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Present-Day Knowledge of Metals and the Engineer 

And Suggestions for a Systematic Course of Fundamental Instructions 

By Clements E. Chase, Chief Inspector, Pittsburgh District, Modjeskki and Angler 

A FE IV �'('ar� a go ill a (li�cll""i()1l Ilefore tlw . \ulPricu II 
Noddy of Civil Ellgilleer�, Helll'�' N. Prichard "aill: 

"It would spem that all that is llecessary is to com­
mit to memory the theorie". to m;certain the limits to 
elastidty of the material� of COllstruction, and to take 
a course ill mathematics; then structural engineering 
bpconJes a mere matter of computatioll. This is the 
cOlleeptioll which students in strllctllral engineering are 
apt to derive fwm their text-hooks, amI which some 
('arry with them into their engineering practice.'" 

Und('r the knowlcdge of the materials of construc­
tion ("]leaking now particularly of the nH'tals) availahle 
to our students of say ten years ago, there seemed to 
be hut two pos,,;ibilities. ]']ither he could adopt this 
beautiful mathematical coneept of an isotrollie material 
that coult1 he relied upon to obediently follow Hooke's 
law to a scheduled alld unnlryillg ela:o;tic limit, or else 
he must memorize a vmit array of unexplained and un­
l"onlledell phellomena-the accumulation of three quar­
tl'rH of a century of tests on materials. \Vith the former 
attitude toward structural materials one needs but a 
stress sllPet. ullit stresses from a text-book or fll)('eifi­
cation, a manufacturer'" hund-book for thp grad!'s of 
material; amI the design i� �implt'. 'rhe altel'llatiyl' 
('ourse, tllOugh it ('an lead to mastery of the suhjeet in 
the end, meant only ("on fusion until time, exverience alii! 
vractice had sifted the unwieldy maflH into ;.;ome flort of 
rough order and empirical array. It is to he fearecl 
that too malJY structural engineer,,;, graduates from 
Amerir'an tedlllieal sehools, have been content to take 
tlw easier roat!. UJlles� thrown by chanee into pm;itions 
where the mallipulatioll. testing or study of metals was 
}Jart of their duty. In an ellitol'ial written soon after 
the Blackwell's Island Bri!lge fia,.;co had been heaped 
on the Quebec failure to the apparent discredit of our 
engineer;', London Enf/inccring' said: 

"\Vhilst American and BritiRh bridge engineers hold 
widely divergent yieWR al'l to criterions of safety, and as 
to good vraetiee in bridge work, it is extremely remark­
allli' that both here amI at Quebec American engineers 
ha"e blundered on th(' "ery points to which they attach, 
In gnglish opinion. an exaggerated importan('e. If there 
wa" one thing more than another which American en­
gineer,.; agreed in emphasizing, it was the accurate cal­
('ulation of the stre14ses in the different memhers of a 
britlge. American bridge engineers, for the 
mOBt part, we know, profess to disbelieve in fatigue, 
an hleredibility due, in the main, to the fae! that they 
are for the mOHt part civil engineers or professors, and 
nat mechanical engineer:,;. They certainly appear to 
lia ve much greater confidenee in certain theoriefl as to 
tllP resistance of materials than is usual here. Most 
of them definitely hold that the calculated stresses may 
safely approach the so-called clastic limit, and, on the 
other hand. not a few assert that material once strained 
heyond this limit is ruined." 

Part of this can be charged off, of ('ourse, to the Rrit­
i�h viewj)oint, but there yet remains something for us 
to think over. Their methods of training engineers do 
seem more likely to have resulted in men thoroughly 
familiar with the materials they work with, though on 
the other hand perhaps less skilled in handling new 
prohlems of design anll in rational computation of stress­
es. The beginner usuully appreuticed himself to an 
engineer or manufacturer and was put in position where 
the phenomena related to the manipulation, heat treat­
UH'ut and testing of materials were part of his daily 
routine and beeome thoroughly fixed in the fabric of his 
experien('e. \Ve may think I']nglish methods of design 
a bit cumbersome and empirical, but we must respect 
the thorough knowledge of materials of construction 
wmally displayed. 

The text-books OIl materials familiar to Cornell men 
of former days were .JohmiOn's and Thurston's trea­
tises; but sueh accumulations of experiments, data 
and observations are truly formidable without the key 
to their understanding that ha" been supplied since. 
Their limitations are simply those of their time-----a 
day when practically the only knowledge of the struc­
ture of metals was that afforded to the naked eye by 
fracture�, and of their composition that supplied hy 
Ultimate ehemieal analy,;is. l\fany of the most eare­
fully made tests of that day r1i;;regarded even chemical 

'Discussion: I,'alllts in the 'l'hcory of I<'lexure, Henry H. 
Prichard, 1'ruIl8. Am. Soc. 0. lJ., Vol. LXXV, p, 966. 

'Engineering, Editorial, November 27th, 1908. 

constitution of the material, it was "(louble refined iron," 
or "axle stt'el" or "mild steel" to the experimenter. 
The result was that none hut the roughest and crudest 
laws eould he established to tie together the observed 
fact�, and there were so many apparent exception" to 
these that the Ultimate effect on the "tudent wmi mmally 
bewildering. It wa:; in this day that the belief in the 
"fihrous" :;trueture of certain metals, notably wrought 
iron, was taught, that lIlen formed their convictions that 
metals "crystallized" in sen-ict', alHl that "annealing" 
might mean heating to any temllerature in a range of 
a thousand degrees. 

Looking back nowadays from the n\lltage point of our 
redmtly accumulated knowledge, it heeomes plain that 
the two aids which have made that elimb j)ossible were: 
fir:;t, the application of the microscope to the exam­
ination of opaque metals and, second, the development 
of accurate methods of memmring high temperatures. 
'l'ueked away in the appendix of .Toln1Hon's "Materials of 
Construetion," one finds a ('hapter hy Arnold on the 
mieroHtructure of iron and steel. It wa� hardly realized 
at the time that this was the beginning of a new brandl 
of seienee that would revolutionize the study of metal". 

In the manufacture of metalH and metal product,.;, the 

knowledge gained hy "cienti"ts with the mieros('o]le amI 
pyrometer has led to tremendous adnlllces. In lUl older 

day these indu"tries were often sUlTounllt'll hy a veil 

of mystery, their pro('esses a:o; mllch envelo]led in senee)" 
as though Black Art were invoh'ed. Those in eharge 

had acquired their store of knowledge in the painful 

and slow school of experience. If a new departure was 

es:,;ayed it coulll only he hy the laborious methods of 
cut amI try. Certain of the proeesses had eome tlown 

through generation� of workmen practically uncllangell 

and with the cause,.; and the principles involved as little 

known to the last as to the fir:o;t. Metallography has 

changed all this. 'I'he Illicros('ope reveal I'd the struc­

ture of metals, �howed the various eonstituents aml 

the effects of heat and work upon them, and lli�pelled 

the mystery surrounding :,;uch oj)erations a" ease-hard­

pning, malleableizing, and hanlening and t!'mllering. 

I\linoSeOllf' and pyrometer togethpr establiHlwd the la w� 

of alloys and provided those "constitutional diagrams" 

of whieh the invaluable iron-carhon diagram i" the 

most familiar example. In intelligent work-practice 

the pyrometer afford" means for the control and cheek 

of every operation where heat is a factor, so that day 

after day, and in the hands of one workman or another, 

the saIlle results mHY he obtained. If material Ilroves 

defective, or a failure oecurs, the mieroHcope give» 

valuable aid in placing the blame; if a new alloy or 

llrocess is to be developed, both tools are called to the 

aid of the investigator. 'l'here are still tremendom; 

gaps in our knowledge of metals, but patient "eientists 

and workers Oyer the world toil ceaseles:,;ly to fill 
them in. 

The idea that metals possessed "structure" had been 

developed from observation of fractured surfaces long 

before microscopic methods were known. The old Met­

calf test is a rough study of the effect of heat treat­

ment on the "grain" size of fractured Rteel, but of the 

nature of these grains very little waH known. \Vhen 

Martens, the famous German authority on materials, 

first undertook to use the microscope in the study of 

metallic structure, he tried to examine fractured sur­

face". This did not lead to suece,;s, for only extremely 

low power magnifications could be used. Later, it was 

found that by polishing a plane seetion of the metHI, 

and then etching with adll, the Htrnctllre of the metal. 

and the appearance of its com;titllent;; \\"pre reveal.,(l. 

'l'he boundaries of the grains uSQally eteh readily, so 

that simIlle or pure metals show a network pattern. 

The important fact then ascertained was that each of 

these graim; was c1'1Istalline, that every minute element 

comprising each of them was arranged with geometri(� 

precision parallel to crystal axe". 'l'llP orientation 01' 
eaeh grain lliffers from that of its neighhors, but within 

itself it is a perfect crystal. The reason the grain boun­

daries usually do not show the straight lines and shal'll 

angles commonly associated with crystals is that the 

grains in forming hn vp interfpred on pvery shlp with thp 

gl'owth to pprfp("(ion of eae\) otlH'l'. Next it was ohserver! 

that in metals containing lllore than one element, the 

grains were of various compositions, a section having It 

granite-likp appearance. Great ingenuity was required to 

isolate tlle,.;e constituents, one by one; so that the chemi-

cal eom]Josition of eaell eonld 11(' aSel'l"taill(,(l. 'I'Ill'Il. by a 
('omhination of llhJ'�ical te"ts and micro,.;opic examin­
ation the effeets of each constituent on the physical prop­
erties of the metal were learned. The effect of heat and 
work on grain size had been understood to a limited de­
gree hy the study of fraetures, but the microscope added 
milch. and ill addition gave invaluahle information on 
the ('hange;; in strueture resulting from the hardening 
and tempering operations, information that (along with 
tlle Ilyrometric knowledge) has made heat treating an 
accurate art. 'l'hese advanees have marked the growth 
of the science of metallography as it is utilized in the 
industrial arts. 

'l'here is another phase of metallography, apparently 
little known generally on tlli" side of the Atlantic. that 
has even greater importance to the engineers respon­
sible for the design and construetion of structures. This 
is the study of the effects of overstrain, or plastic de­
formation, on the microscopic structure. The pioneers 
were I;Jnglishmen, Rosenhain, Ewing and Humfrey, 
and the pioneer days were no longer than ten years 
ago. No one can read the papers" in which these men 
preHentetl their work to the scientific world without a 
fepling of admiration for their accurate observation, 
logieal reasoning and the ingenious check and counter­
check on their theories. The basic faet which they dis­
coverell was that after the limit of ela,.;tic deformation 
in a metal under load ha" beeii reached, plastic deforma­
tion take,; place by the 81iding of the elements of the 
crystal grains ]last each other, the movement o('curring 
along the cleavage planes of the grains. On a polished 
surface of metal under load these slippages are observed 
UllIler the microscope to reRult in fine parallel lines 
across the face of each erystal grain. to which Ewing 
and Rosenhain gave the name of "slipbands." There 
i" no opening up-or minute separation of the grains­
as the elm·dc limit and yield Iloint are pasHed, but simply 
a drawing out, or elongation, of each grain, the slip­
pages taking place i rt8idc each grain, 'rhe result is that 
in severely ('old worked ductile metals, like wire, for 
instance, the grains are greatly elongated in the direc­
tion of extension of the metal, but their crystalline in­
tel'llal arrangement is unimpairell and the grains are 
each joined firmly to the other at their boundaries. 
In faet, at rupture, in normal metal, it ii> found that the 
break passes through each grain, proving that the boun­
daries are stronger than the grains themselves. 

Based on these and certain other observed phenomena, 
a Hatisfaetory working theory has been gradually evolved 
which accounts quite completely for all the known facts 
regarding the action of metal under stress. It is briefly 
that on each of the ;mrfaceH of slip there i:-; formed a 
thin layer of metal in a temJ)orarily mobile (viscous) 
condition, but which soon hardens. When it hardens, 
however, it is thought not to adju;;t itself to the crys­
talline patteru of the grain in which it is formed, but to 
remain in an amorphous or non-crystalline state which 
there iR reason to believe is characteristically very hard. 
It is interesting to ascertain by test how well this theory, 
or working hYIlothesis, explains the lowering of the 
limit of elasticity of an over-strained piece immediately' 
after loading, its subsequent recovery or elasticity up 
to the point to which it was strained, the hardening of 
metal by strain and all the other observed effects of 
cold-work on metal. 

;{owaclaYH when the strength of metals is being taxed 
more and more by automobilps. high speed ma('hillery, 
heavy locomotives, etc., the problem of the "fatigue" of 
metal is assuming an increasing imllortanee. Popularly, 
it is believell that under pl'otraeted but fluctuating load­
in,g the metal "crystallizes," sillC�e, when the over-worked 
piece gin's way, the fraeture shows un apparently coarse 
crystalline structure. As a tension fracture of a chain, 
when new, will ordinarily ap]lear fibrous, the erection 
foreman will tell you that its Rtructure has changed 
from fibrous to crystalline when he pieks up a link that 
has suddenly snapped apart uIHler a load "smaller than 
he has lifted with the same chain every day." It is to 
Rosenhain and Humfrey that we are indebted for the 
first light on the true nature of the aetion in vol ved in 
fatigue. They studied iron subjeeted to the Woehler 
test, under the miC'roscop!'. \Vitll alte\'llating stresse:; 
of hut littlE' over lIalf the elastic limit thpy fouud that 
slip hands eY('ntually oc('urred in the unfavorably 10-

3Pltilo .. oph·ical 1'ral1.<actioll'<, 1899, 193A; Pruc. Ruyal SOCiety, 
1904, 74; Pllil. TrailS. 1902, 200A. 
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cated grains, and they watched these develop into cracks 
until finally the specimens ruptured without any ex­
tpm;ioIl, amI �howed the typical grallular fracture of 
fatigued metal. 

Attentioll h; callpd to the,.:p applicationR of micro­
":('ovk mdhod,.: to show how vrofoundly our knowledge of 
metal is affected hy this new science, and to point out 
the importanee to evpry engineer who deals with struc­
ture� and IlIP('hanisms of metal of being acquainted with 
thp I'e,.:ults of these im-p;;tigation":. To take the attitude 
that tIlt' enginepr can simply slwcify the physical or 
ehemical (lUalities he wants, and leave everything else 
to the metallurgist, is entirely wrong. In the first placf', 
unleH'" he understands the aetual nature of metals, and 
the effects of heat and work and chpmical composition, 
and the action under simple "tress and repeated stress, 
the engineer cannot intelligently write hiR specification 
for the proper metal, in its lJroper condition, for any par­
ticular use. When it is said, "Leave it to the metallur­
gist," it is the manufacturer'� exvert who is referred to. 
and too often he is governed by commercial considera­
tions, or has but a limited view of the factors affecting 
the problem or, occasionally, iR expert only in name when 
it comes to knowing the right metal, in its right condi­
tion, for the right place. 

Olle COHtly example of the risk attached to relying 
too much on the nrodueer's kIlowledge iR furnished by 
the experience of the engineers of the Board of Water 
�u/lVly of the dt�- of Npw York with the wrought and 
cast manganese hrass uRed along the Catskill Aqueduct. 
A total of 2,000,000 pounds of such material was used 
at a cost of ahout $1,000,000. A great part of it has 
had to be replaced since with other materials, and thp 
balance is under suspicion bpcau,.;e of the development 
of "Reason craCking," a form of progressive failure 
associatpd with high internal stres"es cansed hy impro­
ver method,; of manufaeturt\ or ('auspd h�' ,.;uhjeetion to 
high unit-stre�sp� under corrosive conditions. Knowledge 
of the po;;sihility of such trouble was not widespread. 
it is true, but among llrevio,!" users of these materials, 
likc ordnance officers, for instance. who had had ex­
peripnce with the cracking of brass cartridge cases, 
there was enough information on the suhject to have 
wal'llpd against man�' of the bad mill and foundry 
praetiees that were permitted. 

Another instance where grpatpr familiarity with mo­
dern information on metals might have averted trouble 
is found in ,.;ome expensive expprience recpntly acquirpd 
by certain railroad engineers. It is hardly conceivable 
that anyone who thoroughl�- uIHlerstood the Rtructure of 
hyper-eutpctoid (i. e. above 0.85 per cent carbon) steels, 
would have sanetioned the ordering of steel rails con­
taining more than 0.85 per cent carbon. Yet this was done 
within recent years, and a disastrous erop of "trans­
verse fissures" hammered the lesson home that these 
high carbon steels are not fit for use in railroad rails. 
Such instances might be multiplied to pmphaRize the 
point that the problems of the modern engineer demand 
a thorough acquaintance with metals. 

Granted that familiarity with the I'pal nature and 
property of metals is an essential part of the equipment 
of the engineer, the question remains as to what part 
of this knowledge can be supplied in the limited time 
available in collpge. It is the writer's opinion that in 
a properly balanced course in Materials of ConRtruction 
there Hhouhl be time to give the student thorough ground­
ing in at least those phase;,; of the science of "Physical 
Metallurgy'" which are essential to the engineer. 

Thp study of the materials used in construction covers 
rr wide field, with an infinite amount of detail that can 
only be retained by the mind properly when it is associ­
ated with practice, personal observation and slowly ac­
quired experiencp. This should be recognized in a col­
lege course in the subject and every effort bent to trim­
ming the subject mattpr down to tIlt' essential":, and to 
so impressing these fundamentals on the memory of the 
student that he will retain them to serve aR the sound 
foundation for his future store of details. Most books 
on material;.; are too full of detail to make good text­
book,,; the vpry feature that make,; them invaluahlp a,; 
reference books, or for study by the practicing graduate, 
present� a dangpr to the undergraduate. l'nimportant 
and important facts are side by side with but little dif­
ference in emphasis; obsolete or little used materials or 
methods are presented along with the most important: 
details of applll'atus and methods of manufacture are 
given at Ipngth when only the barest essentials can be 
retained in the absence of personal obRprvation. Then 
a little while aftpr graduation the pngineer realizes (or 
worse, fails to rpalize) that all he retains is a vague 
"rna ttering of many things and processes and names, and 
that he haR no theory to h'1lide his judgment and no out­

line of flllu]amentals to whieh to tHld his informatioll. 
With the inconsp!}uent matter eliminated from the 

----�- - ----------------

.So named by Walter Ro"enhain In his valuable book "In· 

troduction to the Study of Physical 1I1etallurgy." 

"Materials" course, room will be left for all that need be 
taught in school of the framework of the "new know­
ledge." 'I'he writer would develop the study of metals 
from the standpoint of structure, so that the mention of 
the name of any metal would not call to mind just its 
external appearance and popularly known properties, 
but rather a clear picture _ of its microscopic character­
isticR. To do this it would he necessary that consider­
able time be spent in laboratory lleriods in the examina­
tion under the microscopp of previously prepared speci­
mens. The work of poliHhillg and etching i,.: rather 
laborious and exacting, and would be a waste of the 
engineer-student's time, hut the personal use of the 
micI'Oseope iN indispellsab,e. No amount of Htudy of 
photomicrographs or hard labor at memorizing the 
constituent" can do what a brief use of the microscope 
will accomplish in fixing the important characteristics 
in mind. 

The firflt ;;tep, then, would he to impress the crystal­

line nature of all mptals, the typical structure of pure 
metals and the hroad theory of alloys, briefly.' Taking 
up the metals one at a time, along with the method of 
manuf:ie.ture of iron and steel, the structure of pure 
iron should 'be studied, then the manner of occurrence 
of slag in wrought iron and of carbon in normal steel. 
AH soon a;.; the microscopic appearance is familiar, the 
vhysical propprties of the normal metal may become 
the subject of thorough laboratory experiments. Next, 
the iron-carbon diagram should be deeply impressed on 
the men as the kpy to all hardening, tempering and 
annealing operations. Following this, the effect" of 
each of these operations on structure should be studied, 
along with their effeet on the physical properties. When 
east iron is taken up, the iron-carbon diagram, micro­
,;cope, physical test and fracture should emphasize the 
distinctions between gray iron, white iron and malleable 
iron, and show which features of the process of manu­
facture are e"sential and which incidental. 

The same methodR should be extended hriefly to the 
lion-ferrous metals amI alloys and the pffects of �train 
011 metal can then be taken up in detail. The micro­
s('opie phpnomena of pla"tic deformation should be made 
familiar, with emphasis on the part played by crY8tal­

linc structure in it. Elastic limit and yipld point will 
then he intelligible. The typical stress-strain diagrams 
for various metals under various conditions of loading 
,.:hould be impressed until they hecome part. of the 
permanent working equipment of the young engineer, 
to he used constantly in forming his mental picture of 
the action of metal under load and overload. 

With thi" foundation a rational study of fatigue can 
he made, familiarizing the student with the knowlpdge 
of its microscopic action; Segregation, "lag inclusions 
and other common defects in steel will have a new mean­
ing when their study is accompanied hy microscopic 
pxamination. 

It is the writer's belief that such a treatment of the 
subject would rpsult in the graduate engineer posse�s­
ing a real understanding of the subject and put him 
in a position to comprehend and add to his working 
knowledge the information constantly prespnted in his 
practice and reading. 

Making Liquid Hydrocarbons from Naphthalene 
By Dr. Wilhelm Schneider 

Ix cOllsequellee of the war a great lemand has arisen 
for ,",uch liquid hydr()('arbons as car.. be used for heat­
illg and lighting purposes and as driving power for 
motol';;. Sueh oils were amply available formerly in 
the raw vetroleum-a mixture of liquid hydrocarbons-· 
imported from foreign countries, and elaborated here ill 
Germany after preliminary purification proceRses in th.:> 
refineries by means of distillation into it,; technically 
important com,titupnts, benzinp, illuminating and lubri­
cating oilH. 

