
as the "St.eam" lamp . Air passed in through a tube 
in tho bottom of a lamp , and was cop ducted through an 
extension of the tube to a point high up in the lamp . 
Above the oil-vessel and flame,  and situated abou t the 
middle of the lamp, was a water reservoir. The water 
in the reservoir was boiled by the heat from the oil­
flame. The air was conducted below the oil-vessel by 
two tubes , and then passed up the sideR of the cistern, 
where it mixed with steam from the boiling water, and 
finally escaped through the chimney. 

A third lamp was the "Gaslight" lamp, which was 
stated to have been designed to burn fire-damp in lieu 
of oil in an atmosphere charged with gas. It was similar 
in construction to the steam lamp. 

These early example� of Clanny's lamps show the im­
portant part that Clanny took in his attempt to reduce 
the dangers arising from the use of naked lights , and in 
1843 the South.§hields Committee for Investigating the 
Causes of Accidents in Coal Mines expressed their opin­
ion of the value of his labors as follows : 

"Dr. Clanny, in this country, appears to have been 
the first man of science that conceived it possible to 
enter into a contest with this destructive element (fire­
damp) ,  and, sustained by his unwearien philanthropy, 
has never ceased for thirty years to devote his talents 
and exertionR to mitigate the horrors consequent upon 
its explosion. A life so spent, it is to be hoped, will not 
be allowed to pass without some mark of respect from 
his country, or of gratitude from those he has labored 
so much to benefit." 

George Stephenson .-George Stephenson, born on .June 
9th, 178 1 ,  at Wylam, near ' Newcastle-upon-Tyne, was , 
at the age of fourteen , appointed assistant fireman at 
Dewley Burn Colliery, and enginewright at Killingworth 
Colliery in 1 812. 

The idea of hiH first lamp (the " Tube and Slider" lamp) 
was conceived from experiments made on blowers that 
he met with in Killingworth Pit. He found that the 
"Burnt Air" from five or six candles held to windward 
of an ignited hlower would extinguish the flame. I!'urther, 
that when fire-damp was ignited, an appreciable time 
was necessary for the flame to travel from one point to 
another, and his idea was that if the upper part of a lamp 
could be charged with burnt air, while the fire-damp was 
admitted below in small quantity and burnt aR it came 
in, then the burnt air would prevent the explosion from 
traveling upward, and the velocity of the entering cur­
rent would prevent it from passing downward. In the 
" Tube and Slider" lamp air was admitted through a tube 
one half inch in diameter, and passed from the center of 
the bottom of the lamp to the center of the wick ;  the 
bottom of the tube could be wholly or partly closed by a 
valve or shutter, and Sl) the admiRsion of air regulated. 
This lamp was tested on October 1st, 1815, at Killing­
worth Colliery. Subsequently, Stephenson undertook 
some experiments on fire-damp and tubes, which decided 
him to substitute three tubes for the single air inlet-tube, 
and he constructed his second, or "Tube" lamp, in which 
the air was admitted through three tubes 3 72 inches long 
and 3/22 inch in diameter ; the air passed from the bot­
tom of the lamp through the oil-vessel, the upper ends of 
the tubes being inclined toward the wick. This lamp 
was tried at Killingworth Colliery on November 4th, 
1815. Subsequently. Stephenson decided that to admit 
air into the lamp through capillary tubes would be a 
better method, but afterward he decided to adopt smaller 
holes drilled in a plate, and constructed his third lamp, 
into which air was admitted through holes in the side 
of the oil-vessel, then through small holes from 2/2G to 
1 /22 inch in diameter into a space between two plates, 
when the air issued to the flame through a set of holes 
1/12  to 1/18 inch in diameter punched in a metal ring. 
This lamp was tried underground on November 30th , 
1815. In the final form of Stephenson's lamp, the 
punched plate was replaced by a gauze cylinder, which 
surrounded the glass cylinder ; air was admitted through 
small holes in the ring to which the standards are fixed, 
or in a flange just above the ring. It has not been 
possible to ascertain the date when the wire-gauze was 
substituted for the punched plate. 

