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on 
Wheel 

is the only motor vehicle 'which combines the convenience alld ease of operation 
of the light Runabout with the reliability of motor power and strength of con
struction found in the heaviest types of automobiles. 

Whil& the price is only $650.00, it is sold on its merits, not for its cheapness. 

these Points in Selecting an Automobile 
The Oldsmobile is free from the annoying vibration seen in most machines. 'V'atch the Oldsmobile go, and see how smooth it runs and how free it 

is from jar or vibration. 
The Oldsmobile is built with the smallest number of parts, which makes for strength and simplicity, and reduces repairs to a minimum . All parts 

are accessible, and the whole mechanism is so simple that it is a favorite everywhere with women and children. 
The.gracefullines of the Oldsmobile show both beauty and strength. It is a machine to be proud of, both for its appearance and its performance. 

Mr. L. L. Whitman recently completed. in an Old,mobile. the longest automobile trip e\'er made in the United States. Immediately after finishing 
his famolls rull from San Francisco to Portland, J\.·le._ he entered his llHlchine ill the endurance contest from New York to Pittsburg', via Buffalo 
nnd Cle-veland. His was one of the fe, .. machines to arrive on time. although his way was hlocked by floocied areas andseemil1g1y impassable 
mud-holes without Dumber. This trip was made with a regular stock machine-not one built for the occasion. 

"The Oldsmobile Is Built to Run, AND DOES IT." 

THE OLDSMOBILE LIGHT DELIVERY WAGON 
is now'on view at all our selling agencies. It embraces the mechanical features that have made the Oldsmobile the Standard Runabout of the world, 
has carryillg space of one cubic yard, and will carry up to 500 pounds. 

It is rapid, prompt and economical, and �i11 deliver three times as much goo(ls in a given time as al1orse-drawn vehicle can . 

•• IT DELIVER.S THE GOODS." 

Albany. N. Y. Auto. 8tor""e & Trading Co. 
A.lpena, Mich. . • . • t:. II', titeelc 
i1!t�r:�r��k. 1\ll�h. ?ld�.wO*��Ol�Y�� 
���f��.mJ�;.�' \'. oid.m���·(��il'.r�; 
Butfa.[o, .N. Y. . Jaynes Auto. <":0. 
Charleston. S. C. Army Cycle ("0. 
Charlotte. N. C. ' "  O. L. Barrlnller 
Chicago. III. . . O!d.mubileC mpany 
Cleveland, O. OhiO Oldsmobile Company 
Columbia, �. C:. . . J. E. Richard 
Dall .... Tex. . . I.ipscomb ,t Garrett 
DavenporL. Iowa Mason's Carrl .... e Worka 

Argentine Republic. Ramon Camano & Co. 
Australia: 

Buenos Ayres 
New South Wales, 
Victoria • . 

Knowles Auto. II: PowerCo .• Ltd . . Sydney 
. Hall "" Warden . . :IIelbourne 

W�ti:����fraitl\ Ja •. 8mlth & Sons Brisbane 
Dunca.n &. Fraser Adelaide 

We.� Australia Am. JI.[otor Cnr & Vehicle Co: Perlh 
AUBtria. 1. 'r. Ri.ell Vienna 
Belgium Mauriee F.venpnel &. Co: . • Brussels 
Canada �.Y-t�o�I����TCo. ' . '. c'opeT.s:-.i';:� Dewnar" 

LIST OF AGENTS 
t��i�:8t::��y�&l· 
Mempbi�t Telln 
lthlwank-ee. Wi�. . 

:t ���;����St ��.iDn .
. Nushville. Tenn. 

� �:a6�!e�n�: La 
New York City. N. Y: 
Omnba, .Neb. . 
Philadelphia, Pa. 
Pittshurg, Pa. 
PI .. lnlIeld, N. J. 

LIST OF FOREIGN AGENTS France Eugene Merville . . . 
Germany General- Vertrleb von !'.tntcr-

(e:ccept COlo·!·ne) tahrzeugen 
(;.errnany (COJO.f!ll��1 l,. Welter & Co. {-it. Britain.& Ireland Jarrott & I.eU., Ltd. 
Hawaii R. N. Ha!stead 

?ld�mo:��Sg:r&. 
White & Wl\IIams O�d�m�b'b'i.�:'E��;' 

• C. C. Worthington 
Johu W. Chester Co. 

Autovehicle Co. . A bbott Cycle Co. 
• Oldsmobile Company 
· Ol�l�i:��lfe��:�:�; 

. . Banker Brotbers 
F. L. C. Martin Auto. Co. 

• Paris New Zealand 
Ru!sia 

Berl!n RUlIsia 
Colo�e RussIa 
LoudQU Rus.l� 

Honolulu South Africa' 
Bolland. Blnltharn & Co. Rotterdam South Africa 
Italy . Victor Crotzllt 1'urtn Switzerland 

Portland, Ore.. . .  lIIerrH! Cycle Co 
P...tuebkeepsie. N. V. Jonn Van Beuscbotell 
Raleigh. !II. C. Raleigh [ron Works ('0. 
Rochester. N. Y. Itochester Auto. Co. Saginaw, Mich. . . A. W. Norri� 
San Ii'rancist!o. Cwo . . •  Pioneer Auto. Co. 
���ft:��A.��te"'. I. 'f. . �'Icln'� i� �'J:l��� 
St. Louis. Mo. . Mlsslosil'l'! Vafley Auto. Po. 
������l'A �k. Texirkaiul�.I����&eR��!?;.�: 
Tucson. Ariz. . F. Ron!lotadt Utloa. N. Y. . . •  G. H. C�llds & CO. 
Waahlngton, D. C. NatloD81 Capital Auto. Co. 

W. A. Ryan & Co .. Ltd . .  Anckland 
G.". Zemlic.ka & Co. . Moscow 
John Platt.. & Co. Odess .. 
Tb. Thansky & Co. • • 'St Petersburg 

. . Tadensz Kowalski I A ·rryl.kl. War.aw 
. . White. RY8n & Co. . . Cape 'rown 

Sherrill', SwlnQ!ley & Co .• Johannesour<e. Trane. 
A utomobi 1�-I1'ahri k Orion A.-G., Zurich 

Japan 
Mexico 

Abenbeim Rros. 
Ol,l"moblle Co. (:IIob'let "- Yokohama TasmanIa. General E:r:p.Jrt Al{entB A. O. Web.ter & Son flobart 

N. Y. EXnol't. & Import Co .• New York 
Wm. E. Peel< & co., New York DeGrees) . . . MexiCO City 

For complete information about the Oldsmobile line, see any of our selling agents listed above, or write direct to Dept. 21. 

OLDS MOTOR WORfiS, DETROIT, U. S. 
Member of the Association of Licensed Automobile Manufacturers. 
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IENTIFI£ MERI£AN 
[Entered at the Post Office of New York. N. Y .. as Second Class :\latter. Copyright. 11m. bl Menn "" Co.) 

NEvV YORK, DECEMBER 12, 1903. llO .CE"ITS A CO . .  l>Y ,8.00 A YEA R. 

The Converter Is an Iron, brick-lined vessel in which cast Iron is made Into steel. Ten to 15 tons of molten cast Iron. afll,700degrees Fabrenhelt, Ie ponred into the vessel. and air Is forced into the molten mass through from 150 to 
llOO half. Inch holes in the bottom of the converter. As the air rusbes up throngh the metal, It bnrns ont the silicon, sulphnr, carbon, etc., and the combustion thus set up raises the temperatur� to about 8,llOO degrees Fahrenheit. 
� time to time portions of the incandescent metal are thrown ont through the flaming mouth, and fall In brilliant showers as shown above. 

A BESSEKe COliVerBB Ili l'11LL BLASr. 
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HISTOR.ICAL. 

U PON a certain summer's day in the year 1755, 
. . there might have been witnessed the advance' 

of a small detachment of British and Colonial 
troops, not much over a thousand strong, 

through the dense forests that lined the banks of the 
Monongah�la River a few miles above the point 
whel'e it merges with the Allegheny. The objective 
point of the expedition was a small fort at the confiu
ence of these rivers, which formed one of the most im
portant links in that chain of military posts and trad
ing stations, whicli the restless and far-seeing energy 
of the FTench colonial government had strung out be
tween the mouths of the St. Lawrence and the Missis
sippi, by way of the Great Lakes, the Ohio, a�d' the 
Mississippi Valley. In the van of this little army, 
bearing himself with a confidence born of much suc
cessful warfare' in other lands under ·less difficult con-

'ditions, and heedless of the warnings of his young 
colonial aide-de-canip George Washington, who had 
command of the rear guard, was Gen. Braddock. Ad
vancing in a close formation, which was better suited 
to the open spaces of Continental battlegrounds than 
to the an-but-impenetrable fore!'lts of the American 
frontier, the devoted band marched right into an . am
bush of the French regulars and their Indian allies, 
and was quickly cut to pieces. Braddock was killed, 
and Col. Washington, his military coat pierced more 
than once by the bullets of the French sharpshooters, 
barely succeeded in carrying the shattered remnants of 
the force back over the Alleghenies into ColonIa'! terri
tory. The pOlitical' and military ·c:;onSW!lratiop.s that 
prompted that disastrous expedition were worthy of a 
better fate; and, indeed, subsequent history has proved 
that in endeavoring to capture Fort Du QU:esne and 
break the hounds which,. the French were endeavoring to 
set to the westward development of the �ritisii. colonies, 
our forefathers had taken a just view of the situation. 
To-day the objective pOint of the expedition forms the 
site of Pittsburg, one of the greatest centers of' in
dustrial activity in the world; while hidden among 
th� back streetS of the city, and rescued from de
struction and preserved through the care and munifi
cence of a local historical society, may still be found 
Fort DuQuesne,- or rather its immediate successor 
Fort Pitt. A few miles up the river, at the town of 
Braddock and on the identical spot where the battle 
occurred, is to be found one of the greatest steel works, 
in the world; while tor many a mile along those very 
.ban.ks of � 'l\tO�ongahela where Braddock laboriously 
cut his way through the woods, is to be found the 
most w�derful aggregation of coking ovens, blast 
fUrnaces, and rolling mills in the world. Although 
just now we are concerned merely with the history 
of the. development of these' industr,ies, we may be 
pardoned a reference to the fact that in St. LOllis, five 
hundred miles to the westward of the Braddock 
battlefield, the great Republic which has sprung 
ho.m that strip of colonies that fringed the Atlantic sea
liO'ar4;' in '1755, is just now preparing to celebrate the 
one 'hul't"lredth: anniversary of its acquisition from 
France. of'the vast terIitories from which that country 
sought to' bar th� early colonials out. 

In sele,ning' a point of beginning for a brief survey 
of the rise and growth of the iron and steel industry 
in this country, we cannot do better than go to the 
records of 'Pennsylvania, . from which we shall learn 
that in the 'year 1786'theLegislature lent a certain 
Mr. Humphries the sum of three hundred, pounds for 
five years; to 'enable him to make steel "as good as in 
England." Progress must have been slow; for a quar
ter of a century later, .or .in the year 1810, the total 
production of pig iron in the .United States was but 
53;908 tons; and of this, less than one thousand tons 
was made into steel. In ,1842 the total was only 215, 
000 tons; 

. and in 1861, duri�gthe great civil war, It 
was still far below the miilion mark, being ,only 653,164 
tons. In 1864 the·'tatai production had' risen for the 
first time to a 'little· over, one million tons. Up to, this 
t·ime steel was looked upon as a very special product, 
the methods of production being costly and the total 
output tl;ll�tivell small. But In the yea.r 1864 there 

Scientific Alnerica.n 
was invented and demonstrated in the mother country 
what was, and will ever be, the greatest -invention in 
the history of iron and steel�the Bessemer converter. 

, By this device, it was made possible during an oper
ation of an extremely simple and inexpensive clUtr
acter, and in la few minutes' time, to convert common 
cast iron into steel. Steel, from costing as high as 
six or seven cents a pound for the common grades, 
began steadily to decrease in cost, until in the closing 
year of the nineteenth century steel billets, in lots 
of a hundred thousand tons, came to be sold at the 
rate of "three poundE of steel for two cents." The en
trance of the Bessemer converter marked the close of 
the Iron Age, ,and from this time on steel became 
the standard material of construction in all but a few 
limited classes of work. It was not long before the 
Bessemer process was introduced into this country, and 
this fact, coupled with the period of general commer
cial prosperity which followed upon the close of the 

,·�ivil war, stimulated the development of the iron and 
S�l industry so greatly that by the year 1872 the 
total production of pig iron had increased to 2,548,713 
tons. In 1880 the total had climbed to 3,835,191 tons, 
and in the following year· it had risen to a little over 
4,000,000 tons. By the close of this decade the produc
tion of pig iron had doubled, the total output in 1891 
having reached the wonderful figure of 8,279,870 tons. 
During the last decade of the century there Wlas an
other increase of about one hundred per cent, during 
which the total output of pig iron passed far beyond 
that of our nearest competitor, Great Britain, reach· 
ing in 1901 the enormous output of 15,878,354 tons; 
while for the following year the production climbed 
yet higher, reaching a total of 17,821,307 tons. To
ward the close of the century there was introduced 
a method of steel manufacture which gave early prom
ise of being a rival to the Bessemer converter, a prom
ise which has been so far fulfilled, that it may be . 
said without any exaggeration that the age of Besse
mer steel is drawing to its close, and that open-hearth, 
steel is destined ultimately to be the all-but-exclusive 
product of the industry. The open-hearth furnace has 
the advantage, especially in the United States, that 
whereas the Bessemer process requires for its success
ful working the use of ores that are comparatively 
free from phosphorus, ores that are high, in phos
phorus can be .used successfully in the open-hearth fur
nace. Moreover, for reasons which are given later in 
the present issue, it is possible to produce a grade of 
steel in the open hearth that is so superior to Besse
mer steel as to more than compensate for the addi-' 
tional cost of manufacture. The advantages of the 
process and product were quickly recognized by both 
'ironmasters and engineers; aJ;ld it is becoming in
creasingly common to see open-hearth steel called for 

. in the specifications of the more important classes of 

. construction. 
We may look with pardonable pride upon the growth 

of :an industry for which there is' ,no parallel in the 
history of the world; and the more so as this growth 
is a true index of the general material prosperity of 
tlie country at large. For it must be "remembered 
that, great as is the total production of iro!} and steel, 
it has proved, during the last year or two, so far 

short of ,the home demand, that we have been obliged 
to call upon foreign manufacturers to supply the de
ficit. 

. , .. . 

SECRETS OF OUR. SUPREMACY IN IRON 
AND· STEEL. 

In looking for ,the causes which underlie the su
premacy of the United States in the steel and iron 
trade, honesty and gratitude alike demand that'1il,'st 
place be .. given to the marvelous natural resQUrces of 
the country, for which there is no, parallel anywhere 
in the world. Not only has nature provided stores of 
iron ore, coal, and limestone in'lavish abundance, but 
the supply itself is easy of re�overy , frqm its native 
beds, and advantage'ously placed for the . transporting 
of its various elemen,ts to a common center; while the 
materials are of, a quality that could scarcely be sur
passed for: economy of handling and. treatment in 
mine, furnace, and mill. But although; t�e fundamen
tal secrets of our success are to be: found in natural 
conditions, too much cannot be said in, praise of the 
intelligence. and skill with which the American iron
master has ,ri.sen to his opportunities. It is to the 
remarkable ingenuity shown in the production of labor
saving machinery" that much of the cheapening of the 
cost of production is due; to say nothing of the broad 
administrative ability .shown by the management of 
the great steel and iron works" in laying out the 
component parts of their establishments in such a 
way that the . heavy tonnage which passes through 
these plants day by day shall proceed from the crude 
material to the finished product with the least possi
ble amouIft of handling and trans-shipment. Lastly 
our iron arul steel men, early in the history of the de
velopment of the industry, perceived and acted upon 
the fundamental economic fact that, for the cheap pro
duction of iron and steel, magfiltude of operations and 
combi�ations of capital ar� essential. 
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First then, we must recognize the lavish hand with 
which Nature prepared the way for our industrial tri
umphs, by accumulating along the south�tn and west
ern shores of Lake Superior those vast beds of iron 
'ore, which are riot only the most extensive in· the 
world, but are so placed that the labor of excavating 
and loading for shipment is practically nothing. The 
ore, which is extremely rich, sixty per cent of it 'being 
iron, lies practically at the surface of the ground; and 
it is so loose and friable that all that is necessary for 
its recovery is to run in a train of cars, set a steam 
shovel at work, and load the material directly onto 
the cars. This work has actually been done at the 
rate of 5,800 tons in ten hours, and this with the labor 
of but eIght men at a cost of five cents only per ton' 
for labor. The supply is enormous, a single corpora
tion having recently estimated its holdings at 500;000,-
000 tons, valued at as many million dollars. These 
vast and easily-recovered supplies, however, would 
have a �imited value, were there Jiot available a pro
portionate supply .of coking coal; and this has been 
provided with an equally lavish hand in the famous 
Connellsville district, where a single colre company on 
entering into one of the great industrial combinations 
of the past few years, stated that' it owned 40,000 
acres of coal lands in this region, and 11,000· coke 
ovens. Within easy reach of the coal district there 
are also large quarries of limestone, the third of the 
three constituents in the charge of a blast furnace. 

But the mere existence of these natural supplies 
of the raw materials of manufacture would not in 
itself be sufficient to account for the marvelous growth 
of the iron and steel industry in America., The raw 
materials must be brought together to' some com
mon center, and the transportation of this .. enormous 
tonnage, the frequent handling and trans-shipment that 
io;; necessary, must be done with the least possible 
amount of expense, if the American ironmaster is to 
start with anything like an even chance in competition 
with ,European manufacturers; for these are not under 
the necessity of transporting their matei-ials' over a 
thousand miles of distance, before they can smelt"them 
in the blast furnace. Now, here it is that man has so 
ably co-operated with Nature. Acting on the well
established industrial principle that the· greater the 
magnitude of the scale of operations, the 143ss is the 
cost per ton of. the finished product, the machinery 
and general plant for excavating,· 'handling, . and trans
porting the ore have been built 'on a colossal scale. 
At the mines, steam shovels capable of lifting five tons 
of ore at each stroke will load a 25-ton car in two and 
a half minutes, 'or at the rate of 600 tons an' hour, and 
in accordance with the same policy cars have grown 
to 50 tons in capacity and locomotives to 130 tons in 
weight. When the ore trains reach Lake Superior 
�pecial automatic, quick-acting machinery uJiloads the 
ore direct iiito special ore steamers built' for this 
particular work., At the eastern terminal ports sim
ilar machinery unloads the ore from steamer to rail
road,. where again' 50�ton cars and 130-ton, engines 
haul the precious mineral in trains of 1,000 tons 'or 
more '. total weight,. into the ,he�rt . of the coal' and 
coke region, where it is finally unloaded', by: special 
machinery, at the foot. Of the blast furnaces. 

The ingenuity and resourcefulness shown in the mat
ter of handling and transporting the huge toimage 
necessary for the manufacture of over 17,000,000 tons' 
of iron a year, was ably seconded when, it came to the 1 

matter of recovering the iron in the' blast furnaces, 
and, fabricating it into the thousand and olie' f6rms�in' 
which the finished product is put upon the 'market.: 
In no single branch of industry has n:i6re thought been 
given to labor saving than ·in the manufacture of ii'on 
and steel. In the first place, to "reduC(! handling' and 
transshipment to a minimum the processes are made as 
far as possible continuous. The' erection oLa typi�l 
modern steel works will call for 'a plot of grouD:d 
which is rather a parallelogram than a l:\Jiuare, and 
there are in the country to-day wQrks that :,on'. a width 
of a quarter of a mile ,will extend for a mile and' iii 
quarter in length. At, the upper· end will 'be 'the 
stockyard, with its artificial mOuntains of ore .. ·and 
coke; �next the blast furnaces; then 'the Bessemer 
converters,' or the open-hearth 'furnaces;, as th.e· case 
mat 'Oe.' Then will come the soaking, pits or furnaces 
fo�heating the cast ingots. Beyond 'them; in ,.some 
cas'ls, will stretch one vast building' 'a·thousand feet or 
more in 'length, with its blooming rolls and: .shears, 
roughing· rolls, finishing rolls, and steel 'saws;l;ucceed
ing each other in' orderly succession, untili.at the end 
of t11.e building one can see the finished'prC!duct being 
loaded onto the cars almost before'the laSt trace of 
the ,furnace heat has gone out of it. Moreover, in its 
long ,journey through the mills, the material has been 
rolled .and heated and rolled again, positively with no 
manual labor whatever; and in many of the mills that 
are notable for the great tonnage that they turn out 
in a single day, the continuous processes are carried' 
on with such rapidity that the, jO).lrn,ey, of .athousand . 
feet or more th�ough the mills is m�de on one single 
heat. 

In any summary of the causes of our success in steel 
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manufacture, great stress must be laid upon the 
early and multiplied adaptation of electricity as a 
motive power in the thousand and one uses to which 
it has lent itself so admirably. Among other applica· 
tions that come to mind, there are: the overhead trav· 
eling electric crane; the electric charging machine that 
picks up a box containing a ton of mixture, thrusts it 
into the furnace, empties and withdraws it; the elec· 
tric conveyer; the electric elevator for loading the 
blast furnaces; the electric buggies that receive the 
heated ingot after it has been lifted from the soaking 
pits and runs it down to the mill; electric machines for 
pushing the blooms in at one end of the furnace, and 
electric tongs for gripping them and pulling them out 
at the other end. These are a few of the uses of elec
tricity, to say nothing of pneumatic and hydraulic 
power, that, conjointly with similar exhibitions of in
genuity, forethought, and administrative skill in mine, 
ship, and railroad, have enabled our manufacturers. to 
sell "three pounds of steel for two cents," while paying 
the highest wages in the world to labor and returning 
the princeliest of fortunes to capital. 

••••• 
RECENT DEVELOPMENTS IN GVNS A,ND . 

ARMOR. 
BY ;rORN F. lIIEIGS. 

A most striking recent development in guns-and in 
speaking of guns we usually include the gun-carriage 
or gun-mount-is the e1l0rt now universal to throw 
the accurate and quick control of the gun into the 
hands of the people firing it; It may well be won
dered that this has not always been a controlling idea 
in 'laying out guns and their mounts, but at the present 
time it is in this direction that the greatest e1l0rt is 
being made. The proof of this is to be seen by a 
comparison of the guns and mounts made ten or fifteen 
years' ago with those now being made. The 'latter are 
arranged much more conveniently, and consequently 
their rate of fire is much faster. Modern 6-inch guns 
are being fired from ships eight or ten times in a min
ute at targets about the size of a ship and a mile dis
tant, and hitting the target at each shot. Of course, doing 
this from a stable platform on shore would be compara
tively easy. The projectile of these guns weighs 100 
pounds, the powder charge about 40 to 50 pounds, and 
the weight of the gun, including al'l the turning parts, 
is' about 25,000 pounds. This weight must be moved, 
to keep the sights on the target, by one man, and it 
will be seen that it is of the greatest importance to lay 
out all the shafting. and gearing with a minimum of 
friction and lost motion. 

With this advance in the convenient layout or the 
gun and its mount is going On at the present time a 
steady increase in the weight and length of guns'. Six
inch guns, which used to weiih 11,000 pounds, now 
weigh 18,000 to 20,000 pounds. The weight of the 
projectile of these guns has not'!..increased, and has 
remained always 100 pounds, but tli�. velocity at which 
the projectile leaves the gun has iner.!lased from about 
2,000 feet per second to from 3,000 to 3,500 feet per 
second, in conS€quence of a three or fOll,l'fold increase 
in·the charge of powder. It may be ai-gued that this 
charige-that is, the constanUy increasing· weight of 
guns of a given caliber-is not a wise one.' The great 
care and attention bestowed upon the conv�ient and 
accuratemovip.g of the gun, however, can b� nothing 
but an improvement. The growth and ptpgress of 
c�ange in artillery construction sometim;es seems 
anbltrary-seems sometimes to be as arbitrary as the 
fasbion in clothes. Old guns made three hundred years 
ag� �hich may be seen in the arsenals in this country 
and in Europe, had about tbe same shape and were in 
many respects similar to the guns of to-day. In the 
intermediate period, say about one bundred years ago, 
the guns had sbrunken up, and become shorter and 
larger in' diameter, witb largeI' bores. We are now 
returning, or' pel'ba}l6l, mMe correctly, it should be 
said we have returned, to the fasbions in artillery of 
tbree bundred years ago. 

There are, of· course, many respects in which the 
modern weapon has a great advantage over tbe earlier 
one. It is made of stronger steel, and concentric 
hoops are s1U:unkell together, whereby tbe power of tbe 
gun to resist internal pressure is materia'lly increased. 
But perbaps.in n9 place is the advantage mo-re marked 
tban in the b4:tter mount or carriage o( the present 
time. These are . far better arranged than tbey used 
to be, and the cO�Q'uence is that thEiguns may be 
much ID(J·re r�pidlty and safely fired: 

Ther.e is gOing on at tbe present time a steady ad
vance in the- strength of the metal used in gunS. Th� 
elastic st��h of metal n0W cOIDmo-nly used in larger 
guns is �b'out '50:000 pounds per square inch, and in . 
thesmal'lerguas.it runs aabigh as 75,000 pounds per 
square inch: ThilJifMweve-r, is, used only as an addi
tional margin. '�f iSafety, large'ly because tbe recoil of 
guns when fired is S9 great now, aitd the reaction 
tbereby set up in the carriage is so severe that nothing 
would be �ined by lighteB.iilg the gun. Ligbtening 
the gun· would only mean putting additional weight, 
aDd pe:rhaps a weight greater than· that saved, in the 
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gun"carriage and foundation. Many are· of tbe opinion 
that the advance in the strength of gun steel should 
be pushed furtber, but it would be hard to do this 
without lowering to some extent the elongation asked 
for in the metal at rupture. Tbis now runs in the 
neigbborhood of 18 to 25 per cent, and it could wisely 
be lowered for the sake of gaiIiing a harder and 
stronger meta:l, because the entire operation of the gun 
is within its elastic limit. When it moves outside of 
tbis and becomes permanently enlarged, a compara
tively slight 'enlargement would give warning, and the 
gun would be laid aside and not used any more. 

The subject of the powder---or, as it has been called, 
the Spirit of Artillery-cannot be overlooked in the 
examination of guns. In the last few years the use 
of so�ca'lled smokeless powders has become universal. 
These are all nitro substitution products, and their 
principal characteristic, from an artillery point of 
view, is the fact that the entire weight, or very nearly 
the entire weight, turns into gas. In the older powders 
only about 60 per cent of the weight was gasified, and 
the remaining 40 per cent was projected from the gun 
in the form of. dust, 

. 
and. constituted a considerable 

waste of energy. The point not entirely satisfactory in 
modern powders Is their constancy in pressure and 
velo�jty, and .stability in storag�. It is a question 
wbether under the same conditions of storage they 
are as stable and safe as th� old-fashioned powder. 
Indeed, there is. every reason :to believe that they are 
not as safe or as stable, and �they are watched with 
great care at stated times when stored. Incidentally, 
this powder gives little or no smoke, whicb is usual'ly, 
but not aI-ways, an advantage. 

This brings us . naturally to other articles of great 
consequence in artillery-namely, projectiles and sbell 
cbarges. We 'have now armor-piercing projectiles, 
deck-piercing projectiies,·. semi-armor-piercing projec
tiies, common forged and cast-steeL projectiles, cast-iron 
projectiles, shrapnel, and so' on, in endless variety. As 
the, work the gun, whether. ash!>re or afioat, will 
bave to do can be pretty clearly predi,cted, it would ap
pe�r as though one, or . at . most tw'o� kinds of pro
jectiles were enougb. These two would lnaturally have, 
the. one a high penetrative power, and the other a 
large capacity for interna'l charge, giVing great de
st�u�tive power when the sbell is burst. No one who 
bas not examined carefully the. effect of bursting a 
shell in a closed space can have an idea of its de
strlictiveness. A small 6-pounder shell, of about 2lA,
inch diameter,' 'containing, 3 or '4 oup.�es of powder, 
burst in an ordinary ro!tm and breaking into 20 or 
30 �.ragments, would probably destroy everytbing in 
the room. 

We now come to tbe matter of protection-or armor. 
It il:l a mistake. to suppose ... that protection was first 
used in either land or naval warfare in m'odern times. 
On land, aS'is well known, earthviorks and masonry 
works of great thickness .�ere �sed, but it is not so well 
k�o�n tbat .the sides of ships of" war of one hundred 

. ;e-ars ago were in maiW ways better protected rela. tively th/ln our' pr�sent ironclads. The' frigate "Consti
tution," of the war of 1812, was protected against per
fO,l'ation 'at the -raterline, whereby t�e ship may be 
destroyed, or perforation of her battery space, by Which 
her gun crews could. be d�troyed, better than the 
ships of to-day, taJting into acco-unt 'the guns of ber 

'.time. At present.the 12-incb.guns, using 850 or 1,000 
pound projectiles, are mounted in turrets Clothed with 
12-incb armor. These turrets can be penetrated by 
12-inch guns w

'
ith anything but a .very oblique impact 

at any distance ,at whicb a gun is likely to hit. Sim
ilarly,.

' 
too: ihe 6-inch.:guns of ships, or tbeir 7-lncb 

guns, which.' constitute the next step in tbe scale, are 
protected by :6-inch or 7-incb armor, and this armor can 
be penetrated by a 6-inch gun llt as great ranges as it is 
likely to hit it. . This armor is all face�bardened. The 
front or outSide' �f.,the armo� ' 

is �l����bard, while its 
back is comparatively soft and' tough. 

Tbe plate in the course of manufacture is sUll,er
carbonlze'd� that is, its .face i� impregnated with" an 
additional amount o-f carbon" in a. way similar. to the 
well-known case-h.ludening. proces�, whereby the out
side face of the plate, when tem;pered in water, be
comes intensely bard. Tbe projectiles used against 
this armor are bardened at the point, their rear bodies 
being, as Is the rear body �f the armor, cQrnparatively 
soft, and the co,ntest between tbe prate and tbe pro

'jecti'le constitutes very largely tbe x4,odern science of 
artillery. The velocitY,· of the proje<;til€8 is pusbed 
to. the utmost by increasing the weight of the chl\rge 
of ,powder .. used to' propel them, and in the manufac
ture of tbe projectiles it Is endeavored to make the 
point of th�. ptojectile very bar.d and the back soft, but 
yet not too soft. . If tbe projectlles are bard all over, 
or slmilarl.y if an amor plate is hind .aU through, 
tbey wil'l �gO to pieces on .impact. Tbe tougb, com
paratively soft, back paJ't of,botb p�ate and projectile 
tends to bo'ld tbe bard part"togetber. Ip. tbe·last· few 
years the practice ·of putting 'soft metal caps on tbe 
bard pOints of projectlles intended to pierce armor bas 
become uDlvwsal. There are mall¥ theories as to wby 

tbese soft Pletal c.aps aid the projectiles in getting 
tbrough the hard armor, but none of them seems en
tirely satisfactory. Of the fact, bowever, that they 
dC?' increa�e the penetration of projectiles, there can be 
no doubt. 

In the matter of protection or armor, in the-land 
or coast defenses of this country, the principle of the 
disappearing gun has been utilized in very qarge de
gree. The gun, mounted behind a very tb�ck parapet, 
rises only for a very short space of time wben it is 
to be fired, and disappears on rocking levers behind the 
parapet immediately upon firing, and is loaded in the 
lower position. It will be seen that the protection of 
such guns is very. good, but tbeir rate of fire is less
ened. Possibly it is true that the rate of fire of large 
guns is not materially less on disappearing mountings 
than on others; but as guns grow smaller; the time 
occupied in their rising and fa'lling and in aiming 
them has a greater influence, and their rate of fire is 
seriously diminished. For such smaller classes of 
guns in our coast defenses it is planned to use gun 
shields, which are substantially armor. plates covering 
the gun and its detachment of gunners against hostile 
fire. 

There have grown up in all the countries of Europe, 
and are growing up in this country, private manufac
tories that will aid the government in the solution of 
the various ordnance problems brought forward. In 
many respects a private organization is more likely 
to bring forward improvements tban is the govern
ment service. Not the least of these is the fact tbat 
it must continually be bringing tbings forward. It 
can live in no other way; and if its staff are, well 
equipped and it& measures are wise, it sbould bring for
ward many good things-things that are likely to 
last, and that are in the nature of sound progress, 
and not merely changes. Only great steel works, hav
ing large capital and control'led by directors willing to 
encourage the development of ordnance in their works, 
can succeed at this task. It is needless to point out 
the part the government may play in this development. 
If the government officers, both those who control law
making and those in the executive branches, do not do 
what they can to aid such a movement, it is likely tbat 
it may fail, and that what might have become a valu
able public servant may be destroyed. The bistory of 
all countries shows in comparatively modern times
in the last thirty or forty years-the upbuilding of 
such private ordnance factories. There is no feature 
of the development of modern ordnance in this country 
more interesting and important than the evolution and 
equipment of great manufactories capable of supplying 
the material necessary for the national defense. We 
now have many establishments more or less we'll 
equipped in various lines, and it is to be earnestly 
hoped that the public at large, and governmental offi
cers having power directly in the premises, will in
terfst tbemselves actively in tbe growth of these. 
Mc.nufactQries prQfl.ucing ordnance and' armor, having 
; .. < hand a:� extremely specialized brancb, and looking 
only to th� government for work of this character, are' 
especiaUy intetesting in this connection. 