A;,; SUbstitute,.; to furnish power and heat, the liquid 
hydrocarbons ohtained by the distillation of coal-tar 
could he utilized in large measure immediately. It was, 
however, to the general interest not to rest contpnt with 
this, but to institute pxperiments for deriving liquid 
hydroearbons from ehemically suitable solid products of 
('oal-distillation, and to test the oils thus obtained with 
respect to thpir availability. Obviously only such sub­
stances were considered as were obtainable in large 
quantities and cheaply. 'I'hese considprations lpnt prom· 
ise to experimpnts with naphthalene. Such an investiga­
tion was recently the subject of a report by Dr. Franz 
Fischer, director of the Kaiser-'Vilhelm-Institute for 
Coal Research, in Miilheim-Ruhr, who, with his assist­
ants, manufacturpd liquid hydrocarbons from naphtha· 
lene by treating it with aluminium chloride under prpl';­
:--:Ul'fl.l 

Tht' naphthalene is obtained in large quantitips by 

1 Bel'icllte del' deutschcn chemiscllcn GeseUsc/laft, Band 49, 

Seite 252. 

the distillation of the coal tar which is a by-product 
of coke ovens and gas works. The annual yield of 
recent years is about 80,000 tons. It is offered commer­
cially as technically pure naphthalene, in a Ipss pure 
form as warm pressed cakes, and as precipitated crude 
naphthalene. The price of the crude naphthalene is low. 

By naphthalene the chemist understands a solid ring­
formed hydrocarbon which ilecomps liquid at 80 deg. 
('ent. aIHl boils at 218 deg. Cent. It iH employe(} ill dye 
works for making artifieial indigo and many other dyes. 
It iil often used as an addition to coal du,;t for making 
briquettes, as also for the preservation of skins, for 
impregnating wood, etc. 

It has recently been made use of directly to furnish 
power in explosion motors. In this case, however, it 
is indispensable that it be pre\-iously warmed, so as to 
be supplied to the motor in a liquid state, .which creates 
a necessity for special devices. Despite these manifold 
applications, the largest percentage of naphthalene has 
hitherto been burned, because of inability to obtain 
derivatives. 

It is true that processps for transforming it into !iquirI 
products were known. This is done, for example, when 
hpated hydrogen is allowed to act on naphthalene in the 
presence of catalyzers. The catalyzers employed, how­
ever, quickly lost thpir efficacy heeause of the unavoid­
able sulphur content of the so-called technically pure 
naphthalene. It was known also that liquid products 
were obtained when naphthalene was heated with alu­
minium chloride for several hours at ordinary pressure. 
But the quantity of oil obtained under these conditions 
wus so small and the amount of aluminium chloride de­
manded for the operation was so considerable (25 to 40 

pel: cent of the naphthalene treated) that this process 
waH negligible practically. 

The above mentioned recently published investigations 
now show that far better results can be obtained with 
ease if the action of the aluminium chloride on the 
naphthalene takes place at a higher pressure and higher 
tplllperaturp. Above all, thh; process is very rapid. The 
transformation is completed by the application of heat 
for 20 minutes. After the distillation of the oils ob­
tained, and the freezing out and pressing off of the 
unaltered naphthalene, an oil is obtained which flow" 
thin at ordinary temperatures, and is equal in amount 
to 40 per cpnt of the naphthalene employed. It is an 
especial advantage of this process that a very small 
amount of aluminium chloride is required (4 per cent).' 

As concerns the applicability of the oil thus obtained. 
it eorresponds in general to the requirements of oil used 
to generate heat or power, e. g., in Dipsel motors. It 
i". of course, of peculiar intere"t to tpst tIlt' oil boiling 
between 150 and 200 degrees for availability as illumi­
nating oil. The attempt to burn this oil in a lamp 
instead of petroleum ,;howed that thif; was not possible 
in the ordinary lamp without the formation of soot. 
H requires an even greatpr supply of air than does 
Russian petroleum, whieh itHelf requires special burners 
because of its different ehpmical composition from Amer­
ican petroleum. 

I have acceded to the wishes of Die Umschau to make 
a report upon the above investigation, although these 
are still in the process of development,' since an idea is 
thus given of the manifold manner in which the science 
of chemistry strives to serve the general public.-Di'3 
Timsrhau. (Cen8ored in Frankfort. ) 

Detection of Saccharin in Food 
THE sample i;,; extracted with a mixture of ether 

and petroleum spirit, the extract evaporated, the rpsidue 
boiled for a few minutes with 10 per cent hydrochloride 
acid, and the ,;olution evaporated to drynpss. If the 
vresence of vanillin in the residue is indicated by the 
odor, it is removed by extraction with a mixture of 
ethel' and ehloroform. A portion of the residue is 
treated with Kessler'" reagent; if no reaction is ob­
tained. saccharin is absent. If a positive result is 
obtainpd, the remainder of the residue is di8s01 ved in 
phenol and the solution dropped on to phosphorus 
pentoxide in a porcelain crucible. If saccharin is pres­
Pllt a red t'oloring matter iH formed; this dissolves 
ill the water to a yellow solution, which becomes blue 
on addition of alkali.-M. Klostcrmann and K. Scholta. 

Z. Unte/'s. Nahr. Genn ullm. Z. angelO. Chem. Abstract 

from Journal of the SOG. of Chem. Ind. 

2 A dark brown crude oil Is first obtained from the solid 

napthalene, and this "hows no further separation even at lower 
temperatures. On distillation most of this passes over be­

tween 150 to 300 deg. Cent. The purified 011 thus yielded is 

a clear, light brown liquid with an agreeable sweetish odor, 

and exhibits a bluish fluorescence. The heating index of the 

portion which passes over hetween 150 and 300 deg. Cent. is 

9.932 cal. The viscosity in the Engler vi"cosimeter equals 1.16 

at 20 rl�gr{'es. It lieR within the determined limjts for 

vllrious sorts of petroleum. '.rile combustion point was fonnd 

to ue 70 degree" In the Pensky-l\1artens apparatus an(l 75 
degrees in the open crucible. 
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A French Morane-Saulnier monoplane: type of 1913. A German Fokker monoplane: type of 1 915. 

German Military Aeroplanes 
The Fokker Type and Its French Prototype 

Mueh ha� appeared in the daily press regarding a 
new German aeroplane, which is stated to be of such 
power and speed and climbing ability as to mark an 
epoeh in aviation. It has been claimed that all the 
alliE'd planes are hopelessly outclassed by this machine; 
that the latter possesses such new and revolutionary 
f('atures that, in order to prevent the secrets of its 
eonstruction from falling into the h,ands of the allies, 
the German a viators mounted on it are forbiddE'n to 
Yt�nture behind the l!'rench lines. 

Le Genie Oivil, in an article whose signifieant fea­
hIres we reproduce heI:ein, asserts that such estimates 
are entirely inaccurate, and presents dE'tailed diagrams 
and descriptions to estahliRh that the Fokker is an 
extraordinarily faithful reproduction of the Morane­
Haulnier models, well known in France. 

The first machines attempted hy the Fokker concern 
appeared in 1912-1B. They were complieated, and quite 
unlike any ,mccessful model. In 1914, however, after 
observing the success attained hy the Morane-�aulnier 
planes, the Fokkers began the eOllstruction of hlentieal 
machines, whieh they later furnished to the German 
ministry of war. Even before the war, these maehille>; 
were being used by German army aviators. �inee the 
outhreak of hostilities, their number has been greatly 
inereased, and their makers have kept paee with tIl(' 
imllrovements effeeted in the Morane-Saulnier type. 

'L'he l!'okker shops have produeed two models of mono­
plane, a "single," aeeommodating the pilot only, and a 
"double," which earries one passenger. The general 
features of these machines are shown in the figures, 
which equally well illustrate the eorresponding Morane­
Saulnier machines. It will be observed that in most 
of its dimensions the latter is about 10 per cent larger 
than the former. 

A notieeable feature of these maehines is the aper­
tures (in the single) or cut-away corners (in the 
double) in the wings, whieh make possible obsernl­
tion and bombardment of the eountry direetly beneath 
the machine. In the double-seater, the passenger i� 
mounted behind the pilot. 

Noteworthy points of eorreHpondenee between these 
models and the Morane-Saulniers are the external curve 
of the wings, and the shape of the hody. The surfaee 
curvature is slightly different, the crown of the wing� 
being a bit farther forward in the German maehine. 
The body is built of hollow metal rods covered with 
a sort of oil-cloth; the forward section has in addition 
proteetive plates of aluminium. 

The horizontal rudder, it will be observed, is emn­
pensated, about one third of its surface being in front 
of the pivot. The vertieal rudder, similarly eompen­
sated, has roughly the shape of two unequal eircles 
joined along a eommon chord. The compensation fea­
ture is found in the Morane-Saulnier planes, but the 
curvilinear shape of the vertical rudder dates baek to 
the earlier Nieuport monoplanes. 

The motor used on the Fokker planes is of 80 horse­
power or more, which is high, eonsidering the size of 
the maehine. This permits more rapid elimbing than 
other maehines of same elass are eapable of, and pre­
�mmably explains the wild tales of the Fokker's prow­
ess. In resped of general type and position of mount­
ing the motor elosely resembles that of the Moranc­
Haulnier. 

Perhaps the most i'<urpru-nng Rtatement made by OUt' 
French authority is that the frontal mounting of the 

lllitrailleuse. ,",0 graphically described as a YE'ry speeial 
feature of the Fokker, making possible a !lin�c-t fire 
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Plan view. front and side elevations of a Fokker 
monoplane carrying one person. 
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Views of a Fokker monoplane to carry two people. 
[DimenHions are in meters.] 

along the Jille of flight, Hot only i:-; to be found in al I 
tlle Morane-Saulnier planes, but is aetually an invcn­
tion of the well-known French aviator Garros. 

It is of Borne signifieanee to remark that the instam'e 
before us is not the first case of German plagiarism 
from foreign models. Our authority mentions the 
Gessellsehaft Otto model Ago, and the Motorlnft­
fahrzeug GesseJ\sehaft model Parasol, as other Morane­
Saulnier machines taken over bodily by the 'L'eutons­
ill the latter case even to the name. In fact, it appear,..; 
that German aviation as a uuit has carefully followed 
the ]lrogress made in France, where almost every typc 
of aeroplane now in aetual war serviee has been ereated. 
It appear,.; that the German is at least not bull-headed, 
all(l that he knows a good thing when he sees it. 

Nickel-Si:ver 
AN im·pstigatioll into the propertie>-: of 11 nlllllhf'r of 

the eOPlIer-zinc-niekel alloys knowll as nickel or German 
,.;iln�r was de>;eribed hy Mr. F. C. Thompson, of Blief­
field, in a paper read at tlle aunual meeting of the 
Institute of Metals_ 

In summarizing his concln,.;ious he said that tensile 
tPHtH on the alloys eontaining from 7 to 28 per eent of 
lliekel ill the cast state show a distinet increase of 
strength aN the nickel eOlltent is increased, without, 
howpver, appreeiable ehange in the elongation or rp­
duetioll of area. The results of compression tests are 
rpnwrkably constant throughout the whole series of 
alloys tested, changes of the niekel eon tent exerting 
in the east state very little effeet indeed_ Deoxidation 
of the molten alloy with 0.25 per cent of manganese 
rpsults in a marked improvement of the hehavior of 
the material in rolls. As the nickel content of the 
alloy inereases the speeifie volume is lessened, whieh 
is also the result of inel'ea:o;ing the ratio of the copper 
to the zinc. The density is slightly greater in the 
work-hardened state than after annealing, and also in 
those alloys whieh have been deoxidized. 

The eledrieal resistivitie" of the alloys after heing 
re-heated at inereasing temperatures reveal a well­
marked transition between 300 and 400 deg. Cent., which 
is shown also by thermo-eleetric curves, but not by in­
verse-rate heating or eooling curves. The speeific re­
sistanee of the alloy is determined chiefly by the niekf'1 
present. With the exception of the alloy eontaining 
only 7 per cent of nickel the resistanee is practieally 
the same in the hard drawn and in the annealed states. 
The temperature at whieh annealing starts is shown 
well by the torsion and hardness tests; it inerease>; as 
the lIiekel content is raised, from 370 deg. Cent. with 
7 per eent, to 600 degrees at 28.6 per cent. The haw­
ness results show a sharply loealized peak about 320 
degrees. The influence of time on the temperature at 
whieh annealing begins is negligible, though the temper­
ature of the eritieal point is slightly lowered with 
"soaking." 

Tests of the Brinell hardness and the resistanee to 
alternating stress (Arnold) made on eommercial >;am­
pIes indieate that the impurities usua Ily preHPnt are 
practieally without effeet on the properties, at the 
temperature of annealing. 'I'lie results indieate that 
the tendency of such alloys to "Imrll" is inereased (a) 
hyincreasing the nickel ('outl'llt; (Il) It,.; tlle ratio of 
zinc ttl copper iN inereased; tlud (c) with tll(' amount 
(If the impurities present. 
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Cooler used in connection with a portable electric outfit. Coolers under construction. 

A Novel Cooler for I nternal Combustion Engines 

An Efficient Device for Use Where Water I s  Scarce 

'i'HERE are mallY localities where economy is neces­
sary in the use of water for cooling internal combus­
tion motors, either on account of its scarcity of caro;, 
or where the apparatus hitherto used would occupy too 
lUuch valuable space. To meet these conditions a novel 
(levite has been vroduced in England which appears to 
be remarkably compaet and efficient, and for which a 
number of advantages are claimed. 

'J'his cooler was designed for the efficient and raVid 
transference of heat between two fluids, one of which 
( usually air ) is in the gaseous and the other in the 
liquid state. 'J'he liquid may be water, oil, brine or 
some other fluid. The liquid to be cooled is contained 
in a tank in which a number of cooling cylinders re­
volve. 'i'hese cylinders are built of galvanized steel 
sheeting wound in the form of a spiral, the whole form­
ing an enormous cooling surface in a very small space. 
The lower portion of the cylinders dip in the tank con­
taining the liquid to be cooled, and air is passed through 
the annular spaces of the upper half. 

'i'he cylinders revolve at a slow rate and are thus 
continually bringing fresh supplies of the liquid into 
intimate contact with the air. The cooling is effected 
partly by conduction of heat between the liquid and the 
a ir, and also, in most cases, by evaporation. In cases 
where the liquid to be cooled is water, a small portion 
of the water which is picked up by the steel plate in 
the form of a film, is evaporated, and the latent heat 
required for this purpose is extracted from the metal 
contained in the cooling cylinders and hence from the 
l iquid in the tank. 

It should be noted that the liquid is spread over 

galvanized steel sheets in the form of a thin film and 

is not broken up into drops or globules. This means 

that the" e is no possibility of a portion of the liquid 

being carried away from the machine in the form of 

loose moisture. The loss by evaporation is, therefore, 

the minimum possible by which the cooling effect can 

be produced. 
E'or the purpose of passing air through the machine 

a fan is used which may be of the propeller or cen­
trifugal type, according to the size and type of ma­
chine. 'J'he machines are usually driven by belt on to 
the fan spindle, the drums being revolved by suitable 
reduction gearing between the fan and drum shafts. 
As the cylinders are mounted on ball bearings, they 
offer practically no resistance, and as the fans are of 
a highly efficient design and construction, the power 
required to drive these coolers is very small, indeed, 
and is practically negligible. 

As illustrated this cooler has been applied with 
great success for dealing with the circulating water 
of all types of internal combustion engines. Briefly, 
the advantages of the machine for this purpose are as 
follows : The machine is positive in its action. It pOSt 
sesses a definite amount of cooling surface, a certain 
fixed volume of air is passed through the machine per 
minute and, therefore, a constant cooling effect is pro­
duced. It is practically independent of climatic con­
ditions and for this reason is altogether different in its 
action from cooling towers, tanks and other systems. It 
follows from the above that the best running conditions 

for the engine can be provided at all times. The heat 
generated by the engine is dissipated by the cooler 
just as quickly as it is produced. 

There is no qu�estion of any heat being stored up as 
is the case when tanks are used. Further, even under 
extreme conditions, as prevailing in the tropics, the 
machine may be relied upon to provide entirely satis­
factory running conditions. Engine makers and users 
are well acquainted w ith the great importance of an 
ample supply of cooling water at a proper tempera­
ture, and it is hardly necessary to say that an engine 
which is efficiently cooled runs much more satisfactorily 
in every way than one which suffers through overheated 
circulating water. 

It is claimed that the space taken up by this cooler 
is very much less than that taken up by any other 
system. Where tanks are installed with an engine of 
any size, the space occupied by the necessary number 
of tanks is often very considerable, and greatly in ex­
cess of that required by the coolers. This is especially 
the case where engines have to run continuously day 
and night and no time is ava ilable for cooling down 
all the water in the tanks. Water is economized by 
the use of these machines. The water lost is the mini­
mum possible amount required to provide the cooling 
effect. �Where towers are installed a considetable 
amount of water is often lost in the form of spray, 
and with the tank system the whole of the water has 
in many cases to be run away periodically, especially 
where the engine works continuously. 

This cooler may be arranged to ventilate the engine 
room, that is, air may be taken from the engine room 
and discharged to outside atmosphere. This is a great 
advantage, especially under tropical conditions where 
the atmosphere of the engine room is often extremely 
oppressive. 

In plants ranging up to 200 B. H. P. this English 
cooler is arranged so that the pump delivers cooled 
water direct into the engine jackets, after leaving 
which, the water returns direct to the cast iron inlet 
funnel fitted on the water cooler. The water then 
flows through the cooler by gravity and is passed by 
the circulating pump back to the engines. The loss of 
water by evaporation is made up by means of a float 
valve fixed in a small galvanized iron tank fitted at 
the side of the cooler. In stationary plants this float 
valve being connected up to the town's main or other 
source of supply and with plants of larger sizes, it is 
desirable to provide a small storage, in the form of 
a tank or sump let into the ground. Some engineers 
prefer a small overhead storage tank in order to pro­
vide a steady head on the engine jackets. As a rule, 
this tank or sump has a capacity of a few hundred gal­
lons of water, and its purpose is to counteract any 
unsteadiness ,of the circulating system at starting up, 
due to the comparatively small quantity of water in 
circulation. When this system is used the float valve 
for making up the loss of water by evaporation should 
be fixed in the tank or sump. 

When a sump is provided, the pump is arranged to 
deliver the water from the sump to the engine jackets, 
and thence by gravity through the water cooler back 

again to the sump. If an overhead tank is provided 
the water should flow direct to the engine jackets, and 
through the water cooler be returned by the pump to 
the tank. 

Essential Oils and Immunity 
1,'aOM very ancient times various aromatic and PUll­

gent substances have been regarded as possessing pro­
phylactic powers in some measure. It is curiously in· 
teresting, therefore, to learn that modern bacteriologists 
have discovered that in certain cases of infectious dis­
ease some of the essential oils, such as those of cinna­
mon, cloves, mustard, garlic, thyme, and marjoram, 
not only possess bactericidal power, but may even be 
made to confer immunity when injected like serums. 
Certain investigations of this highly complex subject 
recently made by Mr. E'. d'Herelle of the Pasteur In· 
stitute are reported in the Bibliutheque Universelle 

( Lausanne ) for June. He said : 
"'i'here is a bacillus belonging to the group of the 

paratyphics, the bacIllus typhi murimn, which is natur· 
ally pathogenic for white mice. Many attempts have 
been made to render it inoffensive for these little crean 
tures by vaccinating them with a product containing 
dead bacilli; but the project has always failed though 
attacked in the most various fashion. 

"Mr. d'Herelle then asked himself whether thi s  failure 
was not due to the manner in which the bacilli had been 
killed, and therefore sought sOllie new method. In the 
course of his investigations it occurred to him to kill 
the bacilli meant to serve as a vaccine by means of 
essences (essential oils ) ,  as had been done by Mr. E. 
Roux. Thi s process has the advantage, according to 
the eminent bacteriologist, of not altering the albu· 
minoid matters and the disastases contained in the sub· 
stance of the microbes. . . ., No attempt had hitherto 
been made to prepare vaccines with bacilli killed by 
essences. Mr. d'Herelle found by experiment that vac­
dnes thus prepared from the essences of cinnamon, 
gar lie, thyme, marjoram, cloves, and mustard were 
active in certain conditions. 

"Thus a white mouse into which is injected a vaccine 
containing from 500,000 to 10,000,000 corpses of bacilli 
slain by the essence of mustard is immunized against 
mortal, and even very 'super-mortal' doses of the living 
bacilli. But these limits must be maintained with great 
care in order to obtain immunity, and care must be 
taken to give a stronger dose to a young mouse than to 
nn adult. For if the dose of 10,000,000 be surpassed, the 
immunity obtained is very feeble, with little resisting 
power, and the more the dose i s  surpassed the weaker 
the immunity, apparently. On the other hand, the dose 
must consist of not less than half a million; thus a dose 
of 150,000 bacilli confers no immunity. It is also use· 
less to try to obtain immunity with a number of suc­
cessive doses, superior to 10,000,000 ; the result is nil, 

as if one had done nothing. To resume, the essenee of 
mustard gives a very active vaccine, in th is partieulal' 
ease, against hundreds of mortal doses of vir1&S, pro· 
vided the immun izing doses are eonflned within the 
given limits." 
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The Status e)f Water-Power Development* 

Economic Advantages of Utilizing Maximum Strealll Flow with Auxiliary Steam Stations 

TilE  (IE'YE'l opmE'llt of thE' u"e of stt'alll-pOWE'r hy Watt 

alld otlwrs, and the rt'sulting a\'ailability of thE' steam 

engine for application in all kinds of industria l work, 

caused an increase of demand for power at a cumula­

tiYe rate, and all industry became dE'pendent upon 

power of a magnitude far beyond the pott'ntia litiE's of 

human muscles or animal horsE'-power. The steam en­

gine of that time was, however, yery inefficient me('hani-

By H. "T. Buck 

operate their own indiYidua l watE'rwheE'ls. Al l  of the 

proposE'd COllSumE'rS WE'rp to dL-.;charge tlwir wa ter into 

a common tail race tunnE'1 at  tlw lower leYE'!. 