Sir Humphry Dally.-Sir Humphry Davy was born 
near Penzance on December 1 7th, 1778. He was edu­
cated at the Penzance Grammar School, and was eventu­
ally apprenticed to Mr. J. B. Borlase, a surgeon and 
apothecary. He devoted his attention chiefly to chemis­
try, and in 1 798 was apointed superintendent in the 

laboratory of the Pneumatic Institute at Bristol ,  where 
he investigated the properties of various gases, among 
them carbureted hydrogen. In 1801 he joined the 
Royal Institution as Assistant Lecturer in Chemistry, 
Director of the Laboratory, and Assistant Editor of the 
journals of the Institution, and on May 31st ,  1802, was 
appointed Professor. He was elected a Fellow of the 
Royal Society in 1803 , was secretary of that sofliety from 
1807 to 1812,  and was elected president on November 
30th, 1820. He was knigh ted in 1812,  and created a 
Baronet in 1818. On resigning his professorship at the 
Royal Institution he was elected Honorary Professor of 
Chemistry. He died at Geneva on May 29th, 1829 . 

It was in August, 1815, that Davy met the Sunderland 
Committee , and after learning the conditions under which 
coal was mined and paying visits to the Hebburn and 
Wallsend Collieries he returned to London and com­
menced his investigations into the nature of fire-damp, 
which eventually led to the invention of his lamp. On 
N ovemher 9th, 1815,  he read a paper before the Royal 
Society on " The Fire-damp of Coal Mines and on Meth­
ods of Lighting the Mines so as to prewnt Explosion." 
In this he gave an account of his investigations into the 
explosiye properties of fire-damp and the passage of 
flames thro'hgh glass and metallic tubes. In his paper 
he stated : 

"It is evident that to prevent explosions in mines it is 
only necessary to use air-tight lanterns ,  supplied with 
air from tubes or canals of small diameter, or from aper­
tures covered with wire gauze placed below the flame 
through which explosions cannot be communicated and 
having a chimney at the upper part on a similar system 
to carry off the foul air, and common lanterns may be 
easily adapted to the purpose by being made air-tight 
in the door and sides, by being furnished with the chim­
ney, and the system of safety apertures below and above ."  

In  the paper three lamps are described ; they appear to 
have been lanterns of thin plate with four glass plates in 
the side. In the first lamp air entered below the flame 
through a number of tubes Ys of an inch in diameter and 
one 1 Y2 inches long, and tbe products of combustion es­
oaped through a chimney composed of two open cones pro­
tected by a plate containing- many small apertures. In 
the second lamp both inlet and outlet were protected by 
"safety canals" consisting of concentric metallic cylinders , 
one within the other, and separated from one another by 
annular spaces from 1 /24 to 1 /40 inch wide and 1 7/10 
inches long. 'fhe inlet and outlet of  the third lamp was 
protected by brass-wire gauze 1 /200 inch thick, having 
apertures not more than 1/ 120 inch. A little more than 
a month later-namely, on January 1st, 1816--Davy 
announced to Dr. Gray his important discovery of the 
use of the gauze cylinder, and communicated his dis­
covery to the Royal Society in a paper on January 1 1th, 
1816. In this paper he describes his invention as follows : 

"This invention consists in covering or surrounding the 
flame of a lamp or candle by a wire sieve ; the coarsest 
that I have tried wit.h perfect safety con tained 625 aper­
tures in a square inch, and the wire was 1 /70 of an inch 
in thickness, the finest 6,400 apertures in a square inch, 
and the wire was 1 /250 of an inch in thickness ."  