TilE FVTVRE OF ova STEELIIIII*STRY. 
In the course of a conversation w,Uhtbe late ·Abram 

S. Hewitt, wbo was one of the first to foresee the 
great proportions which the iron and steel industry 
in tbis country was destined. to assume, tbe writer 
asked him to indicate the one fact wbicb above all 
others assured the supremacy of the United States. 
To this he replied, tbat while' other nations migbt 
in time equal us in the development of labor-saving 
machinery, we should alwaysho}d a commanding posi
tion because of the vast extent- of the' Lake Superior . 
iron mines, and the extraordinary ricbness of the de
posits. The correctness of this view of tbe situation 
can never be disputed. So lo�g as we can'shovel up 
'ore, sixty per cent of whk:h Is iron, from"tbe 'surface 
of tbe ground and load it onto the cars at ,the cost of 
on'ly five cents a ton for labor; we are starting witb an 
economic bandicap in our favor· wbicb, in the ptesent 
development of tbe art of 8�eel making, it certainly 
seems impossible that our competitors should ove'r
come. Moreover, social and political conditions in for
eign countries are slleh that it is practically Impossible 
for them to organize such combiDatiOillS of properties 
as place the lariest of our steel corporations at enorm
ous economic 'advantage in the matter of operation and 
manufacture� Thufl an estima,toeof' the cost to tbe 
United States Steel Corpor&tion of turning tbis iron 
ore' into steel does not include' any pro-fits of tbe rail
road in' carrying it. from mine to dock, or profits on 
docking facilities, or profits on steamship transport8.
.tion througb the lakes,' or profits again of any ratI
road company in tbe haul from tbe'Lakes to- tbePitts
burg furnaces. The possession 'by tbis corporation of 
everytbing in tbe way of rich and abundant supplies 
of 'raw material, transportation faeUities, and ·up.to. 
date plant, that is necessary for the, produetion of steel, 
should be sufficient to render permanent· our present 
suprem$cf· 
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THE MA.NUFACTURE OF STEEL RAILS. 
In an iss1,le devoted to the Iron and Steel Industry, 

the manufacture of steel rails naturally receives the 
first consideration, both because the total output 
greatly exceeds that of any other branch of the steel 
industry, and because the steel rail has undoubtedly 
had more to do with the rapid development of this 
country than any other single product of the steel in
dustry. Moreover, the Edgar Thomson Works, of 
which the present article treats. are truly repre
sentative of the vast scale upon which the steel estab
lishments of the United States are laid down, and of the 
highly-developed methods of labor-saving to which the 
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cheapness of the product in this country Is to be largely 
attributed. These great works, which stretch for over a 
mile along the banks of the Monongahela River, at a 
point not far from the city of Pittsburg, require the ser
vices of some 4,000 men, who are continually at work on 
the manufacture of steel rails. These are turned out at 
the rate of over 7,000 rails, or nearly 3,000 tons, per 
day, and the output of the blast furnaces is about 4,250 
tons of cast iron per day. Of the furnace output, about 
20,000 tons are cast into pig, and 70,000 toris are con
verted into steel and rolled into rails every month. In 
a single month the rail mills have turned out as high 
as 180,000 railS, which varied in weight from 25 to 100 
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pounds per yard' and in length from 30 to 60 feet. 

The raw materials of mamifacture consist of iron ore, 
coke, and limestone, in the proportions of 2 pounds of 

ore to 1 pound of co-ke and 1-3 of a pound of limestone. 
In the manufacture of the steel from which the rails 
are rolled, there are two fundamental processes; first, 
the reduction of the ore in the blast furnace; and then 
the conversion of the molten iron into steel in the con· 
verter. The description of the blast furnace which now 
fol'lows will serve for all the subsequent branches of 
the steel industry which are treated in this number; 
for blast furnace practice is broadly the same to-day 
in every furnace 'throughout the country. Each fur-

1I0DERli lLAST l'URNACE, IN WHICH THE ORE IS SMELTED. THE KOLTEI' CAIT IROI' BEII'G TAPPED OFF AT TD lASE AlQ)., TADN TO TQ CONVERTEBI. 
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nace ( there are eleven in all at the Edgar Thomson 
Works ) consists, as will be seen in the accompanying 
engraving, of a huge steel shell varying from 75 to 9.0 
feet in height. It has its largest diameter at about 
a quarter of its height, and tapers regu'larly to its 
smallest diameter 
at the top plat
form. The upper 
portion is known 
as the "stack," 
thll lower portion 
as the "bosh," 
while below this 
is the "hearth," in 
which the molten 
cast iron collects. 
The bosh, which 
is just above the 
tuyeres, is pro
vided with annu
lar hollow bronze 
castings built into 
t h e  brickwork, 
through which a 
stream of cold 
water is circu
lated for the pur
pose of keeping 
down the temper, 
ature of the brick
work at the hot
test part of the 
furnace; It should 
be explained that 
the whole interior 
0< the steel shell 
is lined w i t h  
about three feet of 
brickwork. 

In the early 
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gases is entirely prevented. The large steel pipe or flue 
which will be seen curving out at the right near the 
top of the furnace conducts the gases downwardly to 
a big drum or Q.ust-co'llector, and from this the gas is 
led to what are known as the Cowper hot-blast stoves, 

to the left in the engraving, is a large cylindrical 
wrought-iron tower, about 20 feet in diameter and 80 
feet in height. It  is  l ined with firebrick and contains, 
on the side next the furnace, a large vertical fiue, into 
which the furnace gases pass by way of a valve at the 

bottom. The rest 

days of blast fur
nace practice, the 
hot gases were 
permitted to es
cape at the mouth 

Group of four 15-ton converten., in which the molten cast iron is blown into steel at the rate of 3,000 tons per day. 

of the interior or 
the stove is occu
pied by a mass of 
firebrick pierced 
with innumerable 
vertical fiues · ex
tending from · top 
to bottom. The 
hot gases froD1 
t h e  blast ' fur
nace are igniter} 
on entering th� 
base of the large 
fiue by admitting 
air to them by 
means of a valve, 
and the hot pro
ducts pass up the 
main fiue a n d  
down through the 
mass 0 f brick
work, finally es
caping to a lofty 
steel chimney. As 
soon as the fire
b r i c  k "checker
work," as it is, 
called, with which 
the stove is filled. 
has been heated to 
the proper tem
perature, t h e  
gases are shut off 
and turned into 
the second stove_ 
The cold blast 
from the blowing 
engines is now 

of the furnace, 
but in later years the wast�fulness of this prac
tice was recognized, and the mouth of the furnace was 
closed by a massive cast-iron ' cup-and-cone arrange
ment, which is only opened for a fresh charge. In the 
latest designs there are two cones, one above the other, 
forming a chamber between them, on the principle of 
the air-lod., by which arrangement the escape of the 

THE LARGEST CONVERTER PLANT IN THE WORLD. 

of which there are four to each blast furnace, with one 
in reserve. The charging of the blast furnace is ac
complished by means of an inclined elevator with one 
or more steel buggies which travel from the ore pile 
and · coke · bins up to the furnace mouth, where their 
contents are automatically dumped. 

The Cowper hot-blast stove, one of which is shown 

ELECTRO-PNEUMATIC CHARGER PUSllING BLOOMS INTO REHEATING FURNACES. 

turned in at the 
bottom of t n e 

first stove, passes up through the heated firebrick and 
down through the main fiue, and finally is led to the 
circular blast mains which surround the furnace just 
above the tuyeres, To supply the hot blast for a single 
pair of the largest furnaces oo! the Edgar Thomson 
Works requires a large amount of horse power, the en
gine house for each two furnaces containing five 

STOCK OF ROLLS FOR RAIL-ROLLING. 

LIFTING HEATED INGOT FROM SOAKING PIT. INGOT 
CARRIED ' TO ROLLS IN ELECTRIC BUGGY IN FOREGROUIm. 

TRAIN OF INGOT MOLDS. AFTER CONVERTER TREATMENT THE METAL IS CAST IN 
THESE . MOLDS. 
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pairs of huge Allis-Chalmers 
blowing engines of 4,000 maxi
mum horse power, capable of de
livering each about 5,000 cubic 
feet of air per minute at 25 
pounds pressure. 
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. When once a blast furnace has 
been started, it is maintained 
day and night in continuous op
eration, the solids ( ore, coke, and 
limestone ) descending, and 'the 
gases rising to be carried off by 
the flue. The temperature ranges 
from about 500 deg. at the top 
of the furnace to 1,800 to 2,000 
deg. at the base. If it were pos
sible to break away one side of 
the furnace and examine the con
tents, we would find at the top 
of the furnace some eight or ten 
feet of raw materials at a tem
perature of about 500 deg. Be
low this would be a body of ore 
that was somewhat reduced. In 
the next lower portion, at a tem
perature of about 1,000 deg. , the 
limestone would be found decom
posed into lime and carbonic 

The molten cast Iron from the blast fnroaces is bronght in ladles to two 15().ton iron receptacles and mised, to brnIg the metal to 1m 
even temperature for treatment in the converters. 

iron vessel, lined with refractory 
materials, and parried on trun
nions, one of whicn serves to 
conduct the air blast to the bot
tom of the converter, which con
tains twenty air tuyeres, each of 
which is perforated with a num
ber of l,b-inch air holes. The 
blast of air from the blowing 
engines .is started while the con

verter is in the horizontal posi

tion, and as soon as the charge 
of metal has been poured in. 

Til!! converter is then swung to 

the vertical position, and the air 

is forced upward through the 

metal in from 150 to 200 separ

ate streams. As the air rushes 

up through the molten mass, it::; 

ox�en combines with the car

bon, silicon, manganese, etc., in 

the iron, and the violent com

bllllt1en th us set up raises the 

temperature of the metal until 

it reacltes the stage known as 

the boil. The process continues 

from 8 to 10 minutes, at the 

cloee � which time all the im

purities and practically all of tho 

carb0n have been burned out, 
acid. Below this again would be 
a wider belt at about 1,600 deg. 
of temperature, where the iron, now reduced bom the 
ore, would be combining with the carbon to form cast 
iron. Below this such oxides as silica and phosphoric 
acid would be produced, the silicon and phosphorus 
combining with the iron. Within the bosh the iron, 
ar. d also the slag which results from the combination 
of the fluid with the various impurities, would be 
found to be completely 
melted, the molten . mass 
finally collecting in the cy
lindrical hearth, the slag 
at the top, the heavier iron 
at the bottom. 

THE 150-TON METAL MIXERS. 

" blown" in four 15-ton converters. We present a. 
graphic illustration showing this .wonderful plant 
( the largest in t.he world ) at work, two of the con
verters being shown swung over to receive a 15-ton 
charge from the ladles, while two others are in the 
vertical position with the operation of blowing in 
full blast. The converter is a harrel-shaped, wrought-

and only pure iron rematBs. The fierce combustion 

set up during this PT()OOSS raises the temperature of 

the metal from 1,800 deg. 110 as high as 3,200 or 3,300 

deg. Among the many spectacular sights which ren

der the operation of great steel works such as this of 

fascinating interest, there is bone that compares WIth 

the blowing of steel in tke oonverter. The agitation 

From the time t h e  
charge is put in at the top 
of the furnace to the time 
of tapping the molten met
al at the bottom is usually 
about twenty hours, and in 
the larger Edgar Thomson 
furnaces the casting takes 
place every three and a 
half to four hours, the 
amount of metal drawn off 
varying from 70 to as high 
as 120 tons at each cast. 
After the slag is run off, 
the hot metal is tapped 
into huge 17-ton ladles, 
which are drawn in trains 
of five or six to the . metal 
mixers-large rectangular 
iron receptacles, each of a 
capacity of 175 tons, which 
are balanced, as shown · in 
our illustration, on trun
nions. The object of the 
metal mixer, which, by the The cbaln of mlilds p8IISes continuously beneath the ladle, each mold receivlnl[ Its quota of the hot metal. 

of the molten mass, as the 

air rushes through it, pro
duces a dull reverberation, 
Which mingles its deep 
note with the steady roa.r 

of the white-hot gases as 
they pour from the mouth 

of the converter. Every 

now and again heavy 

splashes of white-hot met

al are thrown high in tl; e  
air, and fall in ' a thick 
rain of brilliant corusca
tions to the ground. When 
the iron has been thor
oughly purified, the blast 
is shut off and the charge 
is emptied into a 15·ton 
traveling ladle, a:nti at the 
same t i m e  '8. certain 
amount 'Of mCllten spie;:;el
eisen is poured into the 
ladle with the ir611, the 
:;:roporti()n being such 'as 
to introduce into the :::lEt
al the proper al!IlO'llnt ' of 
carbon and mangane;re for 
the quality ()f stl!el rail 
that is to be made. A 
train of cast-iron insot 
molds, with two ingots to 
the truck, is liOW 'drawn way, is one of tk1l impor-

STRAIGHT-LINE 'PIG-CASTING MACHINE. 
t a n t  improve
ments i n  steel 
manufacture that 
have had their or
igin in the Edgar 
Thomson Works, 
is to reduce the 
casts that a r e  
brought from dif
ferent furnaces at 
temperatures that 
vary conSiderably, 
to a common tem
perature and qual
ity. The contents 
of the hot metal 
ladle are pouTed 
into the mixers at 
one end from a 
raised t r a c k, 
while other 17-ton 
ladles are con
tinuously b e  i n g 
filled from the op
pOSite end of the 
mixer by swing
ing the latter over 
on its trunnions. 

The metal is 
drawn in trains 
from the mixer to 
t h e  converting 
mill. where it is 

The rails are roiled down from the bWot in three successive seta of rolls (roughing, intermediate, and finishing) , and the process is COlltiaUOlill down a mill that is 000 feet 
in length. The ontpnt of tbis mill i� 3,000 tons or 7,000 rails per day. 

INTERllEDIATE ROLLS IN THE RAIL KILL. ' 

by a small engine 
beneath the pour
ing tltanu, and 
the hot metal i;; 
run into t h e  
molds through a 
l!lcJHle in the base 
of tite pOllring 
lail". 

.. � as the 
ingot is set, the 
mold is drawn 
from it by a hy
dre.lfl1'c stripper, 
and it is lifted by 
an OV'erhead elec
tric crane and 
10Wllretl into a 
soaking pit or 
h�t1ng furnace, 
wh.are it is heat
ed to the proper 
tenlperature for 
rolling. From the 
soaking pit it is 
taken to the mill 
and given seven 
p a s  s e s through 
t h e  blooming 
rolls, by which it 
is reduced to a 
section 9� inches 
square and 15  
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feet in length. Then it is sheared into two or three 
len�hs, according to the length of the rail which is to 
be rolled. The blooms, as they are called, are now, 
heated in the bloom furnaces and carried direct to the 
great rail mill, consisting successively of roughing; 
rolls, intermediate rolls, and finishing rolls, which ex

tend one after the other down the full length of a 

building that is 900 feet jn length. In 
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ing poured into the mixers, 18 run Into the pig-casting 
machine. This consists of · a series of parallel end· 
less chains of molds which pass in front of the pouring 
mouth of the ladle. Each mold receives its quantity 
Of metal at the lower end of the chain, and delivers the 
cast pig iron at the upper end of the,  system, where it 
is dumped into railroad cars for shipment. 

427 
MANUF ACTUR.E OF GUN STEEL AND 

AR.MOR. PLATE. 
Too much cannot be said in praise of the policy or 

the government in its encouragement of the construc
tion of navy and army material by private firms 
that are capable of undertaking this class of work. 
The more perfect and extensive the plants, the ,more 

experienced the working staff of the 
establishments that manufacture gun 
steel and armor plate, the more speedy 
will be the completion of contracts', and 
the greater the reserve forces of th(} 
nation, should it  ever be called upon 
to face the crisis of a sudden war_ 
There is no branch of the manufacture 
of war material that calls for more 
thorough scientific knowledge, a wider 
range of experience, and more highly 
developed mechanical appliances, than 
that of the production of Krupp steel 
for the armor and fluid-compressed 
steel for the guns of our modern war
ships. By the courtesy of the Bethle
hem Steel Company, we are enabled to 
present a series of views of what is 
recognized as the most important gun 
and armor plant in this country. 

In the whole range of the iron and 
steel industry there is no single branch, 
not even that of railmaking, that calls 
for plant and machinery of such colos
sal size as this ; and though the total 
output measured in mere dead weight 
does not compare with that of the in
dustry which has been described In the 
preceding article, it must be remem
bered that whereas steel rails may cost 
anywhere from $20 to $40 a ton, a fin
ished gun is worth $1,000 per ton, and 
finished armor plate from $400 to $500 
per ton. Nowhere among the plants 
that manufacture iron and steel in 
bulk can we find an instance where the 
elements of time and labor enter so 
largely into the cost of the finished 
product. 

the roughing rolls the bloom receives 
five passes, during which it is brought 
down roughly to the desired section of 
rail. It then, without any reheating, 
passes on to the intermediate or 
"short" rolls, where it receives another 
five passes and is brought still more 
closely to its finished shape, At this 
point is introduced at these works a 
most important innovation in rail roll
ing, known as the Kennedy-Morrison 
rail-finishing process, to describe which 
it is necessary to go back in history a 
little, and explain that a few years ago 
it was customary to let the rail pass 
through the three sets of rolls and be 
finished on a single heat without any 
intermission in the process. This gave 
good results when rails were lighter, 
but as the section of the rails increased 
in later years, the greater mass of 
steel in the rail caused it to retain its 
heat longer, and it passed through the 
finishing rolls at too high a tempera
ture for good results. Consequently, 
the modern 80 to 100-pound rail had not 
been giving such good results as the 
earlier 50 to 70-pound rail. To over
come this difficulty, the rails, after 
passing through the short rolls, are 
left to cool on a table for from 45 to 
90  seconds, at the end of which time 
they are passed through the finishing 
rolls. Rolling at a lower temperature 
has produced a much better quality of 
metal, particularly in the head of the 
rail. After leaving the finishing rolls, 
the rails are sawn into lengths of 30  
or 60 feet as  the case may be .  They 
are then passed through the cambering 
rolls, where they receive sufficient cam
ber to insure that when the rail · is 
cooled, it will be practically true and 
straight. After they have cooled oft' 
upon the hot 
beds, the rails 
pass to the 
s t r a i g h t 
eners, then to 
t h e  chippers 
and filers, and 
finally to the 
s t 0 c k yards, 
where they are 
loaded on to 
the cars at the 
rate of between 
7,000 an d 8,vuO 
rails, or say 
3,000 tons of 
finished steel, 
per day. 

OPEN-BEABTH CASTING PIT, mOWING THB J'Lum-COJ[PBB88I05 PLANT. 

THE OPEN-HEARTH PROCEss.-Broad
ly speaking, it may be said that the 
bulk of the steel that is annually pro
duced throughout the world to-day, 
with the exception of a relatively insig
nificant amount. is made either by the 

Bessemer 0 r 
t h e  open
hearth process. 
T h e  former 
process was de
scribed in the 
preceding arti
cle, and every 
ton of finished 
rail that goes 
out of the Ed
gar Thomson 
Works is made 
by the Besse
mer process. 
At the Bethle· 
hem establish
ment, however, 
no Bessemer 
steel whatever 
is man ufactur
ed, the whole 
of it being 
made by the 
open - hearth 
process. T h e  
conversion 0 f 
the ' cast iron 
into steel by 
the Bessemer 
process is ac
complished, as 
we have seen, 
in from 10 to 
1 5 minutes, 
and it is tae 
simpl icity a:ld 
rapid ity of the 
process t h a t  
has so greatly 
cheapened the 
cost of steel 
thronghout the 
world. B u t  

I n closing 
our account of 
this wonderful 
industry, em
phasis should 
b e  laid upon 
the fact that 
the work of 
smelting the 
iron in the 
blast furnace 
is continuous 
day and night, 
year in, year 
out, absolutely 
without inter
mission. T h e  
c o  n v e r .t -

cr3, however, 
and the rolling 
mills are shut 
down from Sat
urday at 1 :  3 0  
o'clock in the 
afternoon to 5 
o'clock on Sun
d a y  evening. 
During this in
terval the prod
uct of the 
blast furnaces, 
instead of beo SECTIONAL VIEW THROUGH OPEN-HEARTH FURNACE, SHOWING REGULATING VALVES, CREClC.ER-WORlC. AND J'J.,U.I. 

while Besse-
mer steel is 
well suited for 
steel rails and 
for a large 
v a r i e t y  of 
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structural material, it is not possible to secure by th1S 
rapid process the high qualities which are demanded 
in all specifications for gun steel and armor plate ; and 
it is only by the slower and more carefully watched 
and manipulated open-hearth process that these quali
ties can be imparted. The superior results obtained 
with the open-hearth pro
cess are due to the fact 
that the process of decar
bonizing the cast iron ' be
ing greatly protracted, it 
is possible to ' make a 
larger number of succes
sive tests, and turn off the 
heat at the moment when 
the steel in the furnace 
has reached the exact com
position required . . In the 
Bessemer process the im
purities and the whole of 
the carbon are burnt ' out 
of the hot metal in a few 
minutes, and the proper 
percentage of carbon is 
sought to be secured by 
adding some spiegeleisen 
as the blown metal is being 
poured into the ladle. The 
open·hearth process, how
ever, occupies from eight 
to twelve hours for each 
heat, and the operator can tell at any time 
just what is the chemical condition of the 
heat, and can control with the greatest 
nicety the temperature. 

The high ' qualities of gun steel and ar
mor plate are secured by varying the com
position of the furnace mixture ; by the 
method of treatment in the < furnace ; and 
by subsequent treatment of , the metal by 
fluid compression, forging, tempering, and , 
annealing. Gun steel must be hard, to re
sist the friction of the projectiles ' and 
erosion of, the powder gases ; elastic, so 
that it may give under powder pressure and 
yet return without permanent set to its 
original dimensions ; and it must have a 
high ultimate breaking strength. The de
sirable qualities for armor plate are ex
treme hardness at the face combined , with 
great toughness throughout the whole'body 
of the plate. ' In Harveyized ' armor this 
toughness is secured by the introduction of 
a certain amatlnt of nickel, and in Krupp 
armor of chromium and other elements 
during the furnace treatment: The desired 
physical qualities are further developed by 
that elaborate system of forging, temper
ing, and annealing, " which renders the man
ufacture of armor plate so tedious and 
costly. 

The open-hearth furnace is a large dish
shaped structure lined with refractory 
brick and sand, into which the mixture is 
loaded by powerful Wellman-Seaver elec
tric charging machines, that run Qn tracks 
laid upon the charging platform in front 
of the furnaces. The furnace is heated by 
producer gas, which is fed through , the 
large ' regulating valves shown in our en
graving below; the 
charging p l a  t 
form. From the 
valves , the ' gas 
passes through a 
mass of firebrick 
checker - w o' r k 
(whose function 
is the same ' as 
that of the hot
blast stove used 
in blast-fUrnace 
practice ) , a il d 
from the check
er-work it enters 
the f u r  n a c e 
through t h e  
lower flue shown 
in the engraving. 
Air is admitted to 
the furnace ' 

< by 
way of the valves, 
a n d  paSSing 
through another 
mass of checker· 
work built along· 
side the fi r' s t 
mass, finally en· 
ters the furnace 
by two flues, 'one 
on each side of 
t h e  gas flue. 

Scientific American 
Combustion takes place at once, at a tempera
ture ranging from 2,700 to 3,000 degrees. The products 
of combustion pass over the charge, out at the opposite 
side of the furnace, and down through a duplicate set 
of flues and checker-work, exactly similar to those 
through which the gas and air entered, thereby raiSing 

CASTING AN ARMOR-PLArE INGOr. 

HOLLOW·FORGING A GUlf rUBE IN TRE 6,ooo-:rON PUS8. 

omoULU PIG·CASTIlfG llACHINE. 
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the checkerwork to a very high temperature. About 
every twenty minutes the valves are thrown over, and 
the flow of the gases is reversed. By this regenerative 
process the gas and air enter the furnace at a temper· 
ature of from 1,500 too 1,800 degrees. As soon as the 
various impurities have oeen burned out of the charge, 

and the percentage of car· 
bon, etc.,  brought down to 
the desired ratio, the fur
nace is tapped at the rear. 
and the steel is run off into 
the molds. One of our en
gravings shows a large in
got weighing 62 tons that 
has been cast to form a 
side armor plate for the 
new battleship "Virginia." 
The large mass at the top 
of the plate contains an 
excess of metal known as 
the "sinking head." This 
is formed in the mold with 
the purpose of increaSing 
somewhat the density of 
the metal and clOSing any 
cavities which might form 
during cooling in the cast· 
ing. 

FLUID COMPREssoR.-The 

metal which is to be work
ed up as gun steel is sub-

jected to fluId compression, which is de. 
signed to remove certain defects that are 
common to all steel ingots not sO treated. 
These defects are the formation of blow. 
holes, "piping," which is the formation 
of a hollow cavity through the center of 
the ingot in cool ing, and segregation. 
which is the mechanical and chemical sep
aration 

,
of the component parts of the 

solidifying steel, due to the fact that eacb 
of them has its own temperature of cool
ing. Now, by subjecting the molten metal 
during the cooling to an extremely higb 
pressure, the above-merttioned defects are 
prevented, or at least very largely miti
gated. The 7,000-ton press, as herewith il
lustrated, is of monumental proportions. 
It consists of an upper head weighing 120 
tons, . whic!:). carries the plunger, a 135-ton 
base, ' containing the hydraulic cylinder, 
and four vertical connecting columns, each 
50 feet long and 19 inches in diameter. 
After the molten metal has been poured 
into the mold, which is built up in sec
tions, the mold is raised under a pressure 
of 7,000 tons, and a plunger attached to 
the head bears down upon the fluid metal, 
preventing its escape and compreSSing it. 
When the ingot has cooled, the ends 'are 
cut off in a lathe, and an axial hole is 
bored through its center. It is then placed 
in the furnace, and being hollow, heating 
takes place very evenly throughout the 
whole mass, and the danger of cracking is 
removed. The ingot is removed from the 
furnace at a temperature of about 1,900 
degrees, a steel mandrel is passed through 
its center, and , it is placed under the hy-
draulic forging press. The mandrel 

serves as an in
ternal anvil, and 
the work of the 
press is concen
trated upon less 
than half of the 
thickness of met
I'll that it would 
act upon if the 
piece were solid 
throughout. Thus 
the metal re
ceives that thor· 
ough "working" 
which is the very 
soul of first·class 
forging. All ar
mor plate and 
gun forging is 
done at the Beth
lehem Works un· 
d e l"  hydrauliC 
presses, of which 
there are three-
one of 2,500 tons, 
another of 5,000 
tons, and a huge 
affair of 14,000 
tons, the first i>wo 
being used for 
g u n  forgings" 
while the biggest 

© 1903 SCIENTIFIC AMERICAN, INC



DECEMBER 12,  1903-

press, a truly gigantic structure, is mostly engaged in 
the manufacture of great masses of armor plate. 

THE HYDRAULIC FORGING PREss.-The general con
struction of the hydraulic press is similar to that above 
dt.scribed o{ the fluid compressor. The hydraulic cylin
ders are carried in the upper head . and the travel of 
the piston is controlled by a hydrauliC lever in the 

Scientific AlDerican 
are necessary in the production of such large pieces 
set up in the work a complication of forging strains 
which are relieved by treatment in the annealing fur
nace. In this process the forging is slowly and care
fully heated to a temperature slightly above the point 
at which crystallization is  destroyed and the molecules 
thrown into an amorphous condition, and It is then al-

scent point, there is no time during the cooling process 
for the formation of crystals, and the result of the re
adjustment of the molecules which takes place is to give 
that high elastic limit and ultimate tensile strength 
that characterize gun. �teel. The forgings are again 
annealed to relieve the metal of any hardening due to 
the cooling process, and they are then taken to the 

qROUP OF 6, 3 AND 1 POUNDER GUNS '.IN GUN SHOP. FOUR-INCH, 50-CALIBER GUN AT PROVING GROUND. 

PLANING RABBET IN " LOUISIANA'S " CONNING TOWER. SAWING ROUGH: ENDS FROM A " LOUISIANA " BARBETTE PLATE. 

LIFTING FROM THE CASTING PIT A 62 TON INGOT FOR SIDE ARMOR OF BATTLE
SjlJP "VIRGINIA j "  PART OF MOLD STILL ATTACHED AT BASE. 

ERECTING BARBETTES OF THE BATTLESHIP " LOUISIANA ; "  GRINDING 
DOWN ROUGH EDGES AT THE JOIN TS. 

hands of an attendant. A disk and pOinter attached to 
the side of the press indicate the number of inches of 
stroke of the piston, and as the same length ' of stroke 
is maintained throughout a complete revolution of 
the forging in the press, the piece is roughed out with 
an accuracy as to diameter and line that greatly re
duces subsequent worl;: in the machine ·shop. 

ANXEALING.-The successive heating and .orging that 

lowed to cool very slowly. During the cooling the mole
cules rearrange themselves, leaving the .metal in a state 
of complete rest. After annealing, the forgings are oil
tempered to impart the necessary toughness. This is 
done by lowering the piece into a large cylindrical fur
nace, whence it is l ifted at a predetermined temperature 
and lowered suddenly into a bath of cold oil. As the 
temperature of the piece is slightly above the recale-

machine shop,. where they are bored, turned, and as
sembled or built up into the finished gun. A chapter 
could be .written on this interesting department ; but 
'�'e must be content to refer to the accompa�ying views 
of some of the latest finIshed guns, and direct the read
er's attention to the chapter by John F. Meigs, the ord
nance expert of the Bethlehem Steel 'Works, at the 

commencement of this issue. 
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MANUFACTURE OF ARMOR PLATE.-As already explain
",<1, the armor-plate ingots are cast with a large excess 
or' metal, which serves both as a "sinking head" and 
11. 1'10 as a rude sort of handle, by which the enormous 
JYl '1SS may be manipulated on the mandrel of the hy
draulic press and transferred to and from the furnace. 
The excess of metal in an armor--plate ingO't is greater 
than that of any other mass of metal casting, the fin
ished plate representing on an average about 40 per 
cent only of the original casting. Some of these <last
ings weigh as high as 275,0.00 pounds. When the ingot 
has been hauled to' the forge, its "sinking head" is 
placed in one end of a massive cast-steel sleeve, from the 
other end of which prO'jects a long steel bar about two 
feet in diameter, which is provided with sliding balance 
weights. The sleeve is supported in an endless chain 
sling from an overhead crane, by which it is transferred 
from the heating furnace to the hydraulic press. Here 
the total "squeeze" given to the plate when it is  upon 
the anvil is the same as thO'ugh a big battleship like 
the "Maine" were permitted to bear  with its full weight 
upon it. The mass-
ive forging is lifted, 
tur ned over, flatten
ed t kneaded as it 
were ) and brought 
down to size with 
an ease which must 
be seen to be appre
ciated. At the first 
forging the ingot is 
roughed down to 
t h  e approximate 
shape of the finish
ed armor plate, but 
i s considerably 
thicker.  It is now 
ready for that most 
important process 
of hardening the 
f a c e , technically 
known as cementa
tion. This varies 
greatly in its de
tails for Harvey 
and for Krupp ar
mor, although its 
general principles 
are the same. I n  
both processes the 
plate is placed in a 
furnace, and 
posed for 

ex
from 

Scientific American 
cars and transported from one building to another, un
dergoing operation after operation, until at last it is 
ready for the process of hardening, which consists of 
heating the plate to a temperature slightly above the 
recalescent point, and then case-spraying it with in
numerable streams of water delivered under high pres
sure. Then follows the oil-tempering, to remove strains, 
and another heating for the final "rectification" to the 
proper shape. After the hardening, the plate is again 
taken to; the machine shop, where additional tests are 
taken for the satisfaction of the navy inspectors, and 
it receives its finished machining by means of grind
ing machines. In  the rough-machining already alluded 
to, the plate was brought practically to its finished 
shape and size, and now that its face has been hardened, 
it is only possible to act upon the inch and a half · of 
extremely hard surface by means of the emery grinders. 
All the warped surfaces, such as those at the portholes, 
at the sighting hoodli, etc., have to be chipped and fin
ished by hand with files, the outer hardened portion be
ing ground down. Then follows the drilling of the 
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paid for armor plate. We have endeavored to' indicatE. 
in the course of this article sO'me of the causes of this 
high cost, the most impo'rtant of which is the great 
length of time required for the successful manufac
ture of a plate ; for, on an average, every plate is be
ing constantly worked upon, either in furnace, forge, 
machine shop, or annealing and tempering depart
ment, for a continuous period of nine months. Other 
causes of high cost are : the large number of separate 
operations, the frequency with which the great masses 
must be transported, and the distances over which they 
must be carried in their journey from O'ne department 
to another. To illustrate the vast scale O'n which the 
works are laid out and the distances to be cO'vered from 
shop to shop, we may mention that the whole establish
ment extends in one direction continuously for a 
length of a mile and a quarter, and that the forty or 
fifty handlings and transshipments, which occur in 
making a Single Krupp plate, take place in and be
tween such buildings as the open-hearth structure, 
which is 111 feet wide by 1,950 feet in length ; the ma-

o 
chine shop, 116 % 
feet in width by 
1,375 feet i n 
length ; the armor 
forge, 850 feet in 
length ; and a face 
hardening depart
ment and an ar- ' 
mor-plate machine 
shop, both of which 
arl'l but little less in 
size. Further ele
ments of expense 
are the large per
centage of losses 
which is liable to 
occur, the high first 
cost of the exten
s ive plants that 
must be laid down, 
and the fact that 
new and improved 
m ethods of manu
facture may at any 
time render the 
plant more or less 
obsolete. T h e  
greater cost �f the 
Krupp armor is 
largely compensat
ed for by its much 
greater resisting 
qualities, w h i e  h 
make it possible to 
give equal defen
sive qualities for 20 
to 25 per cent less 
weight of armor. 