All of thE'se geueral schemes of utilizing water-power 

were inefficient and expE'n"in'. fo;ince the headrace canal 

s),stE'm" were limitE'd necessaril�' in extE'ut, the indns­

trial developmE'nt in a water-power commnllity resnltE'd 

in  a huddlE'd mass of factory bnilding"H, jamlllE'd in 

cally and from the standpoint of thermodynamics, and tOg"etlwr af; ('l osely as they ('ould be ('onstructed, with thE' 

fuels were expensive and not easily available. A search whole zone .honeycomhed with shafts, tunnels, etc. 

was const'tjuE'ntly stimulated among E'ngineers for a In these communities, with the expanding business of 

method of producing power Oil a large "cale  by mea ns . the various factories, more power was required than the 

more economical than the steam engine. water system conld supply. Consequently, the water-

The energy of falling water was the m ost obvious power system waH usually outgrown, amI it becamE' 

a lternative, and the engineE'rs of the day devoted their necessary to supplement tlw water-power with a steam 

attention to the development of meam; of utilizing auxiliary. Such stE'am plants wpre enla rged from tinw 

water-power commercially. '1'he early efforts WE're prill- to time, and ultimatply haye hecome the chief Ronrce 0 1  
cipally along the lines o f  the well-known undershot and power in those communities, with the water-power only 

overshot ',vheels, now looked upon with considerable as an auxiliary. Many of the old mill towns whicl) a n' 

humor as relics of more or less prehistoric times. popularly regarded as deppndent upon watN-powel' hayp 
E ARLY COMPETITION BET WEEN WATER-POWER AND STEAM .  long since outgrown the  underlying water-powE'r and a re 

The contest for supremacy then bpgan betweE'n the to-day essentially stpam-drivE'n. 

two classes of prime movers, water and steam, which 

has continued -to this day with increasing vig"or, the 

relative advantage alternating between the one and 

the other from period to period. The popular notion 

that water-power is and alwa�'s  has been more ad­

vantageous than steam-powt'r is ndt in a('cordunce with 

the records of engineering. 

In the {' nited States, New England and its vicinity 

contained many river situations which could easily be 

developed by the eatly mE'thods prevailing in water­

power pngineering, and as a result that Rection of thiR 

country UIulprwent a rapid expansion in induRtrial de­

\'elopment during the nineteenth century, beginning 

about 1825. The steam engine of that period could not 

compete with the New 1<Jngland water-powers, and con­

sequently the New England district held a commanding 

position for many years in industrial progresfl. I ndus­

trial communities grew up around all of the waterfalls 

of reasonably large volume and moderate head. 

The next change in conditions which came about 

was i ll favor of steam-power. Economical methods of 

coal mining were developed, and railroad systems for 

the distribution of coal grew up, so that coal supplies 

in volume sufficient for power purposes became a\'ail­

able at many new centers of industry. Furthermore, 

new and radical improvE'ments in Rteam-engine design 

were introduced, as eXE'mplified by the relatiYely large 

engine units of the CorliRs typE'. Water-powers no 

longer controlled industry, and industrial centers grew 

up in Pennsylvania, Ohio and elsewhere where cheap 

('oal of good quality could be obtained in large quantities. 

About the year 1875 the deYelopmE'llt of thE' gns en­

gine afl a commercial sourcE' of llowpr began as a fur­

thE'r competitor of watN-power. In large stationary 

power units, howevE'r, thE' gas E'ngine has been disap­

pointing and has not proved thp uniyersal prime moyer 

which it  was at first expected to become. I ts field has 

been confined largely to the smaller units. 

The steam engine, the gas engine and the wa ter­

wheel then became the ·three great sources of power. 

each having advantages under particular conditions. 

The rE'latiyE' advantages, however, of water-power be­

came less and less as the steam engine and the ga s 

and oil engine were improved. 

In the old-fashioned mill town, where the presence 

of a water-power constituted the reason for the exist­

ence of the town, it was necessary, in order that all of 

the mills might utilize the water-power, to group th,)m 

close together about some strategic location where a 

canal or head race cou l d  be favorably constructed. The 

water from such canal was, as a rnle, fed through the 

various mills, which discharged the water thus sup­

plied through their own jndividual waterwheels to the 
lower leyels. Sometimes several levels were employed, 

the water passing in series through the mills from oue 

level to another. 

When the water-power deyelopment at Niagara Fal l s  

w a R  at firl'lt proposed, before electric transmisRion wafl 

definitely established, the distribution of water to yari­

ous manufacturing plants to be established in the vicin­

ity by means of an extensive system of radial canals 
was seriously considered. Customers were to purchafle 

water and not power from the company and use it to 

* From a paper pr(,Rente(} at Pan-American Rrientifie Con­
gress, Washington, D. C. Reprinted from Rlectrical World. 

H YDROELECTRIC DEVELOPMENT AND ELECTRIC TRA N S M I S SIO:;[. 

A change and a new era in water-power application 

bE'gan in the year lS!)2, when power to the E'xtent of :':00 
horse-power was first tranRmitted on a semi-commercial 

scale from LauffE'n to Frankfort in Germany, [l dh­
tance of 100 miles, at about 30,000 volts, and the COIll­

llIE'rdal SUC'(,PRS of high-tpnsioll plpctric tranRmis»ion was 

demonstrated. It provt'd that 1l0WN could be .gpllPl"­

ated in one place and transmitted E'fficiently by :!ltpr .. 

nating E'lectric currE'nt to points many miles away. At 

the same time e\'olution had ta ken place in alternati ng­

current electric motors, so that the transmitted power 

could be utilized efficiE'ntly at the point of deliyer�' 

This immediately relieved the congestion of t.he old 

water-power towns amI made it possible to make hydro­

electric developments of water-powE'r sites, rega rdle.,;s 

of any consideration of industrial plants to be loca ted 

in the immediate neighborhood. and tranflmit the power 

output. In other words, the power could be takcn to 
the consumE'r instead of having to hring the con�umE'r 

to the powE'r. 

Electric transmis�ion from cE'lItral water-power ;.:tn ­

tions on a large flcale hegan in this country about the 

year 1895 with the grE'at entE'rprise a t  Niagara Falls.  

I n  Eurolle plants of considerable size were huilt a t  an 

E'arlier date. The voltage limit for tranSllIiflsion at that 

time was about 10,000, and the transmission distance 

limit was about 20 mileR. fo;ince that time a n  pxt:-aor­

dinary evolution has taken place, »0 that '\"ol t a ges of 

transmission a re now commercially aR  high as J 50.000 

and lines ui) to 250 miles in length n re in OPE'rH tion, 

Thh; devE'lopment and change in methods haR opened 

up an pntirel y new group of water-powerR which were 

too l'E'mote from suitahlE' manufacturing lind  railroad 

centerfl to com;ider as siteR under the old hydraulic 

schE'me of a]lplication of water-power. Afl a rulE', watE'l'­

pOWE'r» are situated in mountainous regions where the 

topography is too rough for tlw satisfactory layout of 

an industrial town and YE't well suitE'd for tlw (,0I1fltru('­

tion of a modern hydroelectric plant. 

rnder thio; new mE'thod of using water-power for in­

dUfltrial purposes its utilization has received a tremen­

dous stimulus. During the past fiftE'en years many 

water-powers have been able to Rhow a good margin of 

sa ving over the beRt steam CORtI'. and numerous large 

central hydroelectric fltationfl have beE'n constructed. 

The margin of saYing in water-power operation since 

thE' �'E'ar 1870 hal' not, however, been Rufficient to pre­

YE'nt a far grE'atE'r expam;ion in Rteam-powE'r for manu­

facturing purposes than in watE'r-powE'r, and the follow­

ing table will give a n  idea of the rE'la th'e growth of thE' 

two afl given in the rnitE'd fo;tatE's CE'nSUR report : 

Tota l 

Rtea l1l -PowE'l", 

Horse-Power. 

1R6fl . . . . . . . . . . . . . . . . . . ] ,211),7] 1 

lR7fl . . . . . . . . . . . . . . . . .  . 

1889 . . . . . . . . . . . . . . . . . . 

189D . . . . . . . . . . . . . . . . . . 

1904 . . . . . . . . . . . . . . . . .  . 

190() . . . . . . . . . . . . . . . . . •  

2,185,458 

4,581 ,3Ori 

8,139,579 

10,825,348 

14,J!l9,339 

Total 

I T () I'�f'-P()Wf'r. 

Wa ter-Power, 

1 , 1 30,431 

] ,22fi,37fl 

1 ,255,045 

1 .45-1,112 

] ,641,949 

1 ,807,439 

The above figures do not include the large central sta­

tions generating power by either steam or water-powE'r. 

Including thefle, it is estima ted that the total water-

110wE'r developed at the pl"('spnt timp is ahout (i .OOO.OOO 

hor:-;e-power and the total stpHm-[lO\\'l'r a bout :!7.0()O,0()O 

hor"e-powE'r. 

ADVENT OF RTF- A M  T l' RRlNE. 

The modern (}p\'elopment of the eommercial  flteflIn 
turhine datps from a hout tllP year WOO. '1'his has ac­

comvJ iHhed for tht' pxtpnsion of stpa m-powpr URe as  
much as plpl'iric tnl l lsmissiOll ha s dOll(> for wa ter-vower. 
The evolution has been rapid amI iR still continuing. 
During the past fifteen YE'n rs it haH rE'sul tE'd in reducing 

the capital coa"t of central steam-power houRes from 
more than $100 per horse-power to about $40 per horse­
power, and has reduced the consumption of coal from 
3 pounds to 4 pound" per kilowatt-hour down to a coal 
rate of a hout 1.5 pound� under fHvorable conditions a t  
the prespnt time. The steam turhine h a �  so much re­
duced thE' size and complE'xity of the steam plant that 
tlw opera ting E'Xvense and maintE'nn nce a re much lower 
than hefore. 

All of this has caused a serious RE'tback to the expan­
;;ion of watE'r-power devE'lopmE'nt. It has brought about 
conditions tha t make it now uflua lly a sprious question, 
whNe all average water-powE'r is undE'r consideration, 
whpthpr tlw water-powE'r ('an produce the 110\VE'r as 
chpa!>ly as the modern steam plH nt. Water-powers are 
oftpn sitnated many miles from the community where 
the power iH wanted for UHE', which )lPCE'SRitates the 
transmitting of the water-genpratE'd power over a long 
Jine. Rueh E'lectric tranRmission not only operateR to 
incl'PuRP thp cost of construction of the water-power 
plant as  a whol E', and consequently the fixed charges 
against tlw powpr, but also increases the operating ex­
pense in l ine patrol and maintE'nance. Furthermore, not 
Ipss than 15 pE'r cent of the pOWE'r is usually lost in the 
long-distance transmist<ion, whi('h raises the cost pro­
portionatelr a t  the point of delivery. 

",,'herE' a stE'am turbine iR the prime mover it can in 
mORt casps be inRtalled at  or near the eonsumer's prem­
iRE'S. Thi" may give the steam plant the controlling 
u dYantage. 

COST OF GENERATING SYSTEM. 
A water-power tranRmisRion system of average merit 

may rangE' ill ('ost at the vrespnt time, including trans­
mi�sion, from $150 to $300 ]lE'r horse-power of rating. 
A steam-turbine plant,  if it can be establishPd at the 
CE'nter of use where a long t ranflmission will not be 
required, and if  of fairly la rge size, wiI! not cost O\'er 
$50 per horfle:power. The capital chargel'l, therefore, 
in fa VOl' of the RtE'am plant will he in the ratio of from 
threE' to six to one. The water-power plant must there­
fore have a low annual operating and tra nsmiRsion ex­
pense in order to overcome the financial ad Yll Jl ta "e of 
the steam plant. 

,., 

There arp, of course, a few watE'r-powers in the TTnitell 
States and Cal lada,  such as Niagara Falls ,  Shawinigan 
I,'alls and others which have bpen dE'velolled, that can 
produce power at all pxceptionally low cost, with whieh 
steam caunot pORsihly compete. It iR such plants that 
have led to the rema rkabl e growth of the electrochem­
ica l indu»try, which cannot opE'rate except ut the ex­
tremely low energy ("o"t of from 2 mills to 3 mills per 
kilowatt-hour. 

There are very few water-power sites, however, on 
thiR continent which could afford to sell energy for such 
low rates where continuous twenty-four-hour power is 
retluired at a constant rate throughout the year. The 
only possiblE' way to obtain low k ilowatt-hour cost for 
electrochemical processes from most of our rivers is to 
develop the water-power for the maximum flow of thc 
stream for, say, three months of the year, and tht'n 
operate for the rest of the year at reduced ontput. 

It is probable that the electrochemical industriE's 
could adapt their procE'SS of opE'ration to monthly vari­
ations in power delil'ery without matN'ial inc�n\'E'ni­
ence and certainly with great reduction in cost of 
energ�·. 

A s('hE'mE' of pOWE'r SUI1]lly whpre thE'l'e iH a ('onsider­
lIble variation in the water flow would not, of course, be 
applicable to an ordinary manufacturing estahli"hment, 
whE're constant production throughout the year is re­
quired, but as a rule there is not the extreme necessity 
in such cases for power at low cost. In an electro­
chE'mical process the power item is generally a la rge 
part of the total cost of manufacture. 

Within the range of feasible developmeflt at a cost 
of construction which would make the COflt of such 
powpr about equal  to that of ::;tea m vowcr, it is esti-
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mated tha t there is still  undel'eloped i n  the strea m" o f  

the rnited �ta tes about 35,000,000 horse-powpr, 

It is a popula r miscollccption that. owin;,: to a dimin­

ishing coal suppl�' ,  til(' cost of stea m-powcr is consta ntly 

risill;':. so that water-pmH'rs a re heeomillg more and 

more in ('ol ltrol of tIlP ] lower situatioll.  'i'lw fact is 

exal'tl�' the re l'erse. Ml'tllOds of derh'ill;': the ellergy 

of the coal a re eonstantl�' improying in pfficiPIJ('Y, and 
eyen if  t h e  cost of c o a l  shoulr] rise i t  would in a l l prob­

a hil it.y he more tha n offset h�' the incrpasp(] economy of 

use. 'l'herp i:s nothing to i J l (liea te t h a t  the l imit t o  the 

reduetion in cost of stp;] m-poIl'pr 11:1 s hppn reached 01' 
is in sight, inHsmue!l as the hest t.l'lW of steam-electric 

pla nts to-day util ize olll�' a bout 20 ppr ('pnt of the total 

energy of the eoa l .  'Ya tpr-power plants a r e  a t  presellt, 

howl'ye]', ahout a s efliC'ient as can be hoped for, with 

93 per cent efficiellcy for water turbille,; and 9.': per ('ent 

for electric generators. 

A>: the cost of steam-power fa l l s, the total water­

power of the country susceptihJe of profita ble commcr­

cial del'el opment eOlltinua lly shrinks, and many water­

powers which a fpl\' yea rs a go could ha 1'1' suC'ces"full�­
competed with stea m pla nts aIHI might IUl I-e been de­

I'ploped, wil l not he developed to-day on aC'count of 

steam-turbine comlleti tion. The proposed taxation of 

water-powers and other legislatil-e restrictions will in­

crease the list of water-polYPI'S that (',l I l l lot he de­

veloppd with'" a profit. 

I�ven Ca l ifornia and other 'VeHtern Sta tes, where ft 
fell' �-en r� ago the high price of coal gave w:-lter-power 

a l )racti<:al monopol�' in the pOlYer fipld, no l onl-:pr hold 

t h is position. on aecoullt of t he del'elopment of the loeal 

oil field,.;, which makes fuel a I'ailahle a t a cost low 

('nough for sU('C'essful exploitation of the stea m turbine 

where long t ra llsmh.;sions a rp required from the com­

peting wa ter-power plant a!l(} whpre the h�' <l raulie d('­
I'elopment is not of cxceptiollally loll' co"t. 

In �outh "\merica t\wre are appa rplltl�' numerous 

water-powers which couW he ("collomica l l �' dey('l ope(l. 

'l'he lweHent  hi/.:h cost thPl'(' of coa l a mI o i l  should gil'c 

watPl'-powl'r devel opu1(' l lt  H I-:rpa t econom i C' adl'H ntngp 

in the South "\merica ll C'oUl l t r iP,.;.  The "HnH' i,; true of 

CH llada to a great extent, w!terp therp a re a l al'l':p l lUm­

bel' of exceptiona l l �' fa I-orablp wa ter-polYpr Ritp,; and 

when' ('oal and oil a re i l l  paeh case rplatil'el y high in 

vriee. 

,V here a wa ter-pOlyer vlant i"  required to delil-er a 

vractica lly u niform d a i l y  load throughout the year, 

which is generally n ecessa ry on a miscel laneous power 

distribution ,,�'stem. and where seaHonable va riations in 

l oad a rp n ot permissible, the deficiency at low water 

fl o w ' mu:t;t be made uv either by stora/.:e of water or hy 

steam. rsuall,v both are required. 

Nearl�- all water-vowcr" are i"ulJject to a period of 

loll' water for at lea"t  two or three months in the �'ear, 

and in order to utilize the energy a Yailabl(' during the 

high-water months a comhination of stpam and wa ter­

pOln'r i,; neCeHSl1 ry and profitable. 'l'he two together 

will be found in lIlo,;t case" to gil'e It 1011'('1' cost of a nnulll 

output t h a n  either one or the other a lone. 

"\ "team auxilia ry is an important and necessary pa rt 

of a water-power deYelopment. This Htea m-genl'l'ated 

power can either be seeured h�' opera ting oceasionall�' 

the ol d "team vlant,.; of power customers which have 

been "hut down h�' purcha se of power from a wa ter­

power compa ny or hy constructing nell' steam-turbine 

plants as part of the wa ter-powpr system. 

Where "team-vower i,; to be supplied to make u p  the 

dejjcienc�' in the water-generated power it iH important 

to overate the stpam plant, when running, in the most 

e('ouomica l way. The lowest lahor and fuel cost will b(' 

obtained pel' kilowatt-hour when the steam plant is 

operntiug at pra('tica lly eonstant load throughout thp 

day. The operating expense and efficiency of a water­

power plant is not so dependent UPOll constant output, 

so that it can be operated in the combination at a 1 00l'er 

load-factor, taking the pea k s  of the load. 

The outlook for the future del'('lopment of water­

powprs appeal''' , thereforR, to be largely in the line 

either of power plants exelusively driven by water­

power for seasonable variation in output. or for con­

stant output developments, where stea m storage and 

water-power are combined, eaeh con trihuting to the 

eeonomy of the joint operation. 

Extension of the Spectrum Beyond the Schumann R,egion--I I * 

Difficulties Encountered and Methods of Procedure Followed 

By Theodore Lyman , of the Jefferson Laboratory , Cambridge 

Concluded from SCIENTIFIC AMERICAN SUPPLEMENT No, 2 122, Page 147, September 2, 1 9 1 6  

T i l E  pl('('t ro(lelpss (lhwha rgp i s  easil�- r1islll iRsed ; n o  

radiat ion o n  the more refra ngi hle Kide o f  A :-;00 h a s  been 

obtained with it. '.rile a rc diseha rge in quartz, both 

when calcium electrodes were used and wilen ma;.:n('­
sium was employed, showed no l ines more refrangible 

than A lOOO which could be certainly attributed to these 

meta ls.  The spectra in hoth case conf<i:,;ted mainly of 

secondar)' h�'d rogen lines ; the primary lines at A 1216 

a nd A 1 026 wcrp, howel-er, quite strong. The spectrum. 

which is intense, terminate,; near A 905. 

Thp n hsence of metallic lines in this region is also 

con firmcd by pXllPrim ents with the spark-discharge at 

reduced pressure!.;. Poiuted terminal,; of hoth alum iniull l 

a nd iron , about ] eel ltimet('r a pa rt. were a rrangpd in a 

smal l gl obula r vessel comIllunica ting directly with the 

spectro,;cope. A spa rk-gav in air, in series with the 

terminal;;, inKured the disrnptil-e nature of the dis­

('ha rge. At a pressure of about 1 centimeter of h�'dro­

gen the spectra obtained with hoth metals were char­

H etel'isti(' of the gas-fi l ling. T1IPY contained 110 l ines 

w hich could be a HcrihPd with certaint�' to either a l umi­

n iuIll or iron. The spt'ctra terminntpd neal' A 1m:o. Thp 

a lllount of ga s Ilresen t in the light-path was about 

eqnil'a lent to that in a eolumn of hydrogen at a tmos­

pherie pressure 2.5 centimeters long. '.rhe t'xperinH'nt. 

therefore, if; of some interest as giving an idea of the 

order of tra nspa rency of hydrogcn for these short wave­

lengths. 