The first Davy lamps seem to  have been tried at  Heb­
burn Colliery on January 9th and 17th, 1816. Davy 
recommended the use of iron-WIre gauze composed of 
wire from 1 /40 to 1 /60 of an inch in diameter and un­
covered with any easily combustible metal ; that in pro­
portion as the inflammability of the gas increases, the 
apertures should be smaller and the radiating surface 
greater, and that several gauzes superposed might be 
necessary for continuous explosive mixtures. He pointed 
out that no aperture should be allowed in the lamp and 
the precaution of supplying a short gauze cap over the 
top of the main gauze cylinder. He also gave dimensions 
for the cubic contents of the lamp, recommending that 
the lamp should be from 8 to 10 inches bigh and from 
2 to 2 72  inches in diameter. Davy appeared to be aware 
of the limitations to the safety of bis lamp , especially in 
currents of explosive gas, and recommended the use of 
twilled gauze or the protection of the gauze by a glass 
cylinder above the flame or a tin screen outside the 
gauze. On September 6th, 1816,  he visited Wallsend 
Colliery and performed experiments with his lamps , and 
in pointing out the lessons to be learnt said : 

"Now, gentlemen, you see the nature of the danger to 
which you are eXl'osed in using the lamp, and I caution 
you to guard against it in the manner I have shown you. 
This is to show the only case in which the lamp will 
explode , and I caution you and warn you not to use it 
in any such case when you can avoid it without using the 
shield." 

There is little doubt that Clanny considered himself 
the inventor of the first safe lamp, and a regrettable 
controversy arose toward the end of 1816 as to whether 
Stephenson or Davy was to be regarded as the first 
inventor of the safety-lamp. It is not necessary to go 
into the details of the controversy, but ill regard to the 

merits of these two inventors Stephenson deserves great 
credit for his work. Unacquainted with the principles 
of chemistry and devoid of proper apparatus for experi­
mentation ,  he was yet able to produce a lamp which 
seems to have been safe under the conditions for which 
it was designed. But to Davy's work the mining com­
munity is indebted for the safety-lamp as it exists to-day ; 
not only did h e  invent a lamp which was within limits 
safe , hut he laid down the principles of safety whi�h have 
been followed and confirmed hy subsequent InVestIgators. 

About the same time lamps were devised by Chevre­
mont, John Murray (LectureI' on Chemistry at Hull) , 
and R. W. Brandling. All these wcre similar, and con­
sisted of in closed lamps connected with long tubes 
through which air free from firc-damp could be brough t 
from a distance . 

Period 181 6 to 1835.-The Davy & Stephenson lamps 
came into use shortly after their invention, and in 1818 
the Davy was used in the north of England, White­
haven, and Wales.  It was also introduced into France , 
Belgium and Germany. During this period distrust 
arose as to the safety of the Davy lamp when exposed to 
currents of explosive mixtures other than thos() moving 
with low velocities .  Davy had foreseen the danger and 
had suggested precautions that should be taken. There 
appears to have been a feeling of disappointment that 
since the introduction of the safety-lamps mortality due 
to accidents from fire-damp had increased. In 1835 a 
Select Committee on Accidents in Mines was appointed. 
The committee issued its report on September 4th of the 
same year, in which they stated that "ignorance and a 
false reliance" on the mcrits of the Davy safety-lamps 
"in cases attended with unwarranted risks have led to 
disastrous consequences," but a more extended use d 
the safety-lamp was recommended-"in some mines, now 
lighted by the ordinary means , the use of the lamp ought 
to be compelled by the owners ."  Among the lamps 
brought to the notice of the committee that of Upton 
and Roberts is commended. This lamp consisted of a 
gauze chimney of the Davy type inclosed in a glass 
cylinder ; above the glass and fitting closely on to it was 
a me tal chimney with perforated top . The air entered 
the lamp through horizontal holes just above the oil­
vessel and passed through a double layer of gauze into 
a cone, by which if; was directed on to the flame. 

During thif' period Clanny brought out his fourth or 
"New" lamp . It was a Davy lamp fi tted with telescopic 
extinguisher in three sections . When pushed up it was 
held in its place by a thin brass wire and exposed two 
thirds of the gauze cylinder. In an inflammable atmo­
sphere the wire fused and let down the shield, leaving 
only a small scrap of gauze exposed. The flame of the 
burning gas was extinguiEhed, but a small oil-flame con­
tinued to burn. Other lamps introduced during this 
perIOd were a Muesder lamp, similar to the Upton and 
Robf'rts , lamps by John Martin. John Newman, John 
Dillon, an d the "Hcfrigerating" lamp of Wood, all of 
which are briefly descrIbed in the paper. 