• • •  
S T A T I S T I C S  

OF OUR IRON 

AND S T E E L  

P R O D U C .  

TION. 

three to four weeks 
to the action of 
highly carbonac
eous material. In  
the case of the Har
vey plate the car
bonizing is effected 
by a layer of bone 
dust, charcoal, and 
other suitable mate
rLtls. In the Krupp 
�rocess the carbon
izing agent is used 
in the form of a 
gas. After the plate 
has taken up an ex
cess of carbon for 
the depth of an 
inch and a quarter 
to an inch and a 
half. it is returned 
to the forge, heated, 
an(! :5ed down to 
the � .. lshed thick
ness. Then it is  
transferred to the 
machine s h o p, 
where test speci

ST RAIGHTENING A 14-INCH ARM.OR PLATE UNDER A HYDRAULIC PRESS. 

'1' h e statement 
that 'last year forty 
per cent of the pig 
iron in the world 
wall produced in 
the United States 
gives one no very 
definite realization 
of the quantity of 
t h a t  p r o  d u c t, 
thongh he be re
minded on every 
hand by iron and 
steel ships, bridges, 
railroa"ds, b u i 1 d-

mens are removed and subjected to tensile tests in the 
presence of naval inspectors. Here the plate is sawn 
down to the correct size, and such machining as is nec
essary is done upon . it. We present some illustrations 
of the remarkable collection of machinery in the ar
mor-plate machine shop. It was all built specially for 
this work, and is framed on a colossal scale. In one 
place will be seen a circular saw that is capable of tak
ing a cut through a steel plate 24 inches in thickness 
and 33 feet long. Elsewhere will be seen a huge rotary 
planer engaged in taking a 6-inch cut from the edge of 
a 10-inch plate faster than a saw will cut on a 6-inch 
strip from the same plate. Practically the whole of 
the machine work has to be done before the final hard
ening of the armor-plate by the water spray, for the 
steel tool does not exist that can touch the hardened 
face of a Harvey or Krupp plate. The plate then takes 
a journey to the forge again : where it is carefully 
straightened or bent, as the case may be, and brought 
to the desired form. Time and again the huge mass, 
weighing as much as a locomotive, will be lifted on to 

holes for the bolts by which the armor is fastened 
to the backing and framework of the shill .  and the 
tapping of the bolt holes, after which the armor plates 
are assembled to make sure that the jOints are true and 
close. One of our illustrations shows the barbettes fJr 
the battleship "Louisiana" in the erecting shop, and 
the workmen busy with the grinding wheels, finishing 
off the top edges and smoothing down irregularities in 
the vertical joints. Each grinder is .operated by a rope 
drive from a portable motor standing on the floor of the 
shop. After the armor has been assembled and the 
bolts tried in the bolt holes, it is inspected carefully 
by government representatives. Then it is taken down, 
the bolt holes are filled with tallow and white lead, 
and the plates stamped with the name .of the vessel and 
the part of the ship to which plate is assigned. The 
final operation is the weighing, which, in the case of 
such costly material, is  carried out with the greatest 
care. 

WHY ARMOR PLATE IS CosTLY.-The general public 
has always been mystified at the extremely high price 

i n  g s, machinery, 
tools, nails, tacks, etc. , ad nauseam, that this is the 
iron age. Even the statement that the United States 
last . year mined over thirty million long tons of 
iron ore, gives one no adequate impression of the 
vastness of this amount. On the other hand, if one 
should see the entire iron ore production of the year 
piled . up in a single heap, he would readily com
prehend this quantity by a comparison of the pile with 
familiar objects in the landscape. This shows us that 
it is large numbers instead of large quantities which 
confuse the mind ; for example, the statement that a 
wagon holds over 30.000,000 grains of coal would give 
a person a very hazy idea of the actual qua.ntity speci
fied, but he would immediately comprehend the quan
tity if told that it represented two tons ; for a larger 
unit of weight would be used. thereby reducing the 
count to a figure well within the mental grasp. Thus 
in trying to represent to our readers just how large are 
the quantities of materials used in the iron an d steel 
industry, we have endeavored to' choose larger units of 
measurement ; and finding that our standard measure� 
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are far too small for the purpose, we have resorted to 
the use of familiar landmarks as bases of comparison. 

As a unit of bulk, no larger single monument has 
man produced than the old pyramid of Cheops, and 
large though it be, it is all too small when used as a 
uIlit by ,which to measure the stupendous volume of 
material used in our pig-iron production of a s ingle 
YE'ar. In the accompanying illustration, the huge blast 
furnace shown at the left represents a furnace which 
would receive at a single charge all our iron ore pro
duction during the year 1902, together with the fuel 
an:] limesto'ne used. The charge measures approxi
mately two bil-
lion cubic feet, 
or to use our 
proposed unit 
of bulk, this 
would be equi
valent to twen
ty-four p y r a
mids. As many 
i n d i v i d u a l s  
m a y  h a v e  
formed no ade
quate concep
tion of the size 
of the Great , 
Pyra:nid, w e 
have used as 
an additional 
basis of com
parison t h e  
tallest building 
in the world, 
namely, t h e  
P a r k  R o w  
B u i l d i n g in 
N e w  Y o  r k. 
T h i s  building 
measures 3 9  u 
feet in height, 
and it would 
require t h i  r
t e e n  s u c h  
b u i 1 d i n g s, 
p i a  c e d one 
a b o  v 'e t h e  
other, to equal 
the height ot 
o u r  hypothet
ical blast fur
nace. 

FUEL. 

T' - - - -
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increase over former years, so that our column would 
probably be �ade up of two parts bituminous to one 
anthracite coal. Their combined bulk would form a 
column 200 feet square by 1,300 feet high-a midget 
in comparison to the coke column, but not so small 
after all when compared with the Park Row Build
ing. 

Charcoal, which is the smallest item in the fuel sta
tistics for 1902, or about one-fifth of the number of 
tons of coal, yet forms a column nearly two-thirds 
the height of the coal column, or twice that of the 
Park Row Building. 

J'lMiHJI'I' T(}1( 
J'fO/llUM!N T 

G!?E A T  . 
PYHA t1ID 8 L A S  T FURNA ce COKE COA L 

431 
PIG mONo 

All the above-mentioned materials were used 
last year to produce 17,8:l1,307 tons of pig iron. 
This makes a column twice the height of the EifIel 
�'

ower, the tallest monument to human skill in the 
world. 

STEEL. 

The larger part of the pig-iron production of this 
country is converted into steel ; 14,947,250 tons repre
sent the total output for last year. Of this, 9,138,-
363 tons was made by the Bessemer process, 5,687,7:l9 
by the open-hearth process, and 121,158 tons was cruci-

£'FFCL 
STEEL T�l'JrR 

ble steel. 
FINISHED PRO-

DUCTS. 

Of the finish
ed products for 
the year, 2,947,-
933 tons repre: 
s e n t  t h e  
amount of iron 
and steel form
ed into rails. 
If all this met
al were rolled 
into a single 
rail of stand
a r d propor
tions, it would 
measure a p
proximately 81  
feet high, and 
would be about 
a mile and one
fifth long. The 
base would, of 
course, e q u a  j 
the height, and 
the t r e  a d 
would have a 
width 0 f 43 
feet. In  our il
lustration w e 
have shown the 
relative pro-
portions of a 
locomotive 0 f 
average s i z e, 
placed on this 
rail. 

N e x t  i n  
quantity to the 
iron and steel 
rail production 
is last year's 
o u t p u t of 
p i a  t e s and 
sheets ; 2 ,665,-
409 t o  n s of 
metal w e  r e 
thus converted. 
This amount, 
if rolled into 2, 
Single sheet 01 
No. 30 stand
El. r d g a  g e, 
which is the 
thinnest sheet 
steel commer
cially u s e d, 
would c o  v e r 
420 s q u a r e 
miles, or near
ly twenty times 
the area of the 
island of Man
hattan. T h e  
extent oll this 
area is ill us
trated in the 
accompan y i n  g 
map of New 
York City and 
its vicinity. 

Of the con
tents of the 
blast furnace, 
by .f a r t h e  
larger bulk is 
f u e 1, though 
the weight of 
the iron ore 
is almost twice 
that of t h e  
f u e l. T h e  
square columns 
in our illustra
tion will serve 
to g i v e  o n e  
some idea of 
the amount of 
fuel consumed 
last year by 
the blast fur
naces of the 
United States. 
No exact fig
ures are avail
able for 1902, 
but a fair esti
mate would be 
about 16,000,-
000 t o n  s of 
coke, 1,600,000 
tons of coal, 
a n d  300,000 
tons of char
coal. Coke is 
so light that if 
the 16,000,000 
tons were built 

(,lUlll'AlkUIVE DIAGRAM SHOWING THE T OTAL AN N UAL AMOUN T OF RAW AND FIN ISHED MATE.lUaLS OF THE IRON AB D STEEL 

INDUSTRY IN THE UNITED STATES. 

The produc
tion of nails 
forms no small 
part of the fin
ished products 

up in a column 400 feet square, the column would 
rtach an altitude of 6,500 feet. No human monument 
is large enough to give us, by comparison with this 
'column, any idea of such a height. If the base of the 
column were situated 'at sea level, a person at the top 
could look down on the summit of Mount Washington, 
N.  H., and it would overtop every mountain in this 
country east of the Rockies. 

Our column of coal includes both anthracite and 
bituminous. In the last two years there has been a 
considerable falling ofI in the use of anthracitp while , 
bituminous coal mixed with coke has shown a great 

F,LUX. 

The amount of l imestone used for fluxing purposes 
last year amounted to 9,490,090 tons. This would 
make a column 5,500 feet high, with a cross section 
200 feet square. It may be interesting to note here 
that oyster shells are used in one of the furnaces in 
Maryland in place of limestone_ 

IRON ORE_ 

The next column, which is of a heigh . equal to that 
of the coke column is composed of :14,636 ,121 tons [)'f 

. i ron " ,ore. However, this represents in bulk only one
quarter that of the coke. 

for the year. 
Wire nails represent, ' of course, a much larger 
part of the output. The totals are 10,982,246 100-
pound kegs of wire nails and 1,(;33,762 100-pound 
kegs of cut nails. Following the method in our two 
previous comparisons, we have represented each 
amount by a single nail of standard proportions. The 
cut nail would tower far above the Park Row Build
ing, measuring almost exactly the height of the Wash
ington Monument, while the wire nail would rise to 
nearly double this height, overtopping the EifIel Tower, 
and forming a solid column of metal 54 feet in diam· 
eter and 1,000 feet high. 
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M A N U FAC T U R E  
O F  B R. I D G E  
AND BUILDING 
S T R U C TURAL 
SHAPES. 
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show a tensile strength 
of not more than 10,000 
pounds below the test 
specimen of the grade 
of steel from which 
they are rolled. They 
must also show not less 
than 10 per cent elon· 
gation in the body of 
the bar, and they must 
break in the body and 
not in the eye. The 
open-hearth plant ( no 
Bessemer steel is made 
at these works ) con
sists of ten furnaces, 
each of about 30 tons 
capaCity, and one tilt
ing furnace of 75 tons 
capacity, the total out
put of which is 4,600 
tons of ingots per week. 
In the stock yard the 
raw materials consist of 
ore, scrap steel ( such 
as junk, crop ends, 

It was a wise choice 
which selected the term 
"structural shapes" to 
designate the wide var
iety of angle· irons, T
irons, I-beams, Z-bars, 
channel irons and built
up posts, beams, and 
girders which are used 
in modern iron ' and 
steel construction, for it 
would be scarcely pos
sible to find any term 
that would so descrip
tively apply to every 
single member of an ex
tremely numerous class 
of manufactured arti
cles. There is no other 
branch of the iron and 
steel industry, perhaps, 
in which the American 
citizen has more reason 
to take pride than this, 
for upon no other have 
we stamped our nation
al individuality so deep
ly. The A m e r i c a n  

To eJdzeme right is the chimney ; then follow : A, air and gas reversing valves ; B, charging machine ; C, huggies from which charger picks up'boxes of 
.. mixture," thrnsts them into fnrnace and empties them ; D, Wellman rolllng furnace. showing charging door, pouring spont, and hydranlic cylinder 

for' pulling over ; E, ladle crane, with its crane in position over a muld for pouring an mgot. 

punchings, and general 
scrap from the con
struction shop ) ,  and 
pig iron. The pig is 
melted in cupolas . and 
run into the ' open
hearth furnaces, where 

SECTIONAL VIEW, SHOWING RELATIVE POSITIONS OF PARTS OF A WELLMAN OPEN-HEARTH PLANT. 

bridge and the American composite 
steel-and-masonry building are two 
forms of construction that are recog
nized the world over as having 00-
ceived their most marked develop
ment in this country. Of bridge 
building particularly it may be said 
that it is to the improved methods of 
manufacture and of shop manage
ment, coupled with a system of de
sign that has an eye always to ex
peditious and economical work in the 
construction shop, that the great ra
pidity and cheapness of construction 
and erection of American bridges is 
due. From among the many great 
"structur.al" works of the country 
that make bridge building a spec
ialty, we have selected for the pres
ent description the Pencoyd Iron 
Works, of Pencoyd, Pa. The choice 
was made for the double reason that 
these ·works are among the largest 
and most representative in this coun
try, and that they are particularly fa
miliar to the American public be
caU3e of their succe3sful and widely
advertised competition with foreign 
builders, in which 
they secured the 
contract for the 
construction 0 f 
the Atbara Bridge 
in the Soudan. 

T H E O P E  N

HEARTH PLANT .

The shapes are 
r o l l  e d entirely 
from basic open
hearth steel, three 
grades being pro
duced - "rivet;' 
"soft," and "me
dium." The riv-

POURING SIDB OF laO-ION OPEN· HEARTH FUlUIAOD, WlTll FOBoE llEARm ,IN 
POSITIOlf. 

an equal proportion of cold scrap is 
added. One of our engravings shows 
a hydraulic ladle crane into whICh 
the contents of the 75-ton furnace are 
poured, the crane with its burden be
ing then swung around over the cast
ing pit and the hot metal poured into 
the ingot molds through the bottom 
of the ladle in the usual way. 

ROLLING MILLS.-To take care ot 

the 46,000 tons of ingots turned out 
every week from the open,hearth de
partment calls for

' 
an extensi�e plant 

in the rolling mills. This consists 
of a 23-inch three-high roll train 
used for rolling shapes ; a '  1 2-inch 
three-high roll train used for small 
bars, angles, T-irons, etc., and a large 
23 to 28-inch mill, comprising a 2S
inch two-high reversing roughing 
mill, and a 23-inch three-high finish
ing mill, each driven by 30  x 36-inch 
double reversing engines, geared di
rect to the mills. In this mill, whose 
weekly output is from 2,000 to 3,000 
tons, angles are rolled up to 190 feet 
in length, and beams up to 100 feet 
the blooms from which they arc mado 

weighing 
1,150 t o  

f r o m  
6,000 

pounds each. Last
ly, there is a 36-
inch t w o-h i g 11 
mill, which pre
pares the- steel for 
t h e  finishing 
mills, that ha� 
turned 0 u t a II 
m u c h as 3,800 
tons of blooms 
and billets per 
week. When the 
shapes are rolled 
they are sawed 
into the desired 
l engths, taken to 
the hot-beds to 
cool, straightened, 
and then cut to 
exact length. The 
material is now 
ready for the con
struction shop. 

et steel has an ul
timate strength of 
from 48,000 to 
58,000 p o  u n d s ;  
soft steel, of from 
5 2,000 to 62,000 
pounds ; and the 
medium of from 
60,000 to 70,000 
pounds. In each 
case the required 
elastic limit is not 
less than half the 
ultimate strength, 
and the t e s t  
pieces of steel 
mu'st be capable 
of being bent over 
upon themselves 
to an angle of 180 
degrees without 
fracture, w h i 1 e 
the eye-bars used 
i n  bridge con
struction m u s  t li'¥l)lI.Al1L1C LADLE CRANE, INTO WllICR CONTENTS OF 75-TON Ol'EN-l:I.EABotH FUlI.NACE ABB TA1:'PJ:: !. 

BRIDGE AND CON

STRUCTION Snop.

In this depart
ment, which is 
housed in a build
ing 200 feet wide 
by 460 feet long, 
great care h a s  
b e e  n taken to 
make the opera
tion of building 
the angles, chan
nels, tees, and 
various shapes up 
into fi n i s h e d 
bridge members 
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as continuous as possible, with , a minimum of hand· 
ling and transportation. At , the end of the shop next 
the rolling mills the shapes are carefully laid out by 
wooden templates, in which the exact position of every 
rivet, angle, gusset, etc. , is marked. The operation of 
building up the bridge material is a simple one, the 
chief requisites being great care and accuracy. The 
shapes are sawn or sheared to exact length, cnd, where 

Scientific American 
construction of eye-bars, and in the shop devoted to 
this work is found a complete equipment of hydrauliC 
machinery, including pumps, accumulators, an upset
ting machine for forming the heads of the eye-bars, 
and a collection of shearing, punching, rOlling, and 
straightening tools with the necessary heating and 
annealing furnaces. The upsetting of the eye-bars is 
done in an ingenious hydraulic machine, in which 

433 
the heated end of the eye-bar is brought up to the 
desired circular form by means of a hydraulic press, 
carrying a three·fold die, The formation of the head 
is completed in a Single operation. The head is then 
forged and punched at one heat, ready for the finish 
boring. Eye-bars are formed up in this machine to , a 
size of 8 inches width of body and 18 inches d iameter 
of head. When an order of eye-bars is completed, a 

full-sized test is sometimes made by 
pulling one of the bars a::iuder in a 
hydraulic testing machine w .th a 
maximum capacity of 700 tons. 

In conclusion we give some facts 
regarding the rivet and bolt stops. 
As we have indicated in the opening 
of this paper, a special grade of steel, 
known as rivet steel, is used which 
has an ultimate breaking strength of 
from 48,000 to 58,000 pounds. 'l'he 
rivets and bolts are made in speciai 
machines which turn them out wit� 
extraordinary rapidity. Thus, in a 
single month over

' 
850,000 pounds ot 

rivets and about 220,000 pounds of 
bolts have been made in this depart· 
ment. As illustrating the remark
able growth of a S ingle typical Am
erican bridge and construction works, 
it may be noted that whereas in 1853, 
the first year of operation of th� 
works, the total o utput was 304 gross 
tons, it had grown in 1860 to 1,475 
tons ; in 1870 to 6,700 tons ; in 1880 to 
over 15,000 tons. By 1890,  the bridge 
and construction department turI,led 
out 26,065 tons and the rolling mill ' 
department 48,230 tons ; while in 
1902 the respective totals were 87,000 
and 180,000 tons. 

... . .. 

it is called for by the drawings, the 
sides and ends are planed and faced 
down. All pinholes are first punched 
and then bored to exact diameters ; 
but the smaller holes for bolts and 
rivet;; are punched, and for doing this 
work some very highly developed 
machinery, driven by electrical pow
er, has been installed. The prelimin
ary work being now completed, the 
pieces are assembled, bolted together, 
rivet holes properly registered ( by 
reaming them if necessary ) , and final
ly they are riveted up by hydrauliC 
and pneumatic riveters. One of our 
illustrations shows a portable pneu
matic riveter at work upon a large 
end post, weighing 30 tons, for a 
bridge across the Mississippi, and an
other represents a massive floor beam 
intended for the same bridge, being 
riveted in a large under·hung 100-ton 
hydraulic lift riveter. The develop
ment of labor-saving machinery in 
this shop is an exceedingly interest
ing study, which limitations of space 
alone prevent us from taking up at 
this time. Steam has given place en
tirely to electricity, practically all 
of the tools being driven by indepen
dent electric motors, while electric 
power hoists and reamers, pneumatic 
riveters, and other pneumatic tools 
are supplied so liberally that it is a 
rarity to see hand work being done 
in any part of the shop. As the work 
is completed, it reaches the opposite 
end of the shop from that at which 
it entered, from which it is moved 
out into the yard for finished ma
terial, where it is loaded onto the 
cars by two overhead cranes of 30 
tans capacity and shipped to its des
tination. The total capacity of the 
bridge and construction department, 

RIVETING UP A MASSIVE 35-TON CHORD SECTION FOR NEW BRIDGE ACROSS THE 
MISSISSIPPI AT THEBES, ILL. 

The Trinity House authoriti� 
have given notice of several impor
tant alterations a�: the l ighthouses 
on the south coast of England and 
in the English Channel. The one of 
the greatest importance to all nav, 
gators of the Channel is that relat
ing to the Lizard lighthouses. Here 
the two fixed white lights hitherto 
exhibited have been discontinued, 
and in lieu thereof a white electric 
light, of great brilliancy, is exhibit: 
ed from thE' eastern tower, flashing 

including tho 
eye· bar a n d  
forge shops, is 
9,000 tons of 
finished mater
ial per month. 
When plans of 
e n l a r g e m ent 
have been car
ried out, the 
capacity w i I I 
be raised to 
a b o  u t 15,000 
t o n s  p e r  
month. 

E Y E - B A R  
SHoP.-One of 
the most im
p o r t a n t  
b r a  n c h e s of 
bridge manu
facture is the 

THE SHIPPING YARD, WITH COMPLETED ,PLATE·GIRDER BRIDGES, 
READY FOR SHIPMENt, 

... P�\IR OF LAllGE ZLECTRIO GANTRY DRItLlNG It'ACRIlf'lS! )tAGH 
OAJJ,1io'Yx:l'a .�,I;J1J';l' �.rr.J..I 0, '111'J" Q�'J' .... �1U', . •  

�;GiI�IIIIII;'[����iiilllllllll�;;� once every five 
'" seconds, a n d  

lOO·TON HYDRAULIC RIVETER AT WORK ON 
HEAVY FLOORBEAM. 

lasting only for 
a quarter of � 
second. In ad� 
ditlon a COl),
tinuous l igWi 
of small power 
may be visible 
for a b o  u t 
twelve m i l, �. s 
under certain 
circumstanM S . 
The subsidiary 
fixed w h i t e 
l ight proposed 
to be exhiDited 
from the east
ern tower will 
not be shown 
for the pres-
ent. 

BliIO'lBID DBAJI fUNOHINI1 MAOHINE I WORK: IS FED lIl' l!tO';Oi-PiIYj;Jf 
BOLLI! fAILI' • ., BHnn Q, (lJ]'l , 
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MANUFACTURE OF STEEL PIPE. 

The wrought-iron pipe and tube industry was one of 
the last to discard puddled i ron in favor of Bessemer 
steel. Manufacturers were fully alive to the advan
tages of Itrength and low cost presented by the use of 
steel, but for several years they ex-
perienced difficulty in making lap 
and butt-welded steel pipe that 
would present the same strength in 
the weld as in the body of the pipe. 
Ultimately, after much discouraging 
failure, the problem was solved, and ' 
for several years the market has 
been supplied with steel pipe and tub
ing that i.3 as strong, and if anything 
stronger, at the weld than at any 
other point. 

The National Tube Works, whose 
plant is the largest of the kind in the 
world, has been selected for 
the present description of 
the manufacture of steel 
pipe. This great establish
ment covers an area of over 
100 acres and gives employ
ment to between 7,000 and 
8,000 men. During every 
working day of the year raw 
materials are consumed at 
the rate of 1,200 tons of ore, 
1,800 tons of coal, 850 tons 
of coke and 3 5 0  tons of lime
stone ; while the total output 
of pipe and tubing during 
the year is about 310,000 
tons. 

THE BLAST FuRNAcEs.-In 

the manufacture of a grade 
of steel whose most desir
able quality is its ability to 
form a perfectly reliable 
weld, great care must be ex
ercised in the selection and 
mixture of the pig iron be
fore .it is treated in the con
verters. For this reason it 
was deemed expedient for 
the company to erect its 
own blast furnaces, and for 
many years it has ceased to 
buy in the open market. At 
present the plant contains 
twO' blast furnaces, with a capacity of about 700 
tons per twenty-four hours ; but this department, like 
many others in this plant, is now being doubled. As 
the metal is tapped it is taken in ladles to' a straight
line casting machine, where it is cast intO' pIgs. A test 
specimen of each cast is carefully analyzed, and a rec
ord of its composition kept, and when the cupolas in 
which the cast iron is melted dO'wn for treatment in the 
con;verters are charged, the pig is selected from differ
ent casts with reference to' its compOSition, SO' that the 
molten cast iron as it is poured intO' the converters will 
have the desired 
proportions of sili
con and sulphur. 

Scientific America.n 
ment. During the first three O'r fO'ur minutes of the . 
process, the graphitic carbon in the cast iron is changed 
into combined carbon, and the silicon combines with 
the oxygen of the blast in the form of silica, which in 
its turn forms slag, by combination with the iron an d 

LAP-WELDING PIPE, 

FORMING UP PIPE , READY FOR WELDING. 

manganese. During these changes there is a great 
increase in the volume and brightness of the flame 
that rushes from the converter's mouth, and the tem
perature rises until the second stage, known as the 
"boil," is reached. This lasts for about eight l!linutes, 
during which time the yolume and brilliancy of the 
flame further increase, and vast showers of burning 
iron and incandescent slag are thrown from the mouth 
of the converter, at times with an explosive effect. 
When the boil is completed the flame dies dO'wn consid
erably, and takes on a faint rosy tint, the shower O'f 
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sparks becoming less violent . .  This is known as the 
"fining" stage, and lasts for a few minutes. At the 
conclusion of the process, when practically the whole 
of the carbon has been burned out of the charge, th� 
flame suddenly dies away, indicating that the iron has 

been purified and rid of its carbon. 
The metal is now poured into the 
casting ladle, and a certain amOU::lt 
of ferromanganese is run into the 
same ladle to give the desired pro
portions of manganese and carbon. 

BLOOMING MILL.�The metal is then 
cast into ingots, which are heated 
in the soaking pits and rolled down 
into blooms in the blooming mill. 
This mill, which is of massive con
struction ( see illustration ) is driven 
by a pair of horizontal reversing en
gines of 3,000 horse power. On each 

s ide of the rolls is a long 
table of rollers which, like 
the rolls of the mill, are re
versible. The white-hot in
got, weighing 21f2 tons, is 
picked up out of the soak
ing pit by an o v erhead elec
trical crane, and placed upon 
the table, which, by the ac
tion of its rollers, runs the 
mass quickly into the rolls. 
As soon as it has passed 
through, the engines are re
versed, t h e  rolls being 
brought a little closer to
gether by means of a pair 
of massive screws set in the 
standards, and the ingot re
ceives another reduction in 
thickness. This is repeated 
until it has been brought 
down to the desired section, 
when it is sheared into short 
lengths, known as slabs and 
billets. 

THE CONTINUOUS SKELP 
MILL.-These are reheated 
and are rolled down in · a 
continuous mill into long 
thin sheets 1m own as skelp. 
The continuous mill, which 
is 300 feet in length, is of 
particular interest, not only 

as being one of the largest of its kind in existence, 
but also as being the first of its type to be erected III 
this country. The continuous mill consists of a large 
number of successive pairs of rolls, placed one beyo::! u 
the other, with increasing intervals between them. The 
billet as it is carried through each pair is reduced in 
thickness and increased in length, until it issues from 
the last pair of rolls in the form of a lQng, narrow plate 
known as skelp. The skelp is rolled in sizes from the 
thin, narrow strips for smaller pipes up to' the great 
sheets, about 8 feet in width, which .are needed 

for a 30-inch pipe, 
In the smaller sizes 
of pipe, the width 
O'f the skelp is suffi
ciently unifO'rm to' 
dispense with the 
necessity of trim· 
ming up with the 
shears ; but t h e  
skelp for large pip
ing has to be care
f u l l  y trimmed 
down to the right 
d imensions. 

THE CONVERTERS. 
-The pig irO'n is 
melted d o w  n in 
three cupolas 1 0  
feet in diameter 
a n d  30 feet in 
height, the charge 
consisting of graded 
pig iron, coke, and 
limestO'ne. T h e  s e 
cupolas are in con
tinuous operation ; 
and as the iron 
melts it is drawn 
O'ff and taken to 
two 8,ton Bessemer 
converters, one O'f 
which is shown in 
O'ur front-page en
graving. Experience 
has proved that in 
O' r d e r  to' secure 
thoroughly reliable 
lap and butt-welded 
tubing it is neces
sary to produce a 
special quality O'f 
mild steel, in which 
it is most impO'r
tant to secure ,'the 
prO' per proportion 
of carbon ; and this 
is secured by exer
cising the greatest 
care during t h e  
converter t r e a t- BLOOMING ROLLS IN WHICK TKE 2%,-TON INGOT IS BOLLED DOWN INTO BLOOMS. 

THE PIPE MILLS_ 
- Broadly speak
ing, all the tubing 
manufactured a t 

· this establishment 
may be divided ido 
two classes, butt
welded and lap
welded ; the former 
including' all tubing 
from lh inch U�) to 
1 1;4  inches, and the 
latter all sizes from 
1 % inches up to 30 
inches. I n  the butt 
m i l l  s in which 
small gas and wat
er pipe is made 
there are six weld
ing gas furn:tces, 
while in the lap
welded mills there 
are ten bending gaG 

and twelve welding 
gas furnaces, 
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LAP-WELDING.-The plates for the larger sizes of pipe 
are first laid upon a traveling table, and the edges scarf
ed or beveled. It is then heated in a bending furnace 
and rolled up into pipe form with the scarfed edges 
overlapping. The plates for the smaller sizes are form
ed up by being drawn through 

Scientific American 
ing left on the inner edge. The end of the pipe 
is swaged down slightly, the flange pushed on over 
it, and the edge of the pipe beaded over to keep the 
flange in place in the furnace. When the work has 
reached a. Welding heat, the pipe is swung onto a con-

435 
factured from bars of iron of about the thickness and 
width of the coupling. The smaller sizes are made in 
a special machine, which cuts off the desired length of 
bar iron and forms it up on a mandrel with wonderful 
rapidity. The pieces are then heated in a welding fur-

nace, and welded under a 
quick-acting steam hammer. 
The larger sizes are formed 
from bar iron, which is cut 
into the desired length, the 
pieces being formed up on the 
interesting machine shown in 
the accompanying engraving. 
This consists of a vertical, 
cylindrical mandrel of about 
the size of the desired coup
ling, and around this mandrel 
travels, at the end of a hori
zontal arm, a vertical roller. 
The heated bar is placed 
against the mandrel and grip
ped firm'ly against the latter 
at one end. The vertical rol
ler then describes a circle 
around the mandrel, bending 
the heated bar into the circu
lar form and to the required 
diameter. The piece is then 

the die shown in the accom
panying illustration. This 
consists of a stout cast iron 
bending die, the front half of 
which next the furnace door 
is flared out to receive the 
plate. Inside the die is a 
mandrel of the shape shown 
in the smaller engraving, 
whose rear portion is of about 
the size of the finished pipe. As 
the plate is pushed out of the 
furnace it is drawn by a pair 
of tongs through the die, the 
flaring sides of which curv& 
the plate until its edges meet 
and 'lap as they pass through 
the tubular end of the die. 
The plates, now bent up into 
form and' known as skelp, are 
heated in a gas-fired welding 
furnace, and when they have 
reached a welding heat the 
skelp is pushed through the 

FORMING PIPE COUPLINGS. WELDING PIPE COUPLINGS, raised to a welding heat, 
slipped onto a cylindrical 

door at the back of the furnace into the welding rolls, 
which are located just outside the ·door. The rolls, 
wh ich are concave, are curved to the desired radius, 
and between them, held in position by a long bar, is 
a "baU" or mandrel of the same diameter as the inside 
of the pipe. As the skelp passes through the rolls, its 
lapping edges are squeezed together between the rolls 
and the mandrel , and a perfect weld is made. 
Each piece of pipe is carefully examined, and 
all doubtful welds are rejected. The rough 
pipe then goes through the sizing rolls, in 
which it is brought to exact diameter. Then 
it passes to the cross-straightening ro'lls, the 
axes of which are inclined at an angle, as 
shown in the accompanying illustration. By 
this HlP-e it is perfectly true and straight, and 
to prevent it from warping as it cools, it is 
rolled and conveyed on a cooling table to a 
straightening machine, where it receives its 
final straightening in dies controlled by hy
draulic pressure. The end,! are then cut off, 
and after being threaded and the coupling put 
on, the pipe is tested in a hydraulic testing 
machine, the smaller sizes at from . .  600 to 
1,500 pounds, the larger at from 500 to 7 5 0  
pounds to the square inch. F o r  oil-well tub
ing the tests run as high as 2,500 pounds to 
the square inch. 

cave anvil, which is stepped to receive both pipe and 
flange. The pipe is turned around on the anvil under 
the repeated blows of the hammer, and the ·  welding up 
is quickly completed. Flanges have been welded onto 
pipes of upward of 30  inches diameter with satisfactory 
results. 