The relation between the spectra of helium and of 

hydrogen forms a fascinating subj ect for speculation, 

and the spectral rpgion now nnder consideration is a n  

excellent field for the test o f  hypotheses. However, a s  
h a s  already been pointed out, the data a t  hand cannot 

be made to yield conelusive answers to the questions 

involved. The difficulty is inherent in the nature of 
the problem sinee the type of the apparatus whieh must 

be employed, if the region in question is to be studied 

at all, precludps the sepa ration of the effects of absorp­

tion from those produced by radiation, and at the same 

time rpnders the elimination of traces of hydrogen from 

an atmol-lphere of helium extremely difficult. In consid­

ering the f;pectra obtained from the discharge tube, 

therefore. it must suffice for the present at least, to 

C'onfine the attention to their general character. 

On comparing the spectra obtained from hydrogen 

excited with and without eapacity, it becomes evident 

that when the lines obtained in the latter case are sub­

tracted from those produced with a disruptive discharge, 

some seventeen strong lines remain. Of these, AA 1 216, 
1026, and 972 form the Balmer analogue predicted by 

Ritz ; A 1216 is one of the strongest lines in the spec-

" The  A R troph YRical Jo u rnal .  

trnm : the second member, howel-er, is so feeble as to be 

ha rdly vi"ible in spectrum (I, Pla te I I I ,  but it is  easily 

st'en in spectrum d. 'l'his illustrates the curious fact, to 

which reference has been already made, na mely, that 

the extreme lines of the Ritz series appea r to be pro­

dueed more strongly in helium with a Ilon-disruptivp 

discharge than in hydrogen when a condenser and spark­

gap are employed. The line A 972 is not visible in spec­

trum (I, but may be seen quite clearly on the original 

negative from which spectrum d was taken. In connec­

tion with Bohr's speculations it is important to observe 

that A 1216, which forms the first member of the Ritz 

series, occupies exactly the same position wh('n ohta ined 

from helium as when it is produced in hyd rogen. 

The striking pair of strong lines nea r A l OS6 a nd the 

wider pair Ileal' A UU2 have already been n ttrihutPd to 

an impurity. They occur in both qua rtz and glass dis­

cha rge tuhes and their a ppeara nce is illdelWlIdent of the 

nature of the electrodps. '1'he�' occur I'ery :,;t rongly i n  

nitrogen a n d  m a y  perhaps b e  attrihuted to thi;.; ga s. 

though not with perfect certainty. 'l'ht')' may possihl�' 

be produced by an oxide of carbon. a t race of which 

has been occasionally detpcted in the visible spectrum 

of helium and which proba bly takes its origin from the 

wax used to seal the spectroscope. An inspection of 

spectra a and b will show that these l ines are less in- '  

tense in helium than in hydrogen ; they cannot, there­

fore, be ascribed to helium, though Bohr has hinted that 

they belong to this gas." The line at  A 1 176 is perhaps 

the strongest in the whol e hydrogen spectrum ; it i s  

pqually strong in helium a n d  is very strong in nitrogen ; 

of its origin nothing pmdtive ca n he said. All the re­

maining l ines to A 977 are stronger in nitrogen than in 

either helium or hydrog('n ; all occur ill argon. From 

A 997 to A 904 all  the l ines, with one exception, occur in 

hydrogen, helium, and argon, but with relative intensi­

ties depending on the gas in which they are produced. 

All the lines on the more refrangible side of A 900 are 

obtained only when helium is employed, with the �xcep­

tion of A 833 which occurs in argon. The strength of 

the pair near A 835 is striking. An examination of the 

print from whieh Plate I I I  was made showed in spec­

trum b, if a magnifying gl ass was used, the extreme 

line nea r A 600 A ;  however, this line is probably lost in 

the reproduction. 

Nitrogen yields a few strong lines with a disruptive 

discharge besides tho"e which it appears to contribute 

to the hydrogen spectra ; with a non-disruptive discharge 

it yiplds but two 01' three w('ak lines near A 1200. AH its 

spt'ctrum does not extend beyond A 977, I have been 

chiefly interested in the gas in its character of an im-

"PMlo8opllical .\fa{JIl 7i ll e, :30, 401, 191ri, note. 

pu rity a nd have made no mensurements upon its lines. 

As has been mentioned already , a rgon gh-es a spec­

trum containing many lines terminating only nea r A 800, 

hut here, again, I have not delayed the progress of this 

research ill order to make measurements. A careful 

study of the a rgon spectrum in the future. however, 

will probably wel l repay the trouble. 

The wal-e-Iengths which are to be found in Table I 

were obtained by the two-slit method which I ha ve fre­

quently employed." They rest on the hydrogen l ine A 
1 216.0 and upon the shifted speetra of iron and alumi­

nium. They make no claim to extreme aecuracy, but I 

hope that, when standard wave-lengths "hall have been 

established in this region, the I'alues givt'n in the table 

will not he found to depa rt from the sta nda rds h�' more 

t han one unit. 

'I'he numbPl's in the first col umn indicate the intensi­

ties of the l ines as they occur in hel ium. 

It  must be remembered that n 1 2 1 6, 1 026, and 972 
represent the ollly strong ra diations Oli the less re­

fra ngible side of A 000 which can bp a ttributed to helium 

or to h�'drogen with allY degree of certa inty. I']ven the 

extreme lines produced in hel ium alone may owe their 

a ppearance on the photographic plate to the superior 

t rausparency of the ga s and ma�' be produced by some 

suhtle impurit�' . 

TABLE 1 .  
STRONG L I N E S  IN THE EXTRE ME ULTRA-VIOLET. 

Intensity in Hel ium A Intensity in Helium A 
1 

1 

:! 
3 

5 

2 
8 

7 

4 

2 
1 

2 
6 
1 

. . . 

. .  . 

. . . 

. . . . . . . . .  . . . . .  

. . . . . . . . . 

. . .  . . . . . . 

. . , . .  

. . . .  . 

. . . .  . . . . . . . . . .  . . .  

. . . . . . . . . . .  . . . . . . 

. . . . . . . .  . . . . . . .  . . 

. . . .  . . . . . . . . . . . . . 

• • •  0 • • • • • •  . . . . . .  . 

. . .  . . . . . . . .  . . .  ' "  

. . . . .  . . . . . . . . . .  . . 

. . . 

. . . 

. . . . . . . . . . . . .  . 

. . . . . . . . . . . . . .  

. . . . . . . . . . . .  . . .  . .  

. .  , . . . . ' . . . . . . . . . .  

ii90.0 

643.7 

702.4 

703.5 

718.2 

796.8 

."83.4 

834.8 

004.6 

!J16,7 

H72.7 
m6.8 

977.6 
!l!l0.2 

3 

4 

4 

5 

2 
5 

1 

8 

10 

5 

10 

1 

5 

. . .  . . . . . .  . . .  . .  . .  

. . . . . . . . . . . . . . . .  

U92.0 

1 010.6 

. . . . . . . . . . . . . . . . .  1026.0 

. . . .  . . . . . . . . . . . .  1m7.0 

. . . . . . . . . . . . . . . . .  1084.9 

. . . . . . . . . . . . . . . .  

. . . .  0 • • • • • • •  . . .  . 

. . . 

. . , 
. 

. . . . . . . . . . . . .  

. . . . . . . . . . . . . 

. . . . . . . . .  . 
. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

. . . . . .  . . . . . . . . . .  

1081.1 

1134.7 

1175.5 

1 176.3 

1199.8 

1:.!16.0 
1 236.0 
1247.11 

Tllp reRult  of this il1Yel'tigation is easily stated ; the 

spectrum has been extended to A 600 A. 

I cannot conclude this article without expressing my 

appreciation of the skill and patien('e whiC'h my at';­
sh,tant, Dr. Paul Sabine, has shown during the whole 

course of this researeh. 

HLYluan, op. cit., p. 45. 
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Copyright M. Brauger. 
Quarters of an artillery officer at Beausejour. Plwto l;y Meuri88t. 

Headquarters of a French division in Alscoe. 

Underground Habitations on the Firing Line 
Comforts and Conveniences Improved Under Adverse Conditions 

THAT the trench, hastily excavated in the soft earth, 
has superseded the massive masonry, and even armored 
fortress of a past generation, is well known, for it has 
developed that the effects of one of the monster shells 
thrown by modern guns is by no means as far-reaching 
on defensive works , constructed of earth as on the 
apparently more substantial structures. In the case of 
the armored turrets, $0 confidently relied on in Belgium 
before the war, their weakness was not so much in the 
quality of the armor as in the concrete or masonry 
foundations upon wbich they must be built, and in the 
vulnerability of the operative machinery, to disturb 
which direct hits are not necessary, and, like the chain, 
the fortress is no stronger than its weakest part. 

Another reason for the disappearance of the perma­
lIent fortification, and the universal adoption of the 
trench, is the immobility of the former, while an efficient 
defensive- trench may be thrown up in a few hours 
wherever the necessities of constantly shifting military 
strategy may indicate, and may be readily developed 
in magnitude to meet the particular requirements of 
the locality. As a matter of fact, at many points on 
the German front the trenches that were at first cbn-. 
structed with a view to temporary defense have been 
developed into what may be regarded as permanent 
works, as is evidenced by some of the positions recently 
captured by the British, which were. found to have been 
very elaborate structures, heavily walled and reinforced 
by masses of concrete, only to be shattered by the heavy 
guns unexpectedly brought out by the allies. 

Elaborations of the simple trench is to be found 
along the lines of tbe allies as well, but in these cases 
no attempts at permanency were apparently made, but 
merely an increase of conveniences for living quarters, 
where the men at the front could be better sheltered 
from the elements and have a place for rest and 
recuperation during their trying terms of duty. 

These living quarters, made desirable by the long 
wait while the allies perfected their supplies of guns, 

The Study of Hereditary Eye Defects 
By C. H .  Danforth, Ph.D. * 

THE eye has furnished one of the most fertile fields 
for the study of human heredity. No better illustration 
for the unit factor hypothesis is to be found than that 
afforded by the heredity of pigmentation in the normal 
Il·IS. Likewise in the transmission of abnormalities, 
both structural and functional, the eye offers many 
striking examples, and in consequence of this fact some 
of the most important papers relating to the heredity 
of abnormal conditions have been written by ophthal­
mologists. 

For the student of heredity the chief interest in eye 
defects has been, in the past, to learn whether or not 
the general laws that have been derived from the re­
sults of controlled breeding of lower animals apply with 
equal force to the human being. In general, as is well 
known, there has been found to be a rather striking 
similarity between the mode of inheritance in man and 

" Department of Anatomy, Washington University Medical 

SchOOl. 

munitions and other supplies for an active campaign, 
were usually burrowed out far below the surface of 
the ground, sometimes thirty feet deep, so as to have 
a protective roof that should be fairly proof against 
the shells of the ordinary fiel d gun; and many of these 
habitations were quite commodious and elaborate, a� 
may be judged by the illustration on the front page of 
this issue of the SUPPLEMENT, which shows a corner 

rlwto by Meuri8�e 
A shelter on the first line. 

of an officers' dug-out on the French front. It will be 
noted that here provision is made not only for con­
ducting the official business of the post, but for living 
and sleeping quarters as well, all of which are warm 
and comfortable, although crude and homely. 

Other illustrations show the exteriors of commodious 
quarters at various points, some constructed in hill­
sides, and others in the embankments of fighting 
trenches; while one view shows the entrance to a large 

the lower animals. It may not be out of place to review 
briefly a few points of importance in this connection. 

Cytological evidence has furnished a strong presump· 
tion in favor of the idea that the truly heritable charac­
teristics of an animal owe their existence . to some 
peculiarity in the chromatin of the germ cells, and this 
view is still further strengthened by the results of 
immense number of breeding experiments. In the case 
of the fruit fly (Drosophila ampelophila) , Morgan and 
his collaborators' in what is probably the most elabo­
rate series of experiments of this sort that have ever 
been undertaken, are able to refer the determiners for 
certain eye peculiarities, not merely to certain chroma­
soms, but actually to definite loci within the chromo­
somes. The method of analysis in this case is com­
parable to that employed by the physico-chemist in 
determining the constitution of molecules, and the con­
clusions likewise may be tested in an analogous manner. 

'The observations on Drosophila are summarized in "The 
Mechanism of Mendelian Heredity," by T. H. Morgan, et. aI.,  

New York, 1915. 

cavern in a bluff at Soisson, with sculptured decora · 
tions wrought by the soldiers in their idle moments. 
At several points on the French front there are large 
caves of this description, some of them the remains of 
quarries, which are commoCllous enough to accommo­
date large troops of men, and in at least one case a 
troop of cavalry has been comfortably housed. 

Many of the German dug-out habitations are more 
.elaborate than anything attempted by the allies, for 
some of the retreats uncovered in the recent advances 
of the allies have been found to be equipped with elec­
tric lights. In one case an automobile had been estab­
lished in one of these underground abodes to furnish 
power for the lights. In the recent advances of the 
allies in France some of the more substantial of these 
German subterranean retreats escaped destruction by 
the shell fire, and into these the Germans retreated, 
carrying with them their machine guns, to emerge 
and open fire on the attacking forces from behind, 
after they had passed the trenches where these concealed 
refuges were located. 

It is not alone on the fighting lines that subterranean 
retreats have been utilized, for we read of the inhabi­
tants of Brussels, and other Belgian cities that were 
bombarded by the Germans, taking refuge in wine 
vaults, and the deep cellars beneath cathedrals aIHI 
churches from the bursting shells, wantonly thrown 
among these non-combatants; and even now these places 
are being utilized for schools, where the large num­
ber of children can continue their education in COlll­
parative safety. 

What the ultimate development of the trench, with 
its accompanying subterranean habitations, may lead 
to is difficult to foresee, but undoubtedly it will con­
tinue to be a prominent feature in future wars, as it 
has so thoroughly proved its effiCiency and adaptability 
in both defensive and offensive operations that it will 
always hold a prominent place in the studies of military 
tacticians throughout the world. 

The results of these studies on Drosophila and of 
many other investigations that point in the same direc­
tion have led to a wide acceptance of the unit factor 
lIypothesis, which is in reality an elaboration of the 
original Mendelian conception. According to this view 
certain heritable peculiarities are due to what m ight be 
called positive variations in the determiners while 
others are due to negative departures. When an indi­
vidual showing the positive variation is mated to a 
normal, the offspring tend to show the characteristic 
(dominant) , whereas in the other case the offspring are 
apparently normal, since the defect in the one parent i" 
compensated by the normal condition of the other. Such 
apparently normal young, how eyer, may be capable of 
transmitting the defect to their descendants. In the 
first case we have the direct form of heredity, in the 
second the indirect and the collateral. 

In the peculiarities of the human eye numerous cases 
are found where the heredity of the defect is clearly 
of one of these types. The extensive family btstories 
that have been published seem to ihow, tor instance, 
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that stat ionary night blindness behaves as a dominant 
characteristic, whereas retinitis pigmentosa behaves as 
It recessive.' An interesting speCial form of recessive 
eharacteristic is illustrated by peculiarities that behave 
In heredity like color blindness. Here in the vast m a­
jority of cases itls the male that is affected, the affec­
tion being transmitted from affected father through 
uormal daughter to grandson. Such It characteristic is 
called sea;-linkelZ, and in the eyes of Drosophila several 
such peculiarities have been found. Detailed study of 
these characters has �hown that the determiner for 
these sex-linked peculiarities, such as "eosin eyes," are 
located in the sex chromosome, of which the male has 
1, the female 2. 'l'he character is so much more un­
mmal in the female then for the reason that the chances 
that her 2 sex chromosomes wiII both be defective are 
umch less than that the single sex chromosome of the 
lllale will be defective. That the same chromosomal re­
lations between the two sexes obtains in man has been 
reported by several cytologists ; and since the paral lelism 
In heredity is also complete, there is good reason to 
believe that color blindness in man and the sex-linked 
eye defects of Drosophila are capable of the same ex­
pinna tion. 

There are abundant data to show that many other 
eye defects of man are heritable in the same way as the 
peculiarities of lower animals; and it is of great im­
portance for the advancement of our knowledge of 
human heredity to extend, so far as possible, the com­
parison between observations on family histories and 
the data obtained from experimental breeding. 

But there is no reason why the study of human 
heredity should be confined, as it has so largely been in 
the past, to fitting data from human sources to the 
rules that are derived from investigations in other 
fields. 'l'he fact does not seem to be generally appre­
eiated that for the study of certain problems in heredity 
Illan himself furnishes the best available material. No 
mammal is so well known, and few, if any, are more 
variable. His environmental influences are diverse and 
the methods for accurately recording his varying bodily 
conditions have been developed to a high degree. From 
the pOint of view of the geneticist the study of such an 
organism would seem to offer unusual opportunities. A 

few of the general questions that might be attacked by 
a study of human eye defects may be discussed briefly. 

iJUsi :; that a parent and :! of his -± children will  :;how the 

defect is less than one in a millioll. Since congenital 
cataracts are not distributed according to the laws of 
chanee, but are commonly grouped among members of 
certain families, there is good presumptive evidence that 
this form of eye defect is hereditary. 

But it does not necessarily follow from this that all 
cases of congenital cataract are hereditary. �l.'his brings 
us to a very important and difficult aspect of the study 
of heredity, namely, the question of the interrelation 
of environmental and germinal factors. 

Writers have frequently failed to recognize that these 
two sets of factors are not mutually exclusive, as will 
appear from a review o f  the literature. The study of a 
large number of reported cases, however, will probably 
convince the reader that the same eye defect may be 
due primarily to hereditary factors in some cases and 
to environmental factors in other cases. The occur­
rence of cataracts other than congenital illustrates this 
point. What the result of these factors acting together 
or in opposition to each other may be the opthalmolo­
gist is in a peculiarly fa vorable position to answer. 

SOllie sl ight investigation of this problem has been 
undertaken in comparative lines. For example, in the 
studies on Drosophila, already referred to, it was dis­
covered, apparently by accident, that in a given environ­
ment a certain peculiarity was inherited according to 
the regular rules; but when the environment was 
altered the proportions were changed, and frequently no 
abnormal young were produced. 'Vhen, however, these 
normal appearing individuals were returned to the 
former environment, the original Mendelian proportion 
of defectives reappeared. Here, then, is a case in which 
the environmental factor is stronger than the hereditary. 

vVe have not as yet the data for drawing final con­
clusions in regard to this matter ; but it would seem 
that the various observations might be harmoniously 
interpreted on some such basis as the following, in 
which we may use for an example the case of cataracts 
which are not congenital. 

There is much evidence to indicate that such cataracts 
are often of an hereditary nature. There is also abun­
dant evidence that they may be produced by diseased 

bodily conditions or by purely external agents. There 
is probably no one in whom a cataract of some form 
could not be induced to develop, and it is possible that 
were the retiology better understood there would be no 
one in whom the formation of a cataract could not be 

prevented. Thus it may be that the likelihood of a 

cataract being formed is only a relative matter depend­
ing on the interaction of both hereditary and environ­
mental factors.· 

That the hereditary tendency in certain cases is very 

strong cannot, I think, be denied. Just what the phys­

ical basis of such a tendency is it is difficult to say, but 

some recent work on the heredity of pigmentation in 
the rabbit may throw a little l ight on this question. 

It was found4 that in certain areas of the skin in a 

race of spotted rabbits an antiferment develops which 

prevents the oxidation of the pigment forming sub­

stance. The presence or absence of thi s  anti ferment, as 

determined by chemical tests, is inherited according to 

the strict Mendelian ratios. It is conceivable that a 

�lJ(:e lIlay l i kell'it'e be illl.Jerited ill tWill. Whatever the 
prellisposillg factor lllay be, it is of interest to geneticists 
to know whether or not it occurs in varying grades of 

intensity, and whether there are to be found fumilies ill 

which a slight inherent tendency is seemingly present but 
manifests itself only under special conditions. Existing 
statistics do not seem suffiCiently adequate to settle 
this point. 

Another point which ophthalmologists are in a posi-
tion to elucidate concerns the question of the degree of 
fluctuation that a unit character may show within the 
l imits of a single family. According to the pure line 
conception, developed in connection with animal and 
plant breeding, the individuals of a strain may fluctuate 
rather widely, whereas their germplasm varies not at 
1111 .  If this is true of man, the children of a slightly 
affected individual have no better chances than those of 
his markedly affected brother. The evidence bearing 
on this question is at present conflicting. 

Closely related is the problem of the first origin of 
defects. 'l'here is a suggestion in this connection frolll 
the work of Stockard' with a lcoholized guinea pigs, 
where it is found that there may be artificially pro­
duced in the germ cell s  defects which are transmitted 
through several generations. Can the environment pro­
duce upon human germplasm variations which will 
make themselves felt in succeeding generations in the 
form of eye defects ? If the germplasm can be thus 
affected, is the alteration permanent or, after a few 
generations, will the normal equiliblium gradually be 
restored ? 'l'hese al·e questions of the greatest impor­
tance, both practica lly and theoretically, and for theit· 
solution the study of the histories of human eye defects 
seems to be a most promising point of attack. 

The one real difficulty in the study of all these ques­
tions is in getting adequate data from which to draw 
conclusions. If one might judge of a profession by its 
literature, it would seem that ophthalmologists as a 
class appreciate the importance of heredity better than 
almost any other group of phYSicians. But even among 
ophthalmologists there is a tendency to report only the 
striking cases and to overlook or disregard the sup­
posedly normal relatives of an affected patient. Thi s 
is very natural, and it is not surprising that the active 
practitioner often does not feel j ustified in taking the 
pains to look up a family which promises no special 
evidence or whose history might not .seem particularly 
worth publishing if worked out. But such hi stories 
nre important if we are really to understand the work­
ings of heredity, and some method should be found for 
making the data available. 