Period 1836 10 1843.-During this period two impor­
tant investIgations into safety-lamps were carried out, 
namely :  

1 .  B y  the Belgium Commission, appointed o n  April 
13th , 1 836. 

2. By the South Shields Committee, appointed shortly 
after the explosion at St. Hilda Colhery, which occurred 
on June 2�th, 1 839 . 

Both committees tested safety-lamps from the point 
of view of safety and issued reports . 

The Belgium Commis�ion issued three reports-the 
first on April 25th, 1840 ; the second on August 3 1st, 
18'10, and the third on August 30th, 1841 .  

Among the lamps brought before the Commission and 
tested were the Davy, two lamps designed by Muesder, 
tho Cambresy, the Dumesnil, and the Upton and Roberts. 
In tho first report the opinion was expressed that the 
Davy lamp left much to be desired as regards safety, 
but that no lamp had been found to take its place except 
the Dumesnil .  In the second report the Commissi()ll 
rocommended that the Dumesnil. the Lemielle , and the 
now well-known chimney lamp of Mueseler be permitted 
for use, provided that their construction and dimensions 
were the same as the examples placed in the bureau of 
the Ingenieurs des Mines. The third report deals with 
trials made with the Mueseler lamps in practical work­
ing, and con firms the favorable opinion already expressed.  

The South Shield., Committee tested the following 
lamps : The Davy, Stephenson ,  Clanny (the fourth, 
fifth an d probably sixth lamps) , the Upton and Roberts , 
and the lamps of Henry Smith, William Martin, and 
Richard Ayre. The committee issued their report .in 
1843, and came to the following conclusions : 

"No mere safety-lamp, however ingenious in its con­
struction, is able to secure fiery mines from explosions,  
and that a reliance on lam ps alone is a fatal error, con­
ducive to those dreadful calamities which they are in­
tended to prevent. . . . The naked Davy i� with-
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o u t  a complete shield a most dangerous instrument. 
" The best description of lamp to be omployed is that 

on the prineiple of the Improved Clanny and the Mueseler 
lamps , the latter with a continuous gauze cylinder." 

In 1840 Dr. G .  Bischof, Professor of Chemistry in the 
University of Bonn, conducted tests on the Davy lamp 
and obtained results which agreed with those of Davy. 

The lamps tested by the commissions are shortly de­
scribed in the paper. 

It was during this period that Clanny produced two , 
more lamps (his fifth and sixth) and that Mueseler in­
vented his lamp with the chimney. Clan ny's fifth lamp 
consisted of an internal gauze cylinder, completely sur­
rounded by an imperviou s metallic shield having glass 
and len ses in its side and only open at the highest part 
of the gauze cylinder for abou t  1 Y2 inches from the top . 
There was Y:;-inch air-space between the cylin der and 
gauze and air (�ould ollly enter the lamp after passing 
over the top of the shield. The lamp was subsequen tly 
modified by surrounding the portion opposite the flame 
with a " thick globular" shield of glass.  The sixth lamp 
was constructed on the plan of the well-known Clan ny­
n amely , with a glass cylinder surrounding the flame and 
a gauze cylinder doubled

' 
at the top fitted dosely on to 

the glass.  
The Mueseler lamp tested by the Belgian Commi ttee 

introdu ced the chimney inside the gauze and was similar 
in construction to the unbonneted Mueseler of to-day. 
The air Wa;!; taken in above the glass cylinder and h ad to 
pass through a horizontal gauze fitted between the top 
of the cylinder and the chimney. The unprotected glass 
cylinder Rurrounding the flame was considered to reduce 
the safety of the l amps .  

Period 1 844 to 1 866.-During this period three Select 
Committees were appointed in E ngland between 1849 
and I BM to in quire into accident� in mines. In the 
reports of committees appointed in 1849 and 1 852 the 
Davy lamp was criticised on the score of giving defective 
l igh.t and want of security in a strong explosive current . 
The third committee pomted out that opinions as to its 
security varied, but the majority were in its fayor. 