MAKING PIPE COUPLINGS.-Pipe couplings ate manu-

mandrel, and welded under a quick-acting steam ham-
mer shoy- - ' lJ.e accompanying · ll ustration. 

SEVEHE -In view of the large amount of weld-
ing that enters into pipe manufacture, the most severe 
tests are co�tinually being applied to the material dur
ing and after manufacture. In addition to the hy
draulic tests, the rough ends cut from the pipes are 

subjected to a 'longitudinal crushing test ; 
and in case of failure at the weld, the tube 
from which the specimen was cut is sent back 
to be rewelded. Other tubes again are rolled 
with an expander and the ends beaded over. 
Some are cold-flanged, while others again are 
subjected to a transverse pressure until the 
section of pipe has been completely flattened 
out. If the metal stands these cold tests with
out fracture, it is considered that the lots 
from which they are taken are up to the high 
standard required. 

,. . .  11 .  

BUTT-WELDING.-The smaller sizes of pipe 
are butt-welded. The plates, which are not 
scarfed as in the larger pipe, are heated in 
the furnace, and when raised to a welding 
heat are drawn 

STRAIGKTENING ROLLS, IN WKICK PIPB II 8TR�IGKTBNED AND 81100TKED. 

Work will soon be begun at the Maryland 
Steel Company's Sparrow's Point plant for 
rolling 20,000 tons of rail for the Hamadie 
du Hedjaz Railroad, which runs between Bei
rut, on the Mediterrane2.n coast of Turkish 
Asia Minor in the direction of Mecca . Arabia, 
the shrine of all the world's millions of 
Mohammedans. The road is being extended 
to Mecca rapidly and it is probable that be
fore 10ng pilgrims from India, Turkestan, Mo
rocco, and the Soudan will journey to the 
tomb of Mohammed over a steel pathway 

made in Mary
through a ben
shaped die, the di
ameter of which 
i s  a 'little less 
than that of the 
skelp. The pres
sure thus induced 
is sufficient to 
squeeze the edges 
t o g  e t h e  r ,  and 
form the plate in
to a perfectly 
welded pipe. 

WELDING FLANG
ES.-The smaller 
sizes of pipe are 
fitted with screw
ed flanges and 
couplings, and at 
one time these 
were used on all 
sizes of pipe. Of 
late years, how
ever, the com
pany has succeed
ed in welding the 
flanges on the 
pipe and produc
ing results that 
are as satisfactory 
as the welding of 
the pipe itself. 
The flange for the 
larger pipes is 
forme.d out of a 
bar of stee1, bored 
out, and faced on 
the inner face, a 
half-inch fillet be-

land.  The con
tract calls for the 
delivery of the 
rails at Beirut at 
$22.88 a ton. This 
is surprising, in
asmuch as the do
mestic price for 
steel rails has 
been $28 a ton, 
loaded . for trans
portation at the 
m a n  u f acturer's 
plant. 

French exhibits 
at the World's 
Fair ., next year 
will number five 
t h o u s a n d ,  as 
against t h r e e 
thousand · at the 
Chicago . Fair, and 
will excel in gen
eral interest and 
completeness any 
previous French 
display. They will 
include an elaboI'
ate exhibit of the 
g 0 v e r n  m e nt's 
furniture, Gobelin 
and B e a u v a ise 
tapestries, Sevres 
p o t  t e r y ,  �aces, 
silks" eltvcational 
methods, farming, 
mmmg, and in
dustrial exhibits, 
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&TEEL WIRE AND NAIL MAKING. 
The magnitude and importance of the wire and nail 

industry in the United States may be measured by the 
fact that in the year 1902 the mills turned out a total 
of 1,574,293 tons of wire rods, of which nearly half a 
million tons were made into 

Scientific American. 
gage, which is 0.029 inch in diameter, to 6.50 
pounds bo:eaking strength for No_ 22, which is 0.05"2 
inch in diameter. Reduced to the square-inch unit, 
the uUimate tensile strength per square inch would 
range from 300,000 pounds to 340,000 pounds. The 

DECEMBER 12, 1903. 
very small, ranging from 0.75 to 1 .1  per cent only. 

BILLET YARD.-In describing the manufacture of steel 
wire and wire nails as carried on at the Donora Works 
of the American Steel and Wire Company, we shall 
commence our description at that point of the process 

where the steel has been manu-
wire nails. Time was when 
both wire and nails were 
manufactured entirely from 
wrought iron, and to secure the 
toughness and high tensile 
strength required, great care 
had to be used in the prepara
tion of the iron, the cost of 
the product being proportion
ately high. It was only a ques
tion of time before steel, be
cause of its less cost and its 
high strength, became the 
standard material in this as in 
other branches of the iron and 
steel industry ; and to-day prac
tically the whole of the wire 
and wire nails used are made 
from either Bessemer or open
hearth stee'l, the latter being 
specified where wire of  the 
special grades with higher phys
ical properties is required . 

Continuous Heating Furnace in Which the Billets are Heated for ROlling in Rou£"hing Mill. 

factured into billets, ready for 
the rod mi'll. These great 
works buy nothing in the open 
market and carry out the whole 
process of wire manufacture 
from the smelting of the ore to 
the final drawing of the wire ; 
but as we have so completely 
described, in previous articles 
in this issue, both blast furnace 
practice and the conversion of 
the cast iron into steel either 
in the Bessemer converter or 
the Siemens-Martin open-hearth 
furnace, it would be superfiuous 
to go over the ground again. 
We shall, therefore, commence 
at the billet stockyard, where 
the steel is stored conveniently 
to the heating furnaces of the 
rod mil'!. The bulk of the wire 
and wire nails of commerce are 

PHYSICAL PROPERTIES OF STEEL WIRE.-As showing 
the great increase in strength of steel over iron wire, 
it may be mentioned that while good black iron wire 
will show an ulthcate tensile strength of about 25 
tons to the square inch, and bright hard-drawn wire a 
strength of 35 tons to the square inch, Bessemer steel 
wire will stand a strain of 40 lons and open-hearth 
steel wire 60 tons to the inch. Of the "special" grades 
of wire a high-carbon open-hearth steel wi'll stand 
about 80 tons, crucible cast-steel wire about 100 tons, 
and the best cast steel, or as it is sometimes Called, 
"plow" steel wire, 120 tons 

composition of this remarkable wire is as follows : 
Carbon, 0.570 ; silicon, 0.090 ; sulphur, 0.011 ; phos
phorus, 0.018 ; manganese, 0.425.  An analYSis of an
other wire" of unusual strength known as "plow, ". show
ed 0.828 per cent of carbon, 0.587 p.er cent of mangan
ese, 0 .143 per cent of silicon, 0.009 per cent of sulphur, 
0 .030 per cent of copper, and no phosphorus. The 
tests of this wire ran from 200,000 pounds per square 
inch for wire 0 .191 inch in diameter to 350,000 pounds 
for wire 0.093 inch in diameter. Of course , with such 
high tensile strength the elongation or stretch was 

manufactured from Bessemer 
bil'!ets. Open-hearth billets are worked up into rods for 
the manufacture of chain, for special grades of wire, 
and for various finished products in which high tensile 
strength is call1ld for. At the upper end of the rod mill 
are four billet continuous-heating furnaces, with a fifth 
in reserve. When the mill is in full operation, four fur
naces are continually at work. The billets, which are 
4 x 4 inches in section and 36 inches in length, are fed 
transversely into the furnace, side by side, as shown 
in the accompanying engraving. They are pushed 
through the furnace door by a hydraulic charging ma-

chine, and by the time they 
have been heated to the 
proper temperature for roll
ing , they are pushed one 
after the other out through 
the rear door of the furnace, 
and fall upon a convwor, by 
which they are carried down 
into the rod mill . I t  shou'ld 
be mentioned that two of 
these furnaces are fed by 
producer gas and two by 
natural gas, which is drawn 
from a well on the com
pany's premises, the former 
gas being supplied by five 
Laughlin producers. 

ROUGHING MILL. - T h e 

to the square inch ; while 
certain qualities of cast-steel 
wire, made under specifica
tions calling for a particu
lar composition, and requir
ing very elaborate working, 
have been pi'oduced, show
ing an ultimate breaking 
strength of from 150 to 170 
tons to the square inch, 
The process of wire draw
ing, as will be explained 
later in this article, serves 
to greatly improve the phys
ical qualities, and the 
smaller the size to which 
the wire is drawn down, 
the greater is the Ultimate 
breaking strength. The 
wonderful qualities of piano 
wire are proverbial, the 
average strength of Eng
lish piano wire as given 
b y  t h e  manufacturers 
,ranging from 225 pounds 
'for No. 12 music wire The 8-pass Roughing Mill In Which the Billets are RoU� Down From a 4 x 4-Inch to a �.inch Squar� section. 

roughing mill consists of 
eight pairs of rolls, in which 
the billet is reduced from a 
4-inch x 4-inch section to a 
% -inch square section, and 
it is in this mill that the 
steel receives the first install- . 
ment of that thorough 
mechanical worldng which 

'�'o �e ni1n are Been me TJU'ee Il1St pair� of roll. of tJle roughing mill, with two tOOs l>lU!slng thtooah them. Extending to fire l�f\ lICr6lis llie baIDlln}t are the ten lIl!tB of 1lnlsblng rolla with several wire rll4a following a serpentino 
<r.QlIlI8 throaa:h them" Wire rods,al'e roned In this mlll at the rate of '7'18 miles In a IIInllie .hltt of 11 hoUllc 

W�·BOn l'IliIBBIlIG lULt 
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contributes so greatly to its ultimate tensile strength. 
The arrangement of the mill is shown very clearly in 
our engraving. Each pair of rolls is placed at an in
cre/l.sing distance from the one that precedes it, in order 
to alloW- for the increase in length due t.o Ule decrease 
of section of the billet. It has been 

Scientific America.n 
serIes of curved 'semi-circular guards or shields 
are fastened upon �he iron fioor of the mi'll, 
as shown in our engraving, where the course fol
lowed by the rods is indicated by a series of white 
lines. The amount of working to which the stee'l is 

437 
a scant quarter of an inch in diameter and measures no 
less than 1,189 feet, or not far from a quarter of a 
mile in length. As the rods leave the last ' pair of 
rolls, the ends are caught up and attached to the 
drums of a set of SIx Garrett reels, on which they are 

wound up into a convenient coil for 
further handling. As soon ' as the 
coil is completed, it is ·dropped from 
the reei onto the fioor of a conveyer, 
by which it is carried to the wire 
mill. 

WIRE MILL. CLEANING DEPART-
MENTo-The first operation in the 
wire mill is to thoroughly clean the 
wire, ridding it of scale, oil, . dirt, 
etc. This is done by immersing the 
coils in wooden vats containing a 
weak solution of sulphuric acid. The 
coils are strung on a stout piece of 
timber, which is lifted by a hydrau
lic crane and dropped into the vat. 
There are six of these vats arranged 
as shown in our illustration. From 
the vats the coils of wire are lifted 
and hung upon a ci "ctllar rack, 
where they are allowed to slightly 
oxidize on the surface, th e object 
of the rust being to render it pos
sible to get a good grip upon the 
wire in the process of drawing it 
down. The coils are then placed in 
a bath of lime, which serves to pre
vent further oxidation, and also to 
give a slight coating of lime, which 
will act as a lubricant to the wire 
in passing through the dies. Next 
the wire is placed on trucks and 
taken to the bakeries, where it is 
dried out thoroughly. 

found, moreover, that by changing 
the. shapes of the grooves in the suc
cessi ve pairs of rolls, making them 
alternately square and oval, oval and 
round, etc., there is not only an 
economy of power secured, but a 
more thorough working or manipu'la
tion of the metal is obtained, and its 
qualities are proportionately improv
ed. In the eighth set of rolls, or 
"pass," as it is technically known, 
the grooves are three-quarters of an 
inch square. From these, the las t  
pair o f  roughing rolls, the rods di
verge, some of them being carried 
to the left, to what is known as No. 
1 finishing mill, and others to the 
right, where they are run through 
No_ 2 finishing mill. The accomp
anying il'lustration at the bottom of 
the page, taken from the upper end 
of the roughing mill, shows the No. 
1 finishing mill, in which the wire 
rods are given ten more passes and 
brought · down to ' the required di
mensions. The finishing mill lies at 
right angles to the roughing mill ; 
and instead of the rods passing 
through pair after pair of rolls in a 
continuous straight line, they pass 
through the successive rolls in aIter
nating directions, describing half
circles between each pair, as shown 
in the illustration. In order to 
guide the rods into the proper rolls, 
workmen stand between each pair, 
and as the rod issues from the rolls 
it is seized with a pair of tongs, bent 
around through a half-circle and fed 
to the next "pass." Consequently, 
when a rod mill is in fuN blast, it 
presents one of the most curious and 
attractive sights that can be seen in 

As they are completed the coils are dropped on to conveyer and carried to wIre mIll. 

WIRE DRAWING.-Up to this point 
the product is known by the technic
al name of "rods," and it is only 
after it has been drawn down in the 
dies that it is known commercially 
as "wire." Wire drawing is of quite 
ancient origin, for about the year 
1300' A. D. wire was made by pulling 
it through draw plates. There are Drums on Which Wire as it Comes From Rod Mill is Wound Into Coils. 

any rolling mill. Owing to the rapid decrease i n  sec
tion and increase in length, as the rod passes through 
the successive rolls, it is necessary that the speed of 
the successive rolls be increased ; and by the time the 
rod issues from the tenth roll of the finishing mill, it is 
traveling at a speed of 1 , 350 feet per 

subjected in the miUs, and the great horse power that 
is required to perform this duty, may be judged from 
the fact that the bitlet, which at the first pass through 
the mills was 4 inches x 4 inches In section, and only 
3 feet long, as it issues from the last pair of rolls is 

descriptions extant of wire-drawing 
machinery which were published in the sixteenth cen
tury, and after that date it gradually took the place 
of the older method of hammering out the Wire by 
hand, which dates back to some eight hundred years be
tore the Christian era. Wire drawing has the advan

minute, or about 15 miles an hour. 
Owing, moreover, to the increasing 
length of the rods as they are rolled 
down, it happens that although only 
about two rods at a time are passing 
through the first of the ten rolls, 
there will be three or four rods at 
the fifth or sixth roll, and as many 
as five or six rods at a time speed
ing through the tenth or last rolL 
As the whole of the rolling down 
from the 4-inch x 4-inch billet to the 
finished rod, which wiN be say 13·64 
of an inch in diameter, is  done at one 
heat, it can be understood that the 
scene, when the whole mill is run
ning at full speed, and the white or 
red-hot steel is winding its serpentine 
way through the mill, is extremely 
picturesque, and when seen for the 
first time, decidedly bewildering. In 
order to protect the men who stand 
between the pairs of rolls and di
rect the course of the rods, a vats of Dilute Sulphuric Acid · in Whicl'l. Wire Is Cleaned preparatory to Wire-Drawing. 

tage of permitting the production of 
a much smaller wire than could be 
produced under the rolls, while the 
very process of drawing down the 
wire greatly enhances its physical 
qualities, increasing the tensile 
strength to a truly remarkable de
gree. The wire-drawing machine 
consists of a stout bench, on, which is 
mounted a strong cast-iron drum, on 
which the wire is wound as it is 
drawn through the plate. The draw 
plates, or die plates, as they are call
ed, are stout blocks of cast steel 
which are perforated "Yit'h conical 
p,ol�.s, carefully gaged' to ,the exact de
sired size of the wire. The holes 
have a slight taper, the wire, of 
course, entering at the larger end of 
the hole. The coil of wire is placed 
on a spool located bn the fioor of the 
shop near the bench, and the end of 
the wire having been swaged down, it 
is passed through the die plate and 
attached to the drum, whiCh then 

Annealing Room, Wbere Wire is Subjected to Steady Temperature for Several Hours 
to Remove Strains. 

Wire is Drawn Down Through a Hole in Hardened Steel Plate and Reduced to the 
finished SiZe. 

WIRE DRAWING. 
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In this dep�ent 150 ton. of barbed wire are made In II day. 
A BARBED-WIRE MACHINE 

proceeds to wind up the wire until the whole coil 
has been drawn down. One of our engravings shows 
a near view of the process of w ire drawing. As the 
wire drawing is done cold, it can be well under· 
stood that with several score of these mach,ines running 
at t,he same time, it requires very powerful' motive pow
er to drive the mill. After it has been drawn down, 
it is necessary to remove the strains in the wire, 
and it is accordingly taken to the annealing room, 
where it is loaded into the large annealing pots shown 
in our engraving. After the pot is filled, it is care· 
fully sea'led with sand to exclude the air, and the wire 
is exposed to a steady heat for a period of from eight 
to nine hours. Of the total product, part is now ready 
for the open market without any further 'treatment, a 
small portion of it is sent to the galvanizing . room to be 
galvanized, and a large proportion of it goes to the nail 
mill to be made up into wire nails or barbed wire. 

NAIL MILL.-In the nail mill there are no less than 
150 separate machines, While there i s  now under con
struction an additional mill which will contain 150 
more machines. As each of th�se is  capable of turn· 
ing out from 150 to 500 finished nails per minute, it 
can be well understood that the nail mill is a very busy 
section of the establishment. A modern nail machine 

per minute. In this mill 4,000 tons of nails are made 
in a single month, and when the new addition is com· 

pleted, the capacity will be increased to 8,000 tons. 
The boxes of finished nails are covered up and taken 
to big, revolving iron cylinders, known as rumblers, 
where they are rol'led over and over, the nails being 

thrown against each other and against the 
. 
sides of 

the cylinders aud receiving that high polish which 
characterizes the finished product. The time during 
which they are treated in the rumblers varies accord
ing to the size and quality of the wire. A certain 
amount of sawdust is also used during this process, in 

order to clean the nails thoroughly of grease and 
dirt. The nails are then loaded into 100·pound kegs, 
stenciled with the size and weight of the nails and 
the makers' name, and taken to the warehouse, shown 
in the engraving, in which are stored about 140,000 
100·pound kegs, weighing in the aggregate some 7,000 
tons. 

BARBED WIRE.-Another interesting department is the 
barbed wire shop, in which hundreds of the ingenious 
machines, shown in our engraving, are in busy opera
tion. Back of this machine, which is engaged in mak· 

Eight thousand tons of IlIIlIs are made in this shop per month. 
WIRE·NAIL-ItAEI1fG DEPARTMENT. 

Tllia machine ill makIng 100 6()..]) nails per minute ; three-penny DaiI8 are made at the rate ot IiOO per minute. 

ing what is known as 2'point Glidden barb wire, are 
placed four coils of wire, carried on reels. The wire 
from two spools serves to form the strands, and the 
wire from the other two spools is used for the "barb." 
The 'two strand wires, which ' are ' heavier than the 
others, are led between a pair of friction wheel s, and 

drawn to proper tension. They are then met by the two 
other strands, which are led in transversely, one on 

ei ther side. At stated intervals of a few inches, accord
ing to the spacing of the barbs, a pair of revolving fin· 
gel'S catch the two barb wires and give them a twist 
around one of the strand wires, and at the conclusion of 

the twist two pairs of shears cut the ends of the barb 
diagonally, giving them the desired sharp points. The 
two wires next pass downwardly around an idler, and 
then horizontally into a combined winding and twisting 
frame. The frame itself revolves on a horizontal axis 
parallel with the machine, and serves by its revolution 
to twist the two strands. On a shaft arranged trans
versely within this frame is carried the barbed-wire 
spool, on which the finished product is wound ready for 

the market. When it is once started, the operation is 

continuous and extremely rapid, 150 tons of finished 

product being turned out in this department daily. A WIRE·NAIL·JURING MACHINE. 

of the kind with which these shops are fitled is one 

of the best examples of the enormous increase in ca· 
pacity which has resulted from the introduction of 
labor·saving machinery. I n  front of each machine is 
a. reel, upon which the coil of wire is placed. One end 
of the wire is  led into the machIne, and as the power 
js thrown on, one sees the wire disappear through a 

small hole in the massive vertical casting ( see engrav· 
ing) ; while - to the accompaniment of a rapid succes· 
sion of blows that sounds for all the world like a Gat· 

ling gun in action, a stream of the finished �ire nails 
begins to pour out of the side of the machine into small 
iron boxes placed to receive them. The wire first 
passes between two pairs of horizontal, grooved wheels, 
which are pressed firmly together to give the required 
tension to the wire as i t  is drawn into the machine 
after each finished nail has been formed and cut off. 
The nail is pointed by the action of a pair of pliers 

with V-shaped cutting edges, and the head is 

formed up by the action of a very powerful cam

operated member, which strikes a hammer-like blow. 

As each nail is finished, the wire is gripped, and 
enough of it ' 'drawn ,. forward .. to form another nail. 
The 3-D :fine nails are turned out at the rate of 500 
per minute, and the large 60·D nails at the rate of 150 

The natls are put up in 100-pound kegs ; this wareh01l¥ has.a capacitJ of 7.000 tons. 

WIRE·NAIL STOREROUS.ll. 
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CHAIN MAKING. 
In spite of the general supplanting of hand labor by 

machinery in the various branches of iron and steel 
'manufacture, we meet here and there with an industry 
-in which the skilled mechanic is still able to hold his 
·own, and turn out a product which not the most in
genious machinery can equal, much less supplant. 
T here are not many such cases, it is true, but they 
exist, and conspicuous among them is the art of 
chain-making. In the present 

;article, we speak of machine
made cable, it is true ; but the 
term is to be given only a re

'stricted application ; for although 
the links may be cut by one ma

·chine, bent into shape in another, 
,and welded under a power-driven 
hammer, the operation is never
theless dependent for its s uccess 
upon the deft skill with which 
these mechanical tools are man
ipulated, 

The permanence of the tradi
tional methods of chain-making 
is further suggested by the fact 
that iron, and not steel, is the 
material from which it is fabri
-cated. The survival of the oHler 
material and the older method in 
this age of steel and labor-saving 
machinery is due to the special 
·conditions under which chain is 
used, and the exacting require
ments of its service, A mention 
·of a few of the use::; to which 
-chain cable is put impresses one 
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less human l ives, may depend upon the sound quality 
of the iron and the fidelity w ith which the smith has 
welded tp.e chai!)., link by link, on his anvil.  

We have chosen for our description of chain making 
the American Chain Cable Works, of Troy, New York, 
largely for the reason that in this establishment are 
made large quantities of ships' cables for the United 
States government, and particularly for the lightships 
of the United States l ighthouse service. 

439 
without any helper. The length of completed ch'ain is. 
hung upon a hook or some convenient support near 
the anvil, and the operation of forging the link pro
ceeds as follows : fn his fire the smith will have tW() 
or three short rods of the required diameter, and as 
one is heated to, say, a cherry red, he withdraws it, 
cuts off the desired length for one link, gives it a 
couple of blows to form the welding scarf, bends it 
through say about 130 degrees, hoo'ks it into the end 

at once with the severity of the l!!!!!!!!!!!!!!!�!!!!!!!!!!!!!!!!!!!!!!!!!!!!!.J 
service, and the unusual qua,ities\ 

of the completed chain, and 
brings the ends together for 
welding. He then raises the 
link to a welding heat in his 
fire, places the abutting ends 
over what is known as the bick
iron, gives it a few taps to in
sure a good weld, brings over a 
"dolly" ( which is hinged at the 
outer end of his anvi.! and when 
brought over registers above the 
bick-iron ) ,  and with haif a dozen 
blows on the dolly, accompanied 
with a dexterous movement of 
the link, the weld is completed 
and the l ink smoothed up to a 
neat finish. The rapidity with 
which the smiths do this work is 
very remarkable. Thus, in the 
case of a 7-16-inch chain, with 
thirty links to the yard, an ex
pert smith will cut off from the 
iron bar, scarf, ' bend up into 
shape, and weld the links, at the 
rate of 18 yards in a day of nine 
working hours, which is two 
yards per hour, or one link. per 
minute. We present an illustra
tion showing a smith and his two 
helpers ( it takes three men to which are required. Thus we 

:find it employed in sling chains 
in the rough work of quarrying, 
:1or lifting heavy weights in building construction, 
in foundries and machine shops, or at the docks 
1n loading and unloading vessels ; while to the lum
'berman it is absolutely indispensable. In such work 
th e strains are severe and sudden, the l inks of the 
-chain being subjected to repeated jar and wrench 
�ue to the slipping or dropping of the material which 
is being hauled and lifted. We find it also performing 
the most important and delicate work of hauling a 
-costly yacht or merchant vessel up a marine railway ; 
while last, and most important of all, is its use as a 
ship's cable, where, in times of stress, a vessel costing 
tlUndreds of thousands of dollars, together with price-

Hydraulic Machine for Forming the Links. 

QUALITY OF IRON FOR CHAIN MAKING.-The iron used 
is a specially rolled grade, of high tensile strength and 
great ductility, the object being to seCure a chain 
which, on the application of a sudden stress-as, for 
instance, when a ship is riding at anchor in a heavy 
seaway-will stretch and so resist the strain gradually, 
instead of snapping, as would be liable to happen with 
material of higher tensile' strength but small ductility 
or power of elongation. Chain of from 5-16 inch up to 
2 inches diameter is forged by hand, and above 2 inches 
it is forged with the assistance of machinery. 

HAND-MADE CHAIN.-In the smaller sizes the whole 
operation of chain making is done by a Single smith 

Bringing Scarfed Ends of Link Together Ready for Welding. 

hand-forge the larger chains ) 
forging a 114-inch ship cable. 

The iron IS eut to about one-foot lengths, and sev
eral of these are being heated in the fire at the 
same time. The operation is as follows, the 
various steps succeeding each other with great ra
pidity : First, the helper to the right of the anvil 
w ithdraws the heated piece, drops one end into an 
eye at the end of the anvil, and bearing down upon 
the tongs, bends the piece over to an angle of about 
45 degrees. The smith then takes it in his tongs, and 
with a few taps of the sledge it is bent around as 
shown in our illustration. It is heated again, passed 
through the end of the chain by the smith, laid fiat on 
the anvil and the welding scarfs are put on with a few 

. Inserting the Stud ill Heavy Stud Chain. 
MANUFACTURE OF KBAVY KA �RINE-MADtr CABLE. 
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blows of the sledge. The link is now raised to a weld
ing heat, welded by a few blows by the helpers, laid 

over the bick-iron ( which will be noticed in our engrav
ing projecting from the anvil toward the smith ) ,  the 
hinged dolly is brought over, and a few rapid blows 
«)n the dolly, while the smith turns the link to and fro, 
s erve to bring the Weld up to it smooth finish. The 
link is now laid on edge ; a single blow from the 
sledge brings it into shape, and with a final tap or two 
of the smith's hammer the link is finished. At this 
forge as many as thirty-five links will be added to a 
heavy chain of this size in one hour, or say about on"e 
every two minq.tes. 

MACHINE-MADE CHAIN.-In the heavier sizes of chain 
of over 2 inches diameter, it becomes necessary to call 
in the aid of machinery in shearing the iron into 
lengths for the links and in bending the links into 
shape. The scarfs are produced by shearing the iron 
'at an angle of 60  degrees with the axis of the bar, all 
cuts being taken with the inclination in the same di
rection, so that when the links are formed up the 
scarfs will lap in the desired relative position. The 
iron is then heated and placed in a hydraulic bending 
machine, where it is formed against a block into a 
rough U-shape at the first stroke, and then rolled into 
the oval link form on another block adjoining the 
first. These operations are shown in the accompany
ing engraving. The scarfed ends are left wide enough 
npart to allow of the link being hooked onto the end 
of the chain which i s  being forged. The scarfed ends 
are now brought down snugly into contact under an 
automatic quick-acting hammer, and the link is heated 
and then welded up under the same hammer. Most of 
the ship cable has a cast-iron stud inserted in each 
link. The ends of the stud are hollow, to match 
the ' round of the chain, and when the link has been 
!-> ammered down snugly into place, it is impossible 
for the stud to be displaced. Indeed, the pull upon the 
ca Dle, by tending to straighten it  out, causes the link 
to tighten upon the stud and hold it the more securely 
in place. Cables are made in standard lengths of 15 
fathoms or 9 0  feet, and any greater length is obtained 
by shackling several of the 15-fathom lengths together, 
the average length of a ship's cable being about 9 0  
fathoms, or ,: 4,)  feet. T h e  life of such a cable i s  about 
ten years. This, however, depends upon the judgment 
of the insurance company. 

TESTING.-L1 the case of all cables built for govern
ment lightships, one shackle and one swivel are tested 
to destruction, as are also two sample pieces of the 
chain, each five links in l ength. The peculiarly ductile 
qualities of the Burden iron from which most of the 
chain at this WOrJiS is manufactured, is shown iri the 
a ccompanying illustration, where the right-hand por
tion of the chain, including ten links, stretched with
out fracture until the t en links were equal in length to 
twelve links of the untested ch'ain. 

BLACKING.-When the 1 5-fathom length i s  completed, 
it is  placed in an iron box and heated by steam, and 
then drawn through a vat of boiling tar, known as the 
"tar kettle." Here it re-
ceives a thorough coating, 
after which it is drawn 
out upon an iron grating, 
where the surplus tar is al
lowed to drain off, leaving 
a heavy protective coat 
upon the cable. 

Scientific ' AInerican 
and the breaking strength of 2-inch chain. about 190,000 
pounds. 

• • • •  
Sla� Portla nd Cenlen t .  

The Amer ican consul-general at Coburg, Germany, 
reports : Portland cement has been made from blast 
furnace slag for several years in various cement works 
in Germany, Luxemburg, and Belgium, and has yield
ed very satisfactory results, especially in regard to 
quality. Negotiations are being carried on with some 
blast-furnace works with a view to the introduction of 
the slag-cement industry into England, Austria, and 
France. In some respects a blast works has a con
siderable advantage over other Portland cement fac
tories because the motive power from :he cement works 
can be supplied by a blast-furnace gas mQtor with elec-

The ten links to the right stretched to the extent of two links in ten with
out fractnre. Of the two detached links, the fractured one, a piece 
of commercial iron, failed in a bend of 90 degrees ; the other, of 
special Burden iron, was bent as shown, without fracture. 

THE ACTION OJ!' CHAIN IRON UNDER TEST. 
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tric transmission, the rubber or waste coke from the
blast furnaces can be . utilized in the cement kiln, and 
the prinCipal raw materials-namely, the granulated 
slag and the limestone-are close at hand. Besides, 
there are other minor advantages. Portland slag ce
ment has also some advantages over natural Portland' 
cement ; for while the yield from the raw material s .  
when the former is used is about eighty per cent, the 
yield when the ordinary raw materials are used is sel
dom more than sixty per cent. As the cost of production 
per ton of raw materials is nearly equal in both cases,. 
a saving of about twenty per cent in fuel, labor, etc., is. 
effected in the case of slag cement. Besides, this Port
land slag cement is more trustworthy and more regular, 
and its manufacture can be more easily controlled than 
that of the so-called natural Portland cement, because
the raw material-namely, the blast-furnace slag-iS,. 
as a rule, a regular product whose chemical composi
tion is easily controlled ; consequently, any alterations 
which are liable to take place are known beforehand, 
and precautions can accordingly be taken in time. This. 
is not the case when the natural raw materials are
used. Some recent tests with Portland cement from 
blast-furnace slag, made in the municipal laboratory at. 
Vienna, showed that mortar composed of three parts of 
sand with one part of this cement gave the following 
results : 1 .  After seven days' hardening-Tensile 
strength, 383 pounds per ·square inch ; \ltrength of com
pression, 3,880 pounds per square inch. 2.  After twen
ty-eight days' hardening-Tensile strength, 551 pounds 
per square inch ; strength of compreSSion, 5,411 pounds 
per square inch. 