The question that arises in connection with any ab­
normality of the eye is whether or not it really is 
hereditary. This is not always easily answered. The 
mere presence of the same defect in the eyes of several 
children of the same family or even of parent and child 
[s not necessarily proof that the defect is hereditary ; 
for, among other things, we always have to reckon with 
chance as a possible factor. For this reason it is im­
portant to know the normal incidence of the character 
in the general population. 'l'he higher the incidence the 
more difficult it is to prove the existence of an heredi­
tary tendency ; for if the chances that an individual 
picked at random will show a peculiarity are high, then 
the probability that several members of the same family 
will also show it is also relatively high. For instance, 
the chances that a child will be a boy are about even. 
Consequently in families of 4 children there is mathe­
matical probability that 2 of them will be boys in 11  
cases out o f  16 .  I t  is the high incidence o f  senile 
cataract that has made it difficult to demonstrate its 
hereditary nature. In the case of congenital cataract, 
on the other hand, assuming that the incidence is as 
h igh as 1 in 5,000, the probability on a purely chance 

disposition to produce some substance that will act 
unfavorably upon the lens at some period of its exist-

If the writer mi�ht venture a suggestion in this con­
nection, it would be that in a center of population such, 
for example, as St. Louis, the local ophthalmologists 
report all cases of the eye defects whose heredity it is 
desired to study, to a secretary or other person who 
�hould correlate such reports and keep them open for 
conSUltation by members of the porfession. Then when­
ever even a small amount of additional information 
might be gathered, instead of being laid aside or for­
gotten, it could be turned in with the feeling that it 
would be a real contribution toward a knowledge of 
the conditions that actually obtain in this community. 
Such records would increase in value as time goes on, 
nnd they would ultimately furnish the material for 
an intensive study of a definite region, a study which 
would have far greater importance than one based on 
the many data gathered at random from a variety of 
sources. 

"Summarized by Bateson in "Mendel's Principles of Hered­

ity," Cambridge, 1909. See also Usher : "On I nheritance of 
Retinitis Plgmentosa, with Notes on Cases," Roy. Lon. Ophth a l .  
aosp. Reports, No. 19, 1914. 

'Many of the ophthalmologists whose views are reported by 
Zydek ( translation in this .Tournal, vol. 32, pp. 235-247 ) ,  
seems to hint at some such Idea. Somewhat similar views In 
relation to the h eredity of cancer in mice are expressed by 
J�. Loeb-Science, New Series, vol.  XLIII,  No. 1 105, 1916. 

'H. Onslow : "A Contribution to our Knowledge of Coat­
Color in Animals and of Dominant and Recessive Whiteness." 
Proceedings of t h e  Royal Societ1/, Scrie.� B., vol.  LXXXIX. 
pp. 36-58, July, 1915. 

'Stockard and papenicolaou : "A Further A nalysi" of 
Hereditary Transmission of Degeneracy and neformiti�� hy 
the Descent of Alcoholized M a m m a l s . "  A m erican Na t l/m 1is t, 
vol . L, pp. 65-88, 144-177, 19H1.  
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The Plains of Northern India* 

And Their Relationship to the Himalaya Mountains 

A HUNDRED years ago the accepted idea was that 
mountain ranges were due to the upward pressure of 
liquid lava, and that their eleyation had been caused 
by volcanic forces. But when geologists began to study 
the structure of rocks, they found that mountains had 
suffered from horizontal compression, which was evi­
dent from the folding of strata. This discovery led 
to the idea that mountains had been elevated, not by 
vertical forces, but by horizontal forces, which squeezed 
the rock upward. 'l'he wrinkling of the earth's crust 
into mountains by horizontal forces was explained by 
the cooling of the earth : this is the well-known con-. 
traction theory; the earth's interior is held to cool and 
to contract, and the outer crust is supposed to get too 
large for the shrinking core and to wrinkle. 

About 1860 the observations of the plumb-line 
brought to light a most important and totally unex­
pected faet, namely, that the Himalaya were not ex­
ercising an attraction at all commemmrate with their 
bulk. 

The plumb-line was observed at Kaliana, 60 miles 
from the foot of the mountains; the observers found 
that the Himalaya were exercising no appreciable at­
traction. By the theory of gravitation the plumb-line 
ought to be deflected at Kaliana 58 seconds toward the 
hills. It is not deflected at all; it hangs vertically. 
This discovery was the first contribution made by 
geodesy to the study of mountains. The discovery was 
this, that the Himalaya behaved as if they had no 
mass, as if they were an empty eggshell; they seemed 
to be made of rock, .and yet they exercised no more 
attraction than air. From the Kaliana observations 
Pratt deduced his famous theory of mountain compen· 
sation; he explained the Kaliana mystery by assum­
ing that the rocks underlying the mountains must be 
lighter and less dense than those underlying plains 
and oceans. The visible mountain masses, he said, 
are compensated by deficiencies of rock underneath 
them. This is the theory of mountain compensation. 
The compensation of the Himalaya is not believed now 
to be exactly complete and perfect; they seem to be 
compensated to the extent of about 80 per cent ; their 
total resultant mass is thus about one fifth only of 
their visible mass standing above sea-level. The dis­
covery of mountain compensation struck a blow at 
all theories which attributed the elevation of mountains 
to any additional masses that had been pushed in from 
the sides. The elevation of mountains by subterranean 
lava squeezed in from the side had to be rejected be­
cause it gave to mountains additional mass; the wrink­
ling of the earth's surface by lateral horizontal forces 
had to be rejected because it gave to mountains addi­
tional mass pushed in from the sides. As the Himalaya 
possess only one fifth of their apparent visible mass, 
I am led to suggest that the principal cause of their 
elevation has been the vertical expansion of the rocks 
underlying them, vertical expansion due to physical or 
chemical change. 

MOUNTAI N S  ORIGINATE AT GREAT DEPTHS . 

A very important work has been that of Mr. Hay­
ford, who has recently discussed the re�;ult of the 
plumb-line at a large number of stations in America. 
He has confirmed Pratt. Hayford has investigated the 
depth to which the deficiency or density underlying 
mountains goes down, and he has . found that that 
depth is between 60 and 90 miles. That is to say, he 
has shown that the depth of subterranean compensa­
tion is very great compared with the height of moun­
tains. The discovery that mountains originate from 
the great depth of 60 to 90 miles is the second im­
portant contribution of geodesy to this study. The 
first was compensation, the second is great depth. 
SOUTHERLY DEFLECTION S PREVAIL OVER THE GANGES 

PLAINS.  

Now let me tell you of the third discovery due to 
this plumb-line. The survey found that at 60 miles 
from the hills this plumb-line hung vertically, and 
Pratt deduced the theory of mountain compensation. 
But when the survey began to extend their operations, 
a new phenomenon came to light, which caused great 
surprise. All over northern India at distances exceed­
ing 70 miles from the hills, this plumb-line was found 
to hang decisively away from the mountains; here at 
Lucknow it is deflected 9 seconds to the south. If 

• Abridged from an addreRR to the Indian Science Congress 

at Lucknow by the president. Heprinted from Nature. 

By Sir Sidney Burrard, F. R. S .  

the Himalaya were simply compensated, this plumh­
line should be hanging at Lucknow exactly vertical ; 
if the mountains were not compensated, it should be 
deflected here about 50 seconds toward the north. But 
it is deflected 9 seeonds toward the south. The ob­
servers were astoniHhed to find that at places in sight 
of Himalayan peaks the plumb-line turned away from 
the mountain maH:;; that at Amritsar, in sight of the 
Dhauladhar snows, it was deflected toward the low 
Punjab plains; at Bombay it was deflected seaward 
away from the Western Ghats; on the east coast of 
India it was defleeted seaward away from the Eastern 
Ghats. 

. Th\:l new lesson to be learnt from the plumb-line is 
this : a hidden subterranean channel of deficient density 
mu"t be skirting the mountains of India. Here in North 
India is a wide zone of deficient density, of crustal 
attenuation; it is the pref'ence of this zone of deficiency 
that accounts for the southerly deflection of the plumb­
line. What is the meaning of this zone ? How has 
is come into existence ? 

If you look at this section, the earth's crust in these 
outer Himalaya has been compressed laterally : of this 
there is no doubt. The area between the snowy range 
and the foothills is a zone of crustal compression. 
And I suggest for your consideration that the Gangetic 
trough, this zone of deficiency, is a zone of tension 
in the crust. The crust haR been stretched here and at­
tenuated. Here you have eompression, and alongside 
is the tension. The tension is the complement of the 
compression. I have pointed out that the Himalaya 
mountains are largely, but not completely, compensa­
ted by their underlying deficiencies of density; their 
eompensation is, however, rendered complete by the 
presence of the Ganges trough; if the Himalayan com­
preRsion and the Gangetic tension are considered to­
gether, it will be found that there is no extra mass. 

H YPOTHESIS OF A RIFT. 

I showed you on the evidence of the plumb-line that 
the Gangetic trough was a zone of crustal attenuation, 
a zone in which the earth's crust was deficient in den­
sity. I then took one step forward and suggested 
that it was a zone of tension. I will now take another 
Htef) forward and suggeRt to you that there has occurred 
an actual opening in the subcrust, and that the outer 
crust has fallen in owing to the failure of its founda­
tions. I suggest that the Ganges plains cover a great 
rift in the earth's crust. 

The earth is a cooling globe; an increase of temper­
ature occurs as we descem] into mines; and this tem­
perature gradient iR a proof that the earth is losing 
heat by conduction outward. The discovery of ra­
dium has not affected the argument. 

The rock composing the crust and subcrust is, how­
ever, a bad conductor, and the interior of the earth 
will not shrink away from its crust, as hm! heen as­
Humed in the contraction theory. The inner core of the 
earth is, in fact, not losing heat appreciably. The 
outer shell was the first to lose its heat, then the 
shell below it, and the subcrust is now losing its heat 
more quickly than the interior core. As the outer 
shells contract from cooling they become too small 
for the core, and they crack. Supposing we had here 
a great globe of rock, red-hot throughout; how would 
it cool ? Can you imagine it cooling in such a way that 
the core became too small for the outer shell, and the 
outer shell became wrinkled ? No; the outer shell would 
cool first, and would crack. 

The outer shell of the earth was the first to crack 
millions of years ago; now a lower shell, the sub­
crustal shell, is cracking. ·When a crack occurs in 
the subcrust, parts of the upper crust fall in. 

You will see that this Indus-Ganges trough has the 
appearance of a crack. And there are reasons for be­
lieving that these Himalaya have been split off from 
this ancient table-land, and have been moved north­
ward and crumpled up into mountains. 

FROM THE BAY OF BENGAL TO THE MEDITERRANEAN. 

Geologists have discovered that the ancient table­
land of the Vindhyas and Deecan is a remnant of a 
much greater table-la nd that in very early ages in­
cluded Africa and Arabia. Africa and Arabia and the 
Deccan table-land are, in fact, fragments of one ex­
tensive and ancient continent. 

To the west of Karachi we see the 
and the plains of the 'l'igris-Euphrates. 

Persian Gulf 
The plains of 

the Tigris-Eullhrates are very similar to those of the 
Gange,, : they consist of mud, sand, and sediment lyin� 
in a long trough between the ancient table-land of 
Arabia and the mountains of Persia. 

Farther west we find the Euphrat(>f; trough is con­
tinued by the Mediterranean Sea, and the Mediter 
ranean is bounded on the north by the Taurus moun­
tains, by the Balkans, Carpathians, Apennines, and 
Alps. 

Throughout the whole distance from Calcutta to 
Sicily we see that the old table-land, India-Arabia­
Africa, is bounded on the north by a long trough, and 
that this trough is, in its turn, bounded by the young­
er mountain ranges from the Himalaya to the Alps. 
Geologists have discovered that all these mountain 
ranges were elm'ated in the same era; th(>y are all 
the same age. 

I submit for your consideration that the Ganges­
Indus-Euphrates-Mediterranean trough is an indication 
at the earth's surface of a rift in the subcrust. 

The whole zone from Java to Sicily has been visiteu 
by earthquakes throughout the historic period. And 
the reeent earthquakes in Shilong, Dharmsala, and 
Messina show that seismic activity is continuing in 
our time. This is, in fact, one of the zones of the 
earth along which earthquakes occur most frequently. 

THE BOM BAY COAST. 

I must now invite you attention to the Bombay 
coast. From the Tapti to Cape Comorin runs the range 
of mountains known as the Western Ghats. This range 
is parallel to the coast of India and about 40 miles in­
land; it rises suddenly with a steep scarp. The strata 
are almost as horizontal as when first laid down; 
they have never been compressed or folded. 

The survey has observed the plumb-line at different 
lloints along this coast; it is always deflected strongly 
toward the sea. To the west of Bombay and Man­
galore there is the deep sea; and to the east there is 
a massive range more than 4,000 feet high; yet the 
plumb-line will hang seaward. If the Western Ghats 
posRessed the maSR which they appear to possess, 
and which the Suess school ascribes to them, then the 
Bombay plumb-line should be deflected 15 seconds 
toward them. If, on the other hand, the Western 
Ghats are compensated hy <leficiencies of mass under­
lying them in accordance with the compensation the· 
ories of Pratt and Hayford, then the plumb-line should 
hang vertically at Bombay. But the plumb-line takes 
neither of these courses; it hangs toward the sea, 
We have been puzzled for years by the plumb-line 
at Bombay; we used to think that the rock under the 
ocean must be so dense and heavy that it was able to 
pull the plumb-lines toward the sea. Major Cowie, 
however, observed in the south of Kathiawar, and 
found that the plumb-line here had a strong land­
ward deflection. The seaward deflections occur through­
out the Bombay coast, but not round Kathiawar. It 
is only quite recently that we have realized we have 
at Bombay the same phenomenon as at Lucknow. 

In northern India the plumb-line will persist in 
hanging away from the visible mountains, and at Bom­
bay it takes the same course, and when I consider 
its eonstant seaward deflection I can only suggest to 
you that a crack in the subcrust has extended from 
Cape Comorin to Cambay, and that as this crack has 
occurred the Western Ghats have been elevated. The 
crack has been filled by masses of fallen rock and by 
alluvial deposits brought down by rivers. 

Geologists have shown that this range consists, from 
latitude 20 degrees to 16 degrees, of the lavas of the 
Deccan, comparatively recent rocks, while from lati­
tude 16 degrees to 8 degrees the range consists of 
ancient metamorphic rocks. The rocks of the northern 
part of the range are of a dfferent age and structure 
and origin from those of the southern. 

Nevertheless, geodesists contend that this is one and 
the same range; the rocks composing it have had noth­
ing to do with its elevation. The Western Ghats have 
been elevated, after the Deccan lavas had- becomE' 
solidified, into surface rocks. Their elevation took place 
in the Tertiary age. 

THE DEPTH OF THE GANGETIC RIFT; 

In considering the depth of the Gangetic rift we must 
appeal, first, to geodesy, and then to seisplology. Now 
geodesy tells us that the compen§!ation of the Himalaya 
( 1. e. the root of the Himalaya ) extends downward 
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t o  a great dl'fJth. I regard the Gangetic plains and 
the Himalayan ran�e to be ) the two parts of one whole ; 
I belieYe that tlll'Y haye orig-inated together, and j f  

the depth of  Himal ll�"all  eompensation extends down to  
6() miles, thl'll I think t ha t the  G angetic rift may ex­
tend down to that depth also. 

Now let us turn to seismology ; seismologists are ablc 
to form rough estimates of the depths of earthquakes. 
In the Dharmsala earthquake Middlemiss estimated 
its dl'pth to be between 12 and 40 mil es. Middlemiss's 
maximum value is not yery different from the geodetic 
value. 

It is an interesting question to consider whether a 
fissure in rocks could extend downward to a great 
depth. From a place near the Indus in KaRhmir it 
is possible to see a continous wall of rock 4 miles in 
height, on the flank of Nanga Parbat. Mount Everest 
stands erect five and one-half miles above sea-level ; its 
summit stands firm and rigid 11  miles above the 
depths of the Bay of Bengal. We have, therefore, evi­
dence that the material s of the crust are strong enough 
to admit of the continued existence of great differences 
in altitude. 

But Mount Everest is 'standing in air, whereas a 
crack in the subcrust becomes filled with rocks falling 
in and with fluid rock magma from below ; and the 
walls of the crack thus get a support that Mount Ev­
erest does not.. possess. It seems to me quite possible 
that a crack such as I have described may have ex­
tended down to a depth of 60 miles by RuccessivfO' 
fractures at increasing depths, the opening being filled 
by falling material . 

INTERNAL CAVSES OF MOUNTAIN ELEVATION. 

I have shown you how zones of substance in the 
crust are bordered by mountains, and I have now to 
discuss the relationship of subsidence to elevation, of 
troughs to mountains. The Red Sea is a zone of frac­
ture, and it is bordered on each side by a zone of ele­
vation. But along the Bombay coast the zone of sub­
sidence is bordered only on the one side by a zone of 
elevation. The sub crustal crack from Surat to Cape 
Comorin has been accompanied by a vertical uplift of 
the Ghats, and I suggest for your consideration that 
the vertical force which elevated the Ghats was the 
expansion of the underlying rock due to physical or 
chemical change. 

Mr. Hayden informs me that the specific gravity of 
the rock composing the Neiligherries varies from 2.67 
to 3.03-that is, 14 per cent-and . that the rock of the 
Hazaribagh plateau varies from 2.5 to 3.1-24 per cent. 

The Western Ghats appear to have risen about 
4,000 feet. Now we know that the Western Ghats ar� 
largely compensated by underlying deficiency of den­
sity ; if the compensation of the WeRtern Ghats extends 
downward to a depth of 60 mileR, then an expansion 
of 2 per cent would be m ore than sufficient to account 
for the elevation of the Ghats. Mr. Hayden finds 
variations of 14 and 24 per cent in the densities of 
surface rocks, and yet an expansion of only 2 per cent 
would account for both the elevation and the compen­
sation of the Ghats. 

'I'he heterogeneous rocks composing the earth's crust 
are continuall y undergoing changes of ·structure, known 
to geologists as metamorphism. At a depth of 30 miles 
the temperature is sufficiently high to melt all known 
rocks ; but increase of pressure raises the meltin� 
point, and the increase of pressure underground may 
be sufficiently great to counteract the effects of the 
increase of temperature. So that at a depth of even 
60 miles rocks may .still be solid and rigid, as geodesy 
leads us to believe they are. 

"The main ranges of the Himalaya are composed of 
. granite ; this granite has protruded upward from be­

low. I suggest that the protrusion of granite is duc 
to expansion of rocks in the subcrust. The great Him­
alayan range is 5 miles high, and the compensation o� 
this range-that is, its underlying deficiency of den�ity 
--is estimated to extend downwa.rd to a depth of per­
haps 75 miles. An underground expansion of 7 per 
cent would be sufficient to account for the elevation of 
the Himalaya. 

Many of the faults which intersect the Himalaya 
may, I think, be ascribed to the shearing which must 
have ensued when certain areas of the crust were 
forced vertically upward, by the metamorphism 0If 
subcrustal rock. Many distortions of surface strata 
may be ascribed to local variations in the vertical ex­
pansion of deep-seated rocks. 

The peculiar sinuous curve of the Northern Tibetan 
border, concave on the east, convex on the west, is re­
produced in the north of Persia, and again in the Car­
pathians. The Persian ranges all have a trend from 
south-east to north-west, except that the Caspian sub­
sidence seems to have pushed rudely in from the north 
and forced the nQrthern range into a sinuous curve. 
It is significant that a t  thc point of the Caspian push 

Ntands the peak of Demavend, the highest point in all 
Persia . Elcvntion i8 t h e  eompnnion of su.lisidenee. 

'I'he conclul'ions which I hnye ventured to suhmit to 
this meeting may be summarized as follows : 

1. The fundamental cause of hoth elevation and 
subsidence is the occurrence of a crack in the subcrust. 

2. Mountains are compensated by underlying de!­
ficiencies of matter. 

3. Mountains have risen out of the crust from a 
great depth, possibly 60 miles. 

4. Mountains owe their elevation mainl y to the ver­
tical expansion of subjacent rock. 

I ha,'e now had the great privilege of placing cer­
tain problems before you. My endeavor has been to 
point out to this congress, and especially to it'! young­
er members, the many scientific secrets that are l ying 
hidden under the plains of Northern India. 

The Modern Boiler- House* 
THE main object in the design of a modern boiler­

house has come to be to have the maximum of steaming 
capacity in the minimum of space. Twenty years ago 
1 horse-power per square foot of engine-room floor spacc 
was ' an arerage figUre. As a rule the boiler-house was 
a one-story building, and an evaporation of 14 pounds 
of steam per square foot of boiler-house floor space, 
or 42 pounds per square foot of boiler-floor space, rep­
resented good average steaming capacity. A few years 
later when larger stations were being erected the power 
per square foot of engine-room space was not seriously ' 
increased, as condensing engines were installed and the 
space required for condensers increased the size of the 
engine-room and the total space occupied by the steam­
using plant. Larger boilers were used, but economizer'! 
were installed-as a rule on the boiler-house floor level 
-and the evaporation per square foot of boiler-house 
space was not much altered. 

INFLUEN CE OF THE TURBINE. 

The introduction of the steam turbine for driving 
generators about 1904 brought about a distinct change 
in the relative space required for engine-room and boiler­
house plant. The turbine-room came to consist of a 
two-story building, with the condensers on the ground 
or basement floor and the turbo-generators above. There 
are to-day turbine-rooms with 5 horse-power per square 
foot, and in designs for new power stations, using 15,000 
to 30,000. kilowatt sets, this figure may go up to 20 
horse-power per square foot. Changes in boiler-house 
design thus become imperative, particularly in the lay­
out of the boilers, else the space occupied by the boiler­
house will be out of all proportion to that allotted 
to the turbine-room. It is now recognized that when 
very large turbo-generators are in use every pair of 
such sets requires a separate boiler-house. While the 
engine-room and boiler-house floor spaces were about 
equal 20 years ago and remained so for even 10 years 
thereafter, in a large modern generating station the 
boiler-house occupies a space from 1% to 2% times 
greater than that of the turbine-room. 

The first consideration is to insure the ma�imum 
grate area per square foot of boiler-house floor space, 
and it is now recognized that there should be three 
stories at least, the basement or ground floor contain­
ing ash-handling plant, the second the boilers proper, 
and the third economizers and coal-conveying machinery 
and probably coal storage in the form of overhead hop­
pers above the boilers. In stations with boilers of 
50,OOO-pqund capacity a separate chimney must be 
erected for each boiler or each pair, and it becomes 
practically compulsory ' to adopt steel in preference to 
brick chimneys, since the former can be erected from 
the third floor, whereas brick chimneys must be built 
up from foundations on the lowest floor. 

The necessity for concentration of power has made 
the water-tube boiler indispensable for the modern 
power-house, but even with this type of plant the 
assembling of the heating surface over the grate area 
is undergoing modifications in order that the highest 
possible evaporation per square foot of ground space 
may be obtained. The space actually occupied by boil­
ers at present, with the necessary furnaces between. 
does not as a rule exceed 33 per cent of the total boiler · 
house floor space, and of this 33 per cent the grate area 
accounts for only one half. 

Increasing the size of the boiler unit will not of itself 
seriously increase the power per square foot of floor 
space. Twenty years ago water-tUbe boilers of 4,000 to 
6,000 square feet of heating surface were considered 
large, whereas they are now made with 10,000 to 20,000 
square feet. At Detroit five boilers, each with over 
20,000 square feet, are in use. There is still a tendency 
to make the combustion chambers of boilers much too 
small. The older oneS had 2 to 2% cubic feet of com-

" From a paper read by W. W. Lackie at the annual con­
vention of the Incorporated Municipal Electric Association, 
at Londo!l, and reported in The Enulneering Supplement of 
the London Time8. 

hUHtion chamber per square foot of grate area, whereas 
to-day similar boilers have 5 cubic feet. The boilers at 
Detroit have U cubic feet, and it is generally conceded 
that thiR fact is largely respom;ible for their high 
efficiency at widely varying loads. 

FUEL HANDLING AND S TORAGE. 

A station of 50,000-kilowatt capacity and burning 
200,000 tons of coal pel' annum requires facilities for 
handling 1,000 tons of coal a day, together with 100 
tons of ashes. This means a railway siding capable of 
holding from 100 to 120 full trucks, and probably 
another siding of equal dimensions to hold the empty 
trucks. The provision of an adequate railway siding 
is therefore a '  costly adjunct in the layout of a large 
power-house, owing to the serious addition to the sit(' 
which it entails. The length of railway sidings for a 
50,000-kilowatt station would not be less than half a 
mile, or an addition to the site equivalent to 4,400 square 
yards. The wagons have to be tipped and coal-con­
veying plant has to be provided capable of handl ing 
1(;0 tonH !ler hour. Coal-breaking machinery should be 
installed, for, while in the past it has been customary 
to use small coal, circumstances may in the near future 
render it economical to buy and break larger coal. 

Large coal storage accommodation is advisable and 
will prove economical. Not less than from two to four 
months' fuel 8upply should be retained. This marginal 
stock enables coal to be delivered in fairly regular 
quantities throughout the year and may result in lower­
ing coal prices. The height or depth at which coal 
can be stored depends upon the class of coal ; the best 
method of storing coal is still undecided. 

The cost of lifting coal from canal barges or. from 
trucks, and placing it overhead in coal hoppers or in 
the coal store, is a small item in the total price of coal. 
In one Glasgow station there is a coal transporter 
fitted with a I-ton grab. It cost £2,600 and handles 
('oal at the rate of 40 tons an hour, and the cost of 
energy, labor, and repairs on it brings the cost of 
handling coal in this way to just under Id. a ton. In 
another station truck loads of coal are elevated 30 feet 
at one end of the coal store to an overhead platform, 
whence the coal is tipped into an overhead hopper or 
to the coal store, and the empty trucks lowered by a 
second elevator at the other end of the coal store. 
These two elevators, complete with electrically-operated 
capstans, cost £2,000. The inclusive cost of handling 
coal in this way is 3 � d. per ton, the higher cost being 
due to the amount of labor necessary for handling the 
trucks. These figures are conclusively in favor of the 
grab and transporter. Where coal has to be carried 
a short distance from coal store to boiler-house, bucket 
or tray conveyers appeal' to be the right thing. On the 
other hand, for longer distances, the telpherage system 
works out slightly cheaper, although the human element, 
with its attendant problems, enters more largely into it. 

FUEL. 

It  is now almost universal practice to buy fuel on a 
calorific basis, but it must always be remembered that 
along with calorific value and analysis there are phYSical 
properties to be taken into account. Two samples of 
coal may show an approximately similar calorific value 
figure and yet present wide differences of behavior in 
the furnace. Actual boiler tests must therefore be made 
with sample truckloads of coal if the best and most 
economical selection is to be made. In the Glasgow 
Corporation Electricity Department the calorific value 
of the different kinds of coal offered is judged by the 
previous year's experience, and if any particular kind 
of coal as delivered is below the previous year's ex­
perience then it has a decreased figure of value allotted 
to it against the time when it will be again offered. 

Immersion for Microscopic Object- Glasses 
MICROSCOPISTS should know that it is now almost im­

possible to procure proper immersion oil for microscope 
object-glasses. The prO!ler fluid was invented by Prof. 
Abbe, and has been sold only by the firms of Winkel 
and Zeiss. The "cedar oil" as commonly sold, and also 
the immersion fluid of Leitz, have not the requisite 
optical properties, therefore objectives immersed with 
them do not yield their best results. Prof. Abbe ex­
perimented with a large number of substances, and 
devised several immersion fluids. The following is the 
formula of the one he adopted. He has now been dead 
some years, imd I do not know if any alteration has since 
been made in this fluid except in its price, for the 
amount one now gets for l s. is a bout one-third of what 
could be purchased formerly. This is Abbe's formula : 
The ingredients are three, viz. : 1. White oily tacarnaque 

of Guibourt. 2. Oil of cedar ( Jttniperu8 virginiann ) .  

3. Castor oil. The proportions are : 29 grammes of 
tacamaque dissolved in 22 cubic centimeters o()f cedar 
oil, to which is added 14 cubic centimeters of castor 

oil.-Ed11'a rrl M. Nclson in the English Mech anic. 
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I nternal Combustion Engirle Cycles-I * 

Possibilities of the Constant Pressure Cycle 

HAVE not engines designed to operate on the Otto or 
constant volume cycle reached a state of development 
such that but little further progress of moment is to 
be expected in the art of their construction, save per­
haps in refinement of mechanical detail '! Or, to put 
the question in another form, are not the limita tiollS 
of the Otto cycle as now applied, notably its poor ther­
mal efficiency under the average low compression pres­
sures realized in practice, such as to force the a utomo­
bile engineer to consider carefully the possibilities of 
other cycles, if the art of motor-car construction is to 
progress as rapidly in the future as in the past? 

These are fair questions and must in the opinion of 
the authors be answered in the affirmative, Having so 
concluded we have given much thought and study to the 
subject of this paper and have found it to embrace 
possibilities which we believe are certain to have far­
reaching effects in the entire field of the engineering 
of internal combustion prime movers. 

Before considering the possibilities of the constant 
pressure cycle it will be well to consider, for purposes 
of contrast and comparison, the advantages and disad­
vantages of engines operating on other cycles. 

The thermal efficiency of any cycle is dependent in 
large part upon the conditions under which combustion 
takes place. Since these conditions vary greatly as be­
tween cycles it is most important to have clearly in mind, 
when making a comparison, the factors conducive to 
maximum combustion efficiency. 

COMBUSTION EFFICIENCY AND CLAS SIFICA TION. 

The liberation of heat energy in a gas engine de­
pends for its efficiency upon several conditions that 
may exist prior to ignition and during the combustion 
period. The efficiency is a maximum when the follow­
ing conditions obtain : 

( a )  The density or compression of the charge is the 
greatest possible. 

( b )  The temperature prior to ignition is the highest 
possible. 

( c )  Oxygen is present in quantities just sufficient for 
complete combustion. 

( d )  The admixture of fuel with the necC'ssary oxygen 
is perfect, that is, when the 
eharge is absolutely homo­
geneous. 

( e )  Inert and diluting 
gases arc absent. 

Combustion may be di­
vided into three main 
classes. 

In Class A all the oxy­
gen is furnished by the 
,upporting a t  m 0 s p h  e r e  
without admixture prior 
to combustion. An illus­
tration of this is the 
luminous gas flame, in 
which gas issuing from an 
orifice finally comes in con­
tact with the oxygen of the 
air and burns with a lumi­
nous flame of low thermal 
ertieiency. It will be noted 
that Class A fulfills none i 

By Arthur B .  Browne and Herbert Ch ase 

phere. 'Phis class is illustrated by the Bunsen burner 
and its thermal efficiency is, obviously ,  far greatC'r 
than tha t of Class A. In this case the tin;t three COll­
ditions a re not complied with, the increased efficiency 
being clearly due to a partial compliance with condition 
( d ) . 

The changC' in efficiency obtainable as the other con­
ditions a re complied with is illustrate<1 by the blowpipe, 
where the pressure on or density of the charge is in­
creased and a marked increase in efficiency of com­
Imf'tion results, while with the superheating air coil 

p 

v 
Fig. I.-Theoretic al card for constant pressure cycle. 

sometimes used in connection with the blowpipe, the 
use of which tends to comply with condition ( b ) , still 
higher efficiencies are obtained. It is probable, how­
ever, that the combustion in the case of the blowpipe can 
be considered in some measure as falling under Class C. 

J n Class C fuel and air are mixe<l in snch propor­
tions that there is just sufficient and no excess of oxygen, 
so that combustion ensues without regard to the gaseous 
medium in which it takes place. This is sometimes 
called "flameless" combustion, from the fact that the 
comhnstion is so rapid and so thorough that it takes 

8 

rate of propagation betweC'n the molecules exa ctly hal­
ances the rate of flow. 

In the ease of tlameless eomilll"tion then' i" no 
dilution of the unburned gases by the hurned. The mix­
ture of gas and ail' approaches the tlame cap, (,Olnplete 
and instantaneolls comhm;tion ta ke,.; [)IHet� a J l (l til(' prod­
ucts of combustion 1Il0\"e away. Thus the sllrface on 
which combustion takes place is the dividing point be­
tween burned and unburned gas. The process is orderly 
and efficient to the highest degree. 

1£ a mixture of combustible gas and air in correct 
proportions is subjected to compression and heated 
prior to ignition the first four conditions ( a, b, c and d )  
a re present and combustion o f  the highest efficiency 
obtainable, in the presence of an inert gas, such as 
nitrogen, ensues. 

COMPARISON OF ENGINE CYCLES. 

Internal combustion engines may be classified as 
follows : 

Class 
cycle. 

I .-Engines operating on constant voilume 

Class Il .-Engines operating on constant tempera­
ture cyCle. 

Class IlL-Engines operating on constant pressure 
cycle. 

The otto Cycle. 

To the first class belongs the Otto cycle, applied uni­
versally at the present time for internal-combustion au­
tomobile engines. Its chief advantages are its flexibility 
and adaptability to relatively light-weight and there­
fore to easily portable units. Its disadvantages are 
many and include the following : 

( 1 )  Poor thermal efficiency under the average con­
dition of low compression pressure, which results from 
throttling of the charge and which ( at maximum ) 
must be relatively low to prevent self-ignition when 
a fuel rich in hydrogen ( such as gasoline ) is used. 

( 2 )  High explosion pressures occurring so suddenly 
as to deliver what practically amounts to a hammer 
blow on the piston head. '1'0 meet this condition the 
parts must be much stronger ( and heavi(�r) than 
they would otherwise llC'ed be to accommodate the 

relatively low mean effec­
tive pressure produced. 

( 3 )  Large c l e a r a n c e  
3vace required to admit of 
the l ow compression pres­
:-:urt�S necessary with rich 
and v 0 I a t i l  e petroleum 
fuels, which are practically 
the only fuels commerciall y 
available that will give re­
liable 0 p e r  a t i o n  under 
varying load conditions. 
This clearance space is 
always filled with burnt 
gases, which dilute the in­
coming charge of unburnt 
gas. 

( 4 )  Impracticability ( es­
pedally in light high-speed 
units ) in cases where only 
heavy or relatively non­
volatile fuels are available. 
�'llis applies only to oil ; 
that is, not to gas engines. 

of the conditions previously 
enumerated as making for 
efficiency because : ( a )  
Both gas and air are at 
atmospheric pressure ; ( b )  
the temperature prior to 
ignition is l ow ; ( c )  much 
more oxygen is present ad­
jacent to the combustion 
zone than is necessary and 
this excess is heated without 

Fig. 2.-Diagrammatic representation of a four-cycle en gine operating on proposed cycle. 

Combustion in the Otto 
cycle is superior by reason 
of its partial compliance 
with conditions ( a, b, c 
and d )  above. Combustion 
in this cycle clearly falls 
under Class C and would 
be highly etlicient were it 

useful purpose ; and ( d )  
there is 110 intimacy of the mixture, the gas molecules 
being forced to "seek" their proportions of oxygen 
hefore combustion can occur. Hence in the luminous 
gas burner the gas is caused to issue in a thin sheet, 
whereby its surface is made as great as possible in 
proportion to its volume. 

In Class B part of the oxygen is mixed with the fuel, 
the remainder being furnished by the supporting atmos-

*A paper presented at the Semi-Annual Meeting of the 

Society of Automobile Engineers. Republished from the Bul­
\etin of the Society. 

place by concussive propagation between the molecules, 
in a very limited zone, almost a sheet, which is termed 
the "flame cap." 

�'he term "surface combustion" is sometimes used 
interchangeably with "flameless combustion."  In the 
opinion of the authors all combustion under Classes 
A and B is "surface" combustion ; that is, the reactions 
take place only on the surface of the gas, when it meets 
the necessary oxygen. 

Class C, however, embraces combustion within the 
mass-a true molecular interchange confined to the 
sheet of flame cap only because at that point alone the 

not for una voidable losses and inherent limitations. 
Rut under condition ( a )  we find the density of the 
charge is limited by liability to pre-ignition, and under 
( b )  the same limitation is placed on the pre-ignition 
temperature ; as to ( c )  and ( d )  it is to be noted that 
the proportions and intimate admixture of the fuel anll 
air depend on the efficiency of the carbureting device 
used. This is never perfect and is usually far from 
ideal. From condition ( e )  it is evident that the pres­
ence of burned gases in the charge not only serves to 
lessen the unit weight, but entails a direct 10f;S because 
of the heat delivered to these products of combustion. 
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The Constant Temperature Cycle. 

No engines practicable for motor vehicles have ever 
been developed using this cycle ( Olass I I ) .  Engines 
operating on the Diesel cycle were originally intended 
to operate on a constant temperature cycle, in faet, the 
Diesel patents so stipulated. In practice, however, 
it was found that Diesel engines operate more nearly 
on the constant-pressure than on the constant-tempera­
ture cycle. 

The Diesel Cycle. 

The Diesel cycle has several inherent advantages. 
High thermal  efficiency, adaptability to use of heavy 
oils, variable cut-off ( within certain limits ) and high 
compression temperatures, making ignition devices un­
necessary, are foremost among these. Its disadvan­
tages, on the other hand, are quite as numerous and in 
some cases insurmountable where small light-weight 
units are required. These disadvantages have to do 
largely with the high pressures encountered and in­
clude the following : ( 1 )  High compression and ex­
plosion pressures making necessary heavy and close­
fitting parts, difficult to keep tight ( engine may become 
inoperative if not tight ) ; ( 2 )  necessity for high pres­
sure fuel injection pump, and separate air comllres­
�or ; ( 8 )  mechanical difficulties in regulating the minute 
quantities of fuel discharged by the pump to accom­
modate different loads ; ( 4 )  fuel admission line lim­
ited by the l't!latively small volume ( entailed by the 
high compression necessary ) to be heated by combus­
tion ; ( 5 ) difficulties in starting with resultant compli­
cation ; and ( 6 )  low mechanical efficiency owing to 
close fitting parts ( especially piston rings ) .  

The combustion conditions applying in the Diesel 
cycle, as exemplified in modern practice, approximate 
closely those of Olass B. The latest practice in this 
cycle is to atomize and inject fuel by highly compressed 
air ; hence combustion is dependent oniy in part upon 
the compressed air within the cylinder. The high com­
bustion efficiency of this cycle is, however, due largely 
to compliance with condition ( a )  and to the partial 
fulfillment of condition ( d ) .  

The Semi-Diesel OlJcle. 

The hot-bulb or so-called semi-Diesel engines pos­
sess most of the advantages of the Diesel type, al­
though they are less efficient because of the lower cOIn­
pression pressure employed. They are limited as to 
power output per unit of weight on account of dis­
advantages similar to those of the Diesel cycle. This 
alone would preclude their adoption for motor vehicles. 

As compared to the Diesel type the decrease in 
thermal efficiency and the fact that some form of igni­
tion device must be provided are offset by lower com­
pression pressure and the attendant advantages of 
somewhat lighter parts, and less expensive machine 
work. The thermal efficiency of the semi-Diesel en­
gines is higher than that of the Otto cycle engines, 
but this efficiency is obtained at the expense of heavier 
parts made necessary by the higher mean pressure 
encountered. Largely because of this fact and of diffi­
culties and complications incident to the problem of 
starting ( such as preheating of the bulb ) ,  the semi­
Diesel type of engine has never as yet been applied 
commercially in motor-vehicle construction. 

Oombustion in the semi-Diesel cycle falls under Olass 
A. Fuel is injected into compressed air and each mole­
cule must separately seek its individual quota of oxygen. 
Intimate admixture, condition ( c ) , is impossible, and 
carbon deposits are the result. But since the tempera­
ture and density of the charge are high, the thermal 
efficiency is better than that of the Otto cycle. 

The Constant PrcSS1t.re Cycle. 

Let us now consider engines belonging to Olass III. 
The advantages of this type are numerous and the 
disadvantages encountered in the past have had to 
do almost entirely with constructional difficulties. While 
the former have long been appreciated, not to say re­
garded as ideal, the latter have stood in the way of 
progress and have operated against the development 
of any commercially practicable' engine applying the 
principle of this cycle-this excluding, of course, en­
gines operating on the Diesel or semi-Diesel cycles as 
not, strictly speaking, belonging to the constant pres­
sure cycle class ( see previous reference to Diesel cycle 
engines, under heading "Oonstant Temperature Oycle." 

In order to have in mind exactly what is meant 
by the constant pressure cycle let us first consider the 
succession of events. A theoretical card for this cycle 
is shown in Fig. 1, in which AU represents adiaba tic 
compression from atmospheric to maximum pressure ; 

'Messrs. Carpenter and Diederichs state in their book on the 
Internal Combustion Engine that the Brayton oil engine was 
a thoroughly practical engine aud saw wide application. This 
was true in jts day but the engine h as long since been 
ahan(1oned, partly hceanse of its inefficiency as compllred to 
the mouern Dies.'l types, hut more especially heclluse of cumher­

�onH' design und failure of its iuventor to grasp certain iIll­
portll!lt (jetails of construction thllt will be treated of later. 

B C, addition of heat isopiestically ; CD, adiabatic ex­
pansion from maximum pressure to atmospheric pres­
sure ; DA, cooling at atmospheric pressure. Note that 
heating is effected at constant pressure, and that this 
pressure is the maximum pressure of the cycle. There 
is no sudden rise in pressure at ignition as in the Otto 
cycle. 

ADVANTAGES OF TH E CON STANT PRESSURE CYCLE. 
High Mean Effective Pressure With Low Maxim'um 

Pressure. 

( 1 )  Inspection of the card given in Fig. 1 at once 
makes evident the two cardinal advantages of the 
cycle ; ( a )  the large area indicating high mean effective 
pressure and ( b )  the low maximum pressure. In prac­
tice these are factors of utmost importance. 'L'hey 
result in high and relatively uniform torque, large 
power output per unit of displacement and relatively 
low maximum bearing pressure and unit stresses on 
pa rti-l, with COnSe(lllent light weight and length of life. 
I'al "ia li lc Cut-Off With Constant ComllTession Pressurc. 

( 2 )  The possibility of varying the point of cut-off is 
practically the same as that in the ordinary steam en­
gine. . The variation can be made through such a 
wide rang£ that the engine accommodates itself to 

c 

c 

F A 
Fig. 3.-Representation of construction of burner. 

most if not all variation in load. 'L'hiH fact is of ut­
most importance, since it operates to make tIll' eycle 
practically as efficient at part load as it is at full loud.  
No corresponding variation to meet changes in load 
is possible in the · Otto cycle unless with "hit or miss" 
governing, which of course is not feasible for motor­
car engines. Variations in load are tal, en care of as 
a rule by throttling of the charge with consequent de­
crease in compression pressure. The thermal efficiency 
in any cycle falls rapidly with a decrease in compres­
sion pressure. In the automobile engine, for example, 
a maximum thermal efficiency of about 20 per cent 
is obtainable under full load conditions ; the thermal 
efficiency can fall as low as 2 or 3 per cent under light 
load when the charge is throttled and the compression 
pressure correspondingly reduced. Since automobile en­
gines run throttled during a large part of the time 
their thermal efficiency is necessarily low. Inspection 
of the card of the constant pressure cycle, :E'ig. 1, shows 
the feasibility of making the admission line BC so 
short ( by means of an early cut-off ) as to cause the 
expansion line CD to fall practically on the compres­
sion line AB. By this means it is probable that the 
lightest loads can be carried at the maximum pressure 
of the cycle with practically the same fuel efficiency 
as at full load. This being the case, throttling of the 
charge would take place only in starting. 

Adaptability to Use of Low Grade Liquid Fucl. 

( 3 )  The importance of this factor in view of the con­
stantly advancing price of highly refined petroleum 
distillates is readily apparent. The method by which 
low grade fuel can be utilized will be outlined later. 
But engines of this type can be made to run on quite 
as heavy an oil as can be utilized in any Diesel en­
gine and with far better combustion conditions tha n 
are possible in the Diesel type. Self-contained constant 
pressure engines can therefore be expected to replace 
those of the constant volume type in the small size 
light weight class as rapidly as the Diesel engine has 
replaced the Otto cycle engine in the heavy weight 
class, where fuel cost is much in favor of the former. 
It  is not at all unlikely that even the highly efficient 
Diesel engine will give place to the constant pressure 
type of engine when its advantages over the Diesel 
type are fully realized. 

Excellent Scavenging Properties. 

( 4 )  The scavenging in a four-stroke com,taut volump 
C'l Igi J}(' i,;  IWyt�I' ('OI11plete Ilecause of the l a rge clea rance 
space required. 'L'his results in seyeral dm wbaeks, 
among which is a loss in volumetric efficiency and a 

dilution of the incoming charge with inert gases. These 
faults are not present in constant pressure engines, 
because an excess of air can be forced through the 
cylider while the piston is at or near the lower dead­
center. 

( 5 )  Volumetric Efjicienc1!.-I n  the constant pressure 
engine using the working cylinder for a compressor, 
losses from decreased volumetric efficiency are pre­
cluded by the nature of the cycle. The air that may be 
normally pumped is in excess of the requirements of 
the working stroke on account of the subsequent ex­
pansion by heat. Hence there is always an excess of 
compressed air from which to draw on the working 
stroke. The piston cannot move until the volume be­
hind it is sufficient to afford the necessary pressure. 
For peak loads the normal maximum pressure can even 
be temporarily increased, so that volumetric losses do 
not exist. This is in marked contrast to the constant 
volume cycle, in which the volumetric efficiency is not 
high, eve!l at low speeds,  and usually decreases as the 
speed increases. 

A.daptability to Operation on the 'l'wo-Strolce Cyclc. 

( 6 )  Oonstant pressure engines will operate much 
more satiosfactorily on the two-stroke cycle than wil l 
engines of the constant volume cycle, because scavenging 
in the former can be more nearly perfect, through the 
use of an excess of air to remove the products of COIll­
Imstion, whereas unless fuel injection with its inherent 
difficulties is resorted to, engines of the constant volume 
two-stroke type must depend upon the incoming charge 
to scavenge the combustion . chamber. 'fhis inevitablY 
results in a loss of fuel. Under these circumstances not 
only is a four-stroke cycle unnecessary in a constant 
pressure engine but all the a dvantages of the two­
stroke cycle without any of its disadvantages are real ­
ized. The four-stroke cycle with its two idle stroke:.; 
is an engineering anomaly that need be no longer tol­
erated when the constant pressure cycle is employed. 

Low Operating Temperatures. 

( 7 )  The speCific heat of air at constant pressure is 
0.2375, while at constant volume it is 0.1689. If a given 
weight of fuel containing a certain number of heat 
units be mixed with a sufficient weight of air for com­
i)lete combustion, and the fuel ignited, the temperature 
attained will 'be much higher if heating takes place 
at constant volume than if the volume be allowed to 
increase at sueh a rate as to hold the pressure con­
stant, although the work that can be done in either 
case is the same since the energy liberated is the sa me 
in both cases. In practice, however, it is probable that 
the longer continuance of the lower temperature of 
the constant pressure cycle will offset the higher tem­
peratures of short duration and the greater fiame­
swept area in the constant volume cycle so that the 
heat losses through the cylinder walls will be approx­
imately the same. The temperature of the exhaust 
gases in the constant volume engine will also be higher 
at the same exhaust pressures and this will represent 
a greater total heat loss than that resulting in the 
constant pressure engine. 

No Fttel Injection Pump Necessary. 

( 8 )  The operation of engines of the constant pre8-
sure cycle is not dependent upon any fuel injection 
pump as is that of engines of the Diesel and semi­
Diesel type. Aside from the purely mechanical diffi­
culties and complications of such pumps, the metering 
of the fuel for varying loads presents some exceptional 
difficulties, especially in small units. From all such 
difficulties the constant pressure engine is free, an 
advantage worthy of special mention in comparing the 
strictly constant pressure engine with one of the Diesel 
or semi-Diesel type. 

No Starter Necessary. 

( 9 ) In practically all types of Diesel engines some 
form of high compression air starter is necessary on 
account of the high compression pressures attained. 
No such complication is necesary in the constant pres­
sure engine. A small quantity of air under a pres­
sure of perhaps one to five pounds will be sufficient to 
start the engine. When once started the engine will 
quickly pump air up the predetermined maximum of 
the cycle and the pressure will then remain constant. 

COMRU STlON IN THE CONSTANT PRES SURE CYCLEI. 

The constant pressure cycle comes closest to fulfilling 
all the conditions for efficient combustion. Oombustion 
takes place under Olass 0 conditions. It is highly ef­
ficient because : ( a )  The density of the charge is lim­
ited by structural considerations only ; ( b )  it is possible 
to raise the temperature of the compressed air to a 
11igh degree, prior to the introduction of fuel , by 
utilizing the exhaust heat ( which is commonly wasted ) ; 
( c )  the proper proportions of fuel and air can be 
automatically maintaiIied without meehanical compli­
en tiol1s ; « 1)  on account of the appreciahle WIle that 

elapses between the entrance of the fuel and its finn I 
combustion, its complete vaporization and diffusion, 
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even though i t  b e  o f  low grade, i s  assured b y  its intro­
duction into the highly heated air, noted in ( b )  above ; 
and ( e )  as was seen under heading of "scavenging prop­
erties" little if any dilution is due to presence of burnt 
gas in the mixture so that except for the presence of 
atmospheric nitrogen, which of course cannot be ex­
cluded, dilution is at a minimum. 
REASON S FOR SLOW DEVELOPMENT OF CON STANT PRESS UUE 

ENGINES. 

l'ollsidera tion of tile numerou" ad vantages of tile 
constant lH�simre eycle immediately raiHes the (lUeH­
tioll ",,'hy has not the cyde Neen a wider practical ap­
plication ?" The answer to tllis question can be found 
in the circumstances given in the following paragraphs : 

I Juring the period 1872-77 Brayton produced the first 
commercially successful constant pressure engines. 
These were built early in the art and were extremely 
inefficient, as j udged by modern standards, both mechan­
ically and thermally. They were used to some extent, 
but were replaced by engines of the Otto cycle after 
the year 11l77, when Otto took out his American patents. 
The greater efficiency of this type as then con8tructed 

reacted against the Brayton engine, which would, if bet­
ter underHtood and designed, have readily held its own 
or dh;plaeed the Otto engine. Brayton's engine was 
cumbersome and so designed as to require a separate 
compre:,:sor. Thi:-; resulted in low mechanical efficiency 
anti complicmion, which could have been avoided en­
tirely, as will be seen la tel'. 

The advent of the Diesel engine, which proved to 
be much more efficient thermally than the Otto engine, 
was another element in din·rting attention from en­
gine:': of the strictly constant pressure type. Under 
present circumstances there appears to be no reason 
wh�' all engine mueh more efficient than those of the 
Otto type and lighter than those of the Diesel and semi­
I >ieHel typeR should not be readily produced. A p urelll 

di(lfj1"ammatie representation of such an engine is shown 
in Fig. 2.  This should not in any case be com,;idered 
as indicating aetu(tl  or recommcndcd construction ex­
eept as to !Jencral prinrfiple8 involved. 

PROPOSED CON RTANT PRER S U RE ENGINE. 

The c)' linders 1 sene as both the compression and 
worldng cylinders in whieh move the differential pis­
ton 2. Air first enters the compression spaees 3 of the 
la rger diameter of the pistons through pipe 4 on the 
in-"troke and ii, compreRHed on the out-Htroke. This air 
n('ed never he ra ised to more than five-pound pre",;ure, 
amI thiN may be aecomplished by other means than a 
differential lIi,.;ton if more desirable. The air thuN com­
preHNed Hen·e,.; to scavenge the adj aeent eylinder, entpr­
iug the latter vin port ;;. 'rhe products of eombustion 
lea ,'e the cylinder through port 6 ( unle:.;s Home otlwr 
HI II'e be provided in or nea r the cylinder head as a 
L etter mean:.; of exit ) .  AN the pi stons move on the out­
ward stroke, ports ij and () are closed and the air re­
maining in the cylinderN i,; compressed and diseharged 
through the valves 7 into the receiver 8. 

Since the cIearanee Hpaee between piston and cylinder 
head is practically zero, substantially all the air is 
ex[w\led on the out-stroke. ,lust as the crank pa8ses 
top-center the admission valve I) is opened and the mix­
ture is admitted to the burner through piping 10 ( where 
it" tpmperature has heen raised by contact with the 
hot iIlller pilling 1 1  through which the exhaust gas, 
discha rged a fter the previous working strokes, has 
passed ) .  'l'll(' mixture, still under high pressure, passes 
into the hurners 1 7, which are in reality a part of the 
combustion spa ce,.;, as the pistons are forced downward. 
In the burners ( the eom;truction of which will be full )' 
described later ) ignition by spark from plugs 11) oc­
curs and complete combu8tion nt constant prcs� ure pn­
sues until the mixture is cut off as a reHult of closing 
the admiRsion valves !I. 

During the admission period the heat gradually lib­
erated a,., a result of eombuHtion enables the productN 
of combustion to expand 1cithou t  I08s o f  Jlre88ure and 
thus do work on the piston. After cut-off the hot gases 
expand, with deereasing pres,mre, and eontinne to' du 
work until the exhaust port opens. The burned gafles, 
still at high temperature, then paSH through the pip",s 
11 provided for this purpose, and give up to the wall� 
of these pipes and the compressed air surrounding Uiem 
a large portion of their heat before eseaping ti l  the 
atmm;phere. Thus there is saved to the ,.;ucceeding 
cycle much heat that would otherwi,.;e be entirely Im;t. 
aH it is in most if not all othpr types of internal eorn­
bu:-;tion engines. l!'urthermore, the addition of heat to 
the air in the piping 10 takeR place after the air has 
been compresHed. Thus it:.; temperature is raiHed with 
corresponding increase in ability to do work. 

i'uppo:,;e now the compre8Hion pressurp decided upon 
as most desirable be assumed, for the moment, to be 
one hund red and fifty pounds. l'Jvt'n at normal full 
load with cut-off at ;,lay one third Htroke it i� evident 
that all the air compressed in the working cylinder 

cannot be utilized. Hence the pres�ure in the receiver 
will build up rapidly unless some relief valve be provid­
ed. To put this on the receiver would, of course, mea n 
the loss of much of the work of compre",.,ion. Hence 
a single unloading valve 1;;, operated by piston 14, is 
provided. 'Vhen the pressure in the receiver rise,.; above 
the one hundred and fifty pounds desired, the valve 1;; 
i:s forced open against its illlring and the air in the 
cylinder if! Nimply diHcha rged to atmoHphere with only 
:s light loss of pow('r. 

I f  for any reason a momentary overload iH to be 
earried by the engine Home device sueh as 16 for increaH­
ing the tenHion on the spring that normally holdN the 
unloading valve closed , can be brought into play. I n  
the case o f  a motor-car engine sueh a device eoulu b 2  
operated b y  a simple dash control. 

I<'uel is supplied to the engine as foll ow:.; : The pump 
18, positively driven from the engine, draws the fud 
from the main supply tank and delivers it to the 
reservoir 18 in which a float or some other device 
maintains a constant level. Any surplus fuel pumped 
is by-passed or returned to the main supply tank. The 
small tank 18 is maintained a t  a pressure somewhat 
less ' thah receiver pressure, depending upon the air 
velocity through the restricted area 22. From thi:.; 
tank the fuel is drawn through the Hpray no��le 1;2 
by t h e  inj ector action of t h e  a i r  passing t h e  no�zle. 
The flow of fuel will of course cease immediately whell 
the air flow cea8es on account of the closure of the 
admisHion valves 9. A eorrect proportioning of fuel 
to air may be accompli:;hed by proper adju�tment of the 
regulating valves 23 and 24, Ii'ig. 2. As the velocity 
through the atomizer 2;; increases the natural tendency 
toward over-riclmeils is counteracted by the proportion­
ately diminished pressure in the restricted area at 2:2. 

The admission valveH I) can be made of the CorlisR, 
slide or poppet type, as proves most desirable, and be 
operated by any conventional cut-off device such a s ,  
for example. is uNed in steam engine practice. In the 
case of a motor-ca r engine the point of cut-off would be 
Yluied by a device operated in precisely the Hame 
manner a s  is t h e  throttle on an ordinary Otto eyelp 
engine. The throttle valve 20 shown in l!'ig. 2 would 
be used only in starting. 

The check valve 21 prevents air in the receiver es­
eaping to atmoNphere when unloading valve .1;; is Ollen. 
The admi,.;sioll valve can, if desired, he left open during 
practically full stroke when a heavy torque is required. 
The card would then be practieally S(Iuare and reHemhle 
closely a card from a steam pump. Under this condi­
tion the fuel consumption would of eourRe be mueh in­
creased becamie the gases would not be allowed to do 
work in expanding after cut-off. 'l'he periods when 
such a late cut-off might be Ui'ied would be Hhort in an 
engine properly proportioned to the load. 

'l'he striking similiarity of the constant pressnre 
cycle to that of a :.;team engine is at once apparent. 
But while the results are equal in every way to those 
accomplh;hed with the steam engine, the engine is 
self-contained and doe:,: n ot require the hoiler, con­
denser and other elaborate external apparatus neces­
sary in the case of the steam engine. An engine oper­
ating 011 the proposed c�'cle has all the advantages of 
the Hteam engine without any of its disadvantages and 
at the same time 1l0sseHses characteristics that should 
render it mueh more efficient and practicable for motor 
vehicles and many other types of serYice than is any 
type of intprnal eombustion engine now in use. 

( To be continued. ) 

Why Small Farm Engines Are Failures 
THERE lies ahead a future, a prosperous and golden 

future, for the engineer who will grasp the many possi­
bilities attaching to the design of a really adaptable in­
ternal-eombuHtioIl engine of small and medium power 
for estate and farm serviee. 

'l'he failing of most existing farm engines of this de­
scription is their utter laek of adaptability-this and the 
complicated nature of many of their primary movements. 
Let us glance for a moment at their duties. They are 
manifold and diverse. They are asked one day to drive 
a threshing machine or winnow grain, the next day to 
cut chaff, grind and crush corn or break cake. Then 
they are put to pulp roots, saw wood, pump water, sepa­
rate cream and churn butter, or generate electricity-­
eaeh and every one of which operation demands some 
variation in power, or :t change of speed. Of course 
these demands could eaeh be met quite easily provided 
the engine was a fixture, and the various machine� 
grouped together under one roof and driven from a line 
or lines of shafting But then it would lose its porta­
bility-its most useful feature-and become at once a 
fixed power plant. 

Gasoline and oil engine::> of the type speciall y designed 

for farm work have invariably but a single driving pul­
ley. And as their rated power is usually based upon 
full speed conditions, which may be anything from 400 
to SOO revolutions per minute, it follows that any reduc­
tion of speed is synonymous with an equivalent loss of 
power. Now it often happens that a user requires a rel­
atively low speed and full power, or inversely a high 
rotative speed with a minimum of power. But can he 
obtain tllese conditionN (l ired off hiH engine '! 

The portable farm engine of the future will have to 
be com.;iderably changed from that of the present. We 
ha ve seen that their portability is a 8ine qua non. But 
this does not imply mere portability on wheels. A farm 
engine needs to be so adapted that when required for 
indoor work it can, if desired. he lift('d dear of the 
traveling carriage and set down anywhere on the floo r  
i n  a self-contained condition, ready for instant service. 

Then as to adaptability the single driving pulley should 
be substituted by a graduated speed-driving device, hav­
ing a range in eonvenient steps of, say, from a 33-ineh 
diameter pulley down t o  a 6-inch, the change of speed 
being easily and readily controllable at will by means of 
suitable change-gearing, and without any trouble fur­
ther than operating a conveniently placed lever or dutch. 
Thus any accommodation of power, with its concpmitant 
change of pully speed , would meet the variations im­
posed by the necessities of the m oment. For example, 
the top speed may be conveniently used for threshing or 
d riving a dynamo, or sawing, the lowest speed for pump­
ing, pulping, cake grinding or churning ; the speed of the 
engine being uniform throughout and whatever power 
required maintained. 

Much of the complicated eharacter of an engine could 
be obviated and a distinct advantage thereby gained if 
the movements and adjusting mechanism were not so 
cl osely crowded together. The aim of engine designers 
would appear to be a reduction of overall dimension;.; 
to the last degree of possibility ; and for what purpose ? 
There can be but one reason, and that is for the sake of 
appearance. Surely a most absurd one when an extra 
foot one way or the other would mean ease and comfort 
when dismantling or any adjustment is found necessary. 
And an extra foot in occupied floor space would be un­
noticed in a ten-acre field or on a barn floor. 

Many of the cylinder troubles usually associated with 
this class of engine have been found by the p resent writer 
to proceed from defective j aeket-water circulation : either 
insufficient tank capacity or the connections between 
j aeket and tank so restricted in area or of such forma­
tion structurally as to impede circulation. I t  is not at 
all uncommon to find engine troubles to proceed from 
carbonization, directly due to intensely high cylinder 
temperatures. This, again, is a detail well worthy of a 
maker's closer attention. 

Complete automatic lubrication is another point to be 
insisted upon. True, some of the m ore important points 
are so safeguarded on a few of the farm engines of to­
da y, but certainly not all ,  and its development might 
with very great advantage be in all cases so extended 
as to embrace practically all possible wearing move­
ments. 

There is also usually a lamentable lack of provision 
for taking up normal wear, this referring particularly 
to main bearings ; a split bush or adjustable brasses be­
ing infinitely more · desirable from an economic point of 
view than those of solid form.-F. R. Parsons, in The 
Engineer. 

Utilizing Straw 

IN Europcall eountries the greatest care is given to 
tile feeding of all straws and other farm roughages. 
I" requently the strawi'! are ehoped u p  and mixed with 
other feeds sueh as beet:;, mangels, silage, ete., so as 
to make the straw more palatable. Some farmerH are 
so careful in the preservation of straw that after it 
has b('en used for bedding, and latter distributed over 
their fields, it is raked up and again used for bedd ing, 
after lying on the ground until it has become dean 
Hnd free from manure. There are n o  signs of such 
thrift in this eo un try. In certain sections opportunity 
is not even given the eattle to consume the straw and 
fodder, for in some States almost the entire crop is 
burued. Fifteen per cent of the straw produced in the 
United States, as shown by the Bureau of Crop Esti· 
mates, is burned, and probably as much as this is other­
wise waRted. Of course in some of the sections of 
the United States where straw is burned there are few 
eattle, and the material consequently has little or no 
value because of the distanee from ma rket ; nevertheless 
some provision should be made for its utilization. If 
this straw were combined with some of the home-growlJ 
concentrates, not only would the feed yield a profit in 
r('turn for hf'pf, hut tlw manure would have great vaIlw 
in building up the sOil .-Report ·Su. 112, U. S. Dept. Of 
Ag ricu lture. 
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N OTWITIISTA N D I N G  the fact that w e  are rai�ing annu­
ally in the United Kingdom-according to the official 
es timate for 1913-287 million tons of coal, of which 
1HD million tons (or, say, 4 tons per head of the popula­
t ion) were consumed at home , more or less wastefully, 
i t  i� indeed surprising how little has been done , or is 
being done , hy the scientific community to impress upon 
the government and the public generally the importance 
uf establishing some systematic control or investigation 
of fuel consumption in all large industrial areas. Depu­
tations have waited upon the government about the 
question of reviving our languishing coal-tar color indus­
try, so that in future we may be independent of Germany 
for the supply of the £2,000,000 of dye-stuffs required 
by our textile industries, and already a state-aided organi­
zation with an advisory scientific committee has sprung 
into existence to achieve this desirable result. But no 
organized body of scientific men, so far as I know, has 
l' vpr thought it important , or worth while, to take an 
aetive interest in the vastly greater subject of fuel econ­
umy and the proper utilization of coal, upon which the 
dyeing industry depends for its raw material . 

It is unnecessary for me to remind you that the con­
tending armies in this Armageddon of the nations depend 
upon certain distillation products of coal for their supplies 
of high explosives ; and there is little doubt in my mind 
but that Germany's  viu"lation of the neutrality of Belgium ,  
and her subsequent seizure o f  that country and o f  a large 
tract of Northern France, had more than a purely political 
or strategic significance. She , doubtless , 'ranted also to 
spi/:e for herself (and at the same time to deprive her 
elll'mies of) coalfields lying just beyond her own borders , 
which are capable of furnishing abundant supplies of coal 
admirably adapted for yielding the raw materials for the 
manufacture of high explosives .  A country in which all 
metallurgical coke has for years past been manufactured 
under chemical supervision in by-product coking-ovens , 
with rccovery of ammonia, tar,  and benzol, and in which 
t he wasteful beehive coking-ovens have long ago ceased 
to exist,  was hardly likely to overlook the military im­
portance of the Belgium coalfield, with its many by­
product coking plants . And, moreover , but for German 
commercial aeumen and enterprise,  for many years, our 
own by-product industry would n o t  have attained even 
to its present respectable dimensions. Certainly it  owes 
very little to the interest or attention of British chemists, 
most of whom are unfortunately but little aware of its 
eircumstances and conditions, and seem to care even less 
for its particular problems .  And yet , in proportion to 
the capital outlaid upon it, it is one of the most profit­
able of all our chemical industries ,  coal-tar colors not 
excepted. 

Fuel economy, and the proper utilization of coal, 
whether in connection with manufacturing operations or 
domestic heating, will become one of the most important 
n ational questions during the trying years that will follow 
hard upon this war, because of all directions in which 
national economy can be most healthfully and advan­
tageously exercised, this is perhaps the most obvious and 
proli fic. For it is tolerably certain that, with an efficient 
and systematic public supervision of fuel consumption, 
we ought to be able , even with existing appliances, to 
save many millions of pounds of our annual coal bill , 
all d with improved appliances still more millions-a sav­
ing which would in the long run redeem a considerable 
amoun t of the war loan which has been much more easily 
raised than it  will be repaid.  

Now, I fear that not only are chemists for the most part 
lamentably ignorant of the nature of coal, and of modern 
fuel technology, but they have been for many years past 
so indifferent about such questions that they have been 
content to leave them almost entirely to engineers, who, 
as a body , are notoriously deficient in chemical sense and 
experiencp. The engineer has indeed not usurped the 
place of the chemist, but has had to do his best to fill the 
position long since abdicated by the chemist .  

This indeed seems strange when we remember that 
the foundations of modern chemistry were deeply laid by 
investigators who were, above all things, " fire wor­
shipers . "  But, judging from most chemical text-books , 
nearly all that the modern student of chemistry is taught 
in our academies about combustion was known to Lavoi­
sier ; and I question whether in the majority of our 
university laboratories any investigation on coal or com­
bustion is ever undertaken. And yet the subject is full 
of most fascinating and fundamental theoretical prob­
lems-for the most part unsolved-and the nation con­
sumes evpry week as much coal as could be exchanged 

* From an address to the Chemical Section of the British 
Association. By Prot. W. A. Bone, D . Sc. , F . R . S .  

Fuel Economy* 

And the Proper Utilization of Coal 

for the whole quantity of aniline dyes used by its textile 
industries in a year. 

Moreover, such advances as have been made during 
recent years , and they are by no means inconsiderable , 
have nearly all been in the direction of the wider applica­
tions of gaseous fuels . Yet in how many of our uni­
versity laboratories is even gas analysis taught,  or how 
many of our schools of chemistry provide systematic 
courses in the chemistry and manipulation of gases, with­
out which no professional training of industrial chemists , 
however much "research work" it may include, ought to 
be considered satisfactory? It is my opinion that this 
important branch of our chemical craft and science has 
not ,  for many years past, been accorded its proper place 
and share of attention in the ordinary curriculum of the 
majority of our academic institution s .  

Of the. 1 8D million tons o f  coal consumed in t h e  United 
Kingdom in the year 1913,  about 40 million tons , or say 
approximately one fifth of the whole, were carbonized 
either in gasworks , primarily for the manufacture of 
town's gas, or in coke-ovens for the manufacture of metal­
lurgical coke in practically equal proportions . Two thirds 
of the latter was carbonized in by-product recovery 
plants ; the remainder in the old wasteful beehive ovens . 
So that,  roughly speaking, we have : 

Total coal carbonized � 40,000,000 tons . 

In Gas 'Yorks. 

20 

I n  B y-Product 
Coke-Oven,. 

1 3 . 5  

I n  Beehive 
Coke- Ovens. 

6 . 5  

A t  present there are 8,297 by-product coke-ovens built 
in this country, of which 6,678 are fitted with benzol 
recovery arrangements , capable of producing something 
like 10,000,000 tons of coke per annum. 

The yields of the various by-products obtainable on 
such coke-oven installations naturally vary with the 
locality and character of the coal seam ; but they prob­
ably average from 20 to 35 pounds of ammonium sul­
phate , from 56 to 1 1 2  pounds of tar, and from 2 to 3 Yz 
gallons of crude benzol,  etc . ,  for each ton of dry coal 
carbonized-according to the locality . About 65 to 70 
per cent of the crude benzol is obtained as finished prod­
ucts-benzene, toluene , solvent and heavy naphthas . 

How rapid has been the development of the by-product 
coking industry in this country during recent years may 
be judged from the following official returns of the quan­
tities of ammonium sulphate annually made by such 
plants , as compared with the correspondin g  quantities 
produced in gasworks . 

TONS OF A M M O N I U M  S U LPHATE P H O D U C E D  I N-

1 903 . 

1 908 . .  

Year. 

1 9 1 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

By Product I Coke-Oven 
Plants, , 

1 7 , 435 

64 , 2 2 7  

1 3 3 , R 1 6  

G asworks. 

-----

1 49 ,489 

165,2 1 8  

1 8 2 , 180 

In the natural course of events, the final disappearance 
of the wasteful beehive coking-oven from this country 
is now only a matter of a few years ; but I venture to sug­
gest that public interest would justify the government 
fixing by law a reasonable time limit beyond which no 
beehive coke-oven would be allowed to remain in opera­
tion, except by expressed sanction of the state, and then 
only on special circumstances being proved. 

There is also much need of a better and more syste­
matic chemical control, in the public interest,  of by­
product coking plants. At present, in far too many 
cases, the chemists employed in coke-oven laboratories 
are men that have practically no chemical training other 
than that obtained in evening classes . And with few 
exceptions the chemist,  however competen t he may be,  
is entirely subordinated to the directing engineer, and 
regarded as a mere routine analyst.  I can say, from 
personal knowledge, that plants which are managed and 
controlled by experienced chemists of broad train ing,  
combined with force of character, yield much better 
results than those which are controlled by men without 
such qualifications . 

And even ill this crisis when �o much depends on plants 
working not only at their maximum output capacities but 
also , chemically speaking, under conditions calculated to 
ensure the highest yields of benzol and toluol, with a 
proper selection of coal , I doubt whether the mea sures 
which have been taken to advise and supervise the coke­
oven in dustry are really adequate from the poin t of view 
of chemical control . I do know, for in stan ce, that the 
experience and resources of tbe  majority of our Univ ersity 

Departments of Applied Chemistry which specialize on 
fuel technology and cognate matters ha ve not been as fully 
utilized as they might have been in this conneetion . I 
cannot for one moment imagine a similar state of thi ngs 
being permitted in Germany, where we m ay he sure that 
nothing is  being left undone in the way of fully utilizing 
all the available expert chemical and engineerin g  knowl­
edge which can be brought to bear on this im portant as­
pect of war mun ition s ,  and I ven ture to say tbat,  w l' a ' ­
ever may be the case i n  this coun try , in Germany a t  lea st 
the staff and resources of no publicly maintained D e ·  
partm en t o f  Fuel Technology will not b e  fully employ ed 
on war problems . 

The coal-gas industry, which deals with some 20,000,-
000 tons of coal per annum, has,  especially within recent 
years , shown a growing appreciation of the aid of chemi­
cal science, in regard not only to the actual manufacture 
but also to the domestic and industrial uses of coal-gas. 
The endowment by the industry in 1DlO of a Special 
Chair at the Leeds University, in memory of the late 
Sir George Livesey (of which I had the honor and plea­
sure of being the first occupant) was a sure sign of the 
faith of its leaders in the value of scientific research into 
its special problems ; and from personal knowledge and 
intercourse with gas engineers, I can assure my chemical 
colleagues that any serious interest taken by scientific 
chemists in these problems, or in training men to tackle 
them, will be welcomed by the industry, no matter from 
what quarter such help or interest may come . For 
although the carbonization of coal in gas-works is effi­
ciently carried out, no one in the industry supposes that 
finality has been reached,  or that existing m8thods and 
conditions cannot be improved under bettt'r chemical 
control . 

And, moreover, the gas industry has just recently given 
a striking example of the public benefit which may accrue 
from the whole-hearted co-operation of the chemist and 
engineer in the new nickel-catalytic process for the re­
moval of carbon bisulphide from coal-gas, which has 
been worked out, and brought to a successful issue , by 
the combined skill and efforts of Mr. Charles Carpenter, 
D . Sc . ,  Mr. W. Doig Gibbs, and Mr. E .  V. Evans , of the 
South Metropolitan G as Company. They have shown 
that sulphur conten t (as CS2) of London coal-gas call he 
reduced 011. a large scale , in regular day to day working, 
from nearly 40 to about 8 grains per 100 cubic feet,  
without in any way deteriorating the quality of the gas , 
at a cost (including interest and depreciation) of 0.299 
d. per 1 ,000 cubic feet. Such a striking success was , 
as Mr. Carpenter acknowledges ,  only achieved "because 
of the unrestricted and unreserved collaboration of the 
chemist and the engineer. "  In cidentally the gas indus­
try is to be congratulated on this tacit abandonment of 
the old contention that coal-gas was either none the 
worse for the presen ce in it of a certain amount of sul­
phur compound or (alternatively) ,  if worse, that a minute 
amount of su lphur dioxide in the atmosphere of a living 
room is so rapidly absorbed by the ceiling that its harm­
ful effects are nullified. 

As the outcome largely of the work of the Joint Com­
mittee appointed in 1907 by the Institution of Gas 
E ngineers and the University of Leeds (of which I was 
a member) to investigate gas-fire problems, the manu­
facturers of these appliances have paid much more atten­
tion than formerly to the scientific aspects of construc­
tion, so far as to ensure the best combination of radiant 
and ventilating effects,  and nearly all the larger firms 
have now their scien tific staffs busily employed in mak­
ing further advances .  Prominent among the pioneers 
in scientific gas-fire construction has been Mr. H .  James 
Yates, who will enlighten you as to some of thc most 
recent improvements . I can, however, from personal 
knowledge, testify to the enterprise shown by most of 
the leading manufacturers, and that their combined 
efforts have resulted in a very efficient and perfectly 
hygienic domestic gas-fire . A committee appointed by 
the Institution . of Gas Engineers, upon which scientific 
men are largely represented , is now considering the adop­
tion of a standard method of testing the radiant effi­
ciencies of gas-fires .  Thus no one can say that the gas 
industry is not making every effort to put its affairs 
upon a thoroughly scientific basis. 

Passing on to the metallurgical and allied industrie,s 
(which , of course, are large consumers of fuel) , there is 
much here to be done in improving the construction and 
operation of furnaces in order to check the waste of fuel . 
But of these details there is no time to treat; and one 
ill stance of the possibilities of very large economies as 
thp result of scientific control must suffic e .  

] t i s  perhaps common knowledge that the most econ-

©  1916 SCIENTIFIC AMERICAN, INC.



176 SCIENTIF]C AMERICAN SUPPLEMENT No. 2123 September 9, 1 9 H i  

omical arrangement o f  plant for the manufacture o f  iron 
and steel is one in which by-prod uct coke-ovens, blast­
furnaces, steel furnaces, and rolling mills are brought 
together on one site and under o ne organizing direction, 
so that the surplus gases from the coke ovens , and blast­
furnaces may be utilized to the fullest extent. Mr. T. C .  
Hutchinson o f  the Skinningrov e Iron Company, who has 
devoted many years of anxious thought and practical 
study to this important problem, ventured some few 
years ago to predict that-with the most approved type 
and arrangement of plant, working under strict scientific 
control by competent chemists-it would soon be pos­
sible to make finished steel rails or girders from Cleve­
land ironstone with no further consumption of coal than 
is charged into the by-product coke-ovens for the pro­
duction of  the coke required for the blast-furnace, and 
all subsequent experience at Skinningrove bas fully dem­
onstrated that his prophecy can be fulfilled in every-day 
practice . Of course , it. means a constan t watchful con­
trol by a well-paid and competent scientific staff. 

It is perhaps unnecessary, even had time permitted , for 
me to multiply in stances of possible economies in other 
important directions-such, for instance , as power pro­
duction and the heating of domestic apartments . There 
is probably no direction in which equally good results 
would not accrue with proper scientific application and 
control as those already cited as having been reached in 
the direclion of carbonization, or in the iron and steel 
industry. We are to discuss the important subject 
of smoke prevention, in which many M anchester public 
lllen are showing an active interest ; so that there will be 
some further opportunity of referring to the matter. 

But may J, ih conclusion, appeal in all seriousness to 
chemists and scientific men generally to take up this 
important matter effectively as a public duty at this 
crisis in the country's affairs? I would suggest that the 
government be memorialized with a view to the estab­
lishment of a central organization for the supervision 
of fuel consumption and the utilization of coal somewhat 
on the lines of the existing alkali works inspection, which 
has been so beneficiAl to chemical industry. And in 
connection with such an organization there might be 
undertaken a much-needed systematic chemical survey 
of British coal fields, as well as experimental trial of new 
inventions for fuel economies .  There would certainly be 
no lack of important work for such a properly organ ized 
department of the State, and there can be no doubt at 
all that the results of its activities would be not o nly a 
very largH direct saving in our colossal annual coal bill , 
hut also a purer atmosphere and healthier condition s  
generally in all our large industrial areas . 

The Pyranometer : An Instrument for 
Measuring Sky Radiation * 

By C. G .  Abbot and L. B. Aldrich 

'l'H I K  instrument, as its name (from the Greek 7tU P ,  
fire , avO:, up, {J.e't' pov, a measure) , indicates, i s  intended 
to measure the heat e(]uivalent of radiation received 

from or going out toward the cOmplete hemisphere 

above the plane of the measuring surface. We have 

lkyise(l two satisfactory types of the instrument, both 

(lerin�d in principle from the electrical compensation 
rad iation instrument,; of the late K. Angstrom . The 

full description of tllP inst rument,; and tests of them 

will be found in a paper now being published in the 

8mith8oll ia II hZNtit /I t ifJ/l JI i .�(·('1l(/n co /l 8  Collcdions. The 

instruments a re adapted to measure direct solar radia­
tion, the total radiation of the sun and sky comuined , 
that of the sky aloll(" ami nocturnal radiation. It is 

I)OssiIJ le to employ scr('enH of selective transmission and 

thus to limit the m('asu rements to selected spectrum 

r('gions. The instrumentH are of primary standard 

tYVe, but have been eomvared with the standa rdized 

vyrheliometers of the Smith,;onian Institution and found 

aecordant. No auxilia ry appa ratus other than that 

emvloyed with the Angstrum pyrhel iometer iH requi red , 
and the obSel'Yatiolls are easy to make. 

The simpl er form of pyranonH'ter eOlllprises a single 

hlaekened manganin strip, 3 mm . wid(', 6 mill. long, 
vlare(l eelltrall y in the vlane of the uVP('r su rface of 

a n i('kel-vlated eopver disk 75 mm. in diameter. Coppe r 
bloeks insul a ted from the rest of the diHk, hut con­

tinuous with it in surfac(', serve to connect the imml ated 

manganin strip with an electric h('ating current of 

adjustabl e str('ngth. A sensitive thermo-electric conple 

fa"tened by m('ans of thin waxed paper to the rear 

Hurfaee of the man ganin strip, and embedded at the 

other end in a recess of the copper disk, serves to indi­

eatt' dUlllgeH of tt'lll verature of the strip . Concentric 

with the strip in a hol low helll i>.;pherical screen of ultra­

violet erown glass, 26 111m.  i n  onter ditllnet('r and 2 mm. 

thiek It" pnrpose iH  to lul m i t  rayH of Hhortpr wav('­
I pllgths, such as forlll eSHentia Il�' thl' II'hol {' Htrl'ngth 

• Proceeding8 of the National Academy of Sciences. 

of the direct and scattered solar rays, but to cut off 

ray,; of great wave-length proper to the emission of a 

body at ordinary temperatures. During measurements 

of noctu l'llal radiation this glass screen is removed. A 

nickel-pl ated hemispherical shell of polished nickel­

plated copper encloses this glass, and is removable at 

pleasure. 

If now the shutter is opened diffuse sky-radiation 

fal ls upon the st rip and warms it,  producing a deflection 

of a moving-coil galvanometer in the circuit of the 

thermo-couple. The shutter being then dosed, an equal 

defll'ction may be produced by the electric heating cur­

rent. As corrected to allow for l osses by reflection of 
tllP g-l ass and their imperfect absorption by l ampblack , 

till' energ-y tlis;;ipated in the strip by the lH'ating cur­

rent measures the energy of radiation. AH ('onst ructed 

the sensitiveness of this i nHtrument is so grl'at that it 

vrm'es pon yenient to balance the Ilpfleetion to zero by 

mean;; of a potentiometer current i n  the ga l nlllOlIIeter 
cirl'uit. and so to reduce the ollerations to the zero 

method . A defect of this simple forlll of PYl'Hnollleter is 

fouml to be eaused by the Hlow wa rming of the glass­
cl?yered portion of the copper di�k when the shutter iH 

ovenel:!. which at other times �hades that a rea of the 

surface. This warming induces a seconda ry deflection, 

because i t  affects the two differently situated ends of 
the thermo-couple differently. Experiment;; have shown. 

however, that practieally the full deflection due to direct 
heating of the ,;trip occurs i n  20 seconds , and that the 

secondary defleetion begins to be sensible after 20 sec­

onds. Accordingly the error is eliminated by balancing 

the p rimary deflection by the potentiometer current after 

exactly 20 seconds , then d osing the shutter and wait­

ing two minutes for the secondary heating to subside, 

before adjusting the heating current . 

Fearing that thi>.; defeet might prm'e m ore "erious 

in nocturnal radiation work, we de\'iHed a second form 

of pyranometer. In this form there are t lCO blackpned 

Illanganin strips side by side, paeh 2 mm . wide, 6 mm. 

lang, separated by a n it'kel -plated copper bar 2 mm. 
wide, and both insulated as in the Rimvle form by 

vertical mica strips coming exactly to the surface of 

the plate. Thermo-couples connect the two st rip" a t  

the back, t h e  h o t  junction behind o n e  st rip, the cold 

j unction behind the other. As the two strips absorh 

radiation equally, there would be an equal ril-'e of telll­
perature, if it were not that one strip iH 10 times a,; 
thiek as the other. Owing to this the cOlulud ion to the 

ends is so much grea ter for the thick strip that a diffpr­
en('(' of temperature a rises, and a llt'flection of tilt' g'U 1-
va nometer ensues. The heating eurrent is (liyi(led 

hetween the two strips, awl by suitable reHistance coih 

the d rcuit is adjuHted OI l('e for all so tha t whateyel' 

the strength of the heating current it p roduceH equal 

(lif<"ipation of energy in till' two st rips. If now after 

cloHing the shutter tlIP hpa ting current iH graduatpfl 

until the deflection fo rmerly produced by radiation is 

revroduced by electri('a l heating, the energy dissivu tpd 

in either strip is the mpasU l'p of the ab,.,orhed radiation. 

In the t wo strip pyranometer the secondary (leflection 
hy indirect heating i;; unimportant, be('auHe of the Rym­
metry of the arrangement. However, to a yoid this 

source of error altogether the expmmre is limited to 30 
seconds, and a full minute is al l owed to elapse before 

introducing el ectric heating'. 

Numerous measurements of the Hky-radiat ion haye 

been made from the North Tower of the �mithsonian 

Institution. On fine days the sky- ra(liation a lone re­

eeiypd on a horizontal surface ranges from 0.07 to O.U 
('a loril'H per >.;!]ua re eentimeter per minute. On cloudy 

(lay,;. not thick enough for rain , the values run from 

0.20 to 0.30 calories ac('ording to the kind of cloudiness 

prevailing. Measurements were made on the reflection 

from new fallen snow. a mi for total sol a r and sky 
radiation this proved to be . 70 per cent 

In the simpl er form the inst rument is so ,.,ensitiye 

that it eould be used in the deep shade of a forest, or 

with sC'reens of selective transmission, so that i t  would 

he suited to botanical as well a s  meteorological inyesti­

gutiollf'. As in the case of the silver disk pyrhel iollleter. 
the �mithsonian Institution may undertake to prepare 
lIyra nomete rs a t  cost ( approximately $150) where 

valuable inv('stigatiom; may be promoted tllPreby. 

Detections of Ions in the Atmosphere 
THE May issue of flection A of tIIP Proceedings of 

the Royal Irish Acact('m�' conta inH thrpp papPI'''' hy 
l 'rof. MeClelland and his a H"ista nt� which deal with 
methods of production and deteetion of iow; in th!' 
atmosphere. In the fi rst of the series it is shown 
that lea yes eX]Josed to the ultra -violet l ight of a ll el!'C'­
t ric "park betw('en a l uminium el eetrode,; show t l lp  
ph otopl ('('tric effect to an pxtent whieh i ll �OIllP (': t ,;( 's 

is a tenth of tha t shown in the ,;a me ei rculllHtmlC'I'H 
by copper. A cold-water extract from the lea VI'S may 

show an activity a third of that of copper, while :t n 

acetone extract shows no activity. A few drops of the 

acetone solution will, however, render a large volume 
of water strongly active. The other papers relate to 
the ions produced when water is sprayed into air or 

air bubbled through mercury. I n  both cases the ;;atura­
tion curves of the air show that there a re fou r  or fi\'(' 

kinds of ions present in i t  with mobilit ie,; which vary 

from those of the large Langevin ion:; to those of the 

ordinary small ions, while there appea r to be pre,;ent 

in addition at least two types of ions with still grea tl'r  
lllobilities.-N at·uTc. 
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