Inventors appear to · have' been active in this period ,  
for a considerable number o f  lamps of ho th types were 
introduced. 'These lamps are referred to in the paper. 
It is o nly necessary here to mention the "Jack" lamp , a 
shielded Dayy in which the gauze was protected by a 
glass cylinder that extended from a short distance above 
the bottom of the gauze to the bottom of a short gauze 
('ap or smoke cap .  The " Tin-can" Davy was introduced 
in  18(j6, and consisted of a Davy lamp closed in a tin 
casing with a glass window . In order to improve the 
light given by the Davy the " Reducing" lamp was intro­
duced, polished gauze being used and a polished cone 
being placed below the flame to reflect the light. Two 
gauze cylinders were use d ,  the inner one "being placed 
at such a distance from the outer that the fire-damp in­
closed betwecn the cylinders (if the flame passes the first)  
explodes and may extin guish itself . "  

Period 1 867 to 1 879.-During this period several i n­
v('stigations on safety-lamps were conducted, the chief of 
whi(,h were those of the North of E ngland Institute of 
Mining and Mechanical E ngineers , of the Belgian govern-
1m'nt, of the Societe de l 'Industrie Minerale in France ,  
and o f  Mes�rs . Smethurst and Ashworth. Several new 
lamps were introduced, but the only new type of lamp 
was the Gray. The ten dency appeared to be to attain 
a high degree of safety by increasing the complexi ty of 
construction.  The results of the various investigation s  
showed the insecuri ty o f  the Davy in currents exceeding 
seven to eight feet per second, and in the report of the 
l<'rench experiments the use of the shield (ocran) is advo­
cated. 'The Belgian Commi�sion appear,; t,o have re­
ported in 1873 , and as a result the use of t,he Mueseler 
type of lamp was made obligatory in fiery mines. The 
experiments of Messrs . Smethurst and Ashworth con­
firmed Davy's  results on restricting the diameter of the 
gauze cylinder. 

Period 1 880 La 1 887.-This period was one of great 
activity in the investigation of safety in mines . The 
following comm issions were appointed : The Fren ch 
Fire-damp Commission of 1878-1882, the Prussian Fire­
damp Commission of 1880-1887 , the Saxon Fire-damp 
Commission of 1880, and the British Royal Commission 
of 1879-1886. In addition experiments were carried out 
bv the Midland Institute of Mining, Civil, and Mechani­
c�l Engineers in 1884, by Mr. A. R.  Sawyer in 1884-
1885, and by the Mining Institute of Scotland in 1886. 
The reports of these commissions contributed materially 
to the growth of knowledge on the subject.  The princi­
pal results are given in the paper. The importan ce of 
the shield or bonnet in increasing the safe ty was fre­
quen tly insisted o n ,  but it� use was in some cases ob­
,itlCted to , as it concealed the gauze from inspection . 
A very large number of lamps were designed and sub­
mitted to tests . It  is only possible to mention one of 
them here-namely, the Marsaut lamp . The first lamp 
introduced by Marsaut was a bonneted Boty or Clanny , 

with a chimney, derived from the Mueseler by suppres­
sion of the gauze diaphragm. On experimen ting with 
his lamp by raising it into a glass bell containing illumi­
nating gas and then lowering and stopping it opposite 
to the edge of the bell (in order to cause an internal ex­
plosion at the height at which the gas was mixed with 
air in suitable proportions) , ignition of the gas in the 
bell took place at nearly every trial. This phenomenon, 
known as " l'effet Marsaut," occurred with several o ther 
lamps when similarly tested. As a result of these experi­
ments Marsaut was led to construct the well-known 
Marsaut lamp . The gauze diaphragm and Mueseler 
chimney were replaced by an interior gauze. The large 
surface of this additional gauze offered means for the 
better cooling and escape of the gases. The gauzes were 
protected by a bonnet with holes at the bottom for the 
admission of air, which was taken in over the glass and 
had to pass through both gauzes and holes at tI'e top 
for the escape of the products of combustion .  T his lamp 
did not show "l'effet Marsaut. "  

Period 1 888 t o  191 3.-The most striking feat ures o f  this 
period are the large number of offi<'ial stations erected 
for testing safety-lamps and the improvemen t in appa­
ratus used. Stations h ave been installed in Great Britain,  
at Eskmeals , i n  France and in Belgium, and in West­
phalia, Silesia, and Saxony in Germany,  whi le the Aus­
trian station at Mahrisch-Ostrau, used by t he ComIIlls­
sion 1881 to 1891 ,  appears to have been maintained.  
Experiments were also carried out at Karwin . 