.. . . , .  

Both masonry and concrete are occasionally em
ployed in American mines, but are more common in 
Europe. It has been found that concrete is often ad
visable at the collar of shafts, either inclined or ver
tical. Steel is · also used in mine support to a limited 
extent. In shaftR it might be employed to advantage,. 
and would prove a perfect protection against fire. Un
der heavy pressure steel would probably prove a dan
gerous substitute for timber, as it would give little
warning of collapse ; and if it gave way under the 
strain, accident would come without warning, whereas. 
in workings supported by timbers there is always suffi
cient indication of approaching disaster-sufficient in 
most cases for men to escape, if not to prevent collapse. 
Filling is the only safe course to pursue, as no timber 
will support heavy ground perpetually.-Mining and 
Scientific Press. 

. .  , .  

The term "limestone dike" is a misnomer. Dikes are 
intrusive-injected in molten condition from below. 
Sedimentary beds, such as limestone, quartzite, sand
stone, shale, etc.,  are not dikes. These latter are some
times called reefs. Eruptive rocks are also intruded 
in flat sheets in horizontal formations. These ar.e 
called sills. Should the formation be uplifted subse
quently these sills might be mistaken for dikes, or 

dikes thrust upward int() 
rock strata standing at a 
high angle might be mis
taken . for sills if earth 
movements caused the in
closing formation to assume 
a recumbent position. In 
studying the stratigraphy 
of rock masses, care must 
be taken not ' tQ mistake 
slaty cleavage for lines of 
sedimentation. The former 
is induced by pressure and 
movement, the latter by 
deposition of the rock ma
terial in water. Cleavage 
pl.anes and lines of sedi
mentation may coincide.
Mining a n d  Scientific 
Press. 

4 . . ... 

In conclusion it should 
be noted that although 
each link of a chain con
sists of two thicknesses of 
bar, it must not be pre
sumed that a chain pos
sesses double the strength 
of a single bar ; actually 
there is a reduction of 
three-tenths in the strength 
due to the formation into 
links, so that the chain has 
but about seven-tenths of 
the united strength of two 
bars of the same diameter 
of iron. Moreover, as the 
strength per square inch 
of a heavy bar is not so 
great as that of a smaller 
diameter iron, there is fur
ther reduction to be made 
on this account. Thus, if 
a bar of ordinary rolled 
iron shows a breaking 
strength of twenty tons 
per square inch, the break
ing strength will decrease 
to 19  tons up to 2 inches, 
and 18 tons per inch up to 
3 inches diameter of rod. 
Consequently, the break
ing strength of chain 
made of 1-inch iron will  

'be about 50,000 pounds, 
Thls smilh and hls two helpers are forging lJ4-lnch ship's cahle at the rate of 85 links in one hour. 

What is believed to be 
the first iron casting made 
in the territory nnw in
cluded in ihe United States, 
is preserved in. Lynn, Mass. 
Its history is well authen
ticated. It is a cooking-pot, 
weighing a little over two 
pounds. It was made about 
1642,  near Lynn, where a 
small blast furnace was 
built in that year. This 
furnace used charcoal for 
fuel, with bog ore found in 
the meadows along the 
Saugus River, and oyster
shells as flux. The fur
nace was operated until 
1688, with some intermis
sim1s. THE MANUFACTURE OJ!' CABLE BY HAND. 
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.. YOUNG AMERICA "-A NAUTICAL PREPARATORY 
SCHOOL. 

The accompanying view of the handsome three
masted auxiliary ship "Young America" represents a 
promising attempt to solve the serious problem of giv
ing the youths of this country a comprehensive edu
cation under circumstances which will insure strict 
discipline, the best of hygienic surroundings, and an 
opportunity to obtain that personal knowledge of 
places and people which more than anything else 
serves to round off and complete an education. The 
Nautical Preparatory School, as it is called, was in
corporated not long ago under the laws of the State 
of Rhode Island, and in accordance with the purpose 
of the school the full·rigged auxiliary ship "Young 
America" is now nearing completion at Perth Amboy, 
N.  J., under the plans of its designer, William E. Wi
nant, of this city, to whom we are indebted for the 
drawing from which our illustration is made. 

"Young America" is, strictly speaking, a floating 
school, in which, in addition to the regular curriculum 
which is taught at any first-class preparatory. school, 
th e pupils will have an opportunity to become in
structed in those arts and sciences which go to the 
making of an efficient naval officer. Of course, the 
prime object of the school is to prepare boys either for 
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25 instructors and a working ship's company capable of 
taking care of the craft in all conditions of weather. 
As a matter of fact, she' will be twice as large as the 
United States Naval Academy training ship "Chesa
peake," and will be greatly superior to ' her in her 
many facil ities. The ship is 282 feet in length over 
all, 230 feet on the water line, and she has a beam of 
44 feet and a draft of 18 feet 6 inches. On this 
draft her displacement is 2,600 tons. Her total spread 
of canvas is 21,000 square feet, and she is capable of 
making under steam a speed of 8 knots all hour. Or
dinarily the vessel will be under sail, and the engine 
will only be used in calms, o r  when it may be neces
sary to hasten the voyage. Electric light will be used 
throughout, and especial attention has been paid to 
artificial ventilation, which must be used 'Yhen stress 
of weather makes it necessary to close the air ports 
in the living spaces. Although the greater number 
of the cadets will sleep in hammocks, there are state
room accommodations for thirty of the cadets, these 
being assigned to the cadet officers of the battalion as 
a reward for proficiency in scholastic work. 'J 'he 
berth deck will contain the quarters for the acadel:lic 
staff and the berthing and stateroom accommodations 
for half of the cadets, besides the living space for the 
crew. Forward on the main deck will be the galleys, 

THE FLOATING SCHOOLSHIP " YOUN G AMERICA." 

Bedford whaleboats, two 36·foot steel cutters, and two 
large 3 6·foot sailing cutters, in which the cadets will 
be made familiar with boat handling. 

The deck officers will be appointed monthly accord
ing to merit. The cadet captain, executive; and navi
gator will be chosen from the senior class, the cadet 
lieutenants from the two upper classes, and the mid· 
shipmen from the third class. I n  addition to boat 
handling, all the cadets will be taught to hand, reef, 
and steer. They will have. no manual work to do ex· 
cept sail and spar drills, and this in the way of gym· 
nastic exercise. 

A promising feature of the scheme is that as many of 
the ship's officers as possible will be either regular 
officers of the navy or men who have been graduated 
from the United States Naval Academy, and the disci
pline of the ship will be in accordance with service 
regulations. 

• • • • 
Trial Trip in N e w  York's S U b"·RY. 

Cars were running during the week of November 
22 in the new subway of New York. The road was 
not open to the public" but was simply tested. Two 
of the storage battery cars used on the 34th Street 
cross-town line were' borrowed for the experiment. 
One car was sent into the tunnel at Canal Street, and 

A private school in which dnring a fonr years coun.e the students will cruise for 100,000 miles and visit every leading port and country in the world, 

universities, or for the various professions, or for 
commercial business. At the same time the routine 
l i fe on the ship will be similar to that on the regular 
training ships of the navy, and the boys will acquire 
all the benefits of the strict discipline which has made 
the military schools so popular in this country. They 
will also be afforded a magnificent opportunity for 
coming in touch with the great outside world. Each 
of the four years "Young. America" will start on an 
extended cruise, during which she will touch at var
ious ports, where the boys will be given an opportunity 
to go ashore under the care of their instructors, and 
visit the buildings, institutions, and historic points 
of interest and receive suitable instruction, historical, 
ethnological, commflrcial, etc" relating to the particu
lar cities and districts that may be visited, Thus the 
cruise of the first year of eight months will cover no 
]e:::s than 16,000 miles ; in the second year of eight 
and a half months, ttte cruise will cover 24,000 miles ; 
in the third year of ten months 26,000 miles will be 
covered, and in the fourth and last year 27,000 miles ; 
so that in the four years of the course, the boys wlll 
travel nea!ly 100,000 miles, an.J1 will have visited all 
the prinCipal ports of the world. 

"Young America" is built of steel, and will accom
m.!>4!J,t� wltQ. !!omfort 250 cadets, besidefl a faculty ot 

bakery, laundry, and the refrigerating plants. Extra 
berthing space has been allowed for each cadet's ham
mock, and he has his own private locker. 

The greatest interest attaches to the school, deck, 
on the after third of which are the captain's, the execu
tive officers', the doctors' and the head of the academic 
departments' cabins, together with a commodious sick 
bay and dispensary. The midship portion 'of the school 
deck is given over to the berthing in hammocks of the 
remaining half of the cadets and for the u.nited mess 
of the whole battalion. For this purpose there wil l  
b e  twenty-three portable tables, a t  which the boys will 
sit in squads of ten and twelve ; and during the hours 
of study in the early evening, canvas covers will be 
put over these tables, and under electric lights the 
recitations will be prepared for the follo�ing day, A 
large space forward of the messroom will · be used for 
all recitation purposes. Then follows a large room, 
which is to be llsed as a museum, in which specimens 
gathered from the sea and from various parts of the 
world visited will b� collected and arranged. Forward 
of this a're lavatories and baths, while in , the cabin 
aft on the berth deck is a large library. On the main 
deck abaft the smokestack is a mus,ie and recreation 
room. "Young America" carries for safety and for 
tlle purpose of drill alJ.u e�erci$e eiJht �$-toC>t New 

run back and forth over the l ine as far back as Thirty
fou rth Street. Another car was run from FIftieth 
Street up to tlie end of the finished l ine in upper 
Broadway. 

... . . . .. 
Rescue of N O l'dellskj old.  

The Argentine warship "Uruguat" arrived November 
23 at Rio GalleHo with the members of the Norden
skjold Antarctic expedition on board, The party was 
rescued on Seymour Island and Louis Philippe Island. 
The French expedition which set out to rel ieve Nor
denskjold will proceed on its journey and engage in 
scien tific work. 

Dr, Nordenskj old, before he set out on his ill·starred 
expedition in the "Antarctic," had achieved fame !l:; 
an explorer of Tierra del Fuego and as an Alasl:an 
traveler. The "Antarctic" left Gottenburg October 8, 
1901. Nordenskjold touched at Falmouth, England, 
and at Buenos Ayres, December 16. The "Antarctic" 
sank in Erebus and Terror Gulf, which it entered in 
January, 1902. On January 15 he landelf on Paulet 
Island, where he was compelled to make his camp 
whii:' waiting the coming of a rescuing expedition. 
The last stretch of the journey to the south was begun 
December 21, and terminated in the destruction of the 
sllip i;ij l"el>ruarr. 
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POMPEIIAN GLADIATORIAL ARMS. 

A number of the handsomely decorated gladiators' 
arms which have been found at Pompeii and the 
neighboring localities are here illustrated, also the 
locality in wh ich many of them were discovered at 
Pompeii. Most of them are of bronze, and one is in

laid with silver. One of the gladiator's helmets shown 

is the most elaborate of the series. It  is orna

t:lented with repousse figures in high relief, represent

ing episodes of the siege of Troy. Owing to its rich 
decoration it is natural to 
suppose that it was intend
ed as a prize in the gladi· 
atorial combats rather 
than to stand actual ser
v ice. The gratings which 
protected the eyes can be 
raised up, as they are 
hinged at the top. At the 
bottom they are held down 
by a catch. I n  some forms 
of helmet these pieces are 
round and of much small
er size. 

Two highly-ornamented 
greaves are also illustrated. 
These, however, do not be
long to a set. That on 
the right is the greave for 
the left leg. In the center 
is a high relief represen t
ing Minerva in a standing 
position with spear and 
shield. On either side is 
a Cupid, separated from 
the center by an ornament
al band.  The specimen on '
the left, which is not so 
well preserved, has the fig
ure of a gladiator as the 
prinCipal ornament. In 
the center is the upper 
part of a helmet, of which 
the lower part has disap· 
peared. Its relief pattern 
shows a more primitive 
workmanship than the 
others. The other hand
some specimens illustrated 
are highly ornamented in 
relief deSigns. The round 
shield in the center carries 
a Med usa's head encircled 
by two wreaths of olive. 
The ornaments of this 
shield are inlaid with sil
ver. Although the unus
ual weight and rich orna
mentation of these arms 
lead one to suppose that 
they were not made to be 
actually worn, Sir William 
Hamilton, who was pres
ent during the excavation, 
stated that he observed the 
linings of the helmets and 
greaves, which have now 
disappeared, and he thinks 
they were actually intend
ed for wear. 

Some of these arms 
were found in a buildi:lg 
or large inclosure whose 
exact purpose has been the 
object of considerable d is
cussion. It is commonly 
known as the Gladiators' 
Barracks, for the reason 
that many such arms were 
found there, and also the 
arrangement of the build
ing seems to show th at it 
was used for soldiers' or 
gladiators' quarters. The 
engraving clearly shows 
the large rectangular in
closure, which measures 
183 feet long by 148 
feet wide.  It is sur
rounded on all four sides 
by a colonnade whose col
umns are painted red at 
the lower part, and alter
nately red and yellow at 
the upper. The wall back 
of the columns is covered 
with stucco. Different 
gladiators' arms like those 
already discovered were 
found here, but no sol
diers' arms, which leads to 
t�e supposition that the 
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building was occupied by the glad iators exclusively. In
scriptions which are scratched on the wall also refer to 
such combats, and in one place is to be seen a drawing 
of a gladiator in fighting position with the inscription 
XX Valerius. Back of the columns the central space 
was surrounded by a series of cell·like rooms one over 
the other. A gallery around the building gave access to 
the upper set. These chambers may have accommodated 
the gladiators, but to have so many of them ( there 
were at least 66  rooms ) the number of gladiators at 

THE GLADIATORS' B ARRACKS AT POMPEII. 

GLADIATORIAL ACCOUTER.UiS. 
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Pompeii must have been very large. The lower rooms 
are in a rather good state of preservation, but the upper 
ones have fallen down. In one corner will be observed 
part of the series whicl! has been restored and which 
gives a good idea of what the building was like. 

-----�.-�---
Tu rpent i n e  I ndust ry. 

The discovery of a new way of extracting turpentine, 
made two years ago by Dr. Charles H. Herty, working 
under the direction of the Bureau of Forestry, is result

lUg in a complete change of 
methods by turpentine op
erators all over the South. 

In a bulletin published 
last spring by the Bureau 
of Forestry the claim was 
made that the experiments 
with the new cup and gut· 
ter system of turpentining 
had resulted in an in· 
crease over the old box
ing system of 23 pe!' cent 
in the amount of the prod
uct extracted. This figure 
has now been raised to 
more than 36  per cent. I n  
other words, Dr. Herty's 
system, when universally 
adopted in the South, as 
it is bound to be sooner 
or later, will have raised 
the turpentine production 
of this country by more 
than a third, provided the 
same number of trees are 
used. Two years ago 
when Dr. Herty first made 
known hi� discoveries he 
put 20,000 cups into oper
ation. Last year this fig
ure was increased to abo ut 
400,000.  This 'year a con
servative estimate places 
the number of cups to be 
used at 3,000,000. The fig-
ures give some ind ication 
of the rapid ity with which 
turpentine operators are 
adopting the new system. 
The change of methods 
has been so rapid that the 
pottery company which 
undertook to supply oper
ators with earthen cups 
has been unable to keep 
up with its orders and has 
been obliged to refuse 
contracts for over two mil
lion cups. It is safe to 
say that the majority of 
the large turpentine over
ators in this country have 
given up the boxing sys· 
tem and will extract their 
turpentine by means of 
cups and gutters. 

The economic saving of 
this new discovery is 
enormous. It  not only 
causes a great increase in 
the amoulLt of turpentine 
produced, but it is a most 
important factor in saving 
the pine forests of the 
South. Every one knows 
that trees from which tur 
pentine has been extracted 
by the old method
"boxed" timber it is call
ed-soon die from the 
wounds inflicted on them. 
The cup and gutter sys
tem, on the other hand, is 
riot fatal to the life of the 
tree, ;md does very little 
damage to the timber. 

The Bureau of Forestry 
has arranged to give the 
personal assistance of Dr. 
Berty to turpentine opera
tors who desire to install 
the new system. 

• • •  
The recent annual report 

presented to the sharehold· 
ers of the De Beers Con
soliaated Mines shows that 
last year $26.205,869 worth 
of diamonds were mined 
at Kimberley, South Afri
ca, on which the profit was 
,11,511,490. 
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BRODERICI & BASCOM ROPE CO. 
Manufacturers tif · · POWE' R " WIR.E R.OPE 

the most powerful rope ever made 

BRANCH HOUSES �EAT,TLE. WASH. . { NEW YORK. II South St. 

PORTLAND. ORE. 

D

ID you ever sit and lOOk

, 

longingly at 
your piano, wishing that one of your 
friends' would come in and play for you, 
or better, that you could play it yourself? 

If we should send in to you at one of those 
moments an ANGBLUS, move it up to your piano, 
give you your choice of all your favorite music, 
and tell you to play to your heart's content, do 
you suppose we could ever take that ANGELUS 
away from you ? Never I Many and many a 
delighted owner has written that no amount of 
money could buy his ANGBLUS if it could toot be 
replaced, 

This is not an exaaaerated way of speak
ina, either. It Is simply a tribute to the 
marvelous sympathy aud muSical expres-
sion of the Instrumeut. 

. 

Perhaps you know in a geneml way that the 
ANGELUS felt-covered fingers strike the: keys of 
a piano more correctly than your own could
that by pressing little levers you can control the 
loud or soft pedals, play rapidly or slowly, bring 
out the melody and subdue the accompaniment 
-but do you know what you can do with the 
new ANGBLUs phrasing lever ? This latest is the 
most important invention ever perfected for a 
piano-playing instrument, and is only to be 
found on the ANGBLUS. It is the crowning 
feature of this wonderful instnlment, which 
places in your power the ability to reproduce 
every touch, grsce and art known to piano-play
ing technique. 

Cnt out and mail to.day attached coupou, 
simply fillina in yonr name and ,address, 
and we will send you our Dew illustrated 
booklet deseribina this last wonderful in_ 
vention • .  

Agents in all the principal cities 

THE �LCOX&�TE COMPANY 
E S T A B I, I S H E D  1 8 7 6  

S o l e  M a k e r s  
M E R I D E N, C O N N. ,  U .  S .  A. 

ST. LOUIS, MO. 

Investigate 

M O D E R N  
Inovable bridge designs and construction 

versus 

ANTI QU E 
and obsolete structures for crossing navigable 

waterways 

North He.lsteel Street Brielge, Chica.go. closec1. 

SC H E R Z E R  R O L L I N C  L I F T B R I DC E S 

are superseding swing bridges and, other out-of-date types of movable bridge 
structures all over the world. They are built for the heaviest and lightest 
loadings, to span any desired width of channel , and to meet the most cem
plex local conditions . for 

Railroad, Street Railroad and Highway Traffic. 
Write us for information , photographs, sketches and estimates of cost. 

The :Scherzer lollloi lift Bridie Co. 
Main Officea. nONADNOCK BLOCK. CHICAGO. U. S. A. 
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THE LAYSAN ALBATROSS AND ITS DANCE.* 

BY WALTER .X. FIBHER. 

With . many ornithologists the word Layran is so in
timately connected with pictures of albatrosses that 
the two have become - inseparably associated. Surely 
no birds can stand out more vividly in our memory 
than these splendid creatures, not alone on account ' of 
their great numbers and remarkable appearance, but 
more perhaps from the unusual charm and interest 
which attaches to their personalities. Their large size 
and striking plumage at once raise them to an exalted 
place among all sea birds, a position similar to that 
which tradition and fancy have acc9rded tp.e eagle 
among' birds of the land. 

The Laysan albatross or gony is distributed all over 
the island, with the single exception of the beaches, 
which on all sides except the west are colonized by the 
black-footed albatross. The flat plain surrounding the 
lagoon is theie favorite habitat, and I found the 
young here in far the greatest numbers. There seems 
scarcely a tussock of the grass which covers the greater 
portion of the slopes of the island but has an ungainly 
Y9ung bird in its shadow ready to snap at the intruder 
with a show of ferocity. These amusing creatures sit 
on . their heels with the whole length of the tarsus on 
the ground or tilted Slightly in the air, as shown in the 
illustration. Their spare time is spent in gazing stu
pidly around, but if their reverie is at all disturbed 
by one passing too near they fiy into an apparent rage, 
lean forward and snap their beaks viciously, or sway 
their uncouth bodies from s ide to side in a frantic 
attempt to maintain a balance. 

Usually, after the first paroxysm of snapping is over, 
one can stroke them with little danger of scratched 
hands. They maintain a small fire of objection, with 
impotent nips, or try to sidle off. The old birds, how
ever, are quite different, and do not seem to mind the 
presence of man. One can walk among them without 
disturbing their various occupations and amusements 
in the least. Only when suddenly startled do they 
exhibit any tendency to snap their bills, and then they 
are easily calmed. They back away from any proffered 
familiarity with great rapidity, unless suddenly hinder
ed by a tuft of grass, which event surprises them im
moderately. They will not allow themselves to be 
handled, and make off at a great rate if one offers them 
this indignity. They have a half-doubting inquisitive
ness which leads them sOInetimes to walk up to the vis
itor and examine anything conspicuous about his per
son. One bird . . became greatly interested in the bright 
aluminium cap _ to my tripod, and strolled up and · ex
amined it carefully with both eye and beak, appearing 
somewhat astonished when the cap tinkled. 

When standing beside the ir young they present a 
very attractive sight, as their plumage is always im- -
maculately clean. The region about the eye is dark
grayish, overhung by a pure white eyebrow, which 
gives them a decidedly pensive appearance. They have 
an innate objection to idleness, and consequently sel
dom stand around doing nothing, but spend much time 
ill a curious performance, the meaning of which I am 
at a loss to explain. It has been called courting, but as 
tb e antics are carried on during the birds' residence of 
about ten months on the island, they are probably an 
amusement, in which the albatrosses indulge immoder
ately in lieu of other d iversion. This game, or what
ever one may wish to call it, may have originated in 
past time during the courting period, but it certainly 
has long since lost any such Significance. 

The proceeding in brief is as follows : Two albat
rosses approach each other bowing profoundly' and 
stepping rather heavily. They circle around each other 
nodding solemnly all the time. Next they fence a little, 
crossing bills and whetting them together, pecking 
meanwhile, and dropping stiff little bows. Suddenly 
one lifts its closed wing and n ibbles at the feathers 
u nderneath , or, rarely, if in a hurry, merely turns its 
head and tucks its bill under its wing. The other bird 
during this short performance assumes a statuesque 
pose and either looks mechanically from side to side 
91' snaps its bill loudly It few times. Then the first 
bird bows once and, pointing its head and beak straight 
upward, rises on its toes, puffs out its breast, and ut
ters a prolonged nasal groan, the other bird snapping 
its bill loudly and rapidly at the same time. 

Sometimes both birds raise their heads in air and 
either one or both utter the indescribable and ridicu
lous bovine groan. When they have finished, they be
gin bowing at each other again, almost always rapidly 
and alternately, and presently repeat the performance, 
the birds reversing their role in the game, or not. 
There is no hard and fast order to these antics, which 
the seamen of the "Albatross" rather aptly called a 
"cake walk," but many variations occur. The majority 
of cases, however, follow the sequence I have indicated. 
S9metimes three engage in the play, one dividing its 
attention. between two. They are always most pollte, 
never losing their temper or offering any violence. The 

* Al1Itracted from .. Birds of Laysan and tbe I,eeward IelalldB. Hawiliiall 
(,1�up." 1!1 Ule U. 8. J'iJI) OOll)ml,I,IIIoII JJ1I1}eij� for IJKl!j, 
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whole affair partakes of the nature of a snappy d r ill, 
and is more or less mechanical. 

Occasionally one will lightly pick up a twig . or grass 

The First S tep in the Dance. 

'£be Second Step i ll the Dance. 

Finale of Dance-The Duet. 

A More Common Ending of the Dance-One Bird 
" Singing," the Other Snapping Its Beak. 

THE ALBATROSS " DANCE." 

straw and present it to the other. This one does not 
accept the gift, however, but thereupon returns the com· 
plilpent, w�e� str�w,S Ij.re promptly 4ropped �p4 I/-IJ 
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hands begin bowing and walking about as if their very 
lives depended upon it. If one stands where albat
rosses are reasonably abundant, he can see as m3.ny as 
twenty couples hard at work bowing and groaning on 
all sides, arid paying not the slightest attention to 
his presence. When walking through the grassy por
tions of the island, I have seen white heads bobbing 
up and down above the green, as solitary pairs were 
amusing themselves away from the larger congrega
tions of their kind. If  I walked up to them, they would 
stop and gaze in a deprecating way, and walk off, 
bowing still, with one eye in my direction. Having 
reached what they considered a respectful distance, 
they would fall to and resume the ir play. 

Should one enter a group of albatrosses which have 
been recently engaged in this diversion and begin to 
bow very low, the birds will sometimes walk around 
in a puzzled sort of way, bowing in return, a curious 
fact, which F. H. von Kittlitz recorded as early as 
1834 : 

"When Herr Isenbeck met one, he used to bow to it, 
and the albatrosses were polite enough to answer, bow
ing and cackling. This could easily be regardeg as a 
fairy tale ; but conSidering that these birds, which did 
not even fiy away when approached, had no reason to 
change their customs, it seems quite natural."* 

One moonlight night we strolled over the island 
after nocturnal petrels and visited a portion of a popu
lous albatross colony. The old birds were still hard at 
work executing that queer "song dance," and in the 
uncertain light the effect was one long to be remember
ed. Their wh ite plumage made them conspicuous for 
a long distance over the stretches near the lagoon. 
From all sides the sound of their groans and bill-snap
pings was audible above the continual thin, high squeak 
of young albatrosses and the moans and caterwauling 
of shearwaters and petrels. During some quieter spell 
in the activities of the vocalists far-away groans were 
borne to us across the placid lagoon, as a reminder that 
in other parts the good work was still going on. By 
this time many of the albatrosses had started off fish
ing, as they seem to do a large part of it after dark, 
probably toward morning. 

It is interesting to note that the antics which have 
j ust been described are not limited to this species, bd, 
in a modified form, are practised by Diomedea nigripes, 
and are mentioned also by Rothschild and Hartertt in 
connection with Diomedea irrorata Salvin. Probably 
all species of the genus exhibit the trait in some form. 

A complete article on the work done by the United 
States Fish Commission in the Laysan IslandS will ap
pear in the next number. 

. '  . . .  
The C u rrent Su ppleDlent. 

A full-page portrait of the late Prof. Theodor Momm
sen, perhaps the most prominent German historian of 
the last century, will be found on the front page of 
the current SUPPLEMENT, No. 1458.  An adequate bio
graphical notice accompanies the portrait. "Ancient 
Chaldean Irrigation" is the title of an article that will 
doubtless be of interest to agricultural engineers. An 
instructive article on Experiments with a New Type 
of Compound Locomotive in Italy gives the results 
which have been obtained on the Meridionali Railway. 
The Wilde lecture before the Manchester Philosophical 
Society had for its subject the atomic theory. The 
paper will be published in full, the first installment 
appearing in this issue. Mr. E. W. Nelson tells much 
that is instructive about the Agaves, a remarkable 
group of useful plants. Prof. F. Webster writes on 
the "Insect Pests of Plants and Their Effect on Ameri
can Agriculture." Mr. Dugald Clerk, England's fore
most authority on gas engines, writes instructively on 
"Governing Gas and Gasoline Engines." 

. 1 . , . 
Electriflcation of the P ark Avenue Tunnel. 

The General Electric Company of Schenectady, N. Y., 
has secured the contract from the New York Central 
Railroad for the equipment of the lines which run 
through the Park Avenue tunnel in New York city, 
with electricity. The work will cost about $12,000,000, 
For over a year the company has been experimenting . 
with various types of locomotives for the purpose of 
determining which is the most suited to the needs of 
the tunnel. , The contract includes , thirty locomotives, 
ten steam turbines of 5,000 kilowatts, together with 
the equipment of a big power plant. 

• • I • 

On November 21 the high-speed electrical experi
. ments on the Berlin-Zossen Railroad were terminated 
for the season. Altogether, a million dollars have 
been spent simply for the pur-pose of ascertaining just 
what a high-speed electrical train can do. A syndi
cate composed of two great German electrical com
panies will shortly publish the results which have 
been obtained-results which will be of the utmost 
value to electrical engineers the world over. 

* Extract from Avifanna of Laysan, p. III ( F. H. VOII KittJit� ill ){USCIIIll 
Scnckenbergiannm, I. JlJl. 1I7 et seq. ).  

� � ovlt.Jtel Zooloil�. vi. p. 1»5. 
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CHRISTMAS 
Diamonds 

On Credit 
There Is Nothing 
that would please a loved 

one more · at Christmas 
than a beautiful Diamond 

ring, brooch, earrings, lock· 
et or a Diamond-studded 

watch. N llit-her is there any· 
thing so ElWliIy obtained. 

. 

? Write today for our 
beau1!i.fully ilLustrat. 

ed Catalogue, and from it select 
any article that you would like to 

use as a Christmas remembrance, 
or perhaps. wear and own yourself. 

Your selection will at once be sel'lt 
on approval to your home, place of bus

iness or express office as you prefel'. 
There are no charges for you to pay, no risk, 

and no obligation t6 buy: If the article pleases 
and you do decide to buy it, you simply pay one

. of the price and keep it, semJing the balance to us 
eIght equal monthly payments. If you decide not to buy, 

return the article at our expense. W e pay all express charges 
whether you buy or not. liTe ' -e the ' .. ......... ...L Bouse in the Diamond business. " I .ftIi. .&..CU5QI, .We are also one of the old-
est-Est. 1858. We refer to any bank in America-ask your local 
bank how we stand. They will refer to their Commercial Agency 
books and tell you that we stand very high, and that our represen
tations may .be accepted without question. 

O r��_ _ tee Certif' te given with every Diamond is ur QUcl.tan lea: the strongest ever issued by a 
responsible concern. Our exchange system is the most liberal ever 

devised, for it permits you to return any Diamond bought of us, 
and get the full amount paid fu exchange for other goods or a 
larger Diamond. 

T th Cash B of Diamonds, we have a proposition to make 1 0  e uyer which is thoroughly characteristic of our house. 
is nothing less th an a written agreement to return all that they pay for a Dia-

mond-less ten per cent, at any time within one year. Thus, one might wear a 
fifty-dollar Diamond for a whole year, then send it back and get $45.00, making 
the cost of wearing the Diamond less than ten cents per week. Smaller houses 
cannot follow us in this offer, for their smaller business will not permit them to 
make sales on a ten per cent basis. 

There can be no more favorable time than the present for making a 
Diamond purchase. Prices wiD advance at least 20 per cent within 
one year. Dealers generally are agreed In this opinion. 

L O FT I S  B R O S·. 4\ C O . 
Diamonds-Watches-Jewelry 

Dept. P.180. 92 to 98 State Street. CHICAGO. ILL. 
Write today for Catalogue. 

HIETTtS SIGNATURE SEALS 
Tbis seal bas two parts-tbe I.ock and 6reakabJe key. 
To seal any article. pass botb ends of the wire tbrongb the 

eye of the block, turn kpy until it breaks oft'. Signatures nlSY 
be written permanently with a peneil on ODe side of the block. 

Signatures may also be stamped or printed on tbe block. The 
stub of the key may be used to keep ".·tab" on the seals used, so 
that a count is easiJy kept by the sender. 
No tools are necessary with 1 be .process of " sealing." 
'l'his seal may be used wherever it is necessary to use a seal. 

It Is the best known seal for bags. 'l'be wire takes the place of 
a sewinJZ'�cord, bein� passed back and forth from Doth sides ; 
tbe end. being drawn throngh the seal tigbtly and then secured 
by tbe key In the urdlnary way . 

Car doors are sealed in t he ordinary way ; however, it win be 
seen that the seal· may be drawn very closely against the bolt. 
Unly seal bav.log both eDds of wire passed t b rough the lock. 

For bl �xes or packages any . amount of wire may be Dsed in 
place of twine or cord, passed throuJlh the seal and drawn so as 
to prevent removal, � 

For samples or information, address 

'." O. K. HIETT 185 Delil'born Street Chic8.llo. In.. V. S. A. 

This Phantom cut shows the 
only correCt, up-to-date anti
binding sectional book case. 
We make sectional cases for 
every purpose. 

Beautiful, All Finishes and 
Woods. No Other Cases 
Like Ours. 

. Every door war
ranted not to bind. 
No noise, no ball or 
roller bearing. Study 
th� cut. . We sell ' to 
dealers or send direct. 

Send for catalogue 
on book cases. 
RAI LWAY·CO M M ERCIAL 
CABINET AND flU. CO. 

1 85 Dearborn Street 
Cblaago, I I I . ,  U. S. A. 

l5he REMINGTON 
T Y P E W R I T. E R 
itself a thing of iron 
and steel, appeals by its 
qualities to the work
ers in these metals. . It 
is strongly made in 
every part. It is swift, 
easy to operate and 
economical in serv
Ice. It does the b�st work of any writing 
machine and it 

Outla.sts Them All 
It is only natural that the steel industries, 

like all others, should use Remington T ype
writers ; more Remingtonsthan all other makes 
combined. 

Send for our handsome illustr.ated · booklet, 
" Our Steel and Iron Friends. "  

REMINGTON TYPEWRITER COMPANY 
327 Broadway. New York 

Branches Everywhere 

Baldwin. Locomotive Works 
B a O A D  �.N D N A a R o w  G A U G E;  

SINGLE . EXPANSION AND COMPOUND 

LOCOMOTIVES 

Mine and S wit£bing lo(omotives · 
'Electric Locomotives with Westinghouse Motors 

and Electric Trucks 

BURNHAM, WILLIAMS & CO., Phlladelphia, Pa., ·U. S.A. 
Code Word-It  Baldwin " PblJadelpbJa 
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MARCEAU'S " BUTTERFLY." 

In the little town of Neuilly, France, l ives a certain 
Emilien Marceau, who is a printer by trade. It hap· 
pens that the printing business is not particularly 
brisk in Neuilly, for' which reason Marceau must turn 
to other things in order fully to occupy his mind. 
From his shop windows he had ample opportunity to 
watch the birds and butterflies as they flitted by. 
After he had watched the birds and butterflies for 
several years, he was seized with the desire to fly. 
And thus it came about that Marceau j oined the ranks 
of airship inventors. Butterflies fly because they have 
wings ; therefore, a flying machine must have wings, 
he thought. He built himself a rude car, fitted with 
outriggers on which wings were pivoted, and coupled 
up these wings with a man·driven 
mechanism, consisting merely of a 

sprocket and chain which gave a 
reciprocating movement to the 
wings. With a kind of poetic fit
ness, or rather unfitn�ss, Marceau 
christened his machine the "Butter
flY." Here is Marceau's lucid ac
count of the "Butterfly's" soaring 
possibilities : 

"My car weighs 61 % pounds ; I 
weigh 165 pounds ; total weight, 
2 2 6 %  pounds. I fasten a balloon to 
my car, capable of lifting 220 
pounds. I drive my machine by 
muscular force alone ; and this mus
cular driving power gives me an 
additional lifting capacity of 44 
pounds. That means I have about 
38 pounds to spare. I must rise ; 
my figures are conclusive." 

Unfortunately, Marceau has not the wherew ith al to 
purchase a balloon, so that the conclusiveness of his 
cogent reasoning, however satisfying it may be to 
himself, is still open to question. Some day he may 
get his balloon ; if he does, he will learn more about 
gravitation than was ever dreamed of in his philoso� 
phy. 

• · e ·  • 

A VERTICAL HOUSE MOVING. 
There have been some remarka ble feats of house 

inoving chronicled from time to time in the columns 
of the SCIENTIFIC AMERICAN ; but surely the one of 
which we here present illustrations, in which a fine 
old mansion was l ifted 160 feet from the banks of the 
Monongahela to the summit of the cliffs above, is the 
most remarkable of them all. The building, which is 
lm'own as the Brown mansion, has stood for several 
gen erations at the foot of the lofty and precipitous 
cliffs which line tJle river at this point. It was built 
by a Capt. William Brown, father of the present owner, 
and has been a landmark at Brown's Station on the 
Baltimore & Ohio Railway for many years . Among 
the many improvements of t" eir track which are being 
carried out by the Baltimore & Ohio Railway Com
pany is the straightening out of their line, by the elim
ination of the sharper curves, especially on those por-

Scientific American 
tions of the line which follow the windings of the 

river. At Brown's Station, where this house was lo
cated, the railway company required for improvement 
pu rposes the ground on which the building stood ;  and 
when the site had been sold to the company, the ques
tion arose as to what disposition should be made of 
the old mansion. At the top of the cliff, 160 feet above 
the former site of the house, is a fine stretch of orchard 
lan d belonging to the present owners of the house, and, 
largely from sentimental reasons, it was decided to 
move the building up the face of the cliff and place 
it on this elevated site, which commands a fine view 
of the river and the surrounding country. The diffi· 
culty of the task will be understood when it is stated 
that the building measures 85 feet by 40 feet, and 

MARCEAU'S " BUTTERFLY." 

weighs about 800 tons. The first operation was to insert 
eight large timbers, measuring 12 inches by 16 inches, 
and 85 feet in length, beneath the building, while be
tween these and the structure were laid about 200 7-
inch steel needle-beams. While this was going on, the 
face of the cliff was stepped out into four benches of 
about 30-foot lift each. The building was then raised a 
little at a time by hand jacks, and the eight walls of 
tim ber crib work built up beneath it. The blocking was 
all carefully sized to 6 inches by 8 inches. The crib
work was stiffened in both directions by means of 8 x 
8-inch waling pieces, !J,nd it was sway,braced by half
inch chains with turnbuckles. When the house had been 
lifted 30 feet, it was drawn onto the first bench by 
means of two winches on th" top of the cliff, each driv
en by two horses, a 2-inch line with four-part blocks be
ing used. Another lift of 30 feet was then made to the 
next bench, and the various operations were repeated, 
until the house was landed on its new site, 200 feet 
back from the old site and 160 feet above it. As may 
well be imagined, a vast amount of timber was re
quired for this work, amounting in all to 20,000 care
fully'sized sticks, which required twenty cars to trans
port them. The actual cost of this house moving is 
not given out, but it is well understood that it consid
erably exceeds the original cost of the house itself. 
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We are indebted for our illustrations and particulars 
to Messrs. John Eichleay, Jr., Company, the contrac· 
tors for this unique piece of engineering work. 

.------.�,+.�-------

Ne_ Iron-Hardening Proce ..... 
Phosphorus, as is well known, has the property oi 

imparting a certain degree of surface hardening to 
iron, but not without producing brittleness. The iron 
is made to assume a coarse structure, in which the 
crystals are comparatively loosely bound together. 
This effect of phosphorus of loosening the. coherence 
of the molecules of the iron greatly facilitates the a b, 
sorption of carbon by the iron. The carbon rapidly 
penetrates the iron to a considerable depth, imparting 

great toughness to the core and nUl
lifying the comparatively slight de· 
fect constituted by the inconsidera
ble brittleness of the surface. Two 
Pruss ian inventors apply this prin
ciple in their process for hardening 
iron by heating the same in a tem
pering powder consisting of organic 
nitrogenous substances, containing a 
high percentage of fusible ash and 
employing phosphorus as the me
dium for the introduction of carbon 
into the iron. Without prejudicially 
affecting the welding properties of 
the iron, it imparts such a .degree 
of hardness thereto that it can 
neither be cut nor chipped by the 
best steel used. In order to harden 
the surface of about 200 kilo-
grammes ( 441 pounds ) of iron to 
a depth of 1 millimeter ( .0394 inch ) 

by mea,.ns of this process, the pieces should be im
bedded in a retort, muffle, or the like, in bone dust, 
to which is added a mixture of 300 grains of yellow 
prussiate, 250 grains of cyanide of potassium, and 400 
grains of phosphorus . The receptacle is well closed, 
luted with clay, etc., and raised to a clear red or white 
heat, whereupon the material treated is immersed in 
a glowing condition in a water or other bath.-From 
Ol iver J. D. Hughes, U. S .  Consul-General, Coburg, Ger
many. 

• • • • • 

With a view to stimulating invention and of induc
ing inventors to effect improvements in existing appli
ances, the Industrial Soc iety of Mulhouse in Alsace has 
issued a programme of prize medals which it is pre
pared to award in F'ebruary,' 1904, for ( 1 )  a new type 
of fixed boiler to utilize more than 80 per cent of the 
heat generated in the firebox ; ( 2 )  an apparatus to 
register the total effective work of steam engines ; ( 3 )  
a gas engine to utilize poor gas and developing 250 
horse power and upward ; ( 4)  improved methods of 
steam raising, whether by gas, me�hanical stoking, or 
other means ; and ( 5 )  improved wool combing and 
carding machinery. Copies of the programme and any 
further information can be obtained from the secre
tary of the society at Mulhouse. 

Tb.iI old maw!iou. mealiuriD& 86 11l·� feet, aud wel&blng 800 rons, W8i' raised from the banks of the Mononpbela RiVet ro the summit of the bluJf, a vertkal lift of 160 feet. 
VBBTIOAL KOUR .OVIlIa. 
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U Every man bas two educstloDS
that w h l c b  Is given him, and the 
other, that whlcb be IZlves to hllD
self. Of t b e  two kinds, tbe latter 
18 by far tbe lDost valuable. Wblle 
W<l are merely t81ll(bt seldom 
nouri sb es tbe mind like that 
wbicb we teach ourselves." 

-RuMer. 

.. Books are a guide in youth and 
an entertalnmeut for a"e. Tbey 
support \18 under solitude and 
keep us from becoming a burd2n 
to oursclvps. Tbey belp U� to 
forllet t b e  crossncss of men and 
t b t ng�. compose our Cl\l'es and 
passions. and lay our disappoint

ments usl eep." 
-Collier. 

A Head Full of Knowledge and Inspiration 
IS A CERTAIN OUTGROWTH OF AN INVESTMENT IN THE 

E N CYC LO P ED I A  A M E R I C A N A  
A H EAD FULL OF KNOWLEDGE is a sure guarantee 

of succes s .  It is better than money, environment or influence. 
It will create opportunities where none exists .  It will open 
avenues of progress obstructed by apparently insurmountable 
barriers . 

A HEAD FULL OF INSPI RATION from glowing ac
counts of deeds done by master .workers is an active force that 
energizes knowl edge and gives it power. 

To collect al l of the world 's best knowledge and epitomize it 
in an interesting, entertaining way has been the gigantic task of 

F REDER ICK CONVERSE BEACH 
. Editor of the SCIENTIFIC AMERICAN 

assisted by a linge staff of editors , critics and special contributors. . 
The 'result of their many years I tabor has been gi ven to the 

world in the most complete compendium of information ever 
printed-the 

. ENCYCLOPEDIA AME;RICANA 
In Sixteen Magnificent Volumes 

·Unlike most Encyclopedias of to-day, it is not an old work 
revised , but it is . absolutely n:ew in every ' particular. Being 
more recent by $everal years than any other, it qmtains much 

valuable information that was previously unknown . It is a 
whole library in itsel f-a gazetteer , an atlas, a uni versal history, 
biographical dictionary, commercial dictionary, d i ctionary of 
the sciences , arts, ' philosophy, etc . ,  etc . 

In the mechan ical details, binding, typography, i l l ustra
tions, etc . , it 1S superior to any work of the kind in existence. 

For further detailed information,  sample pages and partic
ulars of our 

Special C l ub Price and Easy Payment P lan 
cut out and mail this coupon t o  u s  to-day . 

SCIENTIFIC AMERICAN CLUB 
25 8 Fifth Avenue, New York �lty 

C O U P O N  
GENTLEMEN : Please send me, free of charge, sample 

pages of Encyclopedia Americana, with particulars of your 
Special Club Price and Easy Payment Plan . 
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.
. . . .  : . .  . 

Town and State . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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HUSTON STAN DARD THE HUSTON PATENT HUSTON I M P ROVED 

• -----e -=-----
. Boi ler Brace 

MANU.-ACT U R E D  BY 

SPECIFY THESE BRACES WHEN ORDERING YOUR BOILER 
STRONGER, STIFFER AND LIG HTER THAN IRON L U K E N S  I R O N  A N D  STE E L  CO. , Coatesvi l le,  Pen na. THESE BRACES ARE PRESSED FROM A SOLI D  

PIECE OF BEST FLANGE STEEL. N O  WELD. 

FAY & BOWEN Busltttss attd Pusottal Wattts. POS I T I V E  LU B RICAT I O N  Motors .&; Launches 

� .  
�-� -

The Fay &. Bowen Marine Motor 
is a revelation to those wno have used others. Reliable, safe, 
i:;
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and satisfactOry igniter. 
Motors CQtI)plete from 1 � to 25 h. �. ready for installation. 

We also build handsome launches with motors InStalled and 
rpady to run. SEND FOR CATAJ.OGUB. 
F AY & BOWEN. 81i Mill St • •  Allburn. N. Y. 

� \' 
HUBBARD'S 

" BLACK D IAMOND " t==::�A!!�.�E. THE ROGEBS & HUBBARD ... 
Middletown, "ODD. 

Our little book H How to Case-HardeD," at 
FUJI: to any address. 

ROTH BROS.  & GO. Manufa.cturera of 

from 2 to 300 Ligh ts. 

M O T O R. S  
from 1·::2 to 20 H. P. 

Write for Bulletin No. 107. 
!l3 S. Clinton St. 

Chicall'o, Ill. 

.. 

READ THIS COLUMN CAREFULLY.-You 
will lind inquiries for certain classes of articles 
numbered in con!leCutive order. If you manu
facture these goods write us at once and we will 
send you the name and address of the party desir
ing the mformation. iu every t'a8e It i8 nece .. 8ary '0 give 'be number of 'he inquiry. 

MVNN &: CO. 

Marine Iron Works. eh ICal{o. Cat&10llUe free. 

ule,;:r!��e�::';'.����d�:r�r.Tn':J':J;�m��� 
of toy and 

AUToS.-Duryea Power Co .• Reading, Pa. 

fa�����ilg.; ��Z�;.!P�i��:'13��sS of the manU· 

For hoisting enllines. J. S. Mundy, Newark, N. J. 
T n quirlJ N o .  48lili.-For a motor and pumP cap· 

�'l!'h ��I!l��fo;:�
e
�aUe� � �:��:�� �����

ur 
Sf 

feet 

U U. S." Metal Polish. Indiana.polis. Samples free. 
Inqu iry No. 48li6.-FOl" manufacturers of steam 

heating apparatus. 
Sawmlll machinery and outfit. manufactured by the 

Lan.e Mfg. Co .. Box 13. Montpelier. Vt. 
Inquiry No. 481i'J.-Far makers of g .... machines 

(not coal g.s) suitable for lighting and heating puP: pose .. . 
W ANTED.-A partner with capital to Introduce a new 

article to. tli� b.oitle tradp. Partner, Box 773, N. Y. 
'Inqnlry No. 48li8.-For an attachment for a lathe 

to make �plral spring.. . 

American Inventions negotiated In Europe. Felix 
HamburJlIll". Equitable Building. Berlin, Germany. 

Inquiry No. 48li9.-For makers of paper bo.xes • 
envelopes, balf·tone cuts, etc. 

For .ale or on royalty.-Toy whistle. patent No. 743,· 
63fJ. E. R George, 22 Coleman St .• G�eenlleld Ave . • PlttS
bUl'g, Pa. 

I n q n l ry No. 48tiO.-For manufacturers of rock crushers. 
For Machine Tools o.f every dcsjlrlptlon and for Ex· 

perimental Work can upon Garvin's, 14U Varlck. cor. 
Spring Streets. N. Y. 

I n qni ,.y No. 4S6t.-For manufacturers o.f mao 
chlnery for making briar tobacco pipes. 

pr-Send for new and complete catalogue of SCientific 
and other Books for sale by Munn & Co . •  36"1 Broad way 
New York. Free on application 

Inquiry No. 486!1.-Fo.r makers of p o. r t a b l e  
w.ooden houses. I 

GIVES THE MOST SATISFACTORY RESULTS 
IT CAN BB BEST SECURBD BY USINO THE 

Positi've Feed Lubricator 
Has interchangeable ratchet wheels. 
Can be flushed while engine is running and without dis-

turbing regulation . 
. 

Can be regulated to feed any desired amount of oil at any 
speed of engine. 

. Regulation can be altered while engine is running. 

IN EVERV WAY SUPERIOR TO A HYDROSTATIC CUP 
SEND FOR CIRCULAR 

Pen berthy I njector Co . ,  380 Holden Avenue 
D E T R O I T, M I C H. 

LA RGEST INJ ECTOR MANUFACTURERS IN THE WORLD 

ostal 
The largest manufacturer In the world of merry-go· 

Hllrheot Awards round!\, sho()tlng galleries and hand organs. For prices 
Catalo.gue 'G OD appli- and terms write to C. W. Parker. Abilene. Kan. 

cation 
BUFFALO OASOLBNB 

MOTOR CO. 
30 Aubnrn Avenue, 

HuWalo, N .  Y. 

Models, Dies &. Special Md(binery 
UANUFACTURERS O F  ANYTHI�G IN METAL 

. Inventions Developed Ready for the Market 
H O E F T  &. M OO R E  

OFFICE, 8 6  6th Ave. W O R K S .  I fld i ana & Frankl i n  Sts. 
CHICAGO, U. S. A.  

T H E 

"Soliclhed" 
Eyelet Pliers 

Simply punch a hole. place 
an Eyelet on lop of punch 
with the small end down and c1()se pliers. 
HAWKES-JAXN Co. , 82 DUANE ST. N. Y.  

P O \Al E R 
Gas, Gasolinek Kerosene and Steam 

En\ir::ts, I;':���o�i:::linlr 
Motors. 

m��t�{ �Isr�ii�:&:���� toMr,:\.�:; 
for ho.uses 
A. F. CIlRVER, 1 07 Liberty Street. New York 

S E A R C H L I C H T 
Clear View Acetylene 

Searohl ight 
For Steamboats. Sail BoatsJ Yachts, Docks. Camping Grannas, Fire 

Hunting, Signal I,ights, 
I,ocomo.tive Headlights, etc. 

Write ffl'r ootaioaue 
American Acetylene Stoye Company 

503 Masonic Temple 
MInneapol is .  M i n n . 

A complete laboratory 
P h  y 8 1  c .. Unsurpassed 
school and private use. 
Labo.ratories In 700 citle. nnw 
�l:&n0.1����:l�n. 
Columbia ' School Supply Co. 

320 Holton Place 
Indianapolis, Ind. 

Inquiry !'I'o. 4863.-For machinery to shave out 
barrel s.1I. .aW head. et9. · . 

Empire ''B;qs Works. 106 E. 129th Street. New York. 
N. Y .. have .,,,,,eptionaJ facilities for.manufacUring any 
article requlril)g machine sho.p and plating �oom. 

I n q ll iry No, 4!Olti4.-For makers of an antomatlc 
sample-cuttlug d!,vige . .  

An engineer In I,ondon Is open to .. ,,,resent first ·cl .... 
enllineering tlrm bavln" good specialties . .  Send partl· 
culars to L. Fraser. 5 Butler Road. Hl\lTOw. England. 

I n q u i ry No. 4861i--For makers of agricultural 
impJements' , steam, halld and hO�8e power. 

'l'he celebrated " Hornsby,Akroyd .. Patftllt Safety 011 
Illnlline is built by the De' La Verlllle Refr1l'8ratillll Ma. 
ohine Company. Foot of EIlS� ll!&th Street, New York. 

Inq u iry No. 4866.-For mannfacturers of dairy machilles. ' .  . , 
C()ntra.ct manufacturers of ha.rdware speoialttes, ma

chinery, stampings, dies. tools. etc. Excellent market
Ing connections. Edmonds·Metzel Mfg. Co .• Chicago. 

Inqniry N o .  4�ti'.-For manufacturers of wire 
mattress machu��ry. 

Manufactu�J'8 of patent art lcles. dies. metal stl!.mp
tng, screw machine work, hardware Apecialtles, machin
ery and tools. Quadriga Manufacturing Company, 18 
South Can,,1 Street. Chic8go. 

pJa
n�:��fu::: 486S.-For man�f .. cturers of spUt 

For Sale.-U. S. Patents. 692,3'16, Feh. 4. 19Q2. and '1'37.93'. Ang. 25. 1900, for Tire He .. ter. Also. Canadian Patent, 
same device, 81,1MO, July 14. 1903. Addre.. patentee, 

CHR. SOLBERG, . 
34 Syndicate Block, Mlnneapo.Us, Mltlll. 

I n q uiry No. 4S69.-For an oil ennine and dYnamo 
i�f�h�:�i��

l
r:c::;:!!��r;:lse;�: X�r�yvgl��:.

nd 6 mnperes 

I n q u l r v  No . 4S'0.-For bids for putting In two 25 h. p. boilers and one 40 h. p. engine. 
I n q u i r y  N o .  48'1 .· -For mannfactnrer. of punch. 

ing and forming presses for making lace-hooks for 
shoes. 

In!jnl,.y l'I'o. 4"" !I.-For manufactul'Crs of auto
mobile parts, motors, running "ears. etc. 

" k�:::!rr., l:l:;;je��Ho;-:;��:g�:��facturetS of the 

IlIquiry N o. 48'J4.-For manufacturer. of and 
dealers in German stIver. 

DI ..., raJ TypmIIIr II I low pt1c1 
U N I V E RSA L KEY BOA R D  
V I S I B L E W R I T I N G  
I NT£RCHAN GEABLE TY PE 
STR O N G  M A N I F O L D E R  
B E A U T I F U L  W O R K  

11'0 one caD Imqine bow macb e.,IM' an. 
fanel' lli I. to wrll .. .... IUt .. machine than with 

• �. ontU one b .. lirled tbe (omparl_on. It 'I Ute rldtnlll' . loud "'al k l n,. The P'08T"L =: OUI' In_taUman, plan orr .. n to eye".� J.: :::o�:en��: ,�.V'oU r:�:�:::t.!':!y�;. 
espre ••• 
Send .... book1el IIId lnotlllmen! pion • 

litaoafactare4 and PHBDHed b7 
III! POSTAL TYI'E1IIIlTER COMfAIT Depl. J '  

A CHRISTMAS SUOOBSTION 
75(J·W;��bj,'i:Press·Button Kn ife 
which a Bimple 

c
ressure of the button op�DS. It locks 

:��: ·�H::\;oOM:la��R 
t
t�n��Io�:;d �:O�� ::rd':�� 

!se:�:��I�ad!�e l  t::t!:,i:n
e
dGlnu:=�sC�:��� 

��C:::, !:;>!����ft��:��
n
:dd!:�

re
-1s'kf�C::k: 

let J for dt'Scription and pnoe of other styles. 
NOVELTY KNIFE (JO. . 

4116 E. 61M St., New York (lIty 

" H.eystone Blue 

A Constant Water Supply 
Without. COAt of lla1ntenMnee 

is best afforded by the use of a 
N I 4.CAR A HYD R A U L I C  R A M  
th:!!rl;=::e� r::,�:nlel�;:::&!;��: 
6 times as much water under the same COD· 
dltion. Our rams bave been u8t'd in almost 
every state tn the Union, and have proved 
the superior of all others. Write for catalog and testimonials. 
NI ... "ra BydrauU(> EosIne Co., 

(lhestel", Pa. 

No. 1-- 4 volts, 20 ampere ' bour.· 
PrJ�� :�O]·:�ft:�CI}

i
�:'�e��tg�m� 

PrJ� l.�rv�rf';�I!�a::r�
u
��'iirs. 

Price $'7.bO (glass ja",), fer launcb 
ignition and l1ghtlng. 

Send for Descrlptlve Booklct 
" Champion " portable storSA'8 

batteries are made In all sizes and . 
will be found invaluable to in· 
!=��s�gt�::�:e ���fc%

e
�:l 

tery 18 desired. 
H. C. MacRAE 

Panl �treet, Baltimore. lUcL 

Paper Company · ·  
I,argest 

Mannfacturers of B LU E  P R I N T PA P E R  IN THE 
C O V N T R. Y 

Sole Agents f�r JOHANNOT'S BLUE PRINT PAPERS 
T n q ll i ry No. 48'J1i.-For makers o.f the Washing 

Block, lately patented. . 
DRA WINO MATBRIALS and all Drawing Room Requisites 

Inquiry No. 4S'J6.-For machinery for extracting Western House " pita " and " maguey " fiber from the plant. CHICAGO B L U E  PRINT PAPER CO. SEND FOR CATAI,OGUE 910-912 Filbert Street 
aJ:g.!Un1'::': �ni:t��i�

ar"r�
i�e;ra:�:' 

brushing 1 80 Adams St.,  Ch icago PHILADELPHIA 

Inqnlry No. 4S'J8.-For machinery for ext racting 
fiber from t.he cocoanut husk, also for manufacturing 
cocoanut oil. 

Inquiry N o .  48'J9.-For machinery for treating 
chocolate, such as driers. sorters, etc. 

I n q u iry No. 4S80.-For parties to tum out farm 
Implements by order lots. 

Inqu iry No. 4SSt .-For makers of OXidized cop· 
per Hnish oores. such 8S are v-sed in street car registers. 

I " qulry No. 4SS2.-For maker. of ornamenta 
()xidlzed copper frames. 

I n q u i ry N o .  4SS3.-For makers o.f thin glass tub· Ing and .mall. round colored gl ... s bar. 

,,!;dY::�a:'�:
.
.!�

S4.-For manufacturers of electriC 

Iuqniry No. 4!ol"'Ii.-lj'or makers of Blot machines 
for drinking fountains. 

.lJ'.?t?�;ipr..�u.:'Sl!i6.-For .. reliable outflt lor gold 
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foyer Cyl i nder Letter rress 

THE 

ALWAYS READ Y! 

AMERICAN BANK 

To Copy a Letter with the Foyer 
Cylinder Letter Press 

you have only to feed your letter into 
the rolls and turn the handle. The 
letter come$ out copied perfectly. If 
you wish another copy of the same 
letter, put it in again. Perfe,ct Copies 
Always. No brush, no rags, no 
blurred letters. For further par
ticulars, address 

SERVICE COMPANY 
106 South Clinton Street. CHICAGO. ILL •• V. S. A. 

P rotect You r  Ban k  Accou nt 
With a Merritt Check Punch 

Costs only 50c and may 'save you thousands of dollal"S 
It perforates accurately. quickly and tboroughly. Easy to handle. simple to oper!'te. 

Made of aluminum. weighs less than one ounce, yet equal in usefulness to expensive. 
heaTY cast.iron punches. Can also be used as a ruler and paper cut.ter. The bl-st office device 
eve� offered for the money. Don't be without the Merritt Check Punch. Price only 50 cents. 
All "charg-es prepaid. Quantity price on application. Ask for " A Few Reasons," sent free for 
the askinlit. Send money to-day_ 
Agents Wanted. JVLl\lS L. BROWN. 21 QVINCY ST .. ·CHICAGO. 

E o  I Q lOt • St I C to " SEABOARD " STEEl. CASTINGS specla ua I Y In ee as logs. show physical qualities equal to the 
finest forgings Our .... ,w material is m()st carefnlly selected and our PRODUCT fills the highest require
ments OPEN HEARTH STEEr, CAR1 INGS, for locomotive, shipbuilding. electrical, pump and geneml 
machinery purposes. Subject to U. S. Go\'ernment, :r.loyd's. Railroad and other specifications. 

SEABOARD STEEL CASTING CO., Chester, Pa. 

We Challenge the World to Produce Our Equal ! I 

THE  " U . S ."  F IRE  
EXTINGU ISHER  MFG .  00.  

Bole Manufacturers of the 
U. S. .. AUTOMATIC "  HAND 

FIRE EXTI NGUISHER. 
Eacb U .  S. Machine Guaranteed Tested 
to 300 lbs. Most Efficient. Du,abJe and 
Economical Fire Exiin,guisher in the 
World. It is absolutely Self.Seal. 
ing. No otber Extinguisher like it. 
�W�. :�r::Jl�n�':ie�:iCk. CU· 

EXECUTIVE OFFICES : 
1 34 W EST 23D STRILET. 

The QUic�%;;t��d-rtr�an" are 

AGENTS WANTED EVERYWHERE I 

CASH �:� a�J o�� J1��t,:';c�f 
Goods, finished or nnfinished. 
Small Motors, ' Dynamos, Water 

Motors, Gas Engines. Model Steam En
gines and parts my specialty. BVILD 
your own Telephone. New book tells 
how. 2SC. postpaid. Telephone l'ARTS 
at low prices. Stock :r.ist Free. 

C. M. TURNQUIST. 
442 W. Van Buren St .. Chicago. Ill. 

THE STEAM TURBINE ;  THE STEAM EnJdne Of Maximum Simplicity and of Hlgbest Ther
mal Efficiency. By Prof. R. H. Thurston. A valuable 
series <>f articles having ClltS of some of the more effi
cient engines of this type-the Parsons', De Lavat Dow. 
:� m":t�� ��";,��\I'd"al:b�� l\!��:M�.

re
���t�in�st.': 

SUPPLEMENT Nos. 1306, 1 307 and 13G8. PrIce 10 
(lents ellch. For sale by Munn & Co. and all newsdealer. 

THE ONLY OREAT ADVANCE 
I N  INJECTOR CONSTRUCTION 

SINCE T H E  AUTOrIATIC INJECTOR WAS INVENTED 
HAS BEEN MADE IN THE 

HIOH P�BSSU�B. HOT W ATB�, 
�BSTA�TINa INJBCTO� 

�ange 30 to :100 Ibs • .  Handles Hot Water at '40 
degrees. Lifts Water .8 to 22 feet and accom. 

pllshes these marvelous results 

wrrH ONLY FIVE WOR,KfNO PAR,TS 

This Injector is AUTOMATIC in ACTION and POSITIVE in RESULTS 
IT IS MADE AND GUARANTEED BY THE 

Pe n be rt h y  I n J- ecto r C o  380 Holden Avenue 
- ,  D Er R, O f T, n f � H. 

LARGEST INJECTOR MANUFACTURERS IN THE vfORLD , 't 

What Do You Want To Buy ? 
We can tell you where to buy anything you want. 

Write us for the addresses of manufacturers in ANY line of business. 
Noveltie&t Special T oofs, Machinery, Equipments, New Patent LABOR SAVING DEVICES. 
MUNN &: CO., Publishers of the SCIENTIFIC AME�ICAN, 36 1 BR.OADWAY. NEW YOR K. 

SC H O N T H A L  I R O N  &, ST E E L  CO. 
Dlanufactnrers of 

LIGHT STEEL RAILS 
Our process Inciudes a Continuous Heating Furnace which keeps all cold air from the steel while heating, thereby keeping the carbon uniform and ensuring the greatest durability. 

Schontbal Rails are guaranteed to stand all tests aud are stenciled while being rolled. 
16, 20, 2lS, 30, 3lS, 40 Lbs. Per Yard 

Splices Angle Joints COD\plete with 
for a.ll Section Ra.ils 

and 
Spikes 

SHIPMENT FROM STOCK AT ALL TIMES 

Bolts 

MILLS AND GENERAL OFFICE, 
Foreign orders promptly and efficientlJ filled. 

C U M B E R LA N D �  M D . 
cable Adckesa .. Sehonthal." Western Union Code 

HINTS TO CORRESPONDENTS. 

Names and Addre •• must a,ccompany all ' letters or L====================:!.. 
no attention will be paid thereto. This is for 
our information and not for publication. 

References to former articles or answers sl10uld give 
date of paper and page or number of question. 

Inquiries not answered in reasonable time should be 
repeated ; correspondents ",ill bear in mind that 
some answers require not a little research, and, 
though we endeavor to reply to all either by 
letter or in this department, each must take 
his turn. 

Buyers wishing tc purchase any article not adver
tisf'd in our columns will be furnished with 
addresses of houses manufacturing or carryiI;tg 
the same. 

Special Written Information on matters of personal 
rather tha'Il g�neral interest cannot be expected 
without remuneration. 

Soientifio Amerioem Supplements referred to may be 
had at the office. Price 10 cents each. 

Books referred to promptly supplied on receipt of 
'price. 

Minerals sent for examination should be distinctly 
marked or labeled. 

( 9238 )  E. C. H. says : My boat is 3 2  
ft.x4 ft. x 12 inches ; engine, 3 ¥.. x6x6 ; revolu
tions, 380 to 420 ; steam, 125 pounds ; wheel. 
27 ¥.. inches ; pitch, 37 Inches. Speed over 
measured mile in slack

' 
water, 1 1 .39 miles with 

full stroke. Normal speed, 9 to 10 miles with 
%, cut-off. 1. H. P. ( cards ) under 9. Vol. 

26 Inches to 27 Inches. This may interest 

E. T. R., No. 9225 of Notes and Queries, in 

SCIENTIFIC AMERICAN, November 14. 

( 9239 ) C. F. F. says : Have you any 
publication that gives a more explicit explana

tion of the Wlmshurst induction machine than 

Is to be found in Hopkins's "Experim�ntal 

Science" ? I regret to say a machine that I 

constructed according to his instructions re

fuses to w�rk. Have made one radical change 

from his specifications, by using large gramo

phone disks in place of glass. Do you sup

pose that Is the cause of my failure ? Have 

used the rubber disks before, and obtained ex' 

cellent results in condensers, and supposed that 

same could be used for the above purpose. A. 

We think it strange that you should say you 

have constructed a Wimshurst machine accord· 
Ing to Hopkins's "Experimental Science," and 
It will not work, when in the next sentence 

you say you have used a very different plate 

from the directions in "Experimental Science." 

We think if you had used glass plates as di
rected, you would have had success. We see 

no reason why a smooth ebony plate might not 
'be used on the machine. bnt should not expect 
success with a rough plate, as  we suppose the 

gramophone plate to be. In condensers, the 

rubber plates act only as insulators. In a 

machine their office is very different. An in· 

duction takes place through them, and they 
are charged and discharged as they revolve. 
In making a new article from instructions, it 
Is most desirable to follow the Instructions 

implicitly. We recommend, and can supply at 

once, the new edition of Gray's "Electrical In
fluence Machines," which describes the construc
tion of Holtz , and Wlmshnrst machines. Price 
$2 by mall. 

( 9 240 ) J. E. H. says : As a constant 
reader of your valuable paper, I take the liberty 
of asking you the following questions, which 
I trust you will be willing to answer, not only 
for my own benefit, but for all your interested 
readers : Is there such a thing on the market 
as a perfect rotary engine ? If so, kindly state 
wherein they are superior to' the ordinary types 
of to-day. A. Replying to your question re
garding a perfect rotary engine, we would 
say that there is no perfect engine of this 
character on the market. A rotary engine has 
the advantage of not requiring the reciprocat
Ing parts of the ordinary steaoo ,engine, and 
therefore may be perfectly balanced. In some 
cases this would be an undoubted advantage. 
No thoroughly successful engine of this type. 
however, has been placed on the market, owing 
to the difficulty of controlling the admission, 
expansion, and release of steam by means of 
slm1)le niechanism. The steam turbine has the 
advantages of the rotary engine, and Is  now 
being built in this country. 

( 9241 ) W. A. A. says : Please give 
me rule for determining pfoportion of air and 
coal gas, for best results with atmospheriC 
burner. A. A rule for determining the pro
portion of air for the perfect combustion of coal 
gas is as follows : It is first necessary to know 
the chemical analysis of the gas, because the 
combustion of coal gas varies much in different 
places. The three 'princlpal constituents which 
take part in the combustion are. first. hydrogen, 
second. carbon, third

'
. carbon oxide ,( CO ) .  In 

order to determine the amount of oxygen for 
each of these three constituents. multiply the 
number of parts of hydrogen by 8.  multiply the 
number of parts of carbon by 32-1 2. multiply 
the number of parts of CO by 16-28 ; add these 
three quantities together, and It will give the 
weight of oxygen needed ; then multiply this 
amount of oxygen by 5. and it will give the 
weight of air needed for the perf�ct combus. 
tion of the coal gas. , As a rule. from 30 per 
cent to 50 per cent excess of air is required for 
the best results. At atmospheric pressure, one 
pound of air is equivalent approximately to 13 
cubic feet. 

By lack of special training in your 
present work ? Do you wish to 
change your occupatio n ? If so , the 
I n t e r n a t i o n a l  C o rre s p o n d e n c e  
Schools can help you . N o  matter 
w here you are or what you are 
doing ,  we can give you , by mail, 
the exact training required to attain 
a better positio n .  

We teach by m a l l ,  Mechanical,  Steam, El ectrical, Civil. 
and M i n i n g  Engineering:  Shop and Foundry Practice; 
Mechanical  Drawi n g :  Architecture: Plumbing: S h e e t - M etal 
Work: Telephony; T e l egraphy; Chem istry: Ornamental 
Design: Lettering: Bookkeeping; Stenography; Teaching: 
Eng l i s h  Branc h e s :  locomotive Running:  Electrotherapeu .. 
tics; Ad Writing: French; German;  and Spanish. 

When 7vriting state subject that interests Y6.¥ 
International Correspondence Schools 

Box 942. Scranton. Pa. 

Send 

over the civ i l ized world 
THE I M PROVED 

BOSTON 
GARTER 

IS KII OWII an� WORII 
Ever1 Pair Warranted 

ALWAYS EASY 
roc. for Silk, Oeo. Frost Co., Maker., :��l� ���n, BOlton, Kala., U. S. A. 

... _ .. " REFUSE ALL SUBSTITUTES ,, __ • 

We make hand-Dower 
�r�

d
i��fg�iOt�:.illht\�k and under. LiA?;ht stock can be bent cold. 

WALLACE SUPPLY COMPANY 
910 Royal Insurance Building, �HICAGO 

Patents , Trade Marks, 
CO PY R I G H TS,. etc., 

MUNN � �O SoliCitors Address . � "" ., of Patents. OIIIce of, the ' SCIENTIFIC AlII ERIeAN' 861 Broadway. New York. 
Branch Olli .. : 626 F St., Wa8h1ngton, D. (l. Hand-bOok Sent Fr •• on Appllcatlon. 
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NEW BOOKS, ETC. 

AMERICAN HISTORY AND ITS GEOGRAPHIC 
CONDITIONS.  By Ellen Churchill 
Semple. Boston and New York : 
Houghton, Miffiin & Co. 1903.  8vo. 
Pp. 466.  Price $3 .  

I n  this excellent though n o t  t o o  scholarly 
work, the author has traced in no uncertain 
manner what may be called the influ�nce of 
the geography of this continent upon the his
tory of the United States. In other words, she 
has shown the effect of the explorations of the 
earlier adventurers, the consequent spread of 
geographical knowledge among the people of 
the East, and the resulting growth of the 
lTn ited States to a continental power. One 
faet stands out prominently In this geographi
cal estimate of our position, and that is that 
our course of r cquisition has ever trended 
westward ; that it has overstepped the boun
daries of the Pacitic.  has reached Hawaii and 
the Philippines, anti now seems to have ac
quired n o  unimportant position in China. A 
chain of historical events has determined that 
the commercial outlet of this country is  to be 
found in the Far East. Excellent bibliogra
phies are to be found at the end of each 
chapter, which simplify the p roblem of re
tracing the ground the author has covered. 

LE POINT CRITIQUE DES CORPS PURS. 
E. Mathias. Paris : G. Naud. 
8vo. Pp. 255.  

Par 
1904. 

This little volume, as its preface informs 
us, is a natural development of the author's re
port to the International Physical Congress 
held in 1900. It is  an exhaustive exposition 
of all the facts which tend directly or indi
rectly to the study of the critical point ot 
pure bodies. It must be confessed that the 
author has proceeded with considerable Impar
tiality. He him self. however, seems to favor 
the liquidogenique idea of Traube. 

JAHRBUCH FUR DA S EISENHUTTENWESEN. 
Erganzung zu Stahl und Eisen. Ein 
Bericht tiber die Fortschritte auf all ell 
Gebieten des Eisenhtittenwesens im 
Jahre 1901. 1m Auftrage des Vereins 
deutscher Eisenhtittenleute bearbeitet 
von Otto Vogel. II. Jahrgang. 
Diisseldorf : August Bagel. 1903. 
Price $3.50. 

INDEX OF INVENTIONS 
For which Letters Patent of the 

United States were Issued 
for the Week Ending 

December I, 19003, 
A N D  B A C H  B E A I U N G  T H A T D A T E  
LSee note at end of list about copies of these patents. l 

Adding machine, C. Wales . . . . . . . . .  . .  . . . .  745,539 
Adding machine carrying mechanism, C. 

"Tales . . • • • • • • • • • . . . . • • . • • . . • . . . . . . . . .  745,542 
Addillg machine correcting mechanism, C. 

Wale s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,540 
Adding machine multiplying mechanism, C.  

Wales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 745 541 
Adding machIne zero resetting mechanism, 

C.  Wales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745 543 
Air urak(1, M. H .  Neff . . . . . . . • . . . . . . . . • . . . •  745/:35 
Air brake, O. W. Valentine . . . . . . . . . . . . . . . .  745,&34 
Air, utilization of compressed, R. Nutty . .  745, 37:1 
Anode hook, If.  -·W. Cann . . . . . . . • . . . • . • • • . .  745,479 
Antihunting device, A .  Church ward . . . . . .  74�.a:a 
Apron, storm, A. C .  Holden . . . . . • . . . . . . . . . .  745,U1 3 
Ash can COV4::'r, J.  Koslopsky . . . . . . . . . . . . . .  745,964 
Baby comforter, H.  Spencer . . . . . . . . . . . . . . 745,il:'!,J 
Baling press, E. R. Kerr . . . . . . . . . . . . . . . . . . 7:45.,826 
Band cutter and feE'der, J. T.  Smith . . . . . .  745,741 
Bandoleer and waist belt rifle ca rrier, com-

bined, E .  H .  B .  Laing . . . . . . . . . . . . . . . .  745, 866 
Barber chair, }j\ H. Wilsdorf . . . . . . . . . . . . . .  745,7U6 
Barrel heater, A. A. Gohn . . . . . . . . . . . . . . . .  745, 435 
Bath mat, portable, W. E .  Alll'll . . . . . . . . . .  745,553 
Bearing, compensating knob, C .  J. Caley . . . .  '145,56S 
Bl'aring construction, ball, ",-r . _  H. Makutchan 745,638 
Bearing for freely oscillating ('elltr�f ugal ma-

chines, L. Hirt . . . . . . . . . . . . . . . . . . . . . . . .  745,611 
Bpatillg ellgine� E. A. Jones . . . . . . . . . . . . . . . . 745, 859 
Rl'd, spring, Haas & Crow . . . . . . . . . . . . . . . . 745,345 
Bed spring, J. L. Barnaman . . . . . . . . . . . . . . 745,764 
Bt'dstead corner fastening, C.  Vallolle . . . . . . 745,695 
Bt--'dstead coupling, E. F.  Tubach . . . . . . . . . .  745 535 
Beet topper, C.  H. Arft . . . . . . . . . . . . . . . . . . . .  745,556 
B('lt, fastenpr, F. H .  Smith . . . . . . . . . . . . . . . .  745,533 
Belt guide, H. Parker, . . . . . . . . . . . . . . . . . . . .  745,377 
llt'vpl siuing hf'ud, B. C. Price . . . . . . . . . . . . 745,90G 
BindE'r, loose leaf, Northcott & Mounsey . . . .  745.372 
Binder, temporary, S. D.  Page . . . . . . . . . . . . 745,896 
Blank stringing machill(' ,  J.  H. Russpll . . . .  745. 389 
Blust cavitie3, tf'stpr for, C. B.  LanhlllIl . . . . 745, 357 
Board. See Ironing board. 
Bo·llhi u 1101d('r, H. ·W. Scll t('hara . . . . . . . . . . 745, 528 
Boiler scraper and clpaner, H. C. Mil lt, L· . . . .  745, 642 
Bolt clipper, H. K. Porter . . . . . . . . . . . . . . . . 745,905 
Boot or shoe le"'eling apparatus, H. A. \V pb-

ster . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,980 
Bottle carrier, Rosmann & Barthold . . . . . . . .  745, 674 
Bottle closure, J. F. Perry . . . . . . . . . . . . . . . .  745, 380 
Rott lp,  non-retillablp, M. M. Addison . . . . . . . .  745, 552 
Bottle, non-refillable, 1 . N. Burke . . . . . . . . . .  745, 566 
Bottle or flask, Jj'. R. Johnson . . . . . . . . . . . . . .  '145,858 
Bottle stopper, J. C. Bowers . . . . . . . . . . . . . . . . 745,477 
Bottles, jars, etc . ,  metallic closure for, A.  L. 

Weissenthanner . . . . . . . . . . . . . . . . . . . . . . .  745,702 
Bottles or the like, machine or apparatus for 

corking and labeling, Higgins & Ed-
monds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,840 

Bottles, etc . ,  stopper confiner for fleXible, C. 
�'. Cushing . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,421 

Brac:!�ts�r��n���t���,' �.
pPl;��� . ��� . ���:�� 745,555 

Brake mechanism ,  railway, F. W. Cbaffee . . 745,569 \ 
Brake shoe, etc . ,  removabl,}, C. ", .... . Larson. 74fi, S�fI 
Briquet machine, F. Meyer . . . . . . . . . . . . . . . . .  745, 968 
Broiler, t:. C. Parish . . . . . . . . . . . . . . . . . . . . .  745,276 
Brush , J .  E .  Currie, Jr . . . . . . . . . . . . . . . . . . .  745,420 
Brush , J.  J.  Brokenshire . . . . . . . . . . . . . . . . . .  745,775 
Brush, fountain, J. T. Langill . . . . . . . . . . . . . .  745 , 503 
Brush, paint, E. VE'giard dit Labonte . . . . . . .  745, 405 
Buckle, cross line, H. C. Guttridge . . . . . . . .  745 , 602 
Buckle fastening, T .  Morton . . . . . . . . . . . . . . . .  745, 884 
Buckle, barnE'ss, J. HolE'ts . . . . . . . . . . . . . . . . . 745, 495 
Burner, F. B.  PettE'ngill . . . . . . . . . . . . . . . . . .  745,51 8 
Burner, G. Machlet, Jr . . . . . . . . . . . . . . . . . . . .  745,S72 
Cabinet, kitche�, G.  L.  Craig . . . . . . . . . . . . . .  745,574 
Calculating devioe, Finigan & Wieda . . . . . . . . 745,586 
Calculating machinE', A.  E .  Bprgey . . . . . . . .  745,562 
f'alendering ma('hinf>, W. J.  Foley . . . . . . . .  745,340 
Camera multiplying attachment, A. L. 

S��artz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Can ends, cutting, .J. Lpe . . . . . . . . . . . . . . . . .  . 
Candle holder, A. Grapf . . . . . . . . . . . . . . . . . .  . 
Cane loader, A . .T. Savoip • . . . • . • • . . . . . . .  
('ar brake. W. W. Hopkins . . . . . . . .  741>,848, 
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PRESSED SHAPES OF SEAMLESS STEEL 
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L U e S  AN D B A N DS FOR TAN KS AN D WOOD P I P E CON D U ITS 
Card u s  u p  u n der a bove s pecialt ies 

Dr. A. REED'S CUSHION SHOES 
FOR MEN AND WOMEN 

A Discovery in Shoe Comfort and Bodily Buoyancy 
No Co lds. N o  R heu m at i s m .  No P ne u m o n i a .  C u res a l l  Foot A i l ments 

Cau sed by Other Shoes. T ry o n  a P a i r 
111111111111111111111111111111111 .. 

For Sale at following Exclusive REED Stores : 
621 Sixth Avenne. Ne .... York. 1i2 Adams Street. Chicago. 
119 Market !Street. Ne .... ark. '9 Wood .... ard Avenne. Detroit. 

liO North 13th Street. Philadelphia. 3lil Superior Street. Cleveland. 
3li Franksto .... n Avenue, Pittsburg. 410 North Broad .... ay. St. Louis. 

And Sold by One Shoe Dealer in Every City Throughout the United States. 
J. P. SMITH SHOE CO • •  Chicago, Makers, J OHN EBBERTS. Buffalo, 

SHOES FOR MEN 

TONN EAU 
T O U R I N G  
CAR .8 .8 

T h e  strongest and most 
�gcl��f:���

r
J��

t
ft7:iifb

h
et; in power or appearttnce. 

sold tor less than. $2.500. 
1904 Model � 'K" Rambler� s i xt (> e n  actual borse power, carrying five pcr-

����lri��1�t:a:t�i1b��3: 
lights and brass hOrIl, 

$ 'f  � 2 00 
at the 1acWry. 

SHOES FOR WOMEN 

Model " L" exactly like Model " K," but fitted complete WIth canopy top curtains plate glaBs swing-iDK front, lamps, horn alid side baskets, , .  
$ 'f , 350 at th� factO1"/!. All Rambler Cars are controlled by ODe lever ; have full elliptic sprinlls ; two powerful brakes. �)De qn tram�mission, the oth�r on each rear wheel. l\lodels '"J," •• K "  ,q,nd ..  L " bave tbut.Y-UlCh wheels and large tI1:e� ; eighty-four-inch wheel baae ; two-cylinder op

��:i�edntt��Y ;b��d�odels have posltlve wheel steering device ; Frencb styJe I.)oDnet ; 
Shall we sma yo ... comp/de ill'USt1'atea cata/og"e 

exptalning each special point of Rambler superiority ' 

THOMAS B. J EFFERY &. COMPANY, fienosha. Wisconsin 
CRICAGO BRANCR : 004 V. abash Ave. BOSTON BRANCR : 145 Columbus Ave. 

MURRAY 
CORLISS 

ENGI.NE 
Rolling Mill Type 

Our latest deeign for extra heavy duty. 
'Rs�e(>ially adapted for direct connection to e1ectric light or puwer JZ:enerators. 

Catalogue 54 
Murray Iron Works Co. 
Burlington. Iowa. V. S.  A. 

HOW TO BE STRONG 
Get this FREE .Book 

U Tbe System That Made All Strong Men strong." It is an Interesting, instruc
tiTe work on pbysicaJ culture, explaining and ,rovi� the prinCIple of 

Progressive Weight Lifting 
I t  i.  the true method of muscle development-the method used by all famous �:��� �;���rc��iy �i:�a�t!l���:!;��f�:�ri��: r��bnee�C������!t

i
��

t
������� . health. statuesque physique and great strength. �'ull course of instruction 

.free with every 
MILO ADJUSTABLE BAR-BELL 
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r
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t �Or�rg��i��l�ge:rl":,'fat'trs:��rp�r�i��iteC?����vl��nrh�v���kh::':d . learn all about the best system known. 
THE M i lO BAR-BEll CO., 4 1 4-M, Mariner Bui lding . Phl ladelphia Pa. 
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Car buffer, W. F. Richards . . . . . . . . . . . . . .  745,667 
Car coupling, automatic, W, E. Crook . . . . . . . 745,794 
Car lIghtlllg system, R. F. Hall . . . . . . . . . . .  745,830 
Car, motor, E. Hospitaller . . . . . . . . . . . . . . . . . . 745,441 
Car, railway, J. M. Hetfield . . . . . . . . . . . . . . . . 745,839 
Car step, C. Sellergren . . . . . . . . . . . . . . . . . . . .  745,916 
Car wheel, G.  Newland . . . . . . . . . . . . . . • . . • .  745,650 
Car window. street, W. O. Mundy . . . . . . . . . .  745,645 
Cars, crippled draw bar for locomotivp. rail-

way, M. C. Blakeslee . . . . . . . . . . . . . . . . .  745,771 
Carbon chlorids and silicon, producing, F. J. 

Machalske . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,637 
Carbonaceous substances, apparatus for sepa-

rating and collecting condensable, L. P. 
Lowe . . . . . . . . . . . . . .  ' . . . . . . . . . . . . . . . . . . . 

Carbureter, G. S.  Goslee . . . . . . . . . . . . . • . . . . . .  
Card clothing, M. E. Sullivan . . . . . . . . . . .. . .  . 
Cards, playing, C. C.  Meriwether . • . • . • • • . •  
Carriage, baby, F.  Huber . . . . . • . . . • . • • • • • • • •  
Case. See Meat case. 

745,870 
745,489 
745, 974 
745,879 
745, 619 

Cash carrier, J. L. Baldwin . . . . . . . . . . . . . . . . 745,951 
Cash register, M .  Giesel . . . . . . . . . . . • . • • • • • • •  745,595 
Cash register, E .  J.  Von Pein . . . . . . . . . . . . . .  745,937 
Centrifugal separator, A .  C .  V.an Kirk . . . . . .  745, 096 
Chain, . C. W. Levalley . . . . . . . . . . . . . . . . . . . .  745,361 
Chain link, sprocket, F. L. Sweany . • . . . . . .  745,975 
Chair, G. A. Dutton . . . . . . . . . . . . . . . . . . . . . . .  745 :l:l4 
Chuck, lathe, C .  C. Harris . . . . . . . . . . . . . . . . 745;346 
Chuck or work holder for pipe-threading ma-

chinps, B. Borden . . . . . . . . . . . . . . . . . . . .  745,773 
Churn, '£. H . Banks . . . . . . . . . . . . . . . . . . . . . . . 745, 762 
Chute, ore or coal, H . Greer, Jr . . . . . . . . . . . •  745,4�3 
Cigar lighting device, electric, J.  W. Gray . . 745,600 
Cigar perforator, W. K .  Holmes . . . . . .  -" • • • • •  745,846 
Circuit breaker, Hewlett & Badeau . . . • . . • .  745,348 
Circuit breaker, automatic, E .  M. Hewlett . •  745, 347 
Clock, geographical, H. Schumacher . . • • . • • •  745,680 
Cloth-steaming apparatus, F. 1 .  Burgher . . • •  745,321 
Clothes clamp, S .  Brown . • . • • • • • • . . • . • • • • •  745,777 
Clothespin, J. G. Howard . • . • . • . . . . . . . . . . • •  745,617 
Clutch, G .  M. Beard . . . . . . . . . . . . . . . . . . . . . . .  745,559 
Clutch, friction, N. Fox . . . • . • • • • . • • . • . . . . .  745,959 
Coaster brake, A .  F. Rockwell . . . . . . . . . . . .  745,672 
Coffee or teapot percolator, W. R. Montgom-

ery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 745,883 
Coffee pot Indica :or, A. Uhalt . . . . . . . . . . . . . .  745, 744 

g����a�u;;grt�O��d
t�iO��a�faR· 

. .  �.c���� : : :  i!g::�g 
Commutator bar, W. L. R. Emmet . . . . . . . . 745,336 
Conceal tilling and sealing machine, F. A. 

Robinson . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Concrete mold, A. Ferguson . . . . . . . . . . . . . . .  . 
Condenser, H. D. Baragwanath . . . . . . . . . . .  . 
Controller mechanism, C. Gulland . . . . . . . . .  . 
Conveyer, C. Rasmussen . . . . . . . . . . . . . . . .  . 
Conveyer, G. J,'. Greenwood . . . . . . . . . . . . .  . 
Cooker, I. E. Miller . . . . . . . . . . . . . . . . . . . . . . .  . 

745, 972 
745,585 
745,312 
745,491 
745,739 
745,821 
745,451 

Corn-husking and fodder-preparing machine, 
C .  E. Curtiss . . . . . . . . . . . . . . . . . . . . . . . .  745,483 

Gorn shockE'r, W. B. :Martin . . . . . . . . . . . . . . . . 745,733 
Cornet, C.  G.  Conn . . . . . . . . . . . . . . . . . . . . . . . . . 745, 788 
Cotter, H .  Jung . . . . . . . . . . . . . . . . . . . . . . . . . . 745,728 
Cotton chopper, H .  O.  Stringfellow . . . . . . . . 745, 925 
Cotton or rice chopper, H. E. W. Kirkland . 745, 864 
Course and bE'aring correcting device, J. Bax-

ter . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .  , . . . .  745,314 
Crate, etc . ,  collapSible, W. H. Orr . . . . . . . . . 745,892 
Crate or box, folding, W .  H .  Crossley . . . . .  745,796 
Cuff, F. X. Mudd . . . . . . . . . . . . . . . . . . . . . . . . .  745 , 644 
Culinary scraper, B.  Donaldson . . . . . . . . . . . . 745,717 
Cultivators, jointed beam for, I .  A. Brock . . 745,478 
Current meter, alternating, Stern & Lotz . .  745,461 
Current motor, alternating, A .  J. Church-

ward . . . . . . . . . . . . . . . . . . . . . . . . . .  745, 325, 745,957 
Currents of low periodicity, means for pro-

ducing alternating, W. Meissner . . . . . . . .  745,508 
Curtain and shade fixture, combined, W. N .  

Packer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,895 
Curtain fixture, T. Ebert . . . . . . . . . . . . . . . . . .  745,426 
Cuspidor, railway car, N. Davis . . . . . . . . . . .  745,484 
Cutting apparatus guards, supplemental fin-

ger for, W. Webber . . . . . . . . . . . . . . . . . . •  745,940 
Cycle driving and brake mechanism, A. F. 

Rockwell . . . . . . . . . . . . . . . . . . . . . . . .  ; . . . . .  745,524 
Death determining instrument, J. E. Storms, 

Jr. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,685 
Dental dies, making, C. A . Holmes . . . . . . . .  745,615 
Dental tool, O .  M. �'reeman . . . . . . . . . . . . . . . .  745,722 
Dipper handle, B.  H. Coffey . . . . . . . . . . . . . . . 745,329 
Dish washer, G.  W. Hunt . . . . . . . . . . . . . . . . .  745,352 
Disk d rill, F. R. Peckham . . . . . . . . . . . . . . . .  745,655 
Display rack, J.  V. Brooke . . . . . . . . . . . . . . . . 745,776 
Displaying advertising cards, display signs, 

etc. , mechanism. for, C .  S. Sinclair . . . .  745,532 
Distillation of ammoniacal liquors, apparatus 

for the, G .  Wilton . . . . . . . . . . . . . . . . . . . . 745,470 
Distribution system, C. P. Steinmetz . . . . . . 745,460 
Dog-training device, }j'. H. Erb, Jr . . . . . . . . 745, 806 
Door hanger, A. F. Coulter . . . . . . . . . . . . . . .  745, 716 
Door strip, A. Snorin . . . . . . . . . . . . . . . . . . . . . . 745, 396 
Door, window, etc . ,  closing device, G.  A. 

Chaddock . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Draft equalizer, W. H. Shell . . . . . . . . . . . . .  . 
Draft rigging, H. T. Krakau, reissuE' . . . . .  . 
Draw gear and buffing apparatus, M. E. 

Dayton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Drying apparatus, Olsen & Noxon . . . . . . . . .  . 
Drying frame, E. A. Messerly . . . . . . . . . . .  . 
Drying rpel, J. D. Guthrie . . . . . . . . . . . . . . .  . 
Drill. See disk drill. 
Drive pipe, J. A. and H . W. Hock . . . . . . .  . 
Dumb waiter, E. B. Everingham . . . . . . . . .  . 
Dust beater, R. O. Hammond . . . . . . . . . . .  . 
Electric circuit closer and breakE'r, T. H. 

745, 783 
745, 681 

12,178 

745, 425 
745, 51 4 
745, 641 
745,825 

745,842 
745,807 
745,434 

McQuown . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,370 
Electric currents for low potE'ntial USE', 

mpans for modifying high potential, H. 
L. Carpenter . . . . . . . . . . . . . . . . . . . . . . . . 745,715 

Electric distributing s,rstE'm, R. Thury . . . .  745,029 
Electric genE'rator, multivoltage, G. H .  Gib� 

son . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,594 
Electric light circuits, automatic cut-out for, 

R. J. Patterson . . . . . . . . . . . . . . . . . . . . . . .  745,899 
Elpctric light supporting drum, C. W. Riley 745,670 
Electric motor, G.  H .  Ennis . . . . . . . . . . . . . . . .  745, R05 
Electrical elevator, R. C.  Smith . . . . . . . . . . . 745,534 
Electrical windings from static strains, 

means for protecting, Pearson & Cutch-
eon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74�,379 

Electrode, H .  Blackman . . . . . . . . . . . . . . . . . . .  745,412 
EleCtrode for elE'ctric tube lamps, D. M. 

?tlo'lrp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  711J, ·!r,7 
Electrolytic apparatus, H .  B. Ford . . . . . . . . 745,5S8 
Elf'ctrothplmic ventilator, F. de Mare . . . . . . 745,507 
F!t.�va tor WE'H�! r,1 { <-"banism f .. L· OpdLiug I ll' 

closing gates of, J. Rashkin . . . . . . . . .  745. 384 
Engine cooling dE'vicp, explosion , R. B. 

WeuvE'r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745, 701 
Engine crank shaft. R. B.  Weaver . . . . . . . .  745,700 
Engine stE'ering wheel, traction, D .  W. Mc-

Laughlin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14;),511 
Eug-inps with px,�osiv(' mixtures, apparatus 

for supplying explosive, C .  G .  DE'an . . . .  745,578 
Engines, means for supplying water to the 

pistons of gas, H .  Richter . . . . . . . . . . . . 745, 060 
Evaporating apparatus, liquid, G. Stade . . . .  745,921 
E�eavating and dredging bucket or grap-

p1f>, C. A. MarrdE'r . . . . . . . . . . . . . . . . . . . .  745, 448 
Exhaust head, W. F. Warden . . . . . . . . . . . . . .  745, 9�9 
Explosive engine, C. R. Daellpnbach. 745, 422 745, 423 
Eye testing instrument, C. F. Kautlehot:'r .  745, 627 
Eyes, etc. , means for inspecting or testing, 

J. E .  Chambers . . . . . . . . . . . . . . . . . . . . . .  745, 784 
Farm gate, B. H. Pur sell . . . . . . . . . . . . . . . . . .  745,()6� 
Fastener, E . S.  Gardner . . . . . . . . . . . . . . . . . .  745, 813 
.... ped watpr heatE'r, circulator, and Rcummer, 

combinE'd, W. Cross . . . . . . . . . . . . . . . . . . .  745, 797 
FE'ed{'r, automatic stock, .T. M. Manifold . . . .  745,506 
Feeder, stock, C. A.  Wright . . . . . . . . . . . . . .  745,709 
Fpnce machine, wire, J. A .  Cockpr . . . . . . . .  745,480 
FpDce machine, wirE', J: W. Dwig-gins . . . . 745,801 
Fence, portable, disappearing, I. B. Abra-

ham . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 745.471 
Fence post, 1. Haws . . . . . . . . . . . . . . . . . . . . . . .  745.606 
Fpnce strE'tchE'r, wire, I .  M. WarnE'r . . . . . .  745,1)79 
File scraper, H. L. Adams . . . . . . . . . . . . . . . .  745, 753 
File, vertical, F. W. Toney . . . . . . . . . . . . . . .  745. 69:3 
Filing- case indE'x attachment. P. H . . Yaw-

man . . . . . . . . . .  . . .  . . .  . . .  . . . . .  . . . . . . . . . .  745,982 
Filter, H. Q. Hood . . . . . . . . . . . . . . . . . . . . . . . .  745,497 
�'ilter, E .  & M .  Sohissel . . . . . . . . . . . . . . . . . .  745,91 2  
Filter ('onstruction and apparatus connpctpd . 

therewith . S. H. AdamR . . . . . . . . . . . . . . .  745, 754 
Firearm , brE'('ch-loading,. O. }I'. MORshprg . .  745, �  .. r, 
Fire kinrllpr, .T.  A. Torm'y . . . . . . . . . . . . . . . . .  745, 9:12 
Fh'pproof huilding, J. S('lLllv . . . . . . . . . . . . . . .  745,91 5 
Fish cleaning machinE', Keller & Cartey . . . 745,861 
Fish hook, L. J. Hlse . . . . . . . . . . . . . . . . . . . . . 7411,4�i 
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Rolling 
Mills 

F O R  FLATTEN I N G  WIRE 
Five Sizes 

HARDENED KRUPP STEEL ROLLS 
All Sizes 

THREAD ROLLI N G ·  MAOH I N ES 
Five Sizes 

GANG SLITTING  MAOHINES 
Four Sizes 

RIVET MAO H I N ES 
Single aud Double Stroke 

WIRE FORM I N G  MAOH INES 
Five Sizes 

S P R ING  OO IL iNG  MAO H I N ES 
All Sizes 

FURNITURE NAIL MAOHINES 
EY ELET MAOHINES 
Presses of al l Descriptions 
Sub Presses and Sub P ress Tools 

B LAKE f& JOHNSON 

P • .0. Box 7 Waterbury, Conn. 

. GAS ENGINE DETAIL::!.-A VALUA-
ble and fully illustrated art' �Ie on this subject Is contained in SUPPLEMENT No. 1 292. Price 10 cents. For sale by Munn & Co. and all newsdealers. 

THE WORLD'S IlEADQUARTERS FOR 

ELEOTR I C  NOVELT I E S  and SUPPL IES 
If It's Electric W. Hav. It. W. Undersell AU. 

Battery Table Lamp 83.00 Battery Hanging Lampl0.00 Telephone complete 
2.�0 to �.91) Electric Door Bell. 1 .00 Electric Carriage J,amps �.OO Electric Hand Lanterns 3.00 $8 Medical Batteries 3.9� 

$12 Belt,with tlnspensory2."0 
�:!iF.�a!\:�3,�!�t�oo to l�:i� Bicycle Electric Lights 3.00 Electric Railway 2.' .. Pocket Flash Ligbt" 1 ... 0 Necktie Ughts , .. c. to 3.00 

Electric Hand ��tem. Send for free book. Describes 
and ill ustrates many of the most useful electric devices 
at wonderfully small prices. All practical. The lowest 
�r:.i� i�a�d

e
S:���g��1:�fo:i

n
:n�

e
:�:

l
sal!:.

en
���� for complete Information. 

OHIO ELECTRIC WORKS. CLEVELAND, O H I O  

STEAM PUMPS 
PUMPS FOR EVERY SERVICE 

l�!g�:���g
a C:e�P �g[s���?��f, �'Uk�

r
h��

r 
o�a�g�t��: condensation, vacuum, air, jet condensers, hydraulic pumps, artesian or deep well eneines. etc . •  etc., write 

U N I O N  STEAM P U M P  CO.; Batt l e  Creek, Mich.,  U .S.A. 

Western Telephone 
Manufacturing Co. 

Chicago, Ills. 
Pioneer Telephone Factory of America 
Everything in Telephone Line Supplied 

Patents ,  Trade Marks, 
CO PV R I G H TSs etc." ; 

Addrelill MUNN a co., �v,c�=�: 
omce of the SCIENTIFIC AMERICAN (' 

861 Broadway, New York. 
. Bnmch OlBee : 625 F St., Wa8hlngton, D.V. 

Hand.book Sent Free on Application. 

Scientific American 45 1 
Fish hook attaching device, C. A. Abbath . 745,751 1 .................. IiII ••••••••••••••••••••••••• � Floor plate or block, parquet, C. Amendt . .  745,554 � 
Inour, vegetable, G. Brown . . . . . . . . . . . . . . . •  745,565 
Fluid pressure, developing and utilizing, 1. I 

C. Fraley . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,589 
Flume, sheet metal, M. H. Laybourn . • . . . .  745,868 
Fly catcher, J. Schnell . . . . . . . . . . . . . . . . . . .  745,914 
Food chopper, W. H. Henry . . . . .. . . . . . . . . .  745,609 
l" ork. See Thrust fork. / Form, bust, A. M. Coleman . . . . . . . . . . . .  : . .  745,787 
Friction brake, A. E . •  Reynolds . . . . . . . . . . . .  745,386 
Fruit j ar, M .  W. Owens . . . . . . . . . . . . . . . . . .  745,375 'I· 
Fruit or vegetable cleaner, O. H. & F. B. 

Perry . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,658 

����:�:�, ����I�rt �a�::fe�� . f;��� 'id'; '���l: 745,365 ! 
ing plates or coils in blast, A. Farrell . 745,430 

Furniture trimmings, device for fastening, 
D.  W. Tower . . . . . . . . . . . . . . . . . . . . . . . . .  745,404 

Fuse block, Utley & Clements . . . . . . . . . . . . .  745,694 
Ji"'use for projectiles, delayed action, Wheeler 

& McKenna . . . . . . . . . . . . . . . . .. . . . . . . . .  745,981 
Fuse holder, electric, J. B. McCarthy . . . . . .  745,969 / Fuse, plug, J. H. Hanson . . . . . . . . . . . . . . . . . .  745,493 
Gage, J.  W. Melvin . . . . . . . . . . . . . . . . . . . . . . .  745,877 
Gage and fioat therefor, E .  L. Wickins . . . .  745,942 
Game, L. H .  Riddle . . . . . . . . . . . . . . . . . . . . . .  745,387 
Game apparatus, H .  C.  Kramer . . . . . . . . . . .  745,865 
Garbage box, T .  E. Burrough . . . . . . . . . . . . . .  745,322 
Garment hanger, C .  F.  L. Hoepfinger . . . . .  745,961 
Gas burner, W. A .  Cook . . . . . . . . . . . . . . . . . .  745,790 
Gas burner c0ntrollel', P. �\ Glazier . . . . . .  745, 818 
Gas engine, G. Westinghouse . . . . . .  745,703, 745, 704 
Gas generator, acetylene, Harger & Bald· 

win . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,603 
Gas generator, acetylene, J. J.  Hendler . . . .  745, 837 
Gas heater, J. G. Rodgers . . . . . . . . . . . . . . . . .  745, 673 
Gas manufacturing, C. W. Lummis . . . . . . .  745,635 
Gas producer, Campion & Wyant . . . . . . . . . .  745,781 
Gear, reversible driving, W. E. Gibbs . . . . . .  745,814 
Gear, reversing, E. E. F .  }"agerstrom . . . . . .  745,337 
Gearing, magneto frictional, G. H. Gibson . 745,593 
Glass articles, apparatus for producing hol-

. low, Sievert & Klein . . . . . . . . . . . . . . . . . .  745,391 
Glass, endless carrier for sheet, Frink & 

Lee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,487 
Glass, melting, J.  T .  C .  Kessmeier . . . . . . . .  745,863 
Glassware or like articles, carrier for, W. B. 

Hughes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,621 
Glucose, making, L. Roth . . . . . . . . . . . . . . . . .  745,675 
Gold separator, M. C. Wright . . . . . . . . . . . . . .  745,949 
Governor, engine, E. M. Hewlett . . . . . . . . . .  745,349 
Governor, steam engine, W. 0 . •  Webber . . . .  745,748 
Grain binder knotter, G.  W. Whittington . .  745,941 
Grain binder needle, P. H .  Bieman . . . . . . . .  745, 769 
Grain binder, twine can, P. Hansoll . 745,834, 745,835 
Grain dri.1 seed tube, L. E .  Roby . . . . . . . . . .  745,671 
Graphite or other materials from associated 

Impurities, apparatus for separating, I. 
F·. Good . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

Grinding machine, Schnelbach & Heupel . . .  . 
Grinding mill, G. A. BelL . . . . . . . . . . . . . . . .  . 
\irinding or crushing bead, V. W. Mason, Jr. 
Grinding or crushing head or roll, V. W. 

745,960 
745,677 
745,560 
745,639 

Mason, Jr. . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,640 
Guns, auxiliary barrel for breech-loading, 

V.  C. Tasker . . . . . . . . . . . . . . . . . . . . . . . .  745,464 
Guns, single· trigger mechanism for double· 

barrel, O. H. Peak . . . . . . . . . . . . . . . . . . .  745,657 
Hame fastener, R. Dodson . . . . . . . . . . . . . . . .  745,485 
Hammer, L.  S. Starrett . . . . . . . . . . . . . . . . . .  745,973 
Harness, W .  Horning . . . . . . . . . . . . . . . . . . . . . .  745,440 
Harrow, disk, J. W. Ingle . . . . . . . . . . . . . . . .  745,727 
Harrow', riding, R. H .  HartzelL . . . . . . . . . . .  745, 836 
Harvester ejector attachment, W. M. Piatt 745,902 
Harvesting and cleaning root crops, machine 

for, J. L. Timmons . . . . . . . . . . . . . .  '. ' . . .  745,931 
Harvesting machine flag or wind break, P. 

Hanson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,831 
Harvesting machine knife head, G.  WilSon . 745,947 
Harvesting machine twine can, P. Hanson, 

745,832, 745,833 
Hay rake, horse, G. Wilson . . . . . . . . . . . . . . . .  745,946 
Hay sling, W. A. Law . . . . . . . . . . . . . . . . . . . .  745,360 
Head protector, I. Seitzmall . . . . . . . . . . . . . .  745,530 
Heat Indicator, J.  T. Smith . . . . . . . . . . . . . . . .  745,740 
Heat interchanger, G. R. Jarman . . . . . . . . .  745,499 
Heel attaching machine, F. l!"'. Raymond, 2d 745,971 
Heel pad, elastic, W. C .  Corman . . . . . . . . . .  745,793 
Heel, shoe, L. F. Small . . . . . . . . . . . . . . . . . .  745,393 
Hide working machine, A. A .  Hutchinson . .  745,353 
High or low water alarm, R. C. Blake . . . .  745,317 
Hinge, T. B. McCready . . . . . . . . . . . . . . . . . . .  745,887 
Hinge, spring, A. F. Enquist. . . . . . . . . . . . .  745,428 
Hinge spring, C .  H. Ocnmpaugh . . . . . . . . . .  745,891 
Hitching device, J .  M. Fair, Jr. , et al. . . .  745,808 
Hoeing machine, J. E .  Hickey . . . . . . . . . . . .  745,610 
Hog catcher, H .  O. Carns . . . . . . . . . . . . . . . . . .  745,323 
Hoisting bucket, A. E .  Norris . . . . . . . . . . . . . .  745,653 
Hook. See Anode hook. 
Horseshoe, J. R. Holland . . . . . . . . . . . . . . . . . .  745,844 
Hose coupling, W. W. Gibson . . . . . . . . . . . .  745,815 
Hub lubricating device, vehicle, A. F. Rock-

well . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,525 
Hydrocarbon burner, A. L. Merl"�ll . . . . . . . . .  745,880 
Ice-making machinery, W. J. Woodcock . . . .  745,548 
Ice, producing plate, W. J.  Woodcock . . . . . .  745,549 
Incubator, electrical, J!'. C .  Perkins . . . . . . . .  745,458 
Induction motor, D .  M .  Bliss . . . . . . . . . . . . . .  745,772 ' 
Ink fountain, Richardson & Wilcox . . . . . . . .  745,668 
Insect trap, G.  A. Martin . . . . . . . . . . . . . . . .  745,364 
Insecticide, J.  H. & J. E. yelvington . . . . . .  745,950 
Insulator for handled " vessels, heat, C. K. 

Decherd . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,331 
Invalids, warming device for use by, E. H. 

Coa tes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,785 
I roning board, P.  A. Rasmussen . . . . . . . . . .  745,907 
I roning board, S .  J. Brown . . . . . . . . . . . . . .  745,955 
Jar caps, means for fastening, R. Murr . . . .  745,647 
Jewel gaging machine, D. H. Church . . . . . .  745, 417 
Key mechanism, silent, M. Kpllogg . . . . . . .  745,356 
Keyboard attachment for stringed instru· 

ments, 111 . G. Baker . . . . . . . . . . . . . . . . . .  745,557 
Knife attachment, G.  E .  Crosley . . . . . . . . . .  745,795 
Knitting machill{�, fL D. Mayo . . . . . . . . . . . .  745,449 
Knotter, R. W. Hunton . . . . . . . . . . . . . . . . . .  745,623 
Lace fastener, M. P. O ' Connor . . . . . . . . . . . .  745,890 
Lace holder, F.  D. Davies . . . . . . . . . . . . . . . .  745,577 
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Ladder, extensioil, Zi{-gler & Betzner . . . . . .  745,750 
Ladder, extension step, H. E. Bruno . . . . . .  745,320 
Lamp, R. M. Dixon . . . . . . . . . . . . . . . . . . . . . . . .  745,583 
Lamp, G.  Washington . . . . . . . . . . . . . . . . . . .  745,698 
Lamp, electric arc, H. Bmonds . . . . . . . . . . .  745,427 
Lamp, electric arc, R. Hulsart . . . . . . . . . . .  745,622 
Lamp for liquid hydrocarbons, incandescent, 

R. E .  Walther . . . . . . . . . . . . . . . . . . . . .  . . 
Lamp hanger, Lindsay & White . . . . . . . . .  . 
Lamp igniter, electriC, Lind & Carlsson . . .  . 
Lamps, etc . ,  heating attachment for, G.  

Watson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745, 699 
Lantern, R. Black . . . . . . . . . . . . . . . . . . . . . . .  745,770 
Last, Winchester & Greenlaw . . . . . . . . . . . .  745,407 
Last, A. Norman . . . . . . . . . . . . . . . . . . . . . . . .  745,652 
Latch, N. Erickson . . . . . . . . . . . . . . . . . . . . . .  745,720 
Latch, gate, D .  Y. McRae . . . . . . . . . . . . . . . .  745,970 
Latch, shutter, C .  H. Haggerty . . . . . . . . . .  745,492 
Lathe dog, A. Tindel . . . . . . . . . . . . . . . . . . . .  745,977 
Lathe tool rest, H. M .  Darling . . . . . . . . . . . .  745,576 
Launch spray hood, C .  H .  Paine . . . . . . . . . . . .  745,656 
Lavatory arparatus, T.  O. Potter . . . . . . . .  745, 661 
Ledger or binder leaf, Bakel' & Winfield . .  745,475 
Letter box, E. F. Wallace . . . . . . . . . . . . . . .  745,938 
Lever controller, G.  Baehr . . . . . . . . . . . . . . .  745, 760 
Liquid dispensing vessel, J.  F.  Medley . . . .  745, 876 
Liquid raising apparatus, V. Sch waninger . .  745,529 
Loading or unloading apparatus, C. A. Long 745,362 
Lock, C. Reiger . . . . . . . . . . . . . . . . . . . . . . . . . .  745,664 
Locomotive tender, H. J.  Small . . . . . . . . . .  745,392 
Log carriage cushion, H. G. Dittbenner . . . .  745,582 
Loom, filling replenishing, A. M. Marcoux . .  745,363 
Loom, filling replenishing, E .  S .  "Tood . . . . . .  745,408 
Loom fork grid clearer, B. F.  S. Austin . . .  745,473 
Loom, swivel, J. Wadsworth . . . . . . . . . . . . .  745,538 
Lubricator, B. M. W. Hanson . . . . . . . . . . . .  745,435 
Lubricator, H. S.  Burrell . . . . . . . . . . . . . . . .  745,567 
Magnetic composition and making same, R. 

A. Hadfield . . . . . . . . . . . . . . . . . . . . . . . . . .  745,829 
Mail box, W. A. Wheeler . . . . . . . . . . . . . . .  745,749 
Mail dplivery apparatus, suburban, N. S. 

Howell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,498 
Manifolding pad, C. H. E. Boughton . . . .  745,713 
Malting and drying upparatus, F. H. C. Mey 745,366 
Markpl', .T. H .  K ocks . . . . . . . . . . . . . . . . . . . . . 745,629 
Measnrl:'Tnt�nts for garmputs, appliance for 

taking, H .  W. Hilder . . . . . . . . . . . . .. . 745,841 
M�asurin� (It'vice, J. �'ritscbe • • • • • • • • • • • •  745,811 

"STAR." LATH ES 
FOOT AND POWER 

High.grade screw-cntting engine Lathes, with 
forged crucible steel hollow spindles, phosphor 
bronze bearings, gear-driven reversible feeds with 
strong friction drive in apron, our patented spring 
nuts which allow quick shifts of change gears. also 
Draw·in Chuck, Gear·Cutting, Milling and Taper 
Attachments if desired. 

Suitable for electrical and repair work, model 
makers, gunsmiths, technical schools and fine, ac· 
curate machine· shop and tool-room service. 

Ask for COMPLETE DESCRIPTIONS. 

THE SENECA FALLS MFG. CO. 
9 �n. and I I  !n. "STAR" Foot Lathes 
9 Itt. to 14 Itt. Power Lathes 

SINGLE BARREL 
SHOT 6 U N  

. .  The hlgh.grade single Iroo ." 
Simplest " take-down " gun made. Top 

snap ; center hammer ; rebonnding lock. 
12, 16 and 20 gauges ; automatic and non .. 
ejector styles. Your dealer can supply 
or we will sell to you direct. 

Illustrated Catalog tells about onr com
plefe line-FREE. 
Harrington &' Riohardson Arms Co. 

Dept. S, Worcester, Mass. 
Makers of H. & R. Revolvers 

WffiELESS TELEGRAPHY.- SCIEN-
TIFIC AMERICAN SUPPLEME"T Nos. l '.n :l. 1 3'J7', 13 '�S and 1 3'J9, contain ·,llustrated articles on this 
subject by G. Marconi. Additional illustrated articles 
by other authors are contained In SCIENTIFIC AMERI_ 
CAN SUPPLEMENT Nos. 1 1 'J4 . 1 1 31 , 1 1  " ,  j 1 9'J, 
1 2 1 ' ,  l 'J l S, 1 2 1 9 and 1 31 . .. . These papers con· 
stitute a valuable treatise on wireless telegraphy. Price 
10 cents each from this office. and all newsdealers. 

· M DRRILt:S �H E:RCULE:S .. PUNCH 
WILL PUNDH A i" INCI-I I-I O LE -rHRO "IB SAUGE SI-IEET IRON 

S I M PLE I N  OPERATION 
INEX P E N SIVE 

D U R A B L E  

I N T E R CI-IANGEABLE
' 

C O N V EN I EN T. 

THREE SIZES OF O I E S  WITH EAC� PUNCH 
WR I T E  FOR FURTHER I N F O R M AT I O N

-
T O  

CHAS.MoRRILL, 271 BROADWAY, NEW_YDRiC':"' _ _  

Puts a Light Wherever 
Wanted ! 

The Electrogrip fits the socket 
of any suspended electric light 
and is readily attachable to any 
small projection. Non-condnc_ 
tive, self-locking a n d  cannot 
slip. Increases the nsefnlness 
of lamps on D e sk s, Tables 
Counters, Type Cases, in Sho� 
Windows. etc. Price IS cents 
each. Discounts on qnantities 
and to the trade. We want 
agents-everybody using elec
tric lamps will bny these fix
tnres. 

THE APPLI E D  D EVICE CO.,  

Springfield ,  Mass. 

We supply the Amateur 'I'rade snd our prices are lowest. 

DYNAMOS & MOTORS 
from 81 .00 op 

Hustler Motor 81.00 
Midget Dynamo . • . • • 4..�0 
Medical Batteries . •  90 to 4..liO 
Telegraph Outfit . • . • . 2.2li 
Miniature Lamps • . " .3� 
Bell Ontfits . . • • • • • 1.2� 
Motor Parts . . . • . • .  ." � 
Push Bntton. . • • . • •  .12 

We want agents and can give them large commissions. 
. C. & T. ELECTRIC COMPA N Y  203 West Fayette St. Syracuse, N. Y. 

656 Water St., Seneca Palls, N. Y., U. S. A. 
(78) 

A Dol lar's Worth 
of 5·1nch full we.lght 
RESAGOS 
HAVANA 
CIGARS 

We sell  you Havana Secundas 
CIgars wit1:i the profits of sales. 
mall, jobber ann dealer cut out. V\r e can sell you Ha.'ana. cigaY'S 
that caunot be dUflicated for 
double the price. •• I this is true! 
!lgh7! 

in�:�ne:;�v!U� sW';ap �l 

a doBar, send .it to us, and we wiIi 
send 

25 RESAGOS 
Fine Havana Cigars 

All chal"ges prepaid. Smoke 
some at our expense. If you 
don't like them, return to us. ::rn pay the express both ways, 

YOUR MONEY BACK 
I f  not satisfactory. 

we ";::;�\���� ]t:���e:� risk because 

We makl;' Hayana Cig-ars exclusively. 
We sell to fastidious individual smokt-rs 
an\\·��!�fe�l��j�:!hi�t ��e�: :;�a:� 
first factory in the world to do it and have 

a reputation for high-grade goods that coverS 
the country. 

GentJem('n : 
I like these clg-ars very much. 

you may send me 800 La Reclama " Re
sagos " cigars. I inclose draft for same, 
also $4.00 for the first 100 that you sent 
me. yOuM��.

I1iossiter, Cashier 
State Bank, Si.lver Creek, Neb. 

1ib:�t:p!�rall�ffe
t:aa��d :��:l�ta��a�':j�fg� 

from *4 to $15, includ� our handsome com-

�::i�� a:;�-;nf�; J\ m as G ifts 
The old 

La Reolama Cuban Faotory 
Established 1875 

1 878097 First Av., New York Cilp 

ELECTRIC LAUNCH MOTOR. - THE 
desi� in ,this paper is for a motor of unusual simplicity 
of construction, which can e

a
sily be built by an amateur 

at small cost. It is intended for a boat of about 24 feet 
over all and 4 feet 6 inches beam. drawlnR' 18 inches, and 
�e�ag���� °1IY��rre,!l��

g �f�: �a�ut:. 
a SSe

e
:

d
8glEk:r���� 

AMERICAN SUPPLEMENT, No. 120�. Price 10 cents by 
mail, from tbis office. and from aU newsdealers. 

En�?::�i�!vU.!�.��ec�!kal ����ng ; DmHm •• 
Architecture, Mining; Metallurgy, etc. Not only trade courses, but 

thorough preparation for all branches of engineering work, such as is given in the 
best technical schools. Instructors are all college graduates. Life scholarships on 
easy payments. Spare-time study alone required. Established 1893. A .university 
on the correspondence plan ; usual collegiate degrees conferred. Write to-day for 
illustrated booklet containing extracts from letters of students and graduates. See 
below what they say. 

D O U B L E D  H I S  S A l. A R Y  
From Arth'lM' A. Aust, Johnstown, Pa.-" Your conrse is doing a great deal for me. The theory obtained 

from you, together with the practical experience gained, have enabled me to double my Ba.ary." 
FrO'Tr. B. G. P08', Nashville, Tenn.-" I am at present employed as resident engineer. I must thank you 

for the thorough and efficient train1nJl' you gave me." 
Ji'rom G .  W. Herkart, E

a
st Orange. N.  Y.-" I am so well pleased with your treatmen� and instrnction that if I can find time 1 will take a course in higher mathematics 

a
lso." 

NATIONAL CORRES PONDENCE INSTITUTE 
66-73 Second National Ban� Building W ashington, D. C. 

© 1903 SCIENTIFIC AMERICAN, INC
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WOOD or METAL Worl{ers ..... .....!!!! 
Without Steam Power should 
IIBf' our Foot and Hand Power 
�ery. Send for Catalogues 

.t···Woad.working l!rachiD0I)'. 
B-Latll.es, etc. 

Sl!Nl!GA FALl.S MFO. CO. 
695 Water SI •• &nec:a Falls, 

Engineer Wh.en an 
TALKS ON BELTING 

he  usually speaks frow experience and therefore knows that 
S(bieren Belting 

I S  THE BEST We know it's the best on 
�;8:nV:���Swi�r. i�: best on account of the it works. You'll it's the best if you our "Dixie Helt Book." Shall we 

CHAS. A. 8CHIEREN & CO. 
N E W  YORK : 52 Ferry St. PrrrsBURG : 243 Third Av. 
CHICAGO : 92 Franklin St. PHILADELPHIA : 228 N. Third St. 
BoSTON : 192 Lincoln St. DENVER : 1519 Sixteenth St. 

HAMBURG : Pickhuben 4. 

New Type 
2-Cycle Motor PATENTED. Range of Speed. 200 to 2.000 Revolutions. 

H. P .• Auto. or Marille, 100 Ibs. H. P. Auto. or Marine, 175 lbs. Manufacturers in search of the best should address 
CUSHMAN MOTOR CO •• 

__________ L_I_·ncoln, N"braska. 

GAS ENGINE 
16NITERS 

BEST MADE. 
For Marine, Automobile or Stationary 

Engines. Fully Guaranteed. Write for 'Circular. 
The VarU.le & Finch (Jo., 

233 E. Clifton Ave.. Cincinnati. Ohio 

./I Desirable Holiday Gift. 
DRA PER'S 

Recordin! Thermometer 
co���ii��u�u�����C�lr� �r��t t�� peJt;;:d:��z�lr::::lal�flyw:��7�r:�: 

T H E  DRAPER M F G .  CO.  1 52 Front  St . .  New Yo rk 
Makers of Recording Instruments. 

to register reciprocating 
movements or revolutions. Cut full size. 

Booklet Free 
VEEDER MFG. CO. 

Hartford. Conn, 
Cyclometers Odometers, 
Tachometers. OounteTs 
a'lld Jilin< OastA!ngs. 

FRICTION DISK DRILL 
FOR LIGHT WORK. 

Bas TheRe Great Advantages: 
The speed can be instantly changed fron:1 0 to 1600 without 
stopping or shiftlDg belts. Power applIed can be gTsduated 
to .d1"ive, with equal ssfetY

l 
the smallest. or largest drills 

;
i
!�: 1: d�ill�r�ak���der tTCs���Io�n c��io::!. 

great 

W. F. & JNO. BARNES CO., 
Established 1872. 

1991r Ruby Street, 

T H E  M I ET�z.�� EISS KEROSENE 
1 to 60 H. P .  and GAS ENGINE 

bums KEROSENE cheaper and 
�e;le��liat�

lllN'o el!c��i���� 
tery or flame used. Perfect regula-
�i;��!

e
l:i1e��t��e]l�hti:;;�� 

mg storag� batteries, pumpmg and 
all pow

r. PM:fE1�: 
12S-138 MaTI' ST., NEW YORK. 

ADOPTED BY 
U. S. GOVERNMENT. 

Highest Award, direct coupled 
Generator Set, Paris ExpositlOn,1900. 
Gold Medal. Pan -American Ex

position, 19(11 . Gold Medal. Charleston, S. C., Exposition, 1902. 

MONOPLEX 
TELEPHONE  

I NTERCO M M U NICATING 
$4.00 each 

'S: �:::k��
t 

�
n
b!()�:�/

e
�a:r:n!�:�l'\T�:

n
:n�

o
;e:� 

���li�e:.
d 

��r:d
t
�:rs c���uf�:i�e��ti��Y&�� s

c
;: 

tems aud the advantage of our instruments. 
Price, 7' Station Instruments, '4:.00 each 
Price, 11 Station Instruments, 4.50 each 
Price, 2 End Instruments, 2.50 each 

A.TWA.TER KENT MFG. WORKS, 
110 N. 6th St .. Philadelphia, Pa. 

B. F. B A R N E S----.. 
E L EV E N - I N C H  SC'R EW 

C U TT I N C  LAT H E  

Scientific Alnerican. 

Meat case, dried, G. W. Holman . . . . . . . . .  74fi.84fi 
Mechanical furnace, J. Armstrong . . . . . . . .  74fi,757 
Metal flooring machine, A. L. Cole . . . . . .. . 745,786 . 
Metal flanging machine, T. Rets . . .  , . . . . . .  745,66fi 
Metal working tool, A. Tindel • • • • • • • • • . • •  74fi,976 
Metals from ores, extracting, E. B. Hack . 74fi,828 
Metallic structure, W. H. Clarke • • . • . . • •  74fi,570 
Metallic tie and rail fastener combined, 

Herrold & Orr . . . . . . . . . . . . . . . . . . . . . . . 745,838 
Meter. See Current meter. __ 
Microscope, A. F. Edney . . . . . . . . . . . . . . . . 745,584 
Milk bottles, etc. , cleaning and sterilizIng, 

Adams & Rice . . . . . . . . . . . . . . . . . . . . . . .  745,752 
Milling and key-seat cntting machine, T. 

J. Bloss . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,414 
Milling machIne, J. B. Foote • • . • • • . • • • . .  745,431 
Mirror or electric lamp bracket, B. F. Ord· 

way . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,374 
Mixing apparatus, J. W. Tierney . . . . . . . . 745,930 
Molder's slick, L. A. Schulze • • . . • • . • • • • •  745,679 
Molder'S tool, L. A. Schulze . . • . . • . . • • . . . .  745,678 
Molding and casting apparatus, J. R. Mc· 

Wane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
Mortar and muller for grinding, crushing, 

and mixing ores, chemicals� etc, T. 
Breakell . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

Motion transmitting device, Gang & Hart . 
Motor stopping apparatus, electrically con· 

trolled, B. G. Barlow . . . . . . . . • • . . . . . • . 745,763 
Motors. controller for alternating current, 

A. Sundh . . . . . . . . . . . . . . . . . . . . . . . . . . . . 745, 
Music sheet punching apparatus, B. Meyer. 745,881 
Musical instruments, interchangeable roll for 

mechanical. B. B. Juleg . . . . . . • . . . .  , . •  745,500 
Musical instruments, wrest plate for string· 

ed, H. Hornbeck . • . . . . . . . . . • • • . . . • . . • 
Nail making and drivIng machine, W. B. 

Lang . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Nebulizer and means for attaching same to 

supporting tanks, W. & J. BoekeI . • • • • 
Necktie, J. Bernstein . . . . . . . . . . . . . . . . . .  . . 
Necktie fastener, J. E. Glahn . . . . . . . .  . . 
Nipple holder, W. Griffiths . . . . . . . . . . . . .  . . Nitro product, Edeleanu & Filiti • • • • • • • • • Nut lOCk, L . .  N. Everett . . . . . . . . . . . . . .  . . 
Nut lock, J. D. Reed . . . . . . . . . . . . . . . . . .  . . 
Oar, bow faCing, W. Lapacz . . • • . . • . . • . . • •  
Observation plate, transparent refractory, 

. E. Thomson . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Odometer, E. B. Hathaway . • . • . • . • • • • • • •  
Oil burner, J .  R. Donnelly . . . . . . . . . . . . . . .  . 
Ore concentrator, E. W. Keeler . . • • • • . . • •  
Ore conveyer, McCain & Grierson • • • • • • • •  
Ore crushing machine, H. Yarnell . • • • • • • • 
Ore roasting furnace, A. M. Beam . . • • . . • •  
Ore treating apparatus, W. H. Adams, Jr • •  
Packaging apparatus, A. L. Bolton . . . . . . . .  . 
Packing for pistons, metallic, Perks & Birch 
Packing, piston rod, M. Montgomery • . . • • •  
Packing, pinton rod, G. M. Ried • • . • • • . • • •  
Packing, rod, C. B. Risley . . • • . • . . • . • • • • •  
Paddle wheel, L. Vojacek . . . . . . . . . . . . . . .  . 
Pall fastening and sealing device, B. G. 

Cordley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,418 
Painting and cleaning apparatus, E. Veglard 

dit Labonte . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Painting machine, shingle, B. F. Smith . •  
Paper cutter, G. W. Perks . • . • . • . .  745,516, 
Paper cutters, etc . ,  gage for, F. Sholes . •  
Paper exhibitor, wall, W. J. Tway • • • • • •  
Paper package, rolled, F. H. Hoberg • • • • • •  
Paper trimmer, A. J. Perks . . . . . . • • • • • • • •  
Partition and furring, W. N. Wight . . . . . . 
Pen, self-ftlling fountain, R. Conklin • • • • • •  
Phonographic apparatus, J. Castelin • • . . • •  
Phosphorus and _sulfur and making same, 

compound of, E. W. Wheelwright • . • •  745,546 
Photograph exhibiting device, A. Battrem . 745,605 
Photographic developIng apparatus, A. Bartol 745,558 
Photographic dry plate releaser, G. J. Stage 745,922 
Photographic objective, Zschokke & Urban . 745,fi50 
Piano key frame adjusting device, R. G. O. 

Muller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,509 
Plano tuning apparatus, D. Long . . . • . . . • .  745,634 
Pianos, expression device for self·playing 

attachments for, J. Wieser • . . • . . • • . •  745,944 
Pianos, pedal for selt-playlng attachments 

for, J. Wieser . . . . . . . . . . . . . . . . . . . . . . .  745,943 
Picture mechanism, moving, F. B. Cannock 745,956 
Pin. Sep Clothes pin. 
Pipe joint, swivel, J. A. Connelly . • • • . • . •  745,482 
Piston cylinder, L. C. Kiser . . . . . . . . . . . . . •  745,729 
Placket fastener, A. D. Bell . • . . . . . . . . . . .  74fi,766 
Plant protector, W. G. Smith . . . . . . . . . . . . . 74fi,39fi 
Planter and fertilizer distributer, seed, W. 

F .  Edwards . . . . . . . . . . . . . . . . . . . . . . . . . .  745,335 
Plaster, means for stiffening wire, B. L. 

Kubbernuss . . . . . . . . . . . . . . . . . . . . . . . . . . . 745,446 
Plow, J. W. Hoskins . . . . . . . . . . . . . . . . . . . .  745,850 
Plow, stlrrln.:, n. H. Giger . . . . . . . . . . . . . . .  745,816 
Pocket, supplemental coat, J. A. Sweeney . .  745,927 
Polishing machlnp, E. J. Murphy . . . . . . . . .  745,646 
Pottery tissue and producIng same, E. Seidel 745,300 
Powder puff. E. M. Huot . . . . . . . . . . . . . . . •  745,624 rower transmitting apparatus, J. H. Bar-

nard . . . . . . . . . . . . . . . . . . . . . . . . . • . . 745.952, 745,95ll 
Precious metals, extracting, T. J. Grier . .  741'1. 4'10 
Pr�ssure gage, M. I,uscomb . . . . . . . . . . . • . .  745,IJl6 
Prlmer, C. A. Railey . . . . . . . . . . . . . . . . . . . .  745,761 
Prinh'r's block, W. S. Tlmml. . . . . . . . . . . .  745,467 
Printer's form, F. C. LPethem . . . . . . . . . .  745,869 
Prln�ng machine delivery mechanism,

. 
G. 

Printing
R
:;,

a
a�hi';e ' 

��gi"t��' g���; '��b, ' T. · (10's: 
745,385 

• sar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,572 
Prmtlng press feedln/t gage, W. H. Bradley 745 ll1 8 
Propeller. H. C. Ingraham . . . . . . . . . . . . . . . .  745:81iH 
Propeller, screw. J. B. Macdu1l' . . . . . . . . . .  745.871 
Propulsion mechanism, vessel, H. H. Little. 741\.7H2 
�"ney, exnansible, Peters & May . . . . . . . .  741\.llSI 

u ey, split, J. E. Thron . . . . . . . . . . . . . . .  741\.928 ;,Pulverlzer. W. M. Wheildon . . . . . . . . . . . . . .  745.705 
Pump goverr.or, air, S. B. Stewart, Jr . . . .  745.683 Pump, rotary, Johnson & R{'eves . • . . . . . . . .  745, RE'i7 
Punching and shearIng machine. A. A. Koch 745.628 
�afI dnstlng machine. E. T. S. Thayer . . . .  745.743 

a jOint, G. A. Pack . . . . . . . . . . . . . . . . . .  745,894 
Rail system, sectional third, W. B. Potter. 745.:l8ll 
Railway contact box. electric, W. M. Brown 740.778 

• Railway, electric, W. B. Potter . . . . . . . . . .  745,382 
Railway fog Signaling apparatus. detonator 

holder or clip for use In, H. F. Clayton