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PORTABLE ELECTRIC 
DRILLING MACHINES.* 

By the Belgian Correspon· 
dent of the SCIENTH'IC 
AMEH[CAN. 

FOR the working of 
metal pieces of large size 
it is in many cases advis­
able to carry the machine 
tools to them, since the 
moving of such pieces to 
a stationary tool is often 
difficult if not impossible. 
Sometimes, even, the piece 
to be worked cannot be 
brought close to a station­
ary tool , '  either because of 
its shape or of its size. 
Then, again, the form and 
regulation of stationary 
machine tools are often 
i l l  adapted for the per­
formance of certain work , 
such, for example, as drill­
ing in places difficult to 
reach, etc. I n  such cases, 
it becomes necessary to 
e m p l o y  transportable 
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tools, especially when it is 
impossible to change the 
position of the piece, as in 
the mounting or repairing 
of large engines, in the 
building of ships, and in 
iron constructions, etc. 
Such apparatus are practi­
cal also for the boring of 
steam and pump cyl in­
ders. 

The types of transporta­
b l e  drilling machines de­
vised by the Societe 
d'Electricite Lahmeyer & 
Cie. ,  of F'rankfort, Ger­
many, are very interesting 
from this point of view, 
and greatly facil itate the 
work and advantageously 
replace long and expensive 
manual labor. They may 
be placed at any height 
and in any position with­
out regard to the distance 
from the source of power. 
The various speeds of the 
drills are obtained very 
simply. The actuating of 
the tools by an electric 
motor may be effected in 
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different ways. Usually, the motor and its acces­
sories are mounted upon a carriage and connected with 
the mach ine tool by a double-jointed shaft. The motor 
and machine tool can also be  d ired connected. Both 
systems are employed by the Lahmeyer establ ishment. 
In the first case i t  employs Hollberg drills, consisting 
essentially of a column with a base and of a bracket 
movabl e  in a vertical direction and carrying the drill 
proper. The frame of the carriage that carries the, 
motor is  of cast iron and completely c losed. The gear­
ing that actuates the jo inted shaft is l ikewise inclosed 
in a ti ght ease. The apparatus is  equipped with a 
rheostat for regul ating the speed of the motor, the 
speed reduetion being, at will, 1 :  4 or 1 :  8. The frame 
contains a drum upon which can be wound the con­
ducting wires, a starting gear, fusible plugs, etc. 

In the second system, Lorenz machines are employed. 
The whole apparatus is fixed upon a firm base provided 
with rollers. The vertical column is displaced by a 
handwheel , an endless screw, and a racle The hori­
zontal radial arm is placed in a clamp and is so ar­
ranged that it can turn at the top of the vertical col­
umn. At its end, on the under sicle, it carries the dril l ,  
whieh ean be s e t  in  any position desin�d. T h e  motor 
is placed on the upper side of the hori zontal arm, 
and transmits its motion to the dri l l  through the in­
termedium of  belti>, cones, and an endleRs screw u'pon 
a shaft arrange(] in the column and connected with 
the drill through a train of gear wheels. 

A NEW ELECTRICAL PROCESS OF MANUFACTUR­
ING PEAT FUEL. 

A � EW method for eonversion of peat into a com­
bu stible fuel, by an e](,ctric process, in such a manner 
as to be commercial ly  valuable, has been devised by 
Mr . .T. B. Bessey, of England. By the aiel of this in­
vention peat can be eonverted into a hard smokeless 
st(eam coal , equal in ealorifie value to the best steam 
coal sueh as the 'Welsh variety. 

The ntil ization of peat as fuel is hy no means a 
modern <l(�vel()]lmenL Tn Germany, Sweden, Holland, 
Belgium, amI other l�uropean eountries, where peat 

expUlsion of water from the peat by electrical agency, 
though the util ization of the electric current is  only 
one stage in  a treatment which is mainly mechanical. 

The· peat is  cut in the form of slabs or sods, and in 
its green condition is  thrust into a large vertical 
cylinder called a centrifugal dryer, with its sides 
pierced to form a sort of grating. This cylinder is  
then revolved rapidly by means of an electric motor, 
and the centrifugal force whirls the free water out. 

While  the cylinders are rotating at a high velocity, 
heating fans are actuated, and in this manner about 60 
per cent of the water contained in the peat is  expel led.  
After revolving the cyl inder for about a quarter of an 
hour, water ceases to be driven off. The material is 
then raked from the sides of the cylinders. Electrodes 
are now inserted in  the cylinders, to which are at­
tached electric wires, d irectly or otherwise connected 
with the dynamo. 

The axle of the barrel forms one electrode and 
the rim another, the peat thus constituting the medinm 
of completion ot the current between the electrodes. 
The current, which is of a strength of about 230 am­
peres at 2�0 vol ts, gradual ly  diminishing to about 1 00 
amperes for 20 minutes, passes throngh the mass of peat 
from the center to the circumference. The resi stance 
offered by the mass to the electric current generates 
heat, which disintegrates or pulverizes the material ,  
separating it freely into particl es, without loss  to any 
of the valuabl e properties primarily contained in the 
peat-the conductivity of certain peats, by the way, is 
greatly assisted by the employment of chemicals­
that is to say, the passage of the el ectric current rup­
tures or breaks the microscopic cells of the peat fibers 
and thus l iberates the water contained in these cells,  
disintegrating the peat at the same time. By this 
me�ns the greater part of the remaining latent 20 per 
cent of water in the peat is expelled ,  though a certain 
proportion of moisture-from 10 to 12 per cent-is 
essential to the fuel . 

But although the water is expelled and the peat dis­
integrated, there is no interference with the natural 
oi ls .  They are retained and uniformly distribute,l. 
throughout the whole mass of the peat. The rlisin-
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abounds in enOl"mO\lf; quantities, it is employee! as fuel 
in many indust rics, and is also used to fire rai l way 
loeomotives and for steam raising in large worl(S. One 
iron-smelting company in Germany has consumed ahout 
20,000 tons of peat pel" annum for the last forty-seven 
years. Peat is essential ly a valuahl e fuel , having all 
the el ements whic:h make for high eal orific effieiency. 
Peat ehareoal is  especially useful in the smelting of 
iron because of Ow absence of injurious ingredients 
whieh impair the value of the iron . The drawhack in 
the way of its util ization econom ically, however, is 
that peat usual ly contains about 80 per cent or 
moisture, and before it ean be profitably employed,  the 
greater part of this moistnre must he expelled. 

Yet, not witllstanclin g these attempts to util ize peat 
in lieu of other fuels,  it cannot be described as a com­
mercial fuel owi ng to various inherent d ifficulties. 
Owing to this heavy percentage of saturation it takes 
a long time to dry. In some cases months have to 
elapse before the peat is ready for burn i ng, while  even 
whcn ready it forms a loose, spongy material which 
is not well wiled for transport, and as thc drying is 
praetieal ly eonfined to fine weather, it  will  be seen that 
the mannfa('ture is of an intermittent character. 

Varions attempts have been made to rel ease the 
moisture from peat by mechanical means, and to pre­
pare the substance snitahly for combustion with as 
high a heat value as possihl e. Squee7,ing, rol ling, 
spreading, drying in fnrnace heat, and other devices 
have been nse(1 toward. this end. The native method of 
cutting the peat into sods and exposing it to the drying 
::i.ction of snnlight is  the crude forerunner of these 
elaborate machine processes. 

By means of the Bessey invention it  will be possibl e 
to convert the vast peat tracts of Ireland and Scotland 
into a eommereially valnabl e product. It is estimated 
that on e-seventh of the area of Ireland is composed of 
peat bog. There are 2,830,000 acres of it, the greater 
part of whiC'.h is su itable for manufacturing into fuel. 
Of thi s vast quantity th8 mountain bog covers 1,254,000 
acres, and the flat red bog is situated prineipal ly  in the 
central plain. and its average depth i s  25  feet. 

The most salient feature of  the Bessey process is the 

tegrated peat is now conveyed from the centrifugal 
dryer smoking hot and is passed through a spj or 
rollers to a knead ing apparatus where a teasing 
manipulation is  applied to bring the mass into a ]lutLy, 
l ike or plastic eondition, when it readily coneentrates, 
or contracts, into any form, shape, or size founel most 
desirable,  which may be expedited by the use of hot or 
cold pressure. 

From the mixer the mass is  passed on to the molder, 
by an automatic process, and the mate ';al is then 
formed into briquettes, or any other form or shape 
required . The contraction is  materially hastened by 
the use of heated drums or surfaces and mechanical 
presses, aeting in combination or alone. From the 
form or presses the finished product is directly carried 
by conveyor to the storage shed. Unless urgentl y re­
quired the forced drying process can be e l iminated ,  
and treated briquettes can be staeked for about a week 
to dry. The finished samples are as hard as ordinary 
eoal , which in fact they e10sely resemble in appearance, 
the color havi ng been changed by the process from 
brown to a dull  blacklead color. 

The fuel produeed by this process is  of a very h igh 
quality, and is in every way equal to steam coals. 
There is no smoke during combustion, it is free from 
cl inkers, and leaves but a slight quantity of ash. Its 
calorific power is about 9 ,000 British thermal nnits of 
heat and upward. One of the most prominent featnres 
of this electrical process, which is unobtainabl e  by any 
other heat method,  is that although the transmission of 
the electric current through the mass of peat, in the 
manner already described ,  results in_ the heating of 
the peat, yet the effect of the heat thus generated is 
qnite different an\l distinct from that which is afforded 
hy fire or other ealorifie means. For, whereas, with 
fire heat th e particles of the peat become, as it were , 
case-hardened and confine their various constituents , 
the effect of the heat obtained by el ectricity is to dis­
integrate the peat and liberate the cel l ular eom;ti tll­
ents, and to callse them to be lIniformly distrilllltcri 
throughout the whole mass of the peat, and rencler all 
those constituents read ily available for combusti on.  

To obtain charcoal, the disintegrated peat is further 

subjected to the electric current in the same recep­
tacles, the air being excluded by a suitable covering, 
after which the material is treated with an adhes ive 
solution, causing the particles to unite. 

There is  another vital feature which should recom­
m'end development of the process, and that is  the valu­
able util ization of by-products and the production of 
peat moss and fibrous peat. This material i s  also 
treateel with the electric current, which causes HIP 
shredding or separating of the mass of peat without 
destroying its fiber. It is  then in a state for pressing 
or baling by mechanical presses, into such forms or 
sizes as may be found most desirable for l itter or any 
other purposes for which it may be desired. 

In view of the high percentage of water existing in 
the crude peat-80 per cent-it would appear that the 
process of excluding the superfluous water would be 
too costly to render the process commercially possible. 
Out of every 100 pounds of crude peat treated there is  
on ly some 20 pounds of real combustible fuel. Yet, 
notwithstanding this high proportion of water, a ton 
of this fuel can be manufactured much more cheaply 
than a ton of steam coal can be produced at the pit's 
mouth. The latter costs $2 a ton, while the cost of 
manufacturing a ton of this peat fuel is ,  under favor­
abl e circumstances, no more than 90 cents. The cost 
of production naturally varies with the situation and 
eonditions governing the excavation of the crude ma­
terial , but the inventor is sanguine that under adverse 
conditions the cost will not exceed $1 .25  per ton. 
Moreover, the fuel can he manufactured very quickly, 
the whole process not occupying more than 2V� hours. 
Furthermore, owing to the simplicity of the plant by 
which the fuel is  manufactured ready for market, no 
heavy expense is  incurred concerning the installation, 
while maintenance charges are also appreciably re­
duced. 

Another sal i ent fact concerning this process is  the 
possibil ity of util izing a portion of the peat fuel for 
the generation of the electric power required in the 
operations, thus rendering the installation self-sustain­
ing. It will consume a portion of its own products. 

The Electro-Peat Coal Company, of London, which 
has acquired the patents of the process, has purchased 
a large tract of peat land in Ireland for the exploita­
tion of the system. One thousand tons of this fuel are 
to be manufactured daily.  There is a great demand 
for peat fuel provided it  is  satisfactorily manufactured 
for comhustion purposes. Owing to the hardness or 
the briquettes in  which the Bessey electro-peat is 
placed upon the market, it facil itates storage. This 
im portant factor will  be  of inestimable value for ves­
sels ,  where economy of space is  a great desideratum. 
With this fuel.staekect in the bunkers, a great deal of 
val uabl e storage space will be rendered available for 
other purposes. 

THE ADVANCE OF ELECTRO-CHEMISTRY.* 
By J. W. RlcHAlm:-;. 

IF el ectro-chemistry concerned itself only, with the 
study of phenomena and their classification, the deduc­
tion of laws, and the building of theories thereupon, it 
would satisfy one of the fundamental needs of the 
human mind, that of knowing, but woul d leave, unsatis­
fied another and equal ly vital desire, that of 'Using. 

The various items in which, in industrial chem istry 
and metallurgy, eledro-chemical methods have either 
sU]lerseded ordinary non-electric methods,  or else have 
created new industries, form a catalogue sufficiently 
long to arrest the attention of the most superficial ob­
server, and altogether too long to be mentioned in de­
tail within the limits of this address. Suffice it to men­
tion in passing the mill ions of (1011 aI's ' worth of cop­
per el ectrolytically refined, not annual ly, hut monthly ; 
the 100,000 horse-power consumed in producing cal­
cium carbide ; the reduction of the eost of aluminium 
from $5 a pound to 30 cents ; of sodium in almost an 
identical ratio ; the revolution being wrought in  one 
of the largest chemical industries by the production of 
electrolytic al kali and bl each ; the capturing of the 
potassium chlorate industry and the manufacture of 
phosphorus. 

The whole story, i f  related at length, would be the 
old story of homo sapiens having discovered a new 
tool , a new instrument wherewith to torture Mother 
Nature; a new means of reaching olel or of creating 
new results,  and he is  necessarily immersed in enthusi­
asm for this "genius of the lamp," which h<\s per­
formed so many wonders and promises so many more. 
For the use of electricity puts at our disposal tempera­
tures never before industrially attainecl ; gives us a de­
composing agent at whose bidding the most powerful 
chemical compollnds resolve into their constituents ; 
enabl es us to attack and sol ve chemical problems in a 
manner before unthought of ; opens up a world of 
possibilities whose scope we even yet but dimly compre­
hend .  Th is is the fascination of the subject, the at­
tractive force, the absorbing interest which is  reflected 
in the enthusiasm of the electro-chemist for his pro­
fesRi on . 

Basing Ollr remarl,s upon present developments, it 
may be pereeived, to start with , that the electrical 
methods in chemi stry and metal l urgy which are most 
successful  are either, first, those appl ied to the more 
powerful chemicn.l compounds,  whose decomposition by 
non-el ee/ric methods is highly d ifficult and expensive, 
or eIRe impossible ; or, second ,  those appl ied to new 
fiel ds of very high temperature reactions impossible 
of attainment by other means ; or, third, those appl ied 
to ordinary ehemieal processes, in which the d irectness 
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of the electrical influence, be It decomposing, reducing, 
or producing, can not be. duplicated or competed with 
by known non-electric methods. 

Primitive man took his first lesson in metallurgy by 
learning to make iron ; to this the ancients added lead, 
copper, silver, gold, and even the volatile mercury. 
Many centuries later )linc was distilled, and only in the 
most recent times have sodium, aluminium, and mag} 
nesium been possibil ities. Painfully and slowly al-[ 
cherny and modern chem istry toiled up the heights ofl 

the el ectro-chemical series, from the easy conquest of
l the noble metals to the powerful mastery of the strong 

metals, and the steepest part of the ascent has been' 
l ightened by the aid of electricity, which has i n  many 
caE'es furnished the easy path to the conquest of the 
most difficult chemical problems. 

I t  is related of our renowned geologist, Clarence 
King, that he was an enthusiastic mountain climber, 
and having from a d istance spied a steep mountain, he 
conceived th e ambition of conquering it. Taking a re­
spite from surveying, he equipped himself for d ifficult 
cl imbing, and after several hours of desperate effort 
finally stood on the summit of the seemingly imp reg­
nalJle butte, only to find an easy trail leading up on the 
other side. 

'['he most abundant materials in nature are the fixed, 
d ifficultly transposable compounds of the strong metals, 
and their conquest and util ization are the peculiar and 
special province of electro-chemistry. 

According to the estimate of the indefatigable chem­
ist of the Geological Survey, F .  W.  Clarke, sil icon 
oxide forms 5 8.3 per cent of the contents of the sol id 
crust of the earth, aluminium oxide 14.7 per cent, iron 
oxide 7.8 per cent, calcium oxide 5.3 per cent and mag­
nesium oxide 4.5 per cent ; or, expressed in another 
way, sil icon 27 .2  per cent, aluminium 7.8 per cent, iron 
5.5 per cent, calcium 3.8 per cent, and magnesium 2 .7  
per  cent. 

With these figures in mind, may I not ask whether 
we fully real ize the significance of one of the latest 
el ectro-metallurgical triumphs, the production of me­
ta llic silicon on a large scale in the electric furnace at 
Niagara Falls lJy Mr. F. J. Ton e ?  While the catalogues 
of dealers in rare chemicals are still l isting sil icon at 
dollars an ounce, an electro-chemist has two barrelfuls 
of it which he is wondering if  any one will buy at a 
fraction of a dollar a pound! Could anyth ing better 
illustrate the revolutionary character of the el8ctro­
chmnistry? 

To say a word or two more about sil icon. I had a 
somewhat uncanny feeling when Mr. Tone introduced 
me to his half ll, ton of sil icon. "Here is," I sol ilo­
q1!ized, "the first chance which mankind has had to 
uti l ize the most alJundanL solid element on earth. What 
will lJe made of i t ?  Can it become as useful as iron? 
Probably not. Can applications be found for it which 
will bring it among the ordinary metals of every-day 
life ?  Possibly. In any event, here is the material , 
ready to hand ,  and no one but the electro-chemist 
could have made it." 

Something of the same feeling must have arisen in 
the mind of the chemist who first made aluminium a 
commercial possibility, but his expectations, based on 
his chemical process, were only actually realdzed when 
the electro-chemist gave his solution of th e problem. 
This very element illustrates one of the chief charac­
teristics of electro-chemical processes, viz., their poten­
tiality for improvement. Chemically produced alum­
inium was out of the race when the metal sold for one 
dollar per pound, yet the present market price is only 
one-third of that. After the chemical process has done 
its utmost, has said its last word , the electro-chemical 
process, which supersedes it, has only begun its march 
of improvement. 

CONTEMPORARY ELECTRICAL SCIENCE.* 
ELECTROLYTIC Tm;ATlImNT OF CA='!CER.-S. Leduc de­

scribes a remarkable  cure of a cancroid growth after 
a single introduction of the ion zinc. The growth 
was in the right wing of the patient's nose, and had 
existed in a constant state of ulceration for five years. 
The author applied to its whole surface a plug of 
hydrophil cotton impregnated with a 1 per cent solu­
tion of zinc chloride. This was connected up with the 
positive pole of a battery whose negative pole was 
connected with any other part of the body through a 
large indifferent electrOde. A current of 8 mill iam­
peres was passed for 12 minutes without causing any 
pain, and boric vaseline alone was subsequently ap­
plied. The crusts detached themselves immediately, 
and 10 days afterward the ulcer was completely scarred 
over and of good aspect. Ten weeks afterward, the 
scar remained perfect, with the exception of a slight  
flore at the  t ip  of the  nose, which was  treated sim­
ilarly.-S. Leduc, Arch. d 'Electr. Me(l., December 15, 
1903. 

N-RAYS.-H. Zahn has vainly endeavored to observe 
the N-rays discovered by Blotidlot. He says that the 
latter's experiments ItS described by him have b een 
repeated in several quarters, but so far without suc­
cess. He himself employed a method which he  claims 
to be more sensitive, as well as more objective, than 
that of Blondlot. He allowed a small sensitive flame to 
iHuminate a selenium cell, hoping to find the existence 
of N-rays indicated by a change in its resistance. An 
Auer burner was surrounded by sheet-iron as in Blond­
lot's arrangement, and its l ight was concentrated upon 
a small gas jet placed in front of a selenium cell of 
6 ,000 ohms normal resistance. An alteration in  the 
resistance, amounting to 5 per cent, could have been 
determined with certaint:�, and as Blondlot's results 

• Compiled by E. E. Fournier d'Albe in the Electridali. 

lead one to expect a change in the brightness of the 
flame, amounting to at least 100 per cent, the experi­

,ment ought to have been successful .  But the result 
'was entirely negative. So it  was when the author 
operated with a small spark worked with a string in­
terrupter with terminals of various shapes and ma­
:terials. The author does not go so far as to deny the 

l
existence of the N-rays, but points out that their d is­
coverer has not described his experiments with suf­'
ficient detail, and that the rays can certainly not be 
so easily observed as he alleges.-H. Zahn, Phys. 
Zeitschr.,  December 15 ,  1903. 

N-RAYS EJlHTTrCll BY THE HC;J\{AN BODY.-A. Charpen­
tier has, successfully repeated some of Blondlot's ex­
periments on N-rays, and has observed that they are 
emitted by the muscles and nerves of the human body 
when in  a state of activity. He worked with a barium 
platino-cyanide screen brought to a state of faint 
luminosity by means of a piece of radium inclosed in 
black paper. The l uminosity of the screen was en­
hanced whenever N-rays fell upon it.  "I recognized at 
first," he says, "that the small phosphorescent or 
fluorescent object became more luminous when brought 
near the body. Further, this increase is more con­
siderable near a muscle, and i s  the greater the more 
strongly the muscle is contracted. It is  the same in 
the neighborhood of a nerve or a nerve center, where 
the effect increases with the degree of activity of the 
nerve or nerve center." The effect is transmitted 
across aluminium anll other bodies transparent to 
N-rays, and stopped by moist paper, and partly by 
lead. The rays may also be reflected , refracted, and 
condensed. They are not an effect of heat, for they 
are transmitted through several layers of aluminium 
separated by air spaces. Neither are they an effect 
of stored sunlight, since they remain the same after 
nine hours spent in complete darkness. The author 
points out the great importance of these physiologi­
cal actions in view of the fact that we now have a 
direct external reaction of an excited nerve. He 
also describes a process for mapping out active mus­
cles in the l iving subj ect, notably the heart, which is 
a muscle in  a continuous state of activity.-A. Char­
pentier, Comptes Rendus, December 14, 1903 . 

MAG:"(ETw RtlTATIO='!AL DrS'I'I'�RSW='!.-J. Disch has 
tested Wiedemann's law, according to which the F'ara­
day effect is strictly proportional to the natural rota­
tional d ispersion of the substance. For this purpose he 
determined both the natural and the magnetic rota· 
tional dispersion for a number of transparent sub­
stances showing no absorption within the visible 
flpectrum and requiring no inactive solvent. The sub­
stances investigated included oil of turpentine of 
German, French, and American manufacture, paraffin 
oil, valerianic acid ethyl ,  diethyltartrate and quartz. 
The Arons mercury arc was employed as a source 
of l iglft, the particular l ine required being sifted out 
in the polaristrobometer. In the case of quartz, the 
proportionality appears to be almost perfect. In the 
case of valerianic acid etbyl ,  however, there is a dis­
tinct lag in the magnetic dispersion in comparison 
with the natural dispersion as the shorter wave-lengths 
are approached.  Taking the ratio for 656 IIfI as unity, 
tbe natural rotational dispersion becomeS 2.573 at 
436 /111, but the magnetic rotational dispersion be­
comes only 2.267 for the same wave-length. The other 
substances show similar discrepancies. The fact that 
quartz does not show them is attributed by the author 
to the fact that right-handed quartz is optically homo­
geneous, and contains no trace of left-handed quartz. 
The other substances probably contain active aggre­
gates of molecules which modify the natural rota­
tional dispersion. The author tested the equations 
formulated by Boltzmann, Carvallo,  and Drude to 
express the dispersion in terms of the wave-length , 
and found that they apply equally well to the magnetic 
dispersion.-.J. D isch, An n.  del' Physik, No. 13, 1 903. 

SIlII'I'LE FORilf OF WEII='!ELT I;.;n;rlRUPTER.-Referring 
to Zehnder's simplified form of Wehnelt interrupter­
wh ich, by the way, appears to have been already 
patented by Ernecl,e-W. van Dam describes a further 
simpl ification. The difficulty of mounting the platinum 
pencil in such a manner that no l iquid can pass it is 
overcome by using I ndia rubber instead of ebonite. 
As long as the current does not exceed 0.6 ampere per 
square mill imeter, good Para rubber is consumed ex­
ceedingly slowly. The author has only once renewed 
the rubber in his apparatus within the last two years. 
In any case, the operation is one  of extreme simplicity. 
The brass rod with the soldered-in platinum wire can 
be placed d irectly in the glass tube without using an 
extra brass tube. Hard solder need not be used, since 
the joint does not come into contact with acid. The 
concussions are deadened by the rubber i n  such a man­
ner that there is  practically no danger of brealmges.  
The author uses a tube of 8 mm. internal diameter, 
to one end of which another tube half that width and 
about 3 cm. long is fused. The brass rod with plat­
inum wire 1 mm. thick is  introduced into the glass 
tube, and a piece of tubing of the best Para rubber 
and less than 1 mm. in internal diameter is slipped 
over the projecting platinum wire. I t  is wetted with 
water and then pressed into the narrow tubing.-W. 
van Dam, Ann. der Physik, No. 13,  1903. 

SepPREflflION OF HYSTEilEflIS.-P. Duhem discusses 
Maurain's observations of the suppression of hysteresis 
by a rapidly varying field from the point of view of a 
theory which he has developed in numerous publica­
tions. In this theory, an essential part is played by 
a l ine which he call s  the "line of natural states." 
Traced on a diagram, in which the abscisslE are the 

field strengths H and the ordinates are the intensi­
ties of magnetization 111, it passes through the origin 
and is symmetrical with respect to it. I t  is this l ine 
of natural states which marks out what Maurain 
would call the "curve of normal magnetization." One 
of the results of the author's theory is stated as follows: 
"Given a magnetic field undergoing u double and sym­
metrical oscillation between two finite values positive 
and negative, what will be the l imiting form of the 
effect produced as the time of oscillation tends toward 
zero ? I t  is found that this magnetic cycle, descrilJed 
very rapidly between two finite values, is equivalent 
to a magnetic cycle described slowly between two in­
finitely small values, which are, of course, incapable 
of magnetizing iron." I f  a piece of iron is simultan­
eously subjected to two finite fields, both in the same 
d irection , but one of which is constant while the other 
oscillates with extreme rapidity between two equal 
values of opposite sign, the result will  be the same as 
if  it had been submitted to the action Clf a field under­
going very slow, very small and very numerous oscil­
lations about the valu e  of the constant field .  Marconi 
attributed the effe('ts produced in his receiver to the 
suppression of magnetic viscosity, whereas Tissot was 
the first to postulate the suppression of magnetic 
hysteresis. The author's theory takes both these proc­
esses into account, but shows that it is just the inter­
vention of the viscosity which leads to the suppression 
of hysteresis in rapidly oscillating fields .-P. Duhem, 
Comptes Rendus, December 14, 1903. 

EARNI NGS AND EXPENSES OF AMERICAN 
RAILROADS. 

TIlE gross earnings of the railways in th8 United 
States from the operation of 205 ,313.54 miles of line 
were, for the year ending June 30, 1903 , $1,900,846,907, 
being $174,466 ,640 greater than for the previous year, 
Their operating expenses were $1 ,257 ,538 ,852 ,  or $141 ,-
290,105 more than in 1902. The following figures give 
gross earnings in detail, with the increase or the de 
('rease of the several items as compared w ith the previ­
ous year : Passenger 'revenue, $421,704,59 2-increase,  
$28,741,344 ; mail ,  $41 ,709,396-increase $1,873,552 ; ex­
press, $3 8 ,33 1 , 9 64-increase, $4,078,505 ; other earnings 
from passenger service, $9 ,8 21,277-increase, $962,508 ; 
freight revenue, $1 ,338 ,020,026-increase, $130,791.181 ; 
other earnings from freight service, $4 ,467,025-de­
crease, $379 ,693 ; other earnings from operation, includ­
ing unclassified items, $46 ,792,627-increase, $8,399,243 .  
Gross earnings from operation per mile of line aver­
aged $9 ,258 ,  the corresponding average for the yea1' 
1 902 being $633 l ess. 

The operating expenses were assigned to the foul' 
general divisions of such expenses, as follows : Main­
tenance of way and structures, $266 ,421,774 ; ma.inten­
ance of equipment, $240,429 ,742 ;  conducting transpor' 
ta tion, $ 702,509, 818; general expenses, $47,767,947 ; 
undistributed, $409 ,571. Operating expenses were 
$6,125 per mile of line,  having increased $548 per mile 
in comparison with the preceding year. The statistical 
report contains an analysis of the operating expenses 
for the year according to the fifty-three accounts pre­
scribed in the official classification of these expenses, 
with the percentage of each item of the expenses as 
classified for the years 1897  to 1903. 

The income from operation, or the net earnings, of 
the railways amounted to $643,308,055. This item 
when compared with the net earnings of the year 1902, 
shows an increase of $33 ,176 ,535. Net earnings per 
mile for 1903 averaged $3,13 3 ;  for 1902,  $3 ,048, and for 
1901, $2,854 .  The amount of income obtained from 
other sources than operation was $205 ,687 ,480. I n  this 
amount are included the following items : I ncome 
from lease of road, $109,696 ,201 ; .:ividends on stocks 
owned, $40,081 ,725 ; interest on bonds "lwned, $P,696 ,-
586 ; and miscellaneous income, $38 ,212 ,968. The total 
income of the railways, $8 48 ,995 ,535-that is, the in­
come from operation and from other sources-is th� 
amount from which fixed charges and similar items oof 
expenditure are deducted to ascertain the sum avail­
able for dividends. Dedudions of such nature totalized 
$55 2 ,619,490, leaving $296 ,376 ,045 as the net income for 
the year available for dividends or surplus. 

The amount of dividends declared during the year 
( including $420,400, other payments from net incom e )  
was $197 ,148 ,576 ,  leaving as the surplus from t h e  opera­
tions of the year ending June 30, 1903, $99 , 2 27,469,  that 
of the previous year having been $94,85 5 ,088. The 
amount stated above for deductions from income, 
$5 5 2,619 ,490 comprises the following items : Salaries 
and maintenance of organization, $430,427 ; interest 
accrued on funded debt, $283,953 ,124 ; interest on cur­
rent l iabilities, $9,060,645 ; rents paid for lease of road, 
$11 2 , 230,384 ; taxes, $57 ,849 ,569 ; permanent improve­
ments charged to income account, $41 ,948 ,183 ; other 
deductions, $47,147,158 .  

I t  is perhaps appropriate to mention that the fore­
going figures for lhe income and expenditures of the 
railways, being compiled from the annual returns of 
leased roads as well as of operating roads, necessarily 
include dupl ications in certain items of income, and 
also of expenditure, since, in general , the income of a 
leased road is the rent paid by the company which 
operates it. The repon, however, includes a summary 
presenting the income account of the railways con­
sidered as a single  system, from which intercorporate 
payments are eliminated. 

The summary showing the taxes and assessments of 
the railways by States and Territories and per mile of 
line, and also the analysis of taxes showing the hasis  
of  payments according to the various laws under which 
railways are taxed, are repeated in the present report. 
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[Continlled from SUPPLEM>;N1' No. j191, page 23896.] 
THE ELECTRO-METALLURGY OF IRON AND 

STEEL. * 

By E;VULE GUARI""I. 
WE now come to the induction system, which, in our 

opinion, constitutes the ideal as regani" electric fur-

Stassano's 500·Horse-Power Electnc Furnace , OperatlIlg 
with � Current of 200 Volts and 1,800 to 2,000 Amperes . 
This Furnace Represents the Intermediary Stage Be­
tween Stassano's First and Latest Designs. 

naces. This system has all the advantages of the re­
sistance arc without its inconveniences. In it  the fur­
nace mass constitutes the secondary of an i nduction 
coil that may at some time be a converter. The cur­
rent may, therefore, be one of a very high tension re­
quiring very small wires. This constitutes a great ad­
vantage for the util illation of the current coming 
from a very remote hydro-electric central station. 
What really constitutes the a(lvantage of the system, 
however, is the abol ition of electrodes and of all th e 
drawbacks that result therefrom in the two preceding 
systems. Among other advantages may be maintained 
the possibil ity of greatly increasing the cbarge of the 
furnace, of employing sil icate and magnesia for the 
lining of the furnace, and, final ly,  the absence of con­
tact of the steel with the gases of combustion that 
injure its quality. A very high efficiency may be pre­
dicted for this system if  we consider that in certain 
converters whose furnaces are well-nigh perfect, as 
high" as 97 per cent efficiency i s  obtained. We shall 
now give a short description of the d ifferent kinds of 
furnaces, and dwell especial ly upon those that have 
been actually used. 

ARC 1"IlIlNACF;S. 
Let us in the first place mention the S iemens and 

Moissan furnaces, which have an historical importance. 
Siemens devised the furnace with independent elec­
trodes and with an electrode formed by the material 
to be melted. His first furnace comprised a refractory 
crucible, the bottom of which formed one of the elec­
trodes. The carbon electrode was afterward exchanged 
for a. copper one cooled by water. 

* Specially prepared for the SCIENTIFIC AMEUWAN SUI'PLE"ENT. 

The Moissan furnace is formed of a block of quick­
l ime i n  two parts, each containing a semi-ell ipsoid 
cavity. The lower arc receives the metal , and above 
the latter is formed the arc that h eats it by radiat ion. 
The Ruthenburg furnace, which is  especially designed 
for the treatment of magnetic ores in powder, con­
sists of two hollow cones connected by their bases and 

Stassano's Original Furnace, Built at Rome. 

�' �-. ---
The Kjellin Electric Steel Furnace. 

M. Fnrnace room. B B. Covers. C. Qlladrangnlar core or cone. 
DD. Coil. 

surrounded by a strong electro-magnet for directing 
the particles of the arc. The arc forms between the 
two pOints. 

The Stassano furnace, 'n its most recent form, is 
the most highly improved vI the are furnaces, and, de· 
spite the defects inherent in the use of the arc, has 
given remarkabl e  results. The inventor for a long 
time struggled with innumerable difficulties created by 
adversaries, but seems to be upon th" point of triumph· 
ing over all  opposition, thanks to the aid of the steel 

Switchboard and V alves for Operating the Hydraulic 
Cylinders Controlling the Electrodes of the Stassano 
Furnace. 

works of Turin. A furnace of this type was con­
structed and experimented with for an entire year. The 
experiments, which were i nterrupted, are to be re­
sumed, and a syndicate is about to be formed to exploit 
the system. 

The first model of the Stassano furnace in its general 
form resembles a blast furnace. The molten metal col­
lects in a crucible provided with a tap-hole. The arc 
forms between two carbon electrodes,  the spacing of 
which is regulated by hand according to the readings 
of a voltmeter and amperemeter. The electrodes are 
above the crucible.  A special system of pipes affords 
an exit to the gas. In order to wevent the materials 
from offering too great a resistanr�e to 1 he passage of 
the gas,  the whole is  reduced to powder and agglomer­
ated into briquettes by means of tar. These briqndtes 
are broken into 1 % to 2-inch pieces [or charging the ap­
paratus. 

The new Stassano furnace is of the revolving 
hearth type. The materials are pulverized,  as before, 
with coke and flux. Instead of using air as a carburant, 
what is known as the ore process has been adopted. 
This consists in introducing, as an el emen t for furnish­
ing oxygen, an oxide of iron,  wbich, upon becoming re­
duced, sets at l iberty the oxygen tbat is to bllrn the car­
bon of the molten metal .  In order to regulate the quan­
tity of heat suppl ied to the furnace, which must be great­
er at the beginning of the reaction than during the oper­
ation, M. Stassano has adopted a coupled arc arrange­
ment in which a variabl e  n umber of ares are connected 
in circuit according to requirements. The revolving 
base plat2 renders it ]Jossible to obtain a perfect agita­
tion of tbe material during the fusion. 'fhe inventor 

Stassano 150 Horse - Power Electric Furnace at Darfo. The Lower Part of the Fur­
nace is Similar to that Used by Sta ssano in His Earlier Experiments and 
is the One which Showed to Him the Necessity of Adopting His Latest Type. 

The Stassano Electric Furnace at the Turin Plant. This Furnace Represents the 
Latest Development in Stassano's Researches. 

THE. ELECTRO-METALLURGY OF IRON AND STEEL. 
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has, moreover, remedied the inconveniences of the Mar· 

tin·Pernot revolving hearth by setting in motion the 

entire fusion chamber, so that there is no longer any 

fear of a foreign body falling into the molten mass and 

at the entrance of cold air into the bath. The last 

Stassano's Latest Form of Revolving Electric Furnace. 
V erti�l Section. 

Stassano Electric Furnace with Several Pairs of 
Electrodes. 

I 

_ ..•... ... HI] .. 
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i 

fII·-
Stassano Electric Furnace Constructed at Darfo 

(Plan). 

Stassano Electric Furnace with Several Pairs of 
Electrodes. (View from Above.) 

PUBLIC SERVICE OF RAILWAYS. 

THE number of passengers reported as carried by 

the railways in the year ending June 30, 1903, was 

694,891,535, indicating an increase of 45,013,030 as com· 

tonnage of the previous year by 104,078,536 tons. The 

ton·mileage, or the number of tons carried 1 mile, was 

173,222,278,993, the increase being 15,932,908,940. The 

number of tons carried 1 mile per mile of line was 

855,447, which figures indicate an increase in the dens· 

�'B 

I 
D 

Stassano's Latest Form of Revolving Electric Furnace. Partial 
Plan and Section. 

Stassano Electr�c Furnace, 5eO·H. P Stassano Electric 
Built at Darfo. Furnace, Constructed at Darfo. 

The Stassano Electric Furnace. (Primitive Form 
Experimented with at Rome.) 

Stassano's Oscillating Furnace for the 
Electrical Reduction of Iron Ores. 

Sta ssano El ectric Furnace with Revolving 
Dead-plate for the Reduction of Iron Ore. 

(Bearing Whee !. ) 

The Stassano Electric Furnace. (Modified Type 
Constructed at Dado.) 

Stassano Electric Furnace with Several Pairs of 
Electrodes. (Cross Section.) 

Stassano Electric Furnace with Several Pairs of 
Electrodes. (Longitudinal Section.) 

.THE ELECTRO-METALLURGY OF IRON AND STEEL. 

experiments showed the possibility of obtaining pro­

ducts that are uniform and very pure, especially soft 

iron containing but very little manganese and capable 

of meeting all the requirements of the industries, 

especially the electric. 

( To be. continued. ) 

pared with the year ending June 30, 1902. The pas· 

senger'mileage, or the number of passengers carried 1. 
mile, was 20,915,763,881, having increased 1,225,826,261. 

The number of tons of freight reported as carried 

( including freight received from connecting roads and 

other carriers) was 1,304,394,323, which exceeds the 

ity of freight traffic of 62,096 ton·miles per mile of line. 

The average revenue per passenger per .mile for the 

year mentioned was 2.006 cents, the average for the 

preceding year being 1.986 cents. The average revenu.e 

per ton per mile was 0.763 cent. This average for the 

preceding year was 0.757 cent. Earnings per train 
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mile show an increase both for passenger and freight 
trains.· The average cost of running a train 1 mile 
appears to have increased between 8 and 9 cents. The 
ratio of operating expenses to earnings, 6 6 . 1 6  per cent, 
al so increased in comparison with the preceding year, 
when it was 6 4 . 6 6  per cent. 

A summary of freight traffic, classified on the basis 
of a commodity classification embracing some thirty­
eight items, is  continued for the year under review. 

[ Contin ued from SUPPLEMENT No. 14U l ,  page 23895. ) 

RESULTS OF BORAX EXPERIMENTS.* 

By DR.  H .  W . WILEY. 

MEDICAL SUPEHVISlO N .  

IT was deemed important to have competent medical 
supervision of the members of the experimental class 
in order that the results of the investigations might 
be studied also from the point of v iew of the physician. 
It was also thought best that this supervision should 
come for this purpose from an official source. ' 'fo this 
end the Secretary of Agriculture addressed the follow­
ing communication to the Secretary of the Treasury : 

"I have the honor to ask that you request the Sur­
geon-General of the Public Health and Marine Hospital 
Service to detail a physician from his staff to make 
physical and medical examinations of the young men 
employed in this Department in testing the effect of 
preservatives upon the health of the consumer. 

"There will not be any very great drain upon the 
time of this expert, since the examinations are to be 
made only about once in ten days, on six young men, 
and will  not consume, probably, over two hours, mak­
ing a total of not to exceed llix hours' service per 
month. 

"In this connection I beg to suggest that the Sur­
geon-General arrange with Dr. H. W. Wiley ,  the Chief 
of the Bureau of Chemistry, for the details of these 
examinations." 

The following reply was received to the above com­
munication : 

"I have the honor to acknowledge the receipt of your 
communication of January 28, 1903, requesting that the 
Surgeon-General of the Public Health and Marine Hos­
pital Service be asked to detail a physician from his 
staff to make physical and medical examinations of 
the young men employed in your department in test­
ing the effect of preservatives upon the health of the 
consumer. 

"In reply I have to inform you that your communi­
cation has been forwarded to the Surgeon-General of 
the Public Health and Marine Hospital Service, who 
informs me that he wil l  detail  Assistant Surgeon-Gen­
eral H_ D.  Geddings to make the desired examinations. 

"The Surgeon-General further informs me that he 
hai communicated with Prof. H_  W.  Wiley, the Chief 
of the �ureau of Chemistry of your Department, and 
that Doctor Geddings has ueen instructed to arrange 
details with Prof_ Wiley in the matter." 

In harmony with the above arrangement, Dr. Ged­
dings regularly visited the young men under experi­
ment once a week, giving them a careful phYSical ex­
amination, inquiring in regard to symptoms of any 
disturbances in their physical . state, and prescribing 
for them when they fell ill, either incidentally to their 
work or independently thereof. Unfortunately, in sev­
eral cases, the members of the training table suffered 
severely from colds, influenza, and grippe to such an 
extent as often to lose the value of their services dur­
ing a whole period.  These cases of i l lness, not due to 
the action of the preservatives, are duly noted in the 
proper places in the details of the experimental work. 

Examination of the Blood. 

Any changes which might take place in the relative 
number of corpuscles in the blood,  or in the blood 
coloring matter, are of value in determining the gen­
eral effect of the added preservatives upon health and 
digestion. To study this, the ordinary methods of 
counting the blood corpuscles and measuring the col­
oring matter in the blood were followed. Valuable 
help in the initiation of this work was obtained from 
Dr_ William B. French and Dr. E. B. Behrends. The 
actual examination of blood, for the purposes men­
tioned, was conducted by Messrs . B .  J . . Howard and C. 
P. Knight. The work on the examination of the blood 
was not commenced at the beginning of the experiment, 
and so i t  does not cover the whole time of the experi­
mental work. 

Determination of Temperature. 

The temperature of the blood was taken sub lingua 

before and after dinner each day. This method is prob­
ably the least accurate of any in common use_ It is ,  
however, convenient and easy. S ince the chief ob­
ject of th e determination was to d isclose any notable 
departures from the normal ,  the method was considered 
fairly reliable. 

Standard clinical thermometers of maximum regis­
tration were used for this purpose, each subject being 
supplied with a separate thermometer. These ther­
mometers were all graduated through the courtesy of 
the Bureau of Standards. 

The rate of pulse was also determined in connection 
with the determination of the temperature. This is, 
however, not a matter of so very much importance be­
cause of the ease with which the rate of pulse is  varied 
by exercise and emotional influences. 

In general, an attempt was made to control as fully 
as possible all  the avenues which might lead to any 
useful information concerning changes, even of a min-

• Digest of Bu l letin No. 84, gi ving the plan of work and concl usions as 
to effects of boric acid and borax on digestion and health. 

ute character, in the functional activities of the body 
during the period of observation. As has already been 
intimated, the final verification of any small changes of 
an organic nature, especially of inCipient lesions which 
may take place, is denied in experiment upon human 
beings, but, in  so far as possible, any intimations of 
such changes, which could have been secured by any 
of the ordina

'
ry methods of study, were noted. 