Considerable improvemeI'.ts have been made in the 
construction of lamps so as to secure strength in the 
various parts and to facilitate the operations of cleaning 
ap.d. assembling the lamps.  Much attention h as been 
given to the question of locking arrangements and mag­
netic locks have come l argely into use . Arrang'ements 
for lighting lamps by electric means after they have been 
assembled have been largely adopted, and in Great Bri­
tain, France, and Belgium the efficacy o� the bonnet has 
been fully rerogn ized. I n  Fran ce, Belgium ,  and Ger­
many the use of internal relighters is very generally ap­
proved, but not so in Great Britain . The question of 
illuminants has also received much attentio n ,  and e ven 
acetylen e lamps have been introduced. Among the more 
important lamps of this period may be mentioned the 
Howat " D eflector" lamp, the Ashworth-Hepplewhite­
Gray, the Thorneburry, the l<'umat, the Body-Firket ,  
the Wolf, and the Hai lwood "Combustion-tube" lamp . 
As the result  of recent experiments thnre has been a 
tendency to restric t the use of lamps by legislatioll to 
"permitted" lamps.  ThiR has been done in Great Bri­
tain , France, and Belgium. A number of the modnrn 
lamps are described in the paper, but it would appear 
unnecessary to do so here, as their construction is more 
or less familiar. 

The authors have brought their paper to a close at the 
end of the year 19n because they consider the history 
Of the safety-lamp as commencing in 1813,  al though the 
Davy lamp was not invented u ntil toward the close of 
1815.  Another reason which decided them to adopt this 
course has been the difficulty of writing about contem­
porary events , for since the outbreak of the grJ',at E uro­
pean war in August, 1914.  the course of events has n o t  
been normal , and possi bly the development o f  the safety­
lamp has been in conseq uence arrested. 

Comp!ete Photo- Electric Emission 
WIl E'" light of short wave·length falls on a metal it 

caU15e,.; an emh;sion of el ectrons. All bodies emit l ight 
when raised to a :mfficicutly high temperature , flO that 
an emission of electrons will oc('ur from a glowing body 
due to its own light. This emisNion of electrons is called 
the "complete photo-elcctric emission," as it is cxcited 
by the complete radiation with which the material is in 
p(Juiliurium at the temperature under consideratioll .  
This emission of electrons will  form part of the ther· 
mionic current, and it is of interest to find out whether 

it forms any considerable fraction of the observed effects. 
Theory indicates that the purely thermionic current and 
the photo-electric current vary with the temperature in 
the same way, and experimellts with platinum show 
that the thermionic current hi always thousands of times 
greater than the complete vllOto-electric emissioll .­
Philo8ophical Magazine. 

Cows', Goats'  and Human Milk 
WHEREAS human milk contains no insoluble phosphate, 

that of goats contains tricalciulll and di- and trimag­
ncsium phosphates, and the insoluule phosphate in cow's 
milk is the diacalcium salt. As regards soluble phos­

phates, human milk contains monomagnesium and mono­
potassium phosphates ; goat's milk, m onopotassium phos­
phate, and cows' milk, the monomagnesium and dipotas· 

sium salts. The phosphate content of human milk is 
much below that of the other two kinds. Potassium 

citrate is prescnt in all three kinds ; cow's and human 

milk contain also sodium citrate. Cow's milk contain" 

the most chloride, goat's milk the least. 'l'he l atter con­
taim; caleium , potassium, and sodium chlorides, the two 

others only calcium chl oride. The amount of total salts 
in human milk is about one third of that in the other 

two sorts ; the number of salts is greatest in goat's milk 
and least in human milk.-:L W. B08worth and L. L. 
Van Slylce, in Journal of B iological Chemi8try. 
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