In data of this kind, namely the determination of 
the temperature, pulse beat, etc., where dependence is 
placed upon the subject himself, there are doubtlel?s 
errors of observation which are undetected .  Instruc­
tions, however, were given, and in so far as possible 
carried out, to the effect that any variation of a marked 
character must b e  verified by a second observer. This 
rule applied, not only to the variations in  the body 
weight from day to day, but also to the departure of 
the temperature from the normal, and to the variations 
in the rate of pulsation of the heart. Thus, whenever 
one individual in the class noted any marked variation 
from the normal he cal led upon either one of the super­
intendents or one of his fellows to verUy the numbers 
which he  had observed. By taking this precaution 
many errors which otherwise would have crept into 
the reports were avoided.  

Body Weights. 

The weights of the body were ascertained by means 
of a platform scale with agate bearings, and of a deli­
cacy sufficient to register easily differences of weight of 
10 gramme's when carrying a man of average weight. 
The subjects were weighed naked, as it is  not safe to 
assume that the weight of clothing remains constant, 
for even if  the same kind or character of clothing be 
worn, the variation in weight is very great because of 
changes in the hygroscopic condition of the atmo­
sphere. Thus a given amount of clothing would show 
very different weights on a dry and on a wet day. 

In  the general discussion of the influence of weights 
it  is always advisable to take the average weight for a 
period of days rather than the separate weight for any 
one day. In the interpretation of the value of the 
body weight it should not be forgotten that a loss in 
weight must not be interpreted to mean always de­
fective nutrition, nor a gain in weight be attributed al­
ways to conditions favorable to health. The accumu­
lation of an excessive amount of fat is not an evidence 
of excellent digestion or  normal increase. I t  may be 
due to a perversion, to some extent, of the processes of 
assimilation. On the other hand, a loss of weight is 
not always to be interpreted as indicating an unfavor­
able condition of nutrition, because in persons who in­
dulge in over-feeding, or who have accumulated ex­
cessive fat for other reasons, a diminution of weight 
may be distinctly favorable to better digestion and 
health. Nevertheless, in a state of normal equil ibrium 
when the food supply remains constant, any marked 
variations in  weight can not be regarded as wholly 
normal .  

IlIF�'ICULTIES C O N N ECTED W I T H  T H E  WOHK. 

Ool lection of Excreta. 

Aside from the usual difficulties connected with an­
alytical practice, which must always be taken into con· 
sideration, there are some special points in connection 
with a work of this kind which must be mentioned . 
These difficulties are connected chiefly w ith the col lec­
tion and analysis of the excreta. The prinCipal object 
in the analysis of the excreta, as is  evident, is to es­
tablish the relation between certain ingested elements 
and those which appear in the excreta. Certain forms 
of food are more or less completely changed in pa�s­
ing through the body, and are oxidized and mani­
fested as heat and energy_ The fats and carbohy­
drates are types of food of this kind_ Certain other 
elements in foods, while they undergo marked changes 
of combination during d igestion, assimilation, and ex­
cretion, appear in the excreta in practically the same 
quantity in  which they are found in the food. Among 
these substances may be particularly mentioned nitro­
gen, sulphur, and phosphorus. 

In a state of equilibrium, where the body is exercis­
ing all of its functions in  a normal manner, and where 
there is neither increase nor decrease in body weight, 
the quantities of nitrogen, sulphur, and phosphorus 
which are excreted sh�l d  be the same as those which 
are ingested in the food . This should not be construed 
to imply that the actual elements eaten on one day ap­
pear in  the excreta of  the next day. This is far from 
being the case. It  may require many days, weeks, or 
even months, for a given particle of nitrogen, sulphur, 
or phosphorus ingested in the food to reappear in the 
excreta. I t  is  sufficient, however, for the purpose of 
establ ishing the balance between these ingested sub­
stances and those which are recovered in the excreta 
to assume that the quantities forced out of the body 
each day when in a normal state are equivalent in all 
respects to those which are introduced. As an il lus­
tration, the case of a tube long enough to hold a hun­
dred marbles may be cited. If an additional marble 
be forced in at one end of the tube, a marble of equal 
magnitude will be  forced out at the other, and thus 
the balance will be maintained in the tube. So, in a 
state of equil ibrium, each molecule or atom of nitro­
gen, phosphorus, or sulphur entering the body will be 
represented by a similar .molecule or atom of these re­
spective substances forced out of the body. 

Were it practicable in experiments such as these to 
collect absolutely every particle of emergent nitro­
gen, for instance, the balance between the entering and 
departing nitrogen shoul d  be complete. I n  these ex­
periments, however, no attempt was made to col lect any 
of  the nitrogen except that removed from the body in 
the urine and feces. This, of  course, represents nearly 

all of the nitrogen excreted, but not quite all.  Small 
amounts of nitrogen are separated from the body in the 
hair, the nails, and the desquamations from the sur­
face of the body. Thus, in a perfectly normal state of 
the body, the sum of the nitrogen excreted in  the urine 
and feces would not represent the total amount in­
gested in the food. On the other hand, in abnormal 
states of the body, where the breaking down of the 
tissues is going on more rapidly than their building 
up, just the reverse condition would prove true. The 
same statements may be made with reference to the 
sulphur and phosphorus. 

It is evident, however, that, if  a relation can be estab­
lished between the total amount of these substances 
entering the food and that leaving the body in the 
urine and feces, any disturbance of that relation by 
the addition of an abnormal constituent to the food ,  
such as a preservative, can be easily detected. There­
fore, for the purposes of these investigations, the fact 
that complete collection of these elements from the 
body is not secured is not a valid objection to the de­
ductions which are made from the data. Nevertheless, 
it should be pointed out with clearness and frankness 
that in the conditions in which these experiments were 
made there are possibil ities of error which must not 
be overlooked. Carelessness on the part of the obser­
ver himself in the collection of the excreta, a v iola­
tion of the pledge in regard to the conduct of l ife, or 
an error in analysis would each tend to render the 
results of less value. That such errors have been 
wholly excluded from the data submitted is not likely. 
On the other hand, errors of this kind which may have 
been introduced could not have been purposely made in 
order to modify the final results of the investigation. 
Hence it is fair  to assume that such errors are to a 
certain extent compensatory, and that they do not af­
fect seriously the conclusions based upon the data as a 
whole. Those who have worked in investigations of 
this kind, h owever, will  understand the great difficul­
ties which attend them, as well as the care which has 
to be exercised in their conduct, and will be the more 
ready to excuse any unavoidable error which may have 
crept in,  either in the conduct of the work or the 
morale  of those who were subjected to the experiment. 

Effectg of Regular Hab�ts Of Life. 

Another important factor must be considered in the 
interpretation of the data which have been obtained in 
these experiments, namely, the effect of regular habits 
of living, uniform quantity of diet, and general con­
trol of the appetite upon the physical well-being of 
the subject. 

It  is usual ly considered by physiologists and phYSi­
cians that regular habits of l ife conduce to health and 
strength. This theory has been corroborated by the 
results of the experimental work here detailed_ While 
it is true that in many instances during the progress 
of the investigation the members of the table were 
made temporari l y  ill by the quantities of the preserva­
tives administered, it is ,  nevertheless, an interesting 
fact to note that at the end of the year, after the final 
"after period" had been passed, they appeared to be, 
and declared themselves to be, in better physical condi­
tion than when they entered upon the experimentai 
work seven months before. 

This fact, as has already been stated ,  must not be 
neglected , since it is evident that the tendency to­
ward a good physical state and good health produced 
by the regular habits of life might counteract the un­
favorable tendency of any exhibited preservative, so 
that at the end of the observation, if the results were 
judged only by the condition of the subject at that 
time, they might be pronounced negative or even help­
ful ,  whereas in point of fact, the preservative might 
have produced injurious effects. Self-restraint, tem­
perance, regularity of exercise, regularity in hours of 
sleep and hours of work are believed to have favorable 
effects, and these were manifested in a marked degree 
throughout the whole of the experimental work. 

Mental Attitude. 

That the personal attitude of the individual experi­
mented upon influences, to a certain degree, the prog­
ress of digestion is undoubtedly true. Every physi­
cian and physiologist is famil iar with the marked ef­
fect which mental states produce upon the bodily func­
tions. These effects may be either favorable or  unfa­
vorable.  Cheerful surroundings, good company, and, in 
general,  an agreeable  environment tend to promote the 
favorable progress of digestion. A reversal of the con­
ditions of environment to the d isagreeable,  combined 
with mental depression,  bad news, and other unfavor­
able conditions, have exactly the opposite effect. 

The question, therefore, arose in connection with 
th e experimental work as to the advisability and pos­
sibility of preventing the mental attitude from produc­
ing any effect. A careful consid eration of all the 
conditions of the problem made it  clear that it  would 
be impossible to conduct the experiments in any way 
which would exclude from th e knowledge of the parti­
cipant the fact that preservatives were added to the 
food. It was fully understood that he  was employed 
for this purpose, and the very moment that the obser­
vation began upon his daily l ife, by weighing the food 
[.nd collecting the excreta, he  woul d be aware of the 
fact that he was under observation and was probably 
partaking of preservatives. 

The question also arose whether or  not the preserva­
tives should be given in capsules openly or whether 
they should be concealed in  the food itself.  Both of 
these methods received a thorough experimental trial . 
When the preservative was mixed with the food in such 
a way as to conceal its physical appearance, a certain 
d i sl ike of the food in which it was supposed to be was 
manifested by some of the members of the table. Those 
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who thought the preservative was concealed i n  t h e  b u t­
ter were d i sposed to find the butter unpalatable, and 
the same was t r u e  with those who thought it  m ight b e  
i n  t h e  m i l k  o r  t h e  coffee. W h e n ,  o n  the other hand, 
the preservative was given i n  the capsules with the 
f u l l  knowledge o f  the subject,  much l ess disturbance 
was created. In fact, a fter a day o r  two, when the 
subject became used to the fact that he was taking a 
preservative, it was p. p parent that t h e  effect of the 
mental attitude was not at a l l  noticeable. A l l  the 
foods offered were relished because they were known 
to contain no preservative, while the preservative,  it ­
�elf,  exhibited in the form o f  a eaps u l e ,  i mparted no 
bad taste o r  other d i sagreeabl e  effect. 

If an experiment of  this Idnd were to be continued 
only a few days, i t  i s  evident that the mental attitude 
of the subjeet wou l d  be a matt e r  o f  m u e h  concern, but 
when from 30 to 7 0  days a r e  emplciyed i n  one series of 
observations,  and espec ially when the observations are 
continued for many months, th is  effeet rap i d l y  wears 
away, and probably does not influence the final results 
in any apprecia b l e  mann er. 

The young men were cautioned to avo i d  d iscussing 
t h e  development o f  any symptoms which they might 
notice among themselves and were u rged not to dwell  
upon any i n d ications o f  abnormal e o n d i tions which 
they might experience,  but to keep their minds em­
ployed on their usual vocations and to avoid thinking, 
al:i much as possi b l e ,  about the experiments which they 
were undergo ing. In most cases this course o f  pro­
cedure had its desired effect, and from the general de­
portment of those upon whom the experiments were 
made it  may be stated ,  with a considerab l e  degree o f  
confidence, that the mental state as a whole had v e ry 
little influence upon the course and progress of d i ­
gestion.  

I t  i s in t h i s  parti c u l a r ,  namely,  the mental attitude, 
that experiments conducted w i t h  artificial d igestion 
and experiments cond ucted upon the lower animals 
have decided ad vantages. Yet it must be a d m i tted that 
in the latter case the confinement to which the animals 
are subjected probab l y  produces a men tal attitude 
more prej ud icial  t o  normal physiol ogical processes 
than that produced i n  t h e  case of  the man who u n der­
stands ful ly the conditions which surround h i m .  

C lassification and l n t erpre'tation o f  t h e  D a t a .  

The great d ifficulties o f  correctly s t u d y i n g  the ex­
tensive data wh ieh these experiments have given and 
d rawing therefrom the proper conelusions are f u l l y  
real ized.  The u t m o s t  c a r e  must be exercised in these 
cases to remove a l l  poss i b l e  personal b ias and to free 
one's self,  in so far as poss i b l e , from the weight of  au­
thorities which have been cons u l t e d .  Publ ic  opinion,  
also,  mus t not -be forgotten in th i s  respect, especial l y  
when i t  is  consi d e red that - it i s  a l m ost universal l y  be­
l ieved by the great majority o f  o u r  people that added 
preservatives are always injurious and i n  many in­
stances poisonous. But even when personal bias, 
w eight of  authority,  and publ i c  opinion are eli m i n ­
ated f r o m  t h e  prob l e m ,  i t  is  st i l l  a m o s t  difficul t one. 
So many elem ents enter into its study,  so many con­
ditions difficult to control , so many i d iosyncrasies are 
to be reckoned w i t h ,  so many external causes i n flu enc­
ing health are beyond contro l ,  that it  is  d ifficult  in 
many cases to decide,  where variations are noticed,  as 
to the exact or even the apparent cause which has 
produced them . 

The probl e m ,  therefore, has been attacked with a 
full  knowledge of its difficulty and w ith th e desire to 
be conservati v e  and free from dogmatism. I t  wo u ld 
probab l y  b e  better i f  a l l  the deta i l e d  data which have  
been- secu red could be ] lrinted in connection with this 
d i scussion, so that the critical reader m i ght be abl e i n  
every instance to refer to t h e  original figures. Enor­
mous space, however, wou l d  be occupied by the data, 
and the fact that i n  most cases they would be o f  l ittle  
use in detail  has l e d  to the decision to publ ish only 
summaries,  with such detail  as may be necessary to 
poi nt out the way i n  which the general data have been 
obtained.  I f, as may appear later o n ,  a l l  points of  the 
problem have not been eluci dated, the fa i l u r e  has not 
arisen either from lack o f  desire or from want o f  in­
dustry i n  the conduct o f  the experiment.  It i s  to be 
attributed rather to the l i m itations placed upon the 
observers, either by lack o f  experi ence o r  by lack of 
knowl edge how to properly classify, d i gest, and study 
the data at their disposition. A serious attempt has 
been made to present these data i n  their fu l l  sign i fi­
cance, and in no case has any tampering therewith 
been counsel e d ,  desired,  o r  permitted.  The unfortu­
nate fact that many o f  the data are contradictory 
m ust b e  accepted w ith out question. A s  the j u d ge and 
the jury i n  the l i gh t  o f  contradictory evidence seek to 
dec i d e  which is  th e more trustworthy, so have the 
data herein conta ined been interpreted with a v i ew, if 
possible,  to give th e  greater weight to those which de­
serve the greater credit .  

To give an idea o f  the v o l u me o f  work involved i n  
t h i s  investigation , the f o l l o w i n g  approximate estimate 
is gi ven o f  the number o f  samples analyzed and the 
number of record and calculation forms used , though 
t·h is  b u t  inatlequatel y represents th e deta i l s  of the work 
in all  i t s  phases. 

Number o f  samples analyzed, etc. 
[ Number o f  days o f  observation, 19 6.1 

Food samples . . . . . . . . . . . . . . . . . . . . . . . . .  2,550 

Urine sampl es . . . . . . . . . . . . . . . . . . .  , . . . .  1 , 175 

Feces samples . . . . . . . . . . . . . . . . . . . . . . . .  1,175 

Microscopical examinations : 
Urine . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 

Blood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 

Total • • • • • • • • • . • . • • • . . . . . . . . . . . . .  5 ,085 

Number o f  record sheets, balances, etc. 
Menu sheets . . . . . . . . . . . . . . . . . . . . . . . . . .  3 , 6 1 8  
D a i l y  sheets . . . . . . . . . . . . . . . . . . . . . . . . . .  1 , 206 

Amount and composition of food . . . . . .  1,206 

Food calculation sheets . . . . . . . . . . . . . . . . 75 

Feces : 
Amount and composition . . . . . . . . . . . .  35 

Calculation sheets . . . . . . . . . . . . . . . . . . 65 

Urine sheets . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Balance tables . . . . . . . . . . . . . . . . . . . . . . . .  200 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6,4 25 

Each one o f  these analyses,  forms, and tabulations 
was used in preparing the summaries and conclusions 
which follow.  

( To b e  continued . ) 

THE EYES 01<' ANIMALS. 

LOO K at the eye of a deer and marvel at its l i q u i d  
d epth and beauty ; t h e  eye of  a d o g ,  and s e e  y o u r  affec­
tion m i rrored in his worshipful  gaze. This wonderful 
o rgan, though small ,  is  the principal fador i n  giving 
character and expression to a l i v in g  being. When a 
creature is dying,  it i s  the glaz ing eye which q u i c k l y  
and most surely betrays the p a s s i n g  v ital ity ; and t h e  
h i s t o r y  o f  eyes i s  as w o n d e r f u l  as their function. 

I f w e  reca l l  the saying that, w i th no eyes to see,  
color has no existence, we will  real i z e  at one t i m e  t h e  
e a r t h  and its surroundi ngs were p e r h a p s  un i form. 
B u t  even o u r  "mind's eye" refuses to image such a 
state of affairs ; sky, sea, land, crysta l s ,  flowers, a l l  a 
dead neutral tint.  However that may have been, there 
was certa i n l y  a time long ago - wh e n  no eyes o r  any­
thing l i k e  them had appeared. 

In creatures now l iving upon the earth, we may trace 
a series of  eyes from t h e  h i ghest and most efficient 
to the simplest dot of  black pigment. Th e eye of  the 
e a g l e  may stand for the first,  and the eye-spot of  the 
amp hioxus o r  the eight sense-germs of a j e l l yfish for 
t h e  other extreme o f  the series.  

The amphioxus is  a l ittle worm, o r  fishlike creature 
which most o f  the t i m e  l ives buried in t h e  sand of o u r  
seashores. He i s  interesting and impo rtant out o f  all 
proportion to his size, two i nch es, for he is one of the 
lowl iest creatures to be honored with a backbone, t h e  
c l ass m a r k  o f  a l l  h igher a n i m a l s .  He h a s  no sk u l l  
a n d  no bra i n ,  b u t  near th e front e n d  of t h e  thin thread 
o f  nerve ( the foreshadowing o f  o u r  spinal chord ) is  
a tiny b l ack dot.  By m eans o f  this,  h e  d istinguishes 
l ight from darkness, which i s  a l l  his si mpl e l i fe re­
quires. Let u s  not forget the position o f  this single,  
m ost primitive o f  eyes-in t h e  center o f  what would 
be the brain i f  the lo w ly creature had one.  

The eye of a j el lyfish i s  so primitive that we can 
h a r d l y  say whether it  sees o r  feels.  That i s ,  when a 
floating jellyfish begins to sink below the su rface o f  
the water as t h e  shadow o f  a n  advancing ship fal l s  
u ]Jon i t ,  it  is  p robabl y  affected by the sensation o f  
darkness , b u t  perhaps _ the pressure o f  t h e  onrushing 
wave has something to do with it .  

-

HOW I N H EC'I'� A )J D  F H � llE S  HJ+�E. 
I n s ects have eyes which as a whole are much more 

h i ghly developed than that o f  the amphio:J:'U8,  but i n  a 
d i fferent d i rection from the creatures wh ich stand 
h igher i n  the scale o f  l ife.  Their compound optical 
apparatus consists o f  many nerves leading to a honey­
comb-l ike mass of  lenses, each cell o f  which is  a very 
simple l ens,  so that the i mage i s  reflected l ik e  a mosaic.  
And yet insects must be able to perceive colors,  as the 
d iffering hues o f  the two sexes are appreciated by many 
of them and the various tints o f  flowers are recogn i z e d ,  
white b l o s s o m s  attracting c e r t a i n  species,  yellow 
blooms being visited more constantly by others. 

Tha.t the eye is  considered a vulnerab l e  and precious 
o rgan is shown in certain fishes, which have a " fal se" 
eye outlined upon the l o n g  tail  fi n ,  which,  perhaps, 
attracts the attention o f  any enemy, which bites at it  
supposing it  to be the head,  thus taking a p iece harm­
lessly out of  the tail ,  whil e the fish is  given a chance 
to escape. T h i s  is  even more plainly seen in the wings 
of certain moths and butterflies,  and the pieces torn 
out by birds are very often these conspicuous b lotches 
o f  brigh t  color. Hut the strange thing about this i s 
that the "eyes" in the wings of the insects are not l i k e  
r e a l  insect's eyes, but somewhat l ik e  those of h ighe r  
an imals abo u t  wh ich the insect, o f  course, knows noth­
ing. And we, too, know l i ttle as to how these things 
eame about, through methods o f  evolution more won­
derful than fairy tales. 

But insects and fishes have two eyes ( or at any rate 
m ost insects have two clumps o f  eyes ) , and what has 
become o f  the central single eye o f  amphio:J:us 1 If w e  
w i l l  examine a bottle o f  water f r o m  al most a n y  stagnant 
paol oI' even from the edge o f  a pond, we w i l l  find 
many tiny cr-eatures somewhat related to c rabs and 
l o bsters with a singl e great eye in the m i d d l e  o f  t h e i r  
" forehea d . "  On account o f  th i s  scientists have n a m e d  
t h e s e  C y c l o p s ,  and at n i ght this eye occas ional l y  glows 
with a strange unearth l y  l ight,  and,  indeed, the w h o le  
creature becomes phosphorescent, and o u r  o ar s may 
d isturb thousands o f  them, making the water sh i ne as 
with a myriad sparks. 

THE CYCLOPEAN EYE. 

If we would see an eye wh ich has actual ly been 
evolved from o n e  like that o f  amphioxus, l e t  us ex­
amine the head of a l izard. Disregard for a time his 
two bright eyes, o n e  on each s i d e  of  h i s  head, and look 
d i rectly down on the center o f  the sku ll  between 
them. Here we will find an o d d ly-shaped scal e marked 
with a l ittle  depression, and this is ,  indeed, what is  left  
o f  o u r  Cyclopean eye i n  the tiny sand creature. Lizard s 
d o ubtless derive very little benefit from it, as the nerve 

leading from i t  is very small, b u t  i n  some o f  their 
ancestors i t  must have been o f  great v a l ue in detecting 
the p resence o f  enemies from above. In a l l  creatures 
above l izards this th ird median eye ( ca ll e d  the ]l inea l )  

is  found, although o f  no u s e  whatever ; th is  persist­
ence, perhaps, show i n g  o f  what great importance it 
once was. In a chick in the early stages of  incubation 
this eye is  very consid erably developed , while yet the 
paired eyes are but sma l l  structures.  But s u d denly 
nature seems to real ize that the old regime has passed 
-that the l ittl e b i r d  w ill need other more modern 
eyes, and the two s i d e  eyes begin to develop w ith won­
derful rapidity,  and soon catch up w ith and d i s tance 
the Cyclops eye, whose early start en(ls only in promise.  

A horse, a bat, a m o l e ,  a monkey, a sea l ,  all  have a 
trace of this third eye, and when we p u t  a finger on 
the "soft spot" o f  the head of a tiny bahy, w e  realize 
the wonderful i mport o f  i t-that the softness i s  due 
to a near approach o f  th i s  same thi nl "lye to the Sl.{f­
faee, st.riving as it h il S  done in so many lower eren t n r e "  
to push i ts poor i m p erfect l ens to where the l i ght can 
act upon it.  B u t  the o l d  ways have gi ven place to Ilf'W .  
a n d  t h e  chil d ' s  b l u e  eyes look o u t  at y o n  a n d  t h e  w o r l d  
and s e e  a l l  t h a t  is  necessary for its l i fe and n e e d s .  

C ln;AT I ' ln;:-; T H A T  A m, B L I N n. 
We can hardly imagine anyt.h ing m o r e  terr i b l e  than 

the loss o f  our eyesight, and yet t.h ere are many 
creatures which have foun d l i fe more plea�ail t in  the 
darkness of  caves and und erground tunnel s or to roam 
only at n ight, when their eyes are usel ess,  and by the 

- lack o f  use these o rgans have d egenera t e d  to mere 
specks and in some cases t.he skill  has gl'O Wl1 com­
pl etel y over them. Thus we find blind fishes md 
l i zards in dark caves, and blind ants and Inol es all  but 
b l i n d  in their dark subterranean homes.  Certain bat,;,  
too, have b u t  tiny dots for eyes, and depend chiefly 
upon their acute b earing and som(� sellbe by whkh rhey 
c a n  feel the v ibrations in the a i l' .  

Snal, es h av e  but poor eyesight,  and,  l ike fish , have 
no eye l i d s .  T h e i r  eyes are covered with a t.h i n ,  trans­
parent scal e which i s  ever open,  in sun and shade, at 
noon and m i d n i ght,  in an awfu l ,  never-w inking stare. 
W e  cannot imagine how sleep can ever come to SU �:l 
creatures. 

F i nal l y ,  let  u s  turn to the most p erfect eye nature 
has ever produced. We can read and write and d o  
many t h i n g s  by t h e  a i d  o f  o u r  eyes that are forbidden 
to other creatures of  the earth ; but th is is  because of  
the brain behind d i recting the eyes.  W e  can look 
close l y  at the stars,  and we can watch the act i o n s of  a 
t i n y  dot of l i fe many thousands of times smaller than 
a mote o f  dust. All this we can do by means o f  the 
two "magic tubes," the telescope and m icroscope. B u t  
when t h e  una i d e d  e y e  is  alone considered , birds put 
us t o  shame. " O bserve an eagl e , "  w r i t es a noted scien­
t i st,  "soaring al oft u n t i l  h e  seems to u s  but a speck in 
the b l u e  expanse. He is far-sigh t ed ; and scanning 
the earth bel o w ,  descr ies an ohject much smaller than 
h i mself,  which would be inv isihle to u s  at that dis­
tance.  H e  prepare:; to pounce upon his quarry ; in the 
moment req u i red for the deadly plunge he becomes 
near-sighted , seizes h i s  victim with u n e rrin g aim, and 
sees well  how to compl ete the bl oody worl, bE-gun. A 
humming b i rd dart s so q u i c k l y  that o u r  eyes cannot 
fol l o w  h i m ,  yet instantaneou s l y  sett l es as l i ght as a 
feath er upon a tiny twig.  How far off it was when 
fi rst perceived w e  d o  n ot know, but in the intervening 
fraction o f  a second th e twig has rushed into the focus 
o f  d i st.i n et vision from many yards away. A wood­
cock tears through the t h ickest cover as i f  i t  were 
clear space, avoi d i n g  every obHtacl e .  T h e  only thi ngs 
to the accu rate perception o f  which birds'  eyes appear 
not to have accommod aterl themsel ves are telegraph 
w i res and l i ghthouses ; thousand;; of b i rds a r e  annually 
hurled against these objects to the i r  destruction . "­
C. W i l l iam Beebe in the Evening Post. 

The results of some interesting experiments carried 
o u t  by the Massac h u setts Board o f  H ealth to ascerta i n  
t h e  effects o f  h e a t  and s u n l i g h t  u p o n  t h e  o rgan isms in 
water po l l u ted by sewage matter, are given in the 
t h i rty-fourth annual report o f  that body.  T h e  colon 
bacillus is  typical  o f  sewage p o l l ution,  the number o f 
this species present in a sample being general l y  taken 
as a measure of  the pollution.  The no less objection­
able typh o i d  bacillus is frequently found accompany­
ing B .  colon,  and these two o rgan isms show a remark­
a b l e  s i m i lartty in their power to wi thstan d- adverse 
conditions.  T ubes containing equal volumes o f  viru­
l ent cultures o f  the two species were subm itted in 
turn to different temperatures for a period o f  five min­
utes, after which a cubic centi meter of the contents 
o f  each tube was aU owed to i ncubate for 24 hours, the 
number of bacteria present in it being then counted . 
At temperatures of from 30 to 40 deg. Cent.  both spe­
cies dimi nished grad ually in numbers, the percentage 
reduction being greater for typhoid than for B.  col i ,  
about 8 8  per cent o f  the former and 30 p e r  cent o f  the 
latter being e l i m i nated at 45 deg. At 50 deg. the B_  
coli  were practically a l l  destroyed,  and the typh oid 
germs d i d  not survive beyond 55 deg. ,  with the excep­
tion o f  some half-dozen i n d ividuals.  A t  temperatures 
up to 80 deg. some few germs still  remained, but hath 
cultures were completely steri l ized at 8 5  deg.-a l i m i t  
of temperature somewhat h i gher t h a n  usual l y  accepted. 
Both species were rap i d l y  destroyed by s u n l i ght,  an ex­
posure o f  from 30 m inutes to o n e  hour being usually 
sufficient to steril i z e  the culture when spread out in a 
th i n  layer.  W i th typhoid 95 to 99 per cent of th e 
germs were destroyed by 10 to 15 minutes'  exposure to 
d i rect sunlight,  and very s i m i l a r  res ults  were obtained 
w i th B col i .  Both show the same phenomenon as 
noted i n  other experiments-that while the majority 
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of the germs are destroyed in a very short time, a few 
individuals nearly always appear to be better able to 
withstand adverse conditions. 

THE SOUTH AT THE WORLD'S FAIR.*  
By the  St.  Louis Correspondent of the  SCIENTIFIC 

AMERICAN. 
FIFTY tons of metal , modeled into a statue of Vulcan 

that stands fifty feet high, and commanding a central 

It was in the supreme-court room of the Cabildo 
that the famous transfer was ratified ; and to-day, in 
the replica of this room, is  a facsimile of the treaty 
itself, bearing the signatures of Marbois, Livingston, 
and Monroe, while  on the walls are portraits of the 
men who placed their names to the Instrument and, 
bearing them company, pictures of Jefferson, Napoleon, 
Salcedo, Lausat, Wilkinson, and Claiborne. So faith· 
fully is everything reproduced that in the courtyard 
one is  confronted with an original stone filter and 

ARKANSA5 STATE BUILDING. 

spot in the Palace of Mines and Metallurgy at the 
Louisiana Purchase Exposition, marks the triumph 
of the South i n  the industrial world. 

I ron mined, melted, and cast in Alabama is the 
product of which this heroic figure is composed ; and, 
as a typical progress, it must attract as much attention 
as any exhibit at this centennial d isplay. 

In writing pf the South at this World's Fair, one 
must forget the imaginary lines that were drawn 
years ago, and pencil another across the United States 
that shall extend from the Atlantic to the Pacific, ,and 
in  the new region is included the San Joaquin Val ley 
of California,  the mineral regions of Arizona and New 
Mexico, as well as Texas cotton fields, the orange 
groves of Florida, and the tobacco lands of the Vir· 
ginias. 

By all right, Louisiana takes rank in this story . 
It is her name that graced the entire region purchased 
from France ; her forests were penetrated by De Soto 
on his memorable march from the Floridas, in search 
of the wealth of treasure that was the quest of Span­
iards for two-score years after they had conquered 
in Peru ; it  was into the waters of the Gulf that wash 
her shores that La Salle sailed with his fleet from 
France ; i t  was in New Orleans that occurred the first 
uprising against an Old World power, and i t  was in 
her Gabildo that the formal treaty of transfer by 
Napoleon was ratified. 

the d rinking "monkeys" which were use(J at that time ; 
and in the prison cells are the instruments of tortur� 
used by the Spaniards, the garrote with which crim-

which the instrument of transfer was signed , and the 
chairs occupied by the persons whose names are so 
intimately associated with this great peace conquest 
of land, from which fourteen States and Territories 
have been carved. The lower room of the Cabildo, 
which in New Orleans is  now used as a city court, has 
been transformed into a reception room at St. Louis, 
and here natives of  the State and their guests can 
rest when fatigued from sight-seeing, can read, write, 
and receive letters. 

Aside from this d isplay of historic interest, Louisi­
ana has prepared exhibits for the various main build­
ings and outdoor spaces fully commensurate with her 
wealth and position, for which purpose her commis­
s ioners have a fund of $ 1 50,000 at their disposal. Of 
this $ 100,000 was appropriated by the Legislature, $ 2 5 ,-

000 came from private sources, and the remainder was 
donated by individuals. 

One most interesting and at the same time educa­
tional exhibit is that of rice. Taking advantage of 
the Exposition's keynote, "Revealment of processes,"  
Louisiana said : "We propose to demonstrate to the 
world that few people understand the value of our 
great agricultural staple. Americans know less about 
rice than do Germans about corn. We will make a 
display that will  evoke wonder, and which we hope 
will cause the Agricultural Department of the U nited 
States to interest all  c itizens in the value of tliis prod­
uct of our soi l .  Persons of the North know of rice 
only in th e rice pudding or boiled rice. We shall show 
that rice can be cooked in  four hundrt!ld different ways, 
and that the true boiled rice should be as l ight and 
flaky as freshly fallen snow." 

To that end the commissioners have constructed a 
rice kitchen in the Model C ity, and will  give i l lustra­
tion of all processes, from the time when the kernels 
are threshed until they are taken, ready for the table, 
from the bOiling pot, the steamer, or the oven. 

Sugar also will be  a large d isplay, and a toothsome 

This Cabildo, over which within a fortnight floated 
three flags-first, the standard of Spain, then the tri­
color of France, and last, to remain forever, the stars 
and stripes-has been reproduced as i t  was in  1803 ; 

and in front of the building is a reproduction of 
Jackson Square, which the structure still faces in 
New Orleans. 

THE MISSISSIPPI BUILD I N G .  

* Photograph. o f  this article copyrighted 1904 b y  th e  LOUISIana Pnr·  
chase Exposition Co. 

inals were choked to death, and the stocks in which 
those guilty of misdemeanors were held captive.  

All furniture in this historic building is  the same 
as it was in 1803, alld visitors can see the desk at 

CALIFORNIA'S QUAINT lIllSSION -LIKE STRUCTURE. 

SOME S'I'AT E BU ILDIN GS AT THE ST.  LOUIS FAIR. 

place to visit is the su gar-cane plantation, for there 
will be free distribution of the segments of sweetness 
to all those who wish to extract the s\lcculent sap. 

In other branches of agriculture the State will be 
well represented, and the exhibit of Louisiana Univer­
sity in the Palace of Education is one of the strongest 
features of that department, which for the first time 
in the history of the Exposition has a special building 
devoted to its interest. 

La Salle's reports concerning Texas were anything 
but encoUl:aging. Fate chose that he and his adven­
turous band should be cast upon the most barren bit 
of coastl ine, and that their wanderings should be 
through regions of the least production. 

How different the Texas of to-day-the Texas around 
which could be built a Chinese wal l,  preventing the 
importation of a single article, yet the mhabitants 
could l ive on forever, finding everyth ing sufficient to 
maintain l ife and add to the enjoyment thereof in 
their own commonwealth . This is what Texans claim, 
and this is what they propose to show the mill ions who 
visit  St. Louis this year. 

" I n  our land we can grow anything that is  grown 
anywhere else," is their proud boast. " I n  the ground 
we can find all minerals,  and in the ocean all the fish." 
To prove the ampli tude of their resources, Texans have 
secured space in all  the exhibit palaces and outdoor 
displays. In  the Department of Agriculture, wheat 
grows by the side of cotton, and rows of sugar-cane 
alternate with those of corn ; in Mines and Metallurgy 
the oi l  of the Beaumont district competes with the 
eastern product for favor ; in education, methods as 
far advanced as those of the East are demonstrated ; 
and so on through the list.  

In  her own build ing, on the Plateau of States , Texas 
adheres to the stellar motif that was brought into 
being early in the last century, when the pseudonym 
"Lone Star" was applied. A masmve build ing, costing 
over $45 ,000, has teen erected in the form of a five­
pointed star, capped with a dome that rises 144 feet 
above the ground. Where every pair of wal ls  meet is 
an entrance, approached by flights of steps 28 feet 
long, whicb are furnished with buttresses. Two col-
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umns and a porch adorn each pOint of the star, and 
the architectural features of these apices signify the 
five great industries of the State. 

Entering the building, one passes through heavily 
vestibuled doors-and here again the star motif is car· 
ried out on the panels of glass-into a rotunda 75 feet 
in diameter, ornamented by many massive columns. 
Rooms furnished in native woods and minerals open 
from this rotunda, and are for the use of the State 
commissioners and officials of Texas ; and other rooms, 
similarly furnished, on the second floor, are for reo 
ception and such other entertainment as the hosts 
desire. 

But one must not forget King Cotton in mentioning 
the exhibits of this State. Its wealth of fluffy white· 
ness is one of the central points of interest in the Pal· 
ace of Agriculture. 

Florida can lay claim to the fact that it  was on 
her shores that man first set foot, to make explora­
tion of the country which subsequently became known 
as Louisiana Territory. It was on her east coast that 
De Soto landed and commenced his memorable jour­
ney, that, starting in conquest, ended in utter rout. 
Because of  th e prominent part the peninsular State has 
played in history, it is a pity that she is not better 
represented at this great Exposition. But her execu­
tive officers have seen fit not to urge an appropria­
tion ; she has no State buildings on the grounds, and 
such exhibits as are distinctively hers in the horti­
culture division have b een made at the expense of 
private capital. 

How different Georgia, whose Legislature made lib­
eral appropriation of moneys, and whose citizens re­
sponded with additional aid,  to the end that the won­
derful resources of their State in building stone and 
agriculture and horticulture might be shown. I t  was 
first proposed that the building where hospitality 
should  be dispensed on the Plateau of States should be 
a replica of "Liberty Hall," the famous home of Al­
exander H .  Stephens at Crawfordsville ; but after the 
death of General John B .  Gordon, it was agreed that 

of "Monticello" which she has caused to be erected in 
th e World's Fair grounds, and which will  be the place 
of her entertaining this summer. Thomas Jefferson 
was an enthusiast on the subject of 

'
architecture as 

well as art, and brought with him from his foreign 
travels  studies of famous old buildings as well as 

trious author of the Declaration of Independence 
In both the Palaces of Agriculture and Mines and 

Metallurgy Virginia has liberal displays, which have 
been made possible by an appropriation o f  $50,000 by 
the Legislature and an additional subscription by 
private individuals. In  the great tobacco exhibit this 

THE PICTURESQUE BUILDING OJ!' ARIZONA. 

choice canvases. The plans and specifications for 
"Monticello" are in his own hand, and have been pre­
served to this day. Mill ions of patriotic Americans 
can now visit the replica of this famous homestead on 
the Louisiana Purchase ExpOSition grounds, who would 

State is especial ly prominent, showing the process 
from the growing of the plant to the manufacture of 
articles for smokers' consumption. 

Maryland belongs in this new classification of the 
South, and to Maryland must be given credit for 
what she has done in the face of one of the greatest 
calamities known in the history of the United States. 
The question of an appropriation for the World's J:<'air 
was before the Legislature at the time when Balti­
more was scourged by fire. For days it was bel ieved 
that all moneys would be  needed within the State for 
the rehabil itation of the city. Discouraging letters 
came to the officials of the Exposition. They were 
answered in cheerful language. "We have had our 
experience," was the tenor of the epistles sent in reo 
ply. "St. Louis was swept by a tornado, but when a 
final estimate was made it was found that the dam· 
age was greatly less than the first estimate, and we 
are certain you will meet a similar experience." These 
words gave heart, and the Legislature set aside $40,000 
for the purpose of exhibiting th is summer, which sum 
was added to a substantial fund previously secured 
from individuals. I mmediately this had been done, a 
contract was let for a State bUild ing, and now Mary­
land will join her sisters in entertaining on the beau­
tiful Plateau ,  

H e r  main exhi bits a s  a State are t o  be seen in the 
Palace of Forestry, ]<'ish, and Game, where the succu­
ient bivalve and the deep·sea creatures l ive even as 
they do in their native element. 

THE STATE O J!'  KEN T U CKY'S BUILDING. 

But Maryland should also have credit for the Balti­
more and Ohio exhibit in the Palace of Transportation, 
which is as complete a histo. ical picture of travel by 
rail as exists in the worl d.  Here can be  seen the 
"Rocket," invented by Stephenson and driven by him 
as engineer ; here the curious locomotives, the boilers 
of which appear to be immense kettles ; here the 
bulging smokestacks that are featured in prints of 
locomotives of the civil war period, and here also the 
modern railway engines of to-day. 

no better testimonial of the love and respect cher­
ished for the illustrious soldier and citizen could be 
shown than by reproducing at the World's Fair his 
home at Kirkwood, one of the suburbs of Atlanta, 
that beautiful residence which bears the name " Suth. 
erland. " 

A novel sight in the Forestry Building are trees 
burdened with clinging Georgia moss, and another is 
the happy arrangement of Georgia marble in the Pal· 
ace of Mines and Metallurgy. 

South Carolina has at Charleston a majority of the 
exhibits from that State which were displayed at her 
own centennial celebration, so that the collection of 
new material is not necessary. Just how much of this 
valuable material is to be transported to St. Lou is 
for distribution among the various main buildings 
has not been decided at this writing, but it  is probable 
that the main portion will be seen at St. Louis when 
the gates shall open. As the South Carolina Legis­
lature failed to make appropriation for the purpose, 
that State will not have a home of its own on the 
plateau. 

Neither will North Carol ina be  able to receive within 
its own portals, but her display in the main exhibit 
palaces is unique, in that she is represented in every 
one of the fifteen d ivisions. She is particularly at­
tractive in agriculture, horticulture, and in the de­
partment of forestry. Although none of the collec­
tions is large, they are remarkable for their comple­
tion and the tasteful arrangement. 

One of the main attractions from this State is the 
material that comprises the State Museum at Raleigh, 
and which has been brought in bulk to St. Louis for 
distribution in the Palace of Education and other pal­
aces. 

The only building in the United States which rivals 
the Cabildo of New Orleans in point of Louisiana Pur­
chase historical interest is "Monticello," the home of 
Thomas Jefferson, under whose administration was 
acquired the great country west of the Mississippi. 
Therefore Virginia points with pride to the replica 

never be able to take the journey to the State of Jef· 
ferson's nativity, and they can thank Virginia for this 
opportunity of viewing in all its detail ,  and furnished 
even as it was in the dawn of the last century, the 
beautiful residence which was occupied by the ill us- West Virginia has erected a building of Colonial 

MARYLAND'S COLONIAL MANOR. 

SOME STATE BUILDINGS AT THE ST. LOUIS FAIR. 
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style of arehitecture on the Plateau. It has classic 
demes on thp corners, and a large dome in the center 
that serves as an observatory. Two porches on the 
front and two on the sides are 16 feet wide, while 
the one in the rear is 10 feet wide. Broad entrances 
on  three sides, ornamented with large columns, give 
the structure a massive and impOSing appearance. On 
the first floor a large reception hall covers one-third 
the space, and opening therefrom is a ladies' reception 
room, the commissioners' room, a bureau of informa­
tion, and a smoking room. A stairway 10  feet wide 
leads to the second floor, w here is a large banquet 
hall ,  and opening therefrom offices and bed chambers. 
These in turn open onto wide balconies. 

In addition to her beautiful home, West Virginia 
shows a splendid exhibit of coal in the Mines and 
Metallurgy Division. It is unexcelled in the Exposi­
tion, even by Pennsylvania, say experts ; indeed, it  is 
one of the finest displays of the black diamonds of 
commerce ever made. 

Kentucky is represented in nearly all the exhibit 
divisions. With $100,000 at the d isposal of her com­
missioners, this State is  showing the wonderful reo 
sources of mounta:n and valley and proving the worth 
of the New South. 'rhe memories that cling to the 
"Old Kentucky Home" are associated with the "New 
Kentucky Home," which is  the appropriate name given 
to the beautiful structure that is an ornament of the 
Plateau. It covers an area of 138 by 80  feet, and has 
entrances on four sides, emphasized by massive 
llorches flanked by sculpture groups symbolical of 
mines, forestry, manufactures, and horticulture. 

The principal feature of the interior is a large 
reception hall ,  the floor of native hardwoods. The 
second floor is similar in construction, with a banquet 
hall in the center, and a third floor has many rooms 
which open upon roomy balconies. Kentucky has ex­
pended $ 29,000 in the eonstruction and embellish· 

created in this country, and is next in si7.e to the 
Bartholdi statue of Liberty, the largest statue in the 
world. It was cast in ten separate sections, which fit 
together so closely that the whole appears as one piece. 
Alabama's display at the fair is more the display 
of sections than one of homogeneity, and the money 
for the purpose was principally appropriated by dis­
lucts, l ike that of Birmingham. For this reason she 
is not represented on the Plateau by an individual 
State building. But in carrying out the revealment-oI­
process idea she is as active as her sisters, and wh ile 
her mines find representation in the palace devoted 
to them at the east end of the site, her cotton gins are 
humming elsewhere by the side of those shipped from 
New England. 

On a splendid site south of the I owa Building and 
east of N ew Jersey stands the pavilion where visitors 
from MissiSSippi can feel at home and entertain their 
guests. It  is a replica of "Beauvoir," the mansion pre­
sented to Jefferson DaVis by Mrs. S .  A. Dorsey. It 
Was in this comfortable home that the President of the 
Confederacy passed the last days of h is l ife,  and it 
was there that he wrote "The Rise and Fal l  of the 
Southern Confederacy." 

With $60 ,000 at their disposal, the commissioners 
bf Mississippi have arranged attractive exhibits in the 
buildings of the main p icture, particularly in those of 
Agriculture and Forestry, where cotton and the woods 
are tastefully displayed. 

Arkansas expects to attract much attention by a dis­
play of mineral resources in the Palace of Mines and 
Metallurgy, especially the showing that is made from 
the lead and zinc fields, the veins of which are prac­
tically the same as those in southern Missouri. In 
agriculture and horticulture she is also very well rep­
resented, the fruits of the vine comparing with those 
from California. 

Her home on the fair grounds is  l ocated on the h i gh-

------------- -- -

'l'HE B U I L D I N G  a I<'  NEW MEXICO. 

SOM E STATE B U ILDINGS AT THE ST. LO U I S  FAIR. 

ment of this place for entertaining her residents and 
vifiitors. 

The " Hermitage,"  that historic home of General An­
drew .Jackson, has been reproduced in all  its deta i l s  
by Tennessee o n  t h e  World's F a i r  grounds. I t  is of  
the old,  d ignified colonial style 01' architectu re, and 
attracts attention both becau se of its comfort and con­
venience. The main building is tvm stories in height, 
and the comm()dious wings are one story each.  The 
,1ou blc port ico, that extends the fuil length of the 
main build ing, is supported by six large fluted col­
nmns.  Stone flagging is on the floor of the lower 
portico and cedar forms the base of the upper. 

On entering, one finds himself in a large, deliciously 
cool hallway, 16  feet wide and 40 feet long. At the 
rear is a winding stairway, thoroughly Colonial, and 
on the east a cross hallway, through which the visi­
tor views the room which was occupied by General 
Jackson-the very room in which he died January 5, 
1845 ,  at the age of 7 8  years. A l ibrary adjoins. Four 
large bedrooms on either side of the hall comprise the 
second floor of the "Hermitage," and a portico in the 
rear is simi lar to that in the front. One visits this 
place with reverence, as well as interest, for many 
Jackson relics are seen in the rooms and carry the 
thought back to the days of the Rebell ion. 

But turn from the llast to the present, and visit 
the Exposition llalaces, especially those of Mines and 
Forestry, and view the modern exhibits that Tennessee 
Ins so liberally d isplayed with the aid of $80,000 
placed at the disposal of her commissioners. Do they 
not i l lustrate better than words can tell the wonderful 
resources of the South ? Again view the treasures of 
Peabody Institute, which have been shiPlled in their 
entirety from Nashvil le  to St. Louis and placed in the 
d ifferent divisions where they belong under the various 
classifications. 

Of Alabama mention was made in the commence· 
ment of this story in descri bing the statue of Vulcan, 
typical of her wealth in iron. This, by the ,yay, is  the 
most d ifficult and expensive piece of ironwork ever 

est elevation of the site, and from its broad,  sweeping 
verandas onc can enjoy views of the many beautiful 
pictures on all  sides. The main entranee opens into 
a large reception hall, the floor of which is native 
wood, light and dark fibers being in contrast. The 
wal ls are tinted a rich empire green. Hand-painted, on 
a three-foot frieze, are boughs of apple blossoms­
t h e  State's floral emblem-with glimpses of sky show­
ing through. A handsome mantelpiece of Eureka 
Springs onyx, of l ight color and highly polished, 
faces the entrance. In the open fireplace the hearth 
is tiled with native marble. Photographs of p ictur. 
esque Arkansas scenery adorn the walls and are framed 
in native wood. And so the chairs and settees are 
creations of persons who live in the State. 

The first building which the visitor sees on entering 
the grounds through the Chouteau Avenue entrance 
is that erected by I ndian Territory. I t  is two stories 
in height, covers an area of 109 by 72 feet, and cost 
nearly $16 ,000 .  I t  is crowned in the center by a donie 
3 2  feet in span, which is flanked by two smaller domes. 
On the first floor is a large reception room, from 
which a wide staircase leads to the big assembly hall 
above. Smaller rooms for offices, for retiring places, 
and for sleeping apartments open upon the larger 
rooms on both floors. 

Oklahoma has erected a handsome building on the 
Plateau of States. Although not quite so large as that 
built  by Indian Territory, its construction was some­
what more expensive, and it possesses several features 
that are d ifferent from others. One is the view from 
the second floor of the reception room on the first, 
which is given throilgh a well-hole, surrounded by a 
wide rail ing, behind which is a large gallery. Wide 
llorches with ornamental arcades surround the struc­
ture on both floors, the Corinthian effect being pro­
duced by columns on the lower, and the Moorish, 
broken by filigree arches, on the upper. 

Attractive as are the buildings of Indian Territory 
and Oklahoma, they form only a moiety of the display 
from these Territories, which maintllill that their ex-

h ibits in the main palaces, when compared with those 
made by the States, will give ample  proof that they 
should be admitted to the Union. They show how rich 
are these new lands in agriculture and horticulture, 
and what a wealth of minerals exists beneath the 
soil .  

New Mexico has erected a very attractive building 
of the Spanish Renaissance style of architecture, a 
feature being the wide, shaded veranda in the front. 
I t  is small, but the interior is tastefully fitted and 
well arranged for comfort. Her principal exhi bits 
are in the departments of Mines and Metallurgy, 
Anthropology, Agriculture, and Horticulture. Perhaps 
her most attractive display is one showing the reveal­
ment of process in turquoise mining and turquoise 
dressing, actual work going forward under the eye of 
the visitor from the time the stone is taken from the 
ground until it  is polished and ready for the market. 

Arizona's home has the distinction of being the 
smallest of the many on the. Plateau of States, but it 
is  considered a model of the particular style of archi­
tecture which it  exemplifies. An attractive feature is 
the frontal arcade, made of four arches and shaped 
l ike a horseshoe. Notwithstanding the fact the com­
missioners have been handicapped by the smallness of 
the funds at their disposal, their territory is well 
represented in several of the eyh ibit bui ldings, par­
ticularly in that of Mines and Metallurgy. 

South of this imaginary l ine which has been drawn 
to indicate the region to which this articl e refers, is 
the lower part of the State of California. which in­
cludes the agricultural and horticultural wealth of 
the San Joaquin Valley, the orange groves of Los 
Ar..geles and Santa Barbara, and the sea l ife that 
abounds in this regIOn. Therefore, in summing up 
what the South has done,  one must consider Cali­
fornia's most lavish displays from vine and tree and 
the denizens of the fisheries build ings that came from 
her shores. 

Particularly is the California building on the Plateau 
a Southern feature, in that it is a repl ica of La 
Rabida, the famous old mission at Santa Barbara. 
Arcaded cloisters enter into the construction and the 
architectural mass is  centered in two big bell towers. 
square, that taper upward in tiers to a lantern-crowned 
dome. These towers are heavily buttressed and be­
tween them a pediment rests on an engaged colonnade. 
A lower building, two stories high, with an arcade 
and eloister on each floor, runs from either side of 
these towering structures. On the lower floor the 
arcade has semicircular arches, while on the upper an 
entablature forms square openings in front of the 
dolsters. These arcades and cloisters surround the 
building on three sides, thus supplying cool promen­
ades 11 feet wide. And when standing on one of these 
breeze-swept verandas one can imagine that the foun­
dation rests in sand, at high water is wave-swept by 
the Pacific, on the extreme western end of the country 
which has become the New South. 

ARTILLERY I N  BATTLE YESTERDAY AND 
TO-DAY. *  

By E. TUlOXVILLE, Major of Artillery. 

SINCI': the adoption of the rapid-fire field gun, the 
tactics of the artil lery have been oriented anew. While 
the old regulations laid down that the first duty of the 
artillery was to seek out  the enemy's guns and en­
deavor to secure as quickly as possible superiority of 
fire, our present book tells us that, in the preparatory 
engagement, that is to say, in the beginning of the 
battle, we should facil itate the advance of the in­
fantry, support its partial attacks, that we shall in 

this manner be led into a series of successi'ue struggles 

'I,c ith the enemy's arti llery. 

It is a fair question to ask why we have been thus 
led to turn our attention from the enemy's guns and 
concentrate it on his infantry. The nearer the field 
gun is. brought to perfection the more does infantry 
suffer from its fire. It would seem, then, at first sight. 
that the improvement in material , instead of causing 
the disappearance of the arti l lery duel, would make it 
still more necessary. On the other hand, in the past 
as at present, the infantry had need of us in  its ad­
vance, and the close union of the two arms wa s laid 
down in the old regulations as a fundamental principle.  
Why is it, then, that our present book seems to estab­
lish a new axiom, and that what was necessary yester­
day becomes still  more so to-day ? 

In the past, as in the present, artillery has but one 
object-to support the infantry. The infantry bears 
the brunt of the battle, the artillery is there only to 
help it to accomplish its task ; to arrive at this result 
it must engage the enemy's artillery and infantry. Of 
these two objectives it  is naturally led to select the 
one upon which it  has the greatest effect ; and the en­
tire change in its tactics results from the fact that it 
is at present infinitely better prepared than formerly 
to act against infantry, while its effect upon artillery 
has become very much more uncertain. 

W ith the old methods of fire-the narrow fork and 
fire for effect on a single elevation-artillery was ef­
fective against a continuous l ine of skirmishers or re­
serves in masses, but it  was practically  powerless 
against the many small columns scattered along a 
wide front, the actual formation adopted by the infan­
trv in its advance. To reach these columns i t  would 
h;ve been necessary to divide the battery, to assign, so 
to speak, a definite target to each . gun-a method to 

• Revue d' Artillerie, January 1904. Translated by Captain John E 
McMahon, Artillery Corps, for the Journal of UnIted Slates Artillery. 
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which we were not accust",.ned, and which, moreover, 
would have produced no definite results. 

With the rapid-fire field gun, on the contrary, we 
can cover uniformly, and in a very short time, a wide 
and deep zone, and we can thus prevent the movement 
of troops in this zone, no matter what their formation 
may be. It  is true that there was no reason why this 
method of fire should not have been adopted for 90-
millimeter gun ; but think how much time it would 
have taken for a battery to accomplish the same re­
sults, and how many batteries would have been needed 
to produce these results in '  the same time. 

The maximum rate of fire of a battery equipped 
with the 90-mill imeter gun was twelve shots a minute, 
or two shots per gun ; it would then have required 
four minutes for each gun to deliver the eight shots 
prescribed in zone fire. To fire thirty-two rounds in 
thirty seconds, as is done in zone fire* with the rapid­
fire gun, would require sixteen 90-mill imeter guns, 
su pposing each to have been loaded and ready at the 
moment of fire, and also that the four elevations em­
ployed in zone fire should be divided among the sixteen 
pieces-which evidently would have been practically 
impossible. 

We can safely say, then, that at l east three 9 0-milli­
meter batteries would have been necessary to produce 
the same effect against infantry as one 75-millimeter 
battery ; and it is evident, therefore, what a consider­
able quantity of artillery would have been necessary 
to support the infantry in its partial attacks as effici­
ently as is done to-day. There would not have been 
enough batteries in an army corps, nor enough ground 
on which to use them. This is why in the past we 
left the infantry to enter upon the preliminary engage­
ment almost by itself, and we held off until the de­
cisive attack, when the front became less extended, the 
objectives more vulnerable,  and, as a consequence, the 
effect of our fire was greatly increased. 

During the first part of the battle we had but one 
object-to seek out the enemy's artillery, engage it and 
obtain against it a superiority of fire. Let us consider 
under what conditions we now enter upon this contest. 

The pointing apparatus used w ith the old material 
made it very difficult to use indirect fire, which was 
only exceptionally employed ; direct fire was the rule, 
and, as a consequence, th e artillery was always more 
or less visible. No doubt this visibil ity had been great­
ly lesseneL. by the adoption of smokeless powder ; but 
as a matter of  fact a battery when firing could never 
completely conceal itself, and always furnished a target 
easy to find. As soon as a hostile battery appeared it 
became a target ; and, as we could not hope to obtain 
superiority of fire except by employing a greater num­
ber of guns than the adversary, we hastened to call up 
another battery to add its fire to that of the first. The 
enemy naturally did the same, and so we came to the 
long lines of artillery, to the use of artillery in mass, 
in order to begin the artillery duel.  

This duel once begun was fought to a finish ; and 
the finish generally came when one side was made to 
real ize its inferiority and partially to suspend its fire. 
The batteries equipped with the old material, being 
without any method of sheltering the cannoneers, had 
to continue their fire when once engaged ; and when 
they could fire no longer, it  was a fair conclusion that 
the guns had been dismounted, or the chests had be­
come empty, and that in consequence they were out of 
action for a certain time. 

Thus the artillery duel went on, furnishing for a 
long time a particular phase considered indispensable 
in every battle. To it  was ascribed all sorts of tacti­
cal qual ities-it made easy the deployment of the other 
arms, gave tc the commanding general time to make 
his dispositions, etc.-things undeniably true, but 
which are only the consequences of this basic truth ; 
the artil lery duel was forced upon us artillerymen be­
cause it was the only means of effectively employing 
our material in the first part of the engagement. 

Let us consider what conditions we should have to 
meet to-day if we were to pursue the above methods, 
su pposing, of  course, that our adversary is equipped 
with a material similar to ours. Since in the new 
equipment we are independent of the line of sight and 
hence can al ways use indirect fire, a battery of 75-
mill imeter guns, if skillfully handled, wil l  be com­
pletely masked, and so it  will be very difficult to locate 
the enemy's artillery. This artil lery reveals its pres­
ence when it begins to fire ; what are we going to op­
pose to it ? In general, an equal number of batteries ; 
remembering, however, that a battery can now cover 
a front greater than its own, and hence only the least 

possible number of batteries should be engaged, and 
not the greatest possible number, as formerly. As a 
consequenee of this, a great part of the artillery wil l  
be for a t ime unused. S ince the fire will  be neces­
sarily intermittent, we can not conclude that a battery 
has been put out of action because it  is  silent ; it  has 
ceased to fire only temporarily, because it  wishes to do 
so, and it can re-enter the action at any moment. Hav­
ing with more or less d ifficulty obtained the range 
of  the battery thus concealed, we begin our zone fire ; 
the hostile battery remains silent. Are we to increase 
to infinity the intensity of our zone fire, in the hope 
of destroying it? Evidently not. The personnel is 
safe behind the shields, and has not much to fear 
from our rafales ; t we would be emptying our chests 

• Tir progressif, sans fauchage, or zone fire withou t sweeping, consists 
of 32 rounds per battery, or 8 rouuds per gun, at four ranges, varying by 
100 yards ; in zone fire witb sweeping, each gun fires 3 shots at each 
range, or a total of 48 round. per battery. -Translator. 

t Rafale, literally squall, is the- .name given by the French to the storm 
of projectiles thrown from their rapi d-fire gun in a particular kiud of fire. 
There seems to be no word in English to give its exact meaning.-Trans­
lator. 

without producing any great result. Consequently, we 
follow their example ; we remain silent, ready to re­
sume the fire if they begin again. Thus it  appears 
how d ifficult it  is  to mark the end of the artillery duel,  
and in what an uncertain state we find ourselves as to 
results produced. This is  true, of course, only when 
the enemy's batteries make the fullest use of the ad­
vantages peculiar to their material and remain com­
pletely concealed ; for if one of them becomes visible, 
we encounter the same conditions as prevailed in the 
past.  W-e proceed at once to del iver against this im­
prudent battery zone-fire, fire with a single elevation, 
or fire against the material ; in other words, we con­
centrate our fire upon it, not, as formerly, by directing 
the fire of several batteries against it, but rather by 
the repetition of the fire of a single battery. I n  every 
case the result is the sam e ;  for this battery the artil­
lery duel is over, we have put it out of action. But 
this  will  be only the exceptional case ; and if during 
the preliminary engagement several batteries allow 
th emselves to be surprised, the others will quickly take 
advantage of the experience gained and will conceal 
themselves completely from view. 

I t  is plain, then, that we cannot consider the artil lery 
duel under the same aspect as formerly, that we can 
no longer invite the enemy's batteries to this strange 
combat, to this preliminary struggle, from which one 
or the other came forth completely victorious. 

To-day the oppOSing batteries will feel around for 
each other, will  deliver attacks short and violent, but 
never decisive. The more skillful of the two will soon 
succeed in paralyzing its adversary for the time being 
by keeping it under the menace of its rafales ; but to 
do this it  must watch the other unceasingly, and con­
sequently cannot take advantage of its superiority by 
devoting itself to other work. 

We thus get at a much more sensible idea of the 
artillery struggle. It  is  no longer a distinct and par­
ticular phase of the battle  consecrated to the artillery 
alone ;  it  is an episode, a consequence of the infantry 
combat which we must follow step by step from the 
preliminaries of the struggle up to the final act. 

And as a matter of fact, since the hosti le  artillery 
is sheltered in a measure from our view and our pro­
jectiles, is it  not natural for us to concentrate all  our 
attention on the infantry, which cannot escape us and 
against which we are powerfully armed ? Undoubtedly 
this infantry will  also conceal itself, will  take refuge 
behind cover, will  shelter itself 'behind obstacles ; but 
there will  always be a moment when it will  have to 
show itself, that is, when it wishes to fire. Our own in­
fantry will  enable us to take advantage of this mo­
ment ; its advance wil l  force the enemy to show itself 
and then it i s  that we will strike hard quickly, for it 
is only at this moment that we can count on producing 
any effect. It  is  thus easy to understand the n�cessity 
of watching unceasingly our own infantry, of  not 
losing sight of it for a single instant, of going forward 
hand in hand with it .  This co-operation of the two 
arms on the field of battle, this intimate union of the 
arti llery and infantry, recognized from all time as a 
tactical necessity, becomes for us artillerymen a tech­
nical necessity, so to speak ; for it  is the infantry that 
makes our target appear, and that allows us to take 
advantage of the marvelous qualities of our gun. 

But the enemy's artillery will not remain inactive ; 
it will  do exactly as we have done, and open fire either 
upon our own infantry or  upon the batteries that are 
accompanying it. It is then that we shall engage it, 
and endeavor, if  not to destroy it, at least to neutralize 
it and keep it quiet under our rafales. 

The artillery, then, has two roles to fulfill-to fight 
the hostile artillery ' and support our own infantry. 
And these two roles, which are no longer successive as 
before, but simultaneous, cannot be filled by the same 
batteries and so arises the necessity of dividing the 
artillery into two groups-one to hold in check the 
enemy's batteries, the other to accompany the infantry. 

All that we have said above in regard to the use of 
the rapid-fire field gun is to-day universally acknowl­
edged, and is no longer a subject for serious discus­
sion. This cannot be  said to be true concerning the 
question which we now proceed to d iscuss. 

What is meant by this d ivision of the artillery into 
two groups, and this rOle of accompanying the infan­
try ? 

The name of "crest-artillery" is often given to the 
batteries whose duty it  is  to engage the enemy's guns, 
while those detailed to accompany the troops are called 
"infantry-artillery."*  Taking l iterally this theoretical 
distinction, some officers seem to think that the techni­
cal use of the arm will be confined to the crest-artil lery 
alone, which remains massed under the control of its 
chief, while the rest of the artillery will be  split up 
into completely independent fractions, without any tact­
ical cohesion, and scattered among the d ifferent fight­
ing units of the infantry, so as to fill the role of ma­
chine guns or separate pieces attached to battalions. 
This artillery, divided into small groups of platoons, 
or even of single pieces, it is  claimed will easily find 
protected routes of approach, and can thus follow the 
infantry step by step in its forward movement, giving 
it the moral and material support so much needed. 

If th is moral and material support for the foot 
soldier consists in seeing the gunners march alongside 
them, it  is certain that this method ot: employing artil­
lery will furnish it ; but if, on the contrary, it  consists 
in constant intervention by sudden and timely rafales, 
we fear very much that this manner of using the guns 
will not give the desired support. 

How are we to admit that these l ittle groups, con­
* On this F-ubjcct see H rractlCal Consequences of Progress in ArmarocDt. " 

by General Langlois. Paris. 1903. 

stantly moving, will  be able always to find emplace­
ments from which they can see what is  happening on 
the skirmish line? And even supposing that they do 
find such places, is it  probable that their chiefs, who 
often will  be officers of the reserve and even non-com­
missioned officers, wil l  be sufficiently familiar with the 
necessities of the battle � intervene at the proper mo­
m ent ? 

In his last study on "The Lessons of Two Recent 
Wars," * Gen. Langlois enumerates the duties of the 
artillery in the preliminary engagements. 

The artillery should intervene : 
1st. When the firing l ine halts to fire. It is the 

enemy's fire that makes the l ine halt ; the artillery 
must then, by its rafales, force the enemy 's skirmish­
ers to lie down and cease firing, thus allowing our own 
infantry to resume the advance. 

2d. When our skirmishers halt to entrench them­
selves. During the pause the enemy must be prevented 
from firing. 

3d. When the echelons, coming from the rear, join 
the skirmish line to carry it forward. This move­
ment must be  facil itated by a slacking of the enemy'S 
fire.  

4th.  When the enemy's reserves advance to the fire 
line to reinforce it.  This movement is generally made 
in the open, for the first l ine, in order to see, must 
come out in front of the crest. The artillery should 
stop this forward movement of the reserves and pre­
vent them reaching the first l ine. 

Now in order to take advantage of these d ifferent 
phases of the battle and be able to intervene in an ef­
fective way, should the artillery be on the heels of the 
skirmishers, or rather behind on a position dominating 
the field, from which it can see the entire scene of 
the struggle ? Must we use platoons or isolated pieces, 
or rather batteries held well in h.and by their chief ? 
And finally, is it possible for the battery commanders 
to look after their men and their firing and at the same 
time give their attention to a surveillance of the battl e­
fiel d ? 

There is no doubt about the answer. This role can 
be filled only by batteries so placed as to cover com­
pletely the ground over which the attack takes place, 
and by group commanders watching attentively the 
progress of the battle, and indicating to their captains 
the proper moment to intervene and the time when this 
intervention should cease. 

This leads us to consider from an altogether differ­
ent point of view the separation of the artillery into 
crest-artil lery and infantry-artillery. Instead of as­
signing to one or more groups the duties of the crest­
artillery, which, no matter how well placed, can with 
difficulty silence all the batteries which expose them­
selves along the front, . and scattering the rest of the 
available guns among the d ifferent fighting units of 
the infantry, thus destroying all the l inks between the 
commander and his subordinates and all connection 
w ith the ammunition trains, we bel ieve that this divi­
sion should be made in the groupi' itself, whose chief 
can thus by applying the principle of the economy of 
forces, utilize in the way most suitable to the circum­
stances all the elements at his disposal. 

Let us take, for example, the two groups of the di­
visional artillery.  As the division has generally two 
regiments in the first l ine, we (,J,n assign one group 
to each regiment. 

The d ivisional artill ery commander indicates to the 
group commanders the mission and the objectives of 
each infantry regiment, and thus clearly limits the 
ground over which each group is to act. The fighting 
front of a regiment does not generally exceed 800 or 
900 yards, so that in the majority of cases each group 
can find a suitable position allowing it to watch every 
portion of the front. 

According to circumstances, the group commander 
wi l l  assign one or  two batteries to the infantry combat, 
reserving to the other one or two the duty of counter­
ing.:j: Whenever the ground permits, he will mass his 
batteries, as much as possible, being careful to keep 
them concealed, so that he  may communicate with them 
easily, and by simple variation in the deflection meet 
the numerous changes of objective which occur in the 
progress of the battle and which we have enumerated 
above. It is here, mure than anywhere else, that he 
has the opportunity of util izing that striking character­
istic of  our new material, which consists in the possi­
bil ity of securing, by the announcement of a single 
number, the transmission of his ideas. Instead of 
using individual pointing on this occasion, as we are 
tempted to believe would be done, we shall more than 
ever have recourse to collective aiming. § 

The intervention of the artil lery at this stage of 
the infantry struggle should be sudden and of short 
duration. How ca1;l he better secure this than by the 
command : " (  To the r ight or left ) increase or diminish 
by so many thou::;andths," l i instead of having recourse 
to the conversations and blind groping to which the 
designation of an objective usually gives rise ? The 
group commander can thus deliver, anywhere along 
the front, the sheaves of fire from his batteries, sup-

* The Lessons of Two Recent Wars, p. 83. Pari.. Lavauzelle. 

t The grouP. in the French artillery, consists of three battenes. Two 
groups constitute the divisional artillery.-Translator. 

t The French term contre-battre is difficult to translate accurately in a 
few words. It is used here in the sense of returning a blow, and is 
applied to the functions of those batteries which are to return the fire of 
the enemy's guns.-Tranplator • 

§ In individual pointing each gun is aimed directly at the portion of the 
objective assigned to it. and with the same deviation. In collective point_ 
ing, aU the guns are directed on a common aiming point with different de_ 
viations, so that the whole front of  the objective wtll be covered by the fire. 
-'rranslator. 

II The Frencll deviation scale is a circular plate, grad·tated in thousandths 
of the range.-Translator. 

© 1904 SCIENTIFIC AMERICAN, INC.



23912 SCIENTIFIC AMERICAN SUPPLEMENT No. 1492. AUGUST 6, 1904. 

porting the different battalions in succession, and in­
tervene at the proper time with the countering battery, 
if the enemy's artil lery exposes itself along the front 
assigned to his group. 

The batteries assigned to accompany the infantry 
have a r61e so important, that they must be prevented 
at all hazards from having their action impeded by the 
ratales of the enemy's guns. This can be done only 
by having behind them, under the control of the same 
chief, a countering battery ready to i nterpose. A dis­
tan t l ine of crest-artillery having no tactical connec­
tion with them, evidently could not extricate them as 
quickly or as surely as a battery of the same group, 
which never loses sight of them and has no other mis­
sion than to watch over and protect them from threat­
ened attack. 

This seems to us to be the proper method of em­
ployment of the divisional artillery in the preliminary 
engagement. It  secures the most effective possible sup­
port of the partial attack that the infantry have to 
make during this phase of the battle, while l imiting 
these attacks to those delivered by a regiment, the 
smallest unit to which may be assigned an exact and 
complete r6le in the battle. 

The regimental commander indicates to the group 
commander his intentions and the r61e of each of his 
battal ions, and it then becomes the duty of the latter 
officer to support these battalions by making the best 
use of the elements at his disposal and by going to 
the assistance of each one of them whenever needed. If 
the artillery had been distributed from the first among 
the battal ions, even admitting that these fractions of 
artillery were all well placed and well commanded, it 
m ight easily happen that the support rendered would' 

be superfluous at one point and insufficient at another, 
without any means at hand of reinforcing one another. 
Here, as everywhere, the principle of economy of forces 
must prevail ; and to economize forces, it  is  necessary 
not to scatter them, but to keep them massed under 
the same hand. 

I f  this is the r61e of the divisional artillery, it  may 
b e  asked what becomes of the corps artillery. We are 
often tempted to believe that the functions of the crest· 
artillery will be reserved for the corps artillery, and 

different natures, having distinct tendencies and meth­
ods of fighting. The whole of the artillery has but one 
object : To support the infantry from the beginning 
of the struggle to the final act, by attacking the en­
emy's infantry and artil lery. This necessitates a dis­
tribution of the batteries-a distribution varying at 
different points of the battlefield and at d ifferent 
periods of the fight, always regulated by the command­
ing officer of the artillery on the principle of the econ­
omy of forces. He must never lose sight of the fact 
that the infantry battle is the main object and the 
artillery combat is only a means thereto. 

From this it  results that every officer of artillery, of 
whatever grade, should become familiar with infantry, 
should study their tactics and modes of fighting, in 
order to understand, at every phase of the battle, just 
what they are doing and what they desire. 

-------

RAC ING AUTOMOBILES IN THE 1904 GORDON 
B ENNETT CUP RACK-I I I .  

THE RICHARD-IlRASIER RACER. 

IN this number we conclude our description of some 
of the princip:l.l rn.cer::; that ran in the 1904 Be;wett 
cup race,  with a well-illustrated article on the 80-
horse-power Richard-Brasier car, which once again 
won the cup for France. 

The winning Richard-Brasier automobile weighs 
complete 950 kilogrammes ( 2,094 .37  pounds ) when 
empty, but with all accessories on board. In the French 
eliminating trials it maintained a mean speed of 99 .41 6 
kilometers ( 61 .73  miles ) an hour, while in the Gordon 
Bennett race its mean speed was 88 .05  kilometers 
( 5 4 .97  miles ) .  I t  i s  able to run at a maximum speed 
of 135 kilometers ( 83 .83  miles ) an hour. 

The chassis is made up of an Arbel pressed-steel 
frame. There is no under or  false chassis, but the 
motor and transmission are mounted directly on the 
frame. 

The axles are hollow and of nickel steel, and were 
hardened at the Lemoine works. An examination of 
the front axle shows it to be cylindrical in the center 
section between the two side bars of the frame, but 

ate the inlet and exhaust valves are of course slightly 
d ifferent. All  of the valves are on the same side of the 
motor. The compression in the cylinders is 4.3 kilo­
grammes ( 94 .79  pounds ) .  The flywheel is of large size, 
as it  has a diameter of 600 millimeters ( 23 .62  inches ) .  

The maximum power of the motor is 80  horse-power 
at 1 ,200 revolutions per minute. It can be run easily 
from 200 to 1,300 revolutions per minute, which makes 
it possible to run on the high speed as low as 35 
kilometers ( 21 '/.1 miles ) an hour, while, by simply 
opening the throttle, the driver can increase his speed 
up to 135 kilometers ( 83 .83  miles ) an hour. 

The carbureter is of the usual atomizer type. It 
consists, besides the usual ordinary parts, of  two noz­
zles incl ined one toward the other and spaced 6 milli­
meters ( 1,4  inch ) apart. There are two air entrances, 
one below and the other at the side, for heated air.  
The two nozzles form a sort of liquid butterfly, which 
is caused by the suction of the motor, and the liquid 
does not collect upon the sides of the tubes, as it  
does in many carbureters that are defective. The 
consumption of gasoline during the Gordon Bennett 
cup race was 42 liters ( 1 1 .09  gallons ) a circll it ( 142  
kilometers-88 .18  miles ) ,  neutral izations included. 
On the road the constructors say that th e consump­
tion does not exceed 1 liter every 4 kilometers, or 
about 1 gallon every 10 miles.  

The ignition is accomplished by a Simms-Bosch 
magneto, with movable armature. The igniters are of 
the Brasier make-and-break type. The ground con­
tacts to the motor are assured at suitable points by 
small wires. The magneto is gear-driven from the 
motor crank-shaft. It  should be noted that the racer, 
like all of the other Richard-Brasier machines, does 
not have a variable advance to the spark. Two igni­
tion points are determined, the one at the minimum 
for starting the motor, and the other at a '  fixed ad­
vance ( 20 millimeters, or 'l4 inch, in the present 
racer ) .  The driver does not therefore have to bother 
himself about advancing the spark. This is one of the 
advantages of magneto ignition. The starting of this 
large motor, contrary to what one would expect, is  
very easy. The chauffeur takes the starting handle in  
his right hand and turns it. W ith his left hand he 

FIG. i.-TH E 80-HORSE-POWER MOTOR OF THE RICHARD-BRASIER 
RAC ER ON THE SIDE CONTAINING THE INLET AND EXHAUST 
VALVES. 

FIG. 2. -l\fOTO R OF TH.E RI C HA RD-BRAS I E R, THE W IN N I N G  RACER, 
ON T H E  S I D E  C ONTAINING THE lGNI'rERS AND THE MAG­
NETO. 

that the era of long ' lines of guns and of action in 
mass will ,  in consequence, appear again. Undoubtedly 
in order to be able to entrust to the divisional artillery 
the task of accompanying the infantry, it  would be 
convenient to admit that the corps artillery is to as­
sume the r61e of keeping in check the enemy's artillery. 
But to admit this is to admit that the old artillery duel 
is still possible, and that the. enemy will  allow himself 
to be hypnotized by this deployment of artillery and 
will hasten to oppose it  with all his available batteries. 
As we have pointed out before, it  will not do to count 
upon this. 

The great advantage of  our present artillery is in 
being able to cover a front larger than the one it oc­
cupies. If  the enemy knows how to utilize his batter­
ies, he will engage our corps artil lery, with only the 
number necessary to keep them busy, l,eeping the 
others for use at other points on the battlefield. 

In  general, the principal duty of the corps artillery 
will be to reinforce or relieve the exhausted divisional 
artillery, and in consequence it  witl follow, in  the con­
duct of the liattle, exactly the same principles. 

I t  may be asked, why not distribute all this artillery 
among the divisions, or in other words why not do 
away with the corps artillery ? This solution, adopted 
by the Germans several years ago, does not appeal to 
us. Outside of the consideration that it  might be . in­
convenient to burden the division by attaching so much 
artillery to it permanently it might easily happen that 
a division would not have enough guns at a given mo­
ment, while at another it  might have too many. We 
would then b e  compelled to take from one division a 
part of its artillery in order to supply its neighbor, a 
m easure which would not be very practicable ; while it 
is always easy to borrow from the corps artillery and 
to obtain the same results thereby. 

To sum up, we must not take too l iterally this divi­
sion into crest-artillery and infantry-artillery ; and we 
must be  espeCially careful not to look on thew as of 

rectangular in the sections at the ends where the 
springs are mounted upon it.  Each end of this axle 
has a horizontal T shape, one branch of the T point­
ing above and the other below. The upper branch of 
the T is luliricated from a Stauffer oiler, while the 
lower branch is mounted on a set of balls, which sup­
port the main weight of the car. 

Simple, straight, steel springs are used, and these 
are fitted, both front and rear, with Truffault sus­
pension. This suspension stops the vehicle from jump­
ing. It performs the office of a gigantic invisible 
hand which holds the vehicle down upon the ground, 
thus causing it  to utilize all its power in forward 
movement and to not lose any by leaps or bounds, as 
is  so frequently the case with high-speed cars. 

The wheel base of  the machine is 2.60 meters ( 8 .53  
feet ) , while  the tread h, only 1 .25  meters ( 4 .1  feet ) . 
The wheels are mounted on ball bearings, and are 
fitted with 810 x 90  mill imeter ( 3 1 . 8 8  x 3 . 5 5  inch ) 
tires on the front wheels, and with 820  x 120 ( 3 2.28 x 

· 4 .72  inch ) on the rear. 
In  place of a body, a gasoline tank is fitted around 

the seats of the driver and chaffeur, so that they l iter­
ally sit within the tank. The capacity of the tanl, 
is 125  l iters ( 33 gallons ) .  The motor consists of two 

. groups of two cylinders each, having a bore and stroke 
of 150 x 140 mill imeters ( 5 .90  x 5 . 5 1  inches ) .  M. 
Brasier repudiated the steel cylinder because of the 
great friction on the pistons in a cylinder of this 
kind, which necessitates a great abundance of  oil  in 
order for it  not to heat abnormally. The steel cylin­
der is l ighter than the cast-iron cylinder, and the 
walls are much thinner, but it  allows many more 
calories of heat to pass off in the water circulation 
system, on the same principle as a boiler having a 
thin bottom heats much more rapidly than one with a 
thick bottom. The eight valves of the motor are me­
chanically operated and are all interchangeable, as well 
as ltheir springs. The shape of the cams which oper-

pulls out a small rod situated conveniently, which 
raises the exhaust valves about 2 mill imeters ( 0 .078  
inch ) when the  compression occurs, and also retards 
the spark automatically. As soon as the motor starts, 
the compression relief rod is pushed liack, and the 
spark is automatically advanced to the maximum 
point. 

The motor is fitted with a centrifugal governor iden­
tical with those on the ordinary Richard-Brasier cars. 
The governor acts on two valves, OIle of  which is 
placed between each pair of cylinders in  a part of the 
motor that is always warm, and consequently where 
the cooling effects of evaporation and rapid flow of gas 
are not to be feared. The governor tends constantly 
to close the valves even at slight speeds ; but a small 
flat spring counterbalances in  a sl ight measure its 
effort, and thus reserves always to the motor a small 
supply of gas, which is sufficient to run it at its maxi­
mum speed. A handle placed on the steering wheel 
permits of increasing the admission, while a pedal 
throws the governor out of action and allows the mo­
tor to give full power. Thery used his handle so that 
it gave him the same result as would the use of the 
pedal ,  wh ich was not fitted on his car. 

The exhaust gas passes through four pipes, one for 
each cylinder, which terminate in a large cylinder 
pJerced with holes at one end. This evidently does 
not form a very perfect muffler, but it at least attenu­
ates the effect of the sharp detonations usual ly pro­
duced by these powerful racing engines. Seven!1 con­
testants in the Cup race ran with the muffler cut out, 
except when passing through controls.  Thery esti­
mates that the muffler on his racer absorbs about three 
horse-power, and thus he did not employ at any time 
the full extent of the power which his engine could 
have been made to develop.  

The cooling system in the ordinary Richard-Brasier 
cars is constructed on the thermo-siphon principle, and 
operated without a pump. But as the racer had an ex-
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ceptional ly powerful engine, a pump was found neces­
sary, and a turbine pump driven by friction from a 
small aluminium flywheel on the forward end of the 
crank shaft, was fitted to the car. A Grouvelle  & 
Arquembourg radiator, cooled by a fan, was used. 
The amount of water carried was 28 l iters ( 7 .39  gal­
lons ) .  The machine did not overheat any, however, 
even in the neutralizations. 

A Hamelle  mechanical oiler is  used to lubricate the 
engine, which drives, through a universal joint, a 
hori7.0ntal shaft situated in the oiler and carrying ten 
eccentrics. These ten eccentrics each operate in turn 
a finger, which drives a small oil pump whose stroke 
is regulatable.  Each pump, immersed in the oil ,  
draws in a certaiq quantity when the piston is  raised 

FIG. 0.-C ROSS-S I W 'l' I O N  OF THE RICHARD­

B RASI E l{,  CARB U R E 'f E R. 

F, G. Inlet pipes to the motor. E. Handle regulatmg aUXI liary air. 
S, 8. Auxiliary air holes. D. En t.rance hole to jacket of auxi lIury all', 
O. 'Regular au' s u pply pIpe. U, n. Inclined atOIn l Z m g  nozzlee-. P. 
Needle valve of tloat cbam ber. R. C tlUmber for drallllllg car bureter. 

by means of a spring, and delivers it to the desired 
tube when the piston is driven back by the finger. The 
ten tubes oil  automatically all the bearings of the mo­
tor, as well as the transmission and all other bear­
ings which need oil, so that the driver has no care in 
this respect. 

The clutch is  one of the good features of the racer. 
It  is made as shown in Fig. 4 ,  of an aluminium cone, 
e, covered with leather, which is inserted within the 
flywheel, V, in the customary manner. Above forty 
horse-power, however, it is notorious that the adher­
ence of these two parts is insufficient to transmit to 
the change-speed gear the full power of the motor. 
Many constructors have endeavored to improve upon 
or make" certain this type of clutch, which has some 
very good qualities. Some have added to it  near 
the center of the flywheel sliding bolts ; on the con­
trary, others have placed lugs at the periphery of 
the flywheel.  But, in the first place, all  the trans­
mi�sion is made through the bolts, and the chauf­
feur has great trouble in throwing out his Clutch, as all  
the power of  the motor is being applied against these 
bolts. T n  the second case. the lugs were moving at 
too high a speed .  and they often broke. 

M.  Brasier solved the problem in an analogous but 
modified fashion. He gave to the leather-covered cone 
all the diameter and incl ination necessary for clutch­
ing in the motor and for utilizing as much of its 
power as can be transmitted in this way. Then he 
determined the exact distance from the center at which 
the supplementary l llgs wOII I(]  not receive too much 
pressure from the motor, and woul d not be in danger 
of breaking from the shock of throwing in the clutch. 

H e  then installed a ring, having fastened to the cone 
six steel lugs, B, which can be made to enter six of 
thirty-six holes correspondingly placed in the flywheel. 
These holes number thirty-six in order that the l ugs 
may enter easily. The two operations are made suc­
cessively and automatically by the clutch pedal. The 
shifting fork applies at F. Fig. 4 represents the 
parts at the mo ment when, by means of the shipper, G, 

FIG. 6.-UPPER SIDE OF T H E  

CHASSIS.  

the pedal has withdrawn the fingers, D, and when, 
continuing the movement in a straight l ine, it is about 
to withdraw the cone, e. Experience has shown that 
the system is in  all points perfect, and that it  does 
not need any modification in order to be applied to the 
commercial vehicles. 

The change-speed gear is supported at three points. 
It  contains three speeds and a reverse. The first two 
speeds are obtained by a sliding gear set, 0 Q,  which is 
moved by means of a fork, t. On the first speed, the 
motion is transmitted .through the gears 0, P, U, V; 
on the second through Q, R, U, V;  and on the third 
there is a d irect drive through the jaw teeth, S,  of the 
gear, V, which are inserted in suitable holes, T, in the 
pinion, Q. For the reverse, the two gears, M and N, are 
interposed, thus causing the gears to all turn in the op­
posite d irection. The bevel pinion has 3 1  teeth, and the 
bevel gear on the differential 40 .  The driving sprock­
ets have 26 teeth, and the sprockets on the rear 
wheels have 30 teeth. 

The car is fitted with a worm gear steering device, 
which is very strongly built.  The worm has a 40 
thread ; it  is 8 6  mill imeters ( 3 .38  inches ) in diameter, 
and inclines 18  degrees. 

There are two foot bral,es, consisting of two distinct 
bands l ined with cast-iron plates, and each controlled 
through a separate pedal. Each brake acts on the 
same cast-steel drum keyed on the differential coun­
tershaft. The car had but a single brake and a single 
pedal in the eliminating trials, but M.  Brasier added 

the second brake after he had learned of the many 
difficulties of the course to be run over in the Cup 
race. A hand brake acts on the rear wheels by ex­
panding bronze segments pressing against the interior 
of drums, which are attached to the wheels .  

Finally, the machine is fitted with a sprag, which 
was put on solely for the purpose of permitting the 
driver, who ( as is known ) had to make a start on a 

FIG. 7. -UNDER SIDE OF T H E  

CHASSIS . 

12 per cent grade, to hold his machine on the incline, 
and to start with the brakes all off. 

The distinguishing feature of Thery's racer is the 
correct proportion of all its parts. It is  mechanic­
ally harmonious, and from this point of view it creates 
a new type of self-propelled vehicle.-L. Baudry de 
Saunier in La Vie Automobile.  

AMBERGRIS.*  
B y  CHARLES H. STEVENSON. 

AMBERGRIS is a wax-like substance found at rare in­
tervals, but sometimes in relatively large quantities, 
in the intestines of the sperm whale. W'ith the excep­
tion of choice pearls and coral, it  is the highest-priceu 
product of the fisheries, selling at upward of $40 per 
ounce. It has been a valuable object of commerce for 
hundreds of years. It appears to have been prized 
first by the Arabians, by whom it was called amber, 
and by this name it was first known among the Euro­
peans. The name was later extended to the fossil ized 
gum, the two being distinguished by their respective 
colors as amber gris and amber jaune. 

In the writings of early travelers to the shores of 
the Indian Ocean and to southern Asia, references to 
ambergris are by no means infrequent. Before the 
time of Marco Polo ( 1254-1324 ) ,  Zanzibar was famous 
for its ambergris.  So plentiful was it on the shores of 
the Indian Ocean in the sixteenth - and seventeenth 

* From United States Fish Comm1SSIOn Heport for 190t. 

FIG. 4. -CROSS-SECTION OF FLYWHEEL CLUTCH. FIG_ 5. -TRANSMISSION GEAR OF THE RICHARD-BRASIER CAR 

V. Flywheel o f  moWr. C .  Alilminillm cone covered with leather. D .  One of 36 holes arranged in a circle around 
hub of tlywheel. B. One of  six mo vable lugs on the hub of the cone. E. Guide for the lug. F. Shipper 
of the c l u tch-s h i fting fork. G. Shi fting collar for the lugs. H. Clutch thrust spring. I. Lugs for driving 
trausmi ssion shaft. K. Bal l thrust bearing. A. M. Motor shaft. L. Disk 00 which tlywheel is bolted. 
N, N. Holding bolle. n. Bolts holding togetber the two balf circles wbicb carry tbe clutcb lugs. 

J, J. Driving lugs. B. Plates bolted oogether, in order to easily take out the clutch. C, E. Operating shaft. 
i, i. Bolts for fastening gear case to the frame. M, N. Reven.ing gears. O. P. First speed I;:eors. 
Q, R_ Second speed gea..... U. V. Fixed gears. S, T. Lugs and holes for d irect drive on the th1rd or 
higb speed. D. Bracket for the gear-�hifting lever. X. Bevel pinion_ Y. Bevel gear on differential. 
H H. Differential countersbaft. 
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centuries that the name was given to various islands, 
�apes, and mountain peaks of that region. It was also 
found on certain shores of the Pacific, notably the 
coast of Japan. From their station in Batavia the 
Dutch traders kept Europe supplied, and also exported 
it to Asiatic markets. 

Though ambergris was a valuable commercial article, 
l ittle or nothing was known of its origin before the 
eighteenth century. Some supposed it to be the "solidi· 
fied foam of the sea," o thers that it  exuded from trees 
and flowed into the sea, or that it  was a "fungoidal 
growth of the ocean analogous to that on trees." 

I t  is now generally conceded that ambergris is  gen· 
erated in either sex of the sperm whale, but far more 
frequently in the male, and is the result of a diseased 
state of the animal, caused possibly by a biliary irrita­
tion, as the ind ividuals from which it is secured are 
al most invariably of a sickly appearance and some­
times greatly emaciated. I t  is not of frequent occur­
rence, many whalemen with half a century's experi­
ence never having seen any. The victim of the malady 
may eject the morbific substance, thus furnishing the 
lumps which have been found on the shores or floating 
on the seas frequented by sperm whales. 

Although the ambergris is of  snch rare occurrence, 
the sperm whalers are always in search for it, espe­
cially in d iseased or emaciated whales. It  is found in 
all parts of the intestinal canal, but more generally at 
2 to 6 feet from the vent. The instrument used in 
the search is a common cutting spade. The presence 
of the prize is detected by the peculiar feeling or im­
pression on striking it, very much like the cutting of 
cork or rubber, and also by its sticking or adhering 
to the spade, or by its floating out upon the water when 
the intestines are opened.  

Ambergris occurs in rough lumps varying in  weight 
from less than 1 pound to 150 pounds or more. I t  gen­
erally contains fragments of the beak or mandible of 
squid or c.uttle-fish, which constitutes the principal 
food of the sperm whale. When first removed from the 
animal it is comparatively soft and emits a repugnant 
odor, but upon exposure to the air it  grows harder, 
l ighter in color, and assumes the appearance  i t  pre­
sents when found floating on the ocean. I t  is l ight 
in weight, opaque, wax-like, and inflammable. Its 
color ranges from black to whitish gray, and is often 
variegated with l ight stripes and spots resembling 
marble somewhat. When dried-the only curing pro­
cess it undergoes-it yields a subtle odor faintly re­
sembling that of honey. I t  softens under heat l ike 
wax, and in that condition may be easily penetrated 
by a needle. A proof of its good qual ity is  a polished 
needle meeting with no obstacle when thrust through 
it, and if the needle be red hot the substance will 
exude  an oil .  I t  fuses at 140 deg. to 150  deg. F . ,  and 
when heated to 212 deg. F. it d issolves into a blackish, 
thick oil, and gradually evaporates, leaving no trace of 
its presence. When stored for a length of time it be­
comes covered with dust l ike chocolate. I t  contains 
some moisture that gradually evaporates, reducing its 
weight, but increasing its intrinsic value. 

The amount of ambergris produced annually from 
all sources varies greatly, scarcely an ounce being 
obtained in some years, while in others the prQduct 
may exceed $ 5 0,000 in value. The small compass 
within which a very valuable quantity may be stored 
without attracting attention, and the ease with which 
it may be brought in where it is  deemed advisable to 
preserve secrecy concerning a find, render i t  exceed­
ingly d ifficult to follow closely the imports of the 
article. However, a brief account is here given of some 
of the principal masses obtained. In this compilation 
we are indebted to Mr.  Francis H.  Sloan and to Messrs. 
J .  and W. R. Wing for information. 

Probably the most valuable p iece secured previous to 
the last century was a 1 82-pound lump purchased in 
1693 from the King of Tydore by the Dutch East 
India Company - for the sum of 11,000 thalers. I ts 
origin is unknown. Probably it was found afloat on 
the sea or drifted ashore. I t  is stated that the Grand 
Duke of Tuscany offered 50 ,000 crowns for it-with 
what success is unknown. 

An American fisherman is credited with finding a 
piece that weighed 130  pounds in a whale secured in  
1782  about 150  miles  southwest of Windward Islands. 
This sold for £ 500,  the low price leading one to fancy 
tbat the reported weight is exaggerated. 

Capt. Coffin, a British whaling master, stated before 
a committee of the House of Commons in 1791 that : 

"He had lately brought home 362  ounces, troy, of 
this valuable substance. He had taken this from the 
anus of a female sperm whale captured off the coast 
of Guinea, and which he  stated was very bony and 
sickly. At the time he brought this quantity to Eng­
land the ambergris was sell ing for 25s.  an ounce but 
he stated that he sold his for 19s.  6d .  per ounce ' to a 
broker, who exported it to Turkey, Germany, and 
France, among the natives of which it  appears to have 
been long celebrated for its aphrodisiacal properties. " * 

The schooner ' ' 'Watchman,' ' of Nantucket, is credited 
with bringing home from the Hahama I slands, in 1858 ,  
the  largest mass ever  found, weighing nearly 600 
pounds. This  was on the market for many months, as  
the owners were unwilling to divide it  and dealers 
were averse to taking the whole lot, but finally it 
was sold for $10,500 .  

The bark "Sea Fox," of New Bedford, in 1866 ,  se­
cured a 30-barrel sperm whale off the eastern coast of 
Arabia. A long-handled cutting spade was thrust into 
the region of the anus and a piece of ambergris fell 
out. Some of the men proceeded to cut open the large 

• Beale on the Sperm Whale, p. 183. 

intestine, which was about 10 feet long and 3 %  inches 
in  diameter, and for the entire l ength it  was l iterally 
filled and closely packed with ambergris. They cleaned 
out the stomach and found two large p ieces weighing, 
respectively, 40 and 41 pounds. The ambergris in the 
large intestine, to all appearance, was originally com­
posed of globular pieces, which, owing to pressure from 
all sides, were compressed into irregular shapes. The 
two large pieces found in the stomach were of a dif­
ferent shape from those found in the intestine. They 
measured about 3 6  inches in circumference, were flat 
on both sides, about 8 inches in thickness, and of a 
superior quality. The entire mass weighed 150  pounds 
and was sold to the Arabs of Zanzibar for $10 ,000 in 
gold. 

During the year 1878 the bark "Minnesota," in the 
same local ity, foun'd 18  pounds of ambergris in a 
whale, which was sold in Zanzibar to the agents of the 
Sultan for $150 per pound. 

The bark "Adeline Gibbs" in 1878 brought in the 
most valuable lot of ambergris obtained by an Ameri­
can vessel up to that time. (t was taken from a 
5 0-barrel bull sperm whale south of St. Helena, 
weighed 1 3 2 %,  pounds, and was sold for $23 ,231 .  The 
piece was the only one that a fleet of 1 2  vessels had 
taken in 45  years. About the same time the "Bartholo­
m ew Gosnold"  secured 1 25 pounds in  the vicinity of 
New Holland, which sold for about $20,000,  and tho 
" Lettitia" brought in 100 pounds worth $17 ,500 .  

In 1882 ,  the bark "Falcon," in latitude 16  deg.  5 5  
m in.  S .  a n d  longitude 11  deg. 00 m i n .  W . ,  secured a 
28-barrel male sperm whale, which was apparently i n  
healthy condition a n d  without unusual appearan ce. A 
spade was accidentally thrust into the abdomen, reveal­
ing the presence of ambergris in the viscera. A large 
piece of an ovate form, weighing about 60 pounds, and 
several smaller pieces, irregularly shaped, were found 
in the intestinal canal.  Some of the ambergris was 
brownish black on the outside and some of a grayish 
yellow cast ; the exterior coating was filled with man­
dibles of squid.  The gross weight was 136 pounds, and 
it  sold for $14,000.  

Doubtless the most valuable lot ever secured was a 
mass weighing 162  pounds 11 ounces, obtained in 1891 ,  
known as the "Bank" lot ,  which sold  in Londgn for 
about £ 10,000.  The following communication from 
the brokers who effected the sale of this remarkable 
find furnishes an excellent description of the lump 
and of the state of the ambergris market : 

"About the end of August, 1 891 ,  a gentl eman called to 
consult us as to the best  means of disposing of some 
ambergris which had been consigned to his firm. We 
suggested that if  it were brought to us we could ex­
amine it  find report upon its value, but when we were 
informed that the case which contained it weighed 
close to 224 pounds and was too large to go inside a 
cab our first feeling was one of incredulity as to the 
consignment being ambergris at all. I t  was finally de­
cided that the case should remain in the strong room 
of the bank in  which it  had been deposited for safe 
custody and that we should go there to inspect it. This 
we did, and were shown a box measuring about 2 feet 
4 inches in each direction and which we were told had 
with its contents been insured for £ 10,000.  

" In  the presence of the merchant who had consulted 
us  and the bank officials the lid of the case was opened 
with the immediate result that everyone beat a hasty 
retreat from its vicinity, for the horrible smell which 
issued from the box was overpowering. When the 
odor had lost somewhat of its intensity, we began to 
take out the packing and found that the case ( which 
was tin-lined ) contained one huge mass of a blackish 
SUbstance, measuring 6 feet 4 inches in circumference, 
nearly spherical, and which was undoubtedly amber­
gris. On being turned out of the case it  was found 
to be saturated with moisture, as were the packings 
of paper and old gunny which had been put around it 
to prevent i t  from chafing to pieces during the voyage ; 
and it was the l iberation of the gases generated by the 
salt water and the animal matter which had caused 
the stench alluded to. By proper treatment th is smell 
was eventually completely got rid of, and the amber­
gris obtained in marketable condition. The mass was 
next weighed and the certificate signed by the inter­
ested parties, the exact weight being at that time 
2,603 ounces, or 162 pounds 1 1  ounces. This is prob­
ably the largest piece of ambergris which has ever 
been seen by anyone living, and approaches nearly in 
weight to the lump of 182 pounds purchased by the 
Dutch East India Company two hundred years ago. 

"The next thing to do was to split the lump, so as to 
see what the interior was l ike. This was accompl ished 
with the aid of long chisels and crowbars. We then 
saw that the substance consisted of layers or lam­
ime rolled around a central core, the laminffi vary­
ing a great deal in texture, color, and flavor. Speaking 
generally, the outer layers were thin, friable,  and 
shelly ; dark, almost black in color, and mixed to a 
considerable extent with the beaks of th e cuttle-fish, on 
which the whale feeds. As the layers approached the 
center they were denser, grayer in color, thicker, and 
of better flavor, until the core itself was reached. This 
core really cons.isted of two pieces, one the shape of 
a rifle bullet, but with a deepish depression l ike the 
'kickup' of a wine bottl e in the base. I t  was from 
10  to 11 inches high,  with a diameter of about 6 inches 
at the bottom, tapering upward to about 2 inches at 
the top, which was sl ightly flattened. It  was detached 
from the surrounding layers with the greatest ease, and 
stood alone, a pure, sol id lump of the finest gray amber­
gris, weighing 83  � ounceR. Beside this magn ificrmt 
piece was a smaller one, almost spherical in shape and 

about the size of a very laf!�e orange. I t  was rather 
darker in color and not of quite so fine a flavor, but  
was as easily detached from the surrounding layers as  
the others. Neither of these pie<les contained any of 
the beaks which were so common in the outer layers, 
and it , is  almost needless to say that they real ized by 
far the highest price which was ob1Jained for any por­
tion of the mass. The layers nearest to the core were 
of much finer flavor than the outer and darker. One 
of them was quite 4 inches in thickness, and the amber­
gris of which it consisted was of a silvery-gray color, 
different from the whitish gray of tke core, and was , 
of lower specific gravity. The layer outside tbis again 
was striated in places with the darker exterior, and 
the beaks began to show, though not to the same ex­
tent as in the black, shelly exterior layers. 

" I t  is  a matter of some regret to us that we did  not 
secure a photograph of this extraordinary l ump, but 
the fact weighed heavily upon us that i f  the real truth 
about it leaked out the depression of the market would 
be so great that we should not be able to do jUfltice 
to our cl ients, and, consequently, as few people as 
possible were let into the secret. I t  is true that reports 
about it  were rife for a month or two, but as nothing 
authentie could be ascertained they gradually died out, 
and we have ourselves been repeatedly assured that 
th e thing was a myth altogether, one gentleman going 
so far as to tell one of our partners, about three months 
afterward, that he held three-fourths of the total quan­
t i t.y of ambergris in London, not knowing that we were 
eontrolling about 1% hundredweight."  

Probably the  finest lot  of ambergris received in Am­
erica was taken in 1894  by the schooner "Adelia C1J.ase" 
from a 50-barrel whale near Cape de Verde Islands. 
It  weighed 1 0 9 �y"  pounds and sold for about $ 26,000,  
the best parts fetching $350  per pound. No large finds 
have been reported since 1894 .  In 1899 5 0  pounds of 
poor qnality was secured by the bark "Charles W. Mor­
gan" off the coast of Japan. In 1900 the "Morning 
Star" secured 7 pounds, and in 1901 the same ship 
brought in 20 pounds of medium quality. 

Ambergris has been used for centuries in the sacer­
dotal rites of the church, and, in  connection with frag­
rant gums, it was formerly burnt in the apartments of 
royalty. It  was formerly used in cookery, especially 
in the East, being added to flavor certain d ishes. This 
custom spread through western . Europe to a l imited 
extent. Macaulay refers to rumors in connection with 
the death of Charles II. of  England that "something 
had been put into his broth, something added to his 
favorite dish of egg and ambergris." The principal 
use of ambergris, however, was as a medicine and as a 
perfume, especially in Asia and Africa. Until recently 
it  held a place in pharmacy, being regarded as a card­
iac and antispasmodic, somewhat analogo\lf; to mnRk, 
and was recommended in typhoid fevers and various 
nervous diseases. 

The principal and almost the only use of ambergris 
at present is in the preparation of fine perfumes, fur­
nishing an important ingredient in the production of 
choice bouquet of "extracts." It  also acts as a "fixer" 
and serves to impart homogeneity and permanency to 
the different ingredients employed. For perfumers' 
use it  is  generally made into an essence or t inctu re 
by d isRolving 4 ounces in a gallon of alcohol .  This is  
facilitated by first crushing and mixing it  with sand. 

Perfumers exercise much care in the selection of the 
ambergris which they use. The wholesale dealer 
grades his stock of the material according to its odor, 
appearance, etc. But this is  by no means sufficient for 
the trained ol factory sense of the perfume-manufactur­
er. Before determining the use of a special lot he tests 
it by his own standards, and these tests may extend 
over a month, especially for durability of perfume. 
Some manufacturers prize most highly those lots and 
grades which another manufacturer would not accept. 
The selection of j ust the proper quality to produce 
the desired bouquet forms one of the n iceties of the 
perfumer's art. 

The value of ambergris depends largely on its scar­
city at the time and its freedom from impurities. Dur­
ing the last thirty years it has varied in price from $ 5  
t o  $40 p e r  ounce. At the present time it  is quoted at 
$ 8  to $30 per ounce. In  1880 crude ambergris brought 
home by the whalers was sold at $10 an ounce and the 
dried article at $20 an ounce. In 1876  the value, dried, 
was $25  an ounce. In  the London Price Current of 
Colonial Produce in 1807 ambergris is quoted at 40s. 
to 45s.  per ounce for "gray, fine." Considering the 
respective purchasing powers of money two centuries 
ago and at the present time, that price is  quite equal 
to the average value in recent years. 

THE ARMY OF AMERICAN RAILROAD MEN. 
TIlE number of persons on the pay rolls of t.he rail­

ways in  the United States, as returned for .June 30, 
1903 ,  was 1 ,312 ,537 ,  or 639 per 100 miles of line. These 
figures, when compared with corresponding ones for 
the year 1902, show an increase of 123 ,222 in th e num­
ber of employes, or 45 per 100  miles of l ine. 'rhe 
classification of employes includes enginemen, 52 ,993 ; 
firemen, 56 ,041 ; conductors, 39 ,741 ,  and other train­
m en, 104 ,885 .  There were 49 ,961 switch tenders, cross· 
ing tenders, and switchmen. W ith regard to the four 
general divisions of railway employment it  appears 
that general administration required the services of 
4 5 , 222 employes ; maintenance of way and structures, 
433 ,648  employes ; maintenance of equipment, 253,889 
employes ; and conducting transport.ation, 5 7 6 ,881 em­
pl oyeR. This statement disregards a few employes of 
whom no aRsignment was made. 

The usual statement of the average daily compensa-
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tion of the 18  classes of employes for a series of years 
is continued in  the present report, which shows also 
the aggregate amount of compensation paid to more 
than 9 7  per cent of the number of employes for the 
vear 1903 and more than 99  per cent for the six years 
preceding. The amount of wages and salaries paid 
to employes during the year ending June 30 ,  1903,  as 
reported, was $757 ,321 ,41 5 ; but this amount, as com· 
pared with the total reported for the year 1902 ,  is 
understated for want of returns by $18 ,000,000 at least. 

ENGINEERING NOTES. 
O n e  of the m o s t  imp ortant problems that confronts 

a mining man, especially i f  his mine is large and 
deep, is  the selection of a suitable type of hoisting 
engine. And yet the question is too often decided 
simply in l ine with prevailing custom, and customs 
vary w ith locality. I n  one part of the world one type 
01' a hoist is in al most un iversal use, while in other 
parts such a hoist is regarded as impractical and un­
suitable. This is largely due to local prejudice, of 
course, and yet, where a prejudice is general it must 
surely be based on something worthy of consideration. 
The up· to-date manager rises above prejudice, and ap­
proaches the subject with a mind d ivested of all ready­
made opinions. He looks at the problem from all 
sides, ready to adopt anything which promises ad­
vantages, and in doing so he soon finds that it in­
volves much more than judging about price and quality 
alone. Hoisting ore out of a mine differs from all 
other hoisting in many ways. As a rule the depth 
from which ore is to be  raised is great, while in l i ft­
ing weights around a building under construction, 
at the shipyards, in the workshops, and on board ships 
the height is of no great consequence. The quantity 
to be raised from a mine in a day is al so considerable, 
and as a rule the same engine wh ich is to hoist the 
ore will also have to l ift and lower the miners. The 
mining hoist is further a permanent appliance, and 
the cost of handling the ore depends in a very large 
measure upon the type of hoisting engine selected.­
E. T. Sederholm in Mines and Minerals. 

A new type of motor boat has been designed by 
a French inventor, Count de Lambert, capable of de­
veloping a high speed with a motor of 14 horse·power, 
whereas with the prevalent type of boat two or three 
times as much power is necessary to attain the same 
speed. In this latest design a novel principle of 
construction is adopted. There are two skiffs, each 
18 feet in length , coupled side by side. The motor is 
placed in the center, and drives a single screw pro· 
peller at the stern, placed between the two boats. 
The  feature of the invention is that the boat does not 
cut through the water, as is generally the case, but 
glides upon its su rface. 

This gliding motion is obtained by making the two 
skiffs flat-bottomed, and introducing a series of five 
transverse planes below the waterl ine and slanting 
downward from fore to aft in  the water at an angl e 
of about 30 degrees. These inclined planes remain, 
except the two at the bows, in the water when the 
boat is. at a standstill .  When the propel ler revolves 
and drives the boat forward, the resistance of the 
water on the series of inclined planes beneath the 
craft causes the latter to l ift until it  rests merely 
on the surface, over which it  glides along. The in­
ventor, although his device appears curious, has yet 
attained some startling results with it  on the Seine. 
With a motor developing 14  brake horse-power he has 
attained a speed of nearly 20 miles per hour, with 
the stream, and 1 7 %  miles against the stream. The 
gl iding boat, however, would not be practicable upon 
any water where there was the slightest wave motion ,  
a s  its equil ibrium would b e  seriously d isturbed , and 
its commercial development therefore is distinctly 
limited. 

An interesting return has just been i ssued showing 
the warships bui lt  in government as well as private 
yards in all countries. A careful analysis of the fig­
ures given shows that of the total displacement tonnage 
37 .6  per cent has been floated for the British navy, 
20 .6  per cent for the United States fleet, 9 .45  per cent 
for the Czar, 8 . 1  5 per cent for the French fleet, and 
7 . 1  per cent for the Kaiser. In other words, wh ile the 
tonnage of British ships was 148 ,746 ,  that for the 
United States measured 81 ,320  tons, for Russia 37 ,150  
tons, for  France 32 ,119  tons, and for  Germany 28,170 
tons. I taly comes next with 25 ,680 tons ; then Austria, 
17 ,900  tons ; Japan, 12 ,640  tons ; Turl!:!l!Y, 7 ,660 tons ; 
Denmark, 3 ,500  tons ; and Portugal,  630  tons. Th e 
total for the world thus becomes 395 ,615  tons, which 
is equal to nearly one-fifth of the merchant seagoing 
shi p-tonnage launched in all  countries in the same 
year. As regards the horse-power of  the machinery 
for these sh ips, the fact that the ratio of power to ton­
nage is  2.3 to 1 is  suggestive of  the effort made to get 
high speed. Owing to the inclusion of a large number 
of torpedo craft this h igh proportion i s  most pro­
nounced in  the case of France, 3.7 of power to 1 ton ; 
Russia, 3 . 3  to 1 ;  and Japan, 2 .7  to 1 .  The aggregate 
horse-power for all the ships works out to 908 ,800 I .  
H. P. ,  of which 3 5 . 5  per  cent is due to the  British navy 
add itions, 14 .9  per cent to the United States, 13 .5  per 
cent to Russia, 13 .1  per cent to France, and 7 .2  per 
cent to Germany. The ratio of power to tonnage in the 
case of Germany is  about an average, for the British 
ships it  is under the average, and for the United 
States low. These results, however, are only averages 
and count for l ittl e,  being due to th e inclusion of 
fewer or more high-speed destroyers. The horse-power 
for British warships totaled 3 20 ,100 ,  for the United 
States 134,200,  for Russia 122,800, for France 118 ,300,  

for Germany 64 ,900 ,  for Japan 46 ,500 ,  for I taly 44 ,000 ,  
for Austria 27,000,  for T urkey 25 ,000,  for D enmark 
4,200, and for Portugal 1 ,800 1 .  H. P. 

SCIENCE NOTES'. 
While the bands observed on the surface of the 

planet Jupiter are always quite parallel to the equator,  
yet oblique bands have been observed by Chambers. 
Amann ( Comptes Rendus ) has observed, in the south­
ern h emisphere of the planet, such an oblique band 
four times between July 4,  1902 ,  and January 22, 1903.  
The most striking observation was made on December 
13,  1902, when the band was seen at an inclination 
of 12  deg. between 20  deg. and 40 deg. southern lati­
tude. One end of the band was about 20 deg. from the 
eastern side of the planet, and · the other 23 deg. from 
the western side. Amann considers that these ob­
servations should furnish valuable information as to 
the duration of formation of all the bands generally ; 
the usual type of parallel bands can give no data as 
they, as a rule, completely encircle the planet. 
Further, he  considers that the oblique bands are due 
to the formation of an immense solid mass which 
moved eccentrically to the axis of rotation in a more 
or less plastic surface medium. 

The geological department of the California Uni­
versity is studying a fossil ized egg, preserved in a 
hard nodule, which is claimed by the owner to have 
been purchased from an Arizona miner. As far as 
known, there is  only one other specimen in  existence, 
that in  the California Academy of Sciences in San 
Francisco. According to the experts, there can be 
no mistake about the nature of the curiOSity, as an 
examination has revealed the fact that the delicate 
shell has been perfectly preserved, even to the fine 
pitting of the outside, I n  places where the shell is  
cracked the inside is  seen to be fil led with some min­
eral substance, the exact nature of which is s�ill un­
determined. Prof. John C. Merriam, head of the 
palreontology department, is inclined to the belief 
that the original organic  contents of the egg have 
been changed by the intrusion of some del icately per­
colating mineral substance to form a new material, 
and in order to settle this point, Dr. Arthur S.  Eakle, 
instructor in mineralogy, has undertaken the investi­
gation of the nature of the egg's contents. The speci­
men is about the size of an ordinary hen's egg, b ut 
a trifle longer. From its general character, Dr. Mer­
riam j udges that it  must date from a period older 
than the Quaternary, and possibly ol der than the 
Pliocene. 

G. W. Bough in Science puts forward the following 
theory as the one which, in his opinion, gives the 
most satisfactory explanation of the question of the 
phYSical constitution of Jupiter. The visible boundary 
of  Jupiter .is assumed to have a density of about half 
that of water. This medium i s in the nature of a 
l iquid ; in it are located the great red spo t and the 
egg-shaped white spots. In such a medium, all mo· 
tions in longitude and latitude would be slow and 
gradual, and the shape and size of the object would 
have great permanency. The equatorial belt and the 
so-called polar belts may b e  located on th e surface or 
at a higher level than the red spot. In the middle 
latitude, within 20  deg.  of  the equator, the higher 
atmosphere carries a layer of dark matter, in the di­
rection of the rotation of the planet, at a velocity of 
about 250  miles per hour, making a complete circuit 
around the planet in 44 days. I n  this envelope are 
formed the openings known as white spots, and by 
unequal d istribution, black spots. The great bay in 
the south edge of the equatorial belt may be accounted 
for by assuming that the great red spot is  at a lower 
temperature than the medium in which it  floats, and, 
owing to this, condenses a portion of the vapor com· 
posing the belt. The belts may b e  assumed to consist 
of some sort of vapor of considerable density. The 
cloud-like matter, which in  the equatorial regions is 
moving over the surface at the rate of 250 miles per 
hour, would account for the minor changes on the 
su rface of the equatorial belt .  

It is generally said that colloidal gold solutions, as 
well as the p ermanent suspensions, are coagulated and 
precipitated by the passage of electric current, red 
colloidal gol d solutions being simultaneously turned 
blue. Mr. J.  C .  Blake has investigated the behavior 
of completely reduced red solution of colloidal gold,  
formed by the action of an ethereal solution of gold  
chloride dried at 1 7 0  degrees, on acetylene water 
containing ether. If such a solution is contained in 
an ordinary beaker, there is  no effect apparent upon 
passing an electric current for hours. This apparent 
inactivity is attributed to conditions favorable for 
uniform diffusion. On the other hand, if  the solution 
is  contained in an ordinary U-tube, with an electrode 
in  each arm barely entering the liquid in order to 
avoid the d iffusing effect of escaping gases, electrical 
migration and concentration of the gol d  may be ob­
served. When contact is made, the gol d  immediately 
begins to settle around the cathode 'Yith a clear sur­
face of demarkation, l eaving a colorless liquid,  but 
never passing the bend of the U-tube. The gold solu­
tion around the anode grows deeper in color for about 
hal f  an hour, and then grows l i ghter in color, until , 
after twelve hours, only a faint pink tint remains, 
all the gold  being now concentrated in a red cloud 
at the bend of  the U-tube, except for a sl ight deposit 
of dark-colored sl ime on the anode. When the U·tube 
is  so constructed as to have a long, horizontal portion 
between the two arms, the phenomena were nnchanged. 
the cloud forming midway between the poles. The rec . 
cloud may be diffused by gentle agitation or warming, 

and diffuses simultaneously when the current is 
broken. The explanation given is that the gold  par­
ticles are originally negatively electrified, and h ence 
start toward the anode ; but, upon concentrating 
around the anode, they give up their charges and, 
receiving a positive charge, are repelled. These posi­
tively charged particles meet negatively charged par­
ticles migrating from the cathode, and some sort of 
union is formed, which produces the red cloud at the 
bottom of the tube.-The American Journal of Science. 

ELECTRI CAL NOTES. 
The principal thing which at present l imits the 

distance to which electric power can be transmitted 
is voltage, or rather insulation. The amount of cop· 
per, which constitutes a large proportion of the total 
cost of any given transmission scheme, is directly 
proportional to the square of the distance and the 
amount of power transmitted and is inversely pro­
portional to the square of the voltage used and the 
loss that takes place in  the conductors. It is evident, 
th erefore, that if  we could increase the voltage in­
definitely, we could increase the transmission distance 
indefin itely ; but we soon come to a limit beyond 
which we find i t  is impossible to increase the voltage. 
Just what this l imit in voltage is at present is some­
what a matter of individual opinion, and what it will  
be in the future involves an exercise of prophetic 
vision which it  is beyond the scope of this discussion 
to assume. The highest voltage actually in use at 
the present time is about 5 5 ,000.  This voltage is used 
in the Canon Ferry-Butte transmission in Montana, 
a d istance of about 65 miles, and in the Shawinigan­
Montreal transmission in Canada, a distance of about 
80 miles. H igher voltages have b een proposed, and in 
some cases have even been prepared for, in the de­
sign of l ines and transformers ; but up to the present 
time none higher than 5 5 ,000 volts has been put into 
successful commercial operation. The most serious 
difficulties encountered in increasing the voltages of 
transmission are : D ifficulty in maintaining per· 
fect insulation. 2 .  D ifficulty in obtaining proper pro­
tection from l ightning discharges and other static 
troubles. 3 .  Loss of power due to brush discharges 
from high-tension conductors. 4 .  Deterioration of the 
high-tension conductors, due to the fact that com­
pounds which attack the metal are formed by the 
action of these brush discharges upon the atmosphere. 
-Paul M. Lincoln, in Cassier's Magazine. 

Among the many applications of electricity about 
mines, possibly the latest is in its use as a motive 
power in hoisting engines. While a number of small 
hoists run by e lectric motors have been in use in the 'United States for a number of years on underground 
sl opes and shafts, it  is due to Germany almost exclu­
sively to show what results can be obtained by using 
this form of power in large units on main hoisting 
shafts. Approaching in this country to the latest 
German development are the electric hoists on the 
shafts of the Consolidated California and Virginia 
Mining Company, on the Comstock Lode, at Virginia 
City, Nev. There is  at present much interest in elec­
tric hoists in England and on the Continent, as well 
as in the United States, and the successful solution 
of the problem will  doubtless be  of considerable im­
portance to mine owners in all  fields, notably in South 
Africa on the "Rand" where the reef goes to a great 
depth, and in some sections of our own country-i:J 
the Rocky Mountain region, for example, and the Lake 
Superior district. The hoists just described, the ex­
periments being tried, and the development of elec­
tric hoists now under way by a number of manufac­
turers, are the outcome of the advance made in elec­
trical engineering, the very general appl ication of  
el ectriCity to mining operations, and requirements de­
manding a hoist of this type. Mines in the Lake 
Superior region have attained a depth of a mi l e  
a n d  over, a n d  further extensions o f  the "deep-level " 
mines in the Rand, South Africa, involve vertical 
shafts of 3 ,500 to 5 ,000 feet to the intersection of the 
reef, with incl ines from this point of 3 ,000 to 6 ,000 
or more feet in length ; and in planning the develop­
ment and equipment of these properties, it has been 
stated that present hoisting methods must be con­
siderably modified. Mr. H.  C .  Behr treated the vari­
ous features of this hoisting problem in a paper on 
"Winding from Great Depths," and the consensus 
of opinion among South African engineers seems to 
be that these "deep-level" m ines will  be  operated on 
an even larger scale than ever before, the output 
planned being 2,000 to 3 ,000 tons per mine per day ; 
and that the greatest attention will  be given to the 
economies that may be effected in working costs, by 
the use of machinery, and in  economic methods of op­
erating the same. It has been stated that the advan· 
tages of electric-power distribution are well recog­
nized, and this method will be extensively adopted for 
what may be termed auxil iary power requirements. 
The underground workings will  b e  arranged with a 
view to rapid  removal of the ore contents, and it is 
probable that several incline shafts, operated by inde·  
pendent h oisting engines located underground, will  be 
used to feed each single large vertical shaft, the latter 
having several pairs of hoisting compartments, and 
possibly arranged for hOisting in stages. In any case, 
there will  exist w ithin the next few years a demand 
for hoisting engines of considerable size, to be located 
underground, in a dozen or more of the "deep-level" 
m ines, and from three to six hoists per mine. A num-

, her of these mines in the same neighborhood are con­
trol l e d  by the same finanC'ial interests, and it is per­
fectly feasible to consider the supplying to such a 
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group of mines of their electric power requirements 
from a single central power station. With the rapid 
development of water·power and the increasing use of 
long·distance transmission of electricity, the adoption 
of that power hoisting on main shafts would seem to 
be favored in many sections when electric hoists of 
la.rger capacity have demonstrated their fitness for the 
work.-Mines and Minerals. 

------- -

TRADE NOTES AND RECIPES. 
Pickling of Spangles and e ther Objects.- Oxidized 

copper, brass, and German silver articles must be 
cleansed by pickling in acid solutions. I n  the case of 
brass alloys, this process, through which the object 
acquires a dull yellow surface, is known as d ipping 
or yellowing. The treatment consists of several suc· 
cessive operations. The article is first boiled in a lye 
composed of 1 part caustic soda and 10 parts water, 
or in  a solution of potash or soda or  in l ime water ; 
small objects may be placed in alcohol or benzine. 
When all the grease has been removed, the article is 
well rinsed with water, and i �  +�en ready for the first 
pickling. I t  is first plunged into a mixture of 1 part 
sulphuric acid and 10  parts water, and allowed to re· 
main in it till it acquires a reddish tinge. It is then 
immersed in 40 deg. n itric acid, for the purpose of 
remov'ing the red tinge, and then for a few seconds 
into a bath of 1 part nitric acid, 1 . 2 5  parts sulphuric 
acid of 66  deg. Baume, 0 .01  part common salt, and 
0.02 part lampblack. The article must then be im· 
mediately and careful ly washed with water till  no 
trace of acid remains. I t  is then ready for galvaniz· 
ing or drying in bran or beech sawdust. When arti· 
cles united with soft solder are pickled in nitric acid, 
the solder receives a gray·black color.-Der Metall· 
arbeiter. 

Use of Pe troleum in Metallurgy .-I mportant experi· 
ments in the employment of petroleum in metallurgy 
have been actively conducted by engineer specialists 
in this important branch of industry. It is in Russia, 
especially, where coal and wood cannot rival petro· 
leum, that experiments have yielded the best results. 
The first attempts were simply the combustion of 
the residues of  petroleum on a kind of grate. This 
primitive installatiOli was replaced by a system of 
buckets, constantly filled with petroleum by means 
of a special arrangement regulating the admission of 
the combustible l iquid.  The space separating the 
buckets from each other permitted the circulation 
of the air necessary for the combustion, which was 
complete. 

These petroleum burners have been i mproved in the 
following way : The petroleum is brought in by a 
pipe . .  A valve regulates its admission into a chamber 
where . air is  admitted, and on the exit from this cham· 
ber the petroleum is  ignited. 

The burners employed in  this system resemble 
acetylene burners. The gas conduit is  divided into 
two small tubes, each perforated with a small orifice, 
and arranged so that the orifices are opposite each 
other. The two gas jets are united at the exit of 
these tubes into a single j et, which is  then ignited. 
The flame passes over the metals and accomplishes 
their fusion and mixture. 

We notice that petroleum has been successfully em· 
ployed in Russia, not only in  metallurgy, but in  the 
glass industry. The gla.ss works of Kroubsky employ 
it as a combustible.-Translated from La Journal du 
Petrole.  

Rapid Production of Oxygenated Water. -The manu· 
facture of oxygenated water at present is a long and 
delicate operation. MM. Gouthiere and Laurent have 
sought to simpl ify the method and render it  practical ,  
even in inexperienced hands,  while obtaining rapidly 
a product of good quality. 

The operation i s  as follows : To water acidulated 
with chlorhydric acid in  suitable proportions, a mix· 
tute of barium bioxide and crystall ized sodium suI· 
phate, prepared in advance, is added. The b ioxide is 
decomposed by chlorhydric acid ; oxygenated water 
and barium chloride are formed, and a disengagement 
of heat occurs. 

The sodium sulphate dissolving in water, with 
a bsorption of heat, counterbalances the elevation of 
temperature, producing more stabil ity in the oxygen· 
ated water. There is also formed with the barium 
chloride, sodium chloride and insoluble barium suI· 
phate. The baryta i s  therefore precipitated in this 
way. 

The operation is  terminated by neutralizing the 
liquid by any alkal i which will precipitate the ferric 
oxide, alumina, and silica in the insoluble state. 

The oxygenated water may be  utilized after decan· 
tation or filtration to separate the precipitate . .  

A variation of this operative mode consists in the 
employment without previous mixture, but in suitable 
proportions, of  barium bioxide and sodium sulphate. 

This process is equally applicable to the manufac· 
ture of oxygenated water by alkaline bioxides, sodium 
bioxide for instance. This compound on contact with 
the water produces a l ively effervescence, and an ele· 
vation of temperature, resulting in a loss of oxygen. 
By mixing it previously in suitable proportions with 
crystall ized sodium sulphate; these inconveniences are 
avoided. 

Other alkaline sal ts can b e  employed, as sodium car· 
bonate, sodium phosphate, etc. Preference is given 
to sodium sulphate, on account of its comparatively 
low price and the practical form in  which it  is offered 
i n  trade.-Translated from Revue de Chimie Indus· . 
trielle. 

VALUABLE BOOKS. 

COMPRESSED AIR, 
Its Production, Uses and Applications. 

By liARDNER D. HISCOX. M . E  .. Author, of " Mechanical Movements, 
Powers, - Devices , "  etc . •  etc. 

Large 8vo. 820 pages. 541i illustrations. Price $:) in cloth, $6.:)0 in 
half morocco • 

. A c,om plete treatise on the su bject of Com pressed Air. comprising its 
p b ysical and operatIve ·properties from a vacuum to its Jiquid form. Its 
t h ermodynamics, com pression, transm ission, expansion, and its uses for 
power purposes in mining and engineering work ; pneumatic motors, �hop 
tools, . air blast for cleaning and painting. 11he Sand Blast,  air lifts, 
pum plng of water, acids and oils ; aeration and purification of water sup­
ply,  I;lre a l l  treated, as weH as railway propulsion, pneumatic t u b e  trans­
mISSIOn, refrigeration. 'l'he air brake, and numerous appliances in w h ich 
com pressed air is a most convenient and economical vehicle· for.work­
with air tables of compression. expansion and physical properties. 

This is a m ost comprehensive work on the subj ect of Compressed A ir, 
giving both the theory and application. 
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Practical Pointers for Patentees 
Containing Valuable Information and Advice on 

THE S A L E  OF PATE N T !>! .  

. A n  ElUCidation o f  the best m ethods Employed b y  the Most Successful 
Inventors in Handling Their Inventions. 

By F. A. CRESEE, M.E. 1H Pages. Cloth. Price, $1.00.  
T h i s  is the most practical, up-to-date b o o k  published i n  the iritereRt o f  

Patentees. setting- forth t h e  best methods employed by t h e  most !;Iucc�ss, 
fu] Inventors in handling their patents. It  is written expressl y  for 
Patentees b y  a practical Inventor, and is based upon the experience of 
some of the most successful Inventors of the day . 

It g-ives exact l y  that information and advice about handl ing patents 
that should be possessed by every Inventor who wou l 9- achieve success 
by his ingenuity, and w i l l  save the cost of many expensive experiments 
as weH as much valuable time i n  real iz i l lg  from your inventions. It 
contains no ad vertisements of any d escription. and is published i n  the 
interests of t h e  Patentee alone, and its only object is to give h i m  such 
practical information and advice as will enable him to intelligently 
hundle his patent successfu l l y ,  economica l l y  an d  protltably. 

It gives a vast amount of valuable information along this hne that can 
only be acquired by long, expensive experIence in reaHzing from the 
monOPOly. afforded by a patent. Send jor Descriptive Circular. 

I1UNN & CO. ,  Publishers, 3 6 1  Broadway, New York 

GAS ENGINE CONSTRUCTI9N. 
By H ENRY V. A .  PARS I!:LL, JR., Mem. A .  I. Elec. Eng. , and 

AR'rIl U R  J. W EE D .  M.E. 
PROFUSELY I L L U STRATED. 

This book treats of th';' subject more from the stand point of practice 
than that of theory, The principles of operation of Gas Engm es are 
cleari y  and simply described. and then "the actual construction of a half­
horse power engine is t aken up. 
tb!i����S��li:;:c�':,�t!::i�::ta��';fraW;D.r�r��fsht�� �� ���0;rt�1n�Yt�� 
castings. It is pro fusely i l lustrated with� beautifu l .  engravings of t.he 
actual work i'n · progress. sh owing the modes of ch ucking. turning. boring 
and tlnis hmg the parts in the lathe, and also plainly sh owing the l ining up 
and erection of t h e  engine. 

Dimensioned working drawings give clearly the sizes and 
forms of the vari ou .. details.  

11he entire engine,  with t h e  exception of t h e  fly-wheels,  is designed to 
be made on a simple eight-inch latb e, with sliQe rests. 

The book "'Closes with a chapter on A m erican practice in Gas "En.gine 
design and gives simple rules so that anyone can fi/lure out the dim ensions 
of folI i m i l ar eng i n es of ot,her  powerR. 

Every illu stration in this book is new a.nd original. h aving 
been made expressly for this work. . 

Large 8vo. About 300 pages. Price $�.:)O postpaid. 

Radium and 
Radio= Activity 

Tbe SCIENTIFIC AMERICAN SUPPLEMENT has publisbed 
the most complete i nformation on the subject of Radium and 

Radio.activity tbat has thus far appeared. 
The followin g articles. written by men who have played 

a prominent part In the discovery o f  the marvelous properties 
of radium, should be read by every student o f  chemistry a u d  
physics : 

R A D IO-A('TI V I T Y  A N D  T H E  E L ECTRON 
T H EO R Y. By SIR WILLIAM CROOKES. SCIEN· 
TIFIC AMERICAN SUPPLEMENT 1 402.  

T H E  R A DIO-ACT I V I T Y O F  MATTER. B y  
PROFESSOR HENRI BECQU E REL. SCIENTIFIC A M ·  

E R I C A N  SUPPLEMENT 1 3 '79.  
S O M E  PROPERTIES O F  T H E  R A D IO-A CT­

IVE S U R STA N c E S. By PROFESSOR HENRI 
BECQUEREL. SCIENTIFIC AMERICAN SUPPLEMENT 

1 42 '7 .  
PRO D U C T I O N  O F  H E L I U M  F R O M  R A U I U I'I .  

B y  S I R  WILLIAM RAMSAY. SCIENTIFIC AMERICAN 

SUPPLEMENT 1 4 44. 
T H O R I U M : 

W I 'I H 
A R A DIO-ACTIVE SU BST ANCE 

T H E R A PE U T I C A L  POSSI B I L -
I T I E Ii .  B y  D R. SAMUEL G. TRACY. SCIENTIFIC 

AMERICAN SUPPLEMENT 1 4 '70. 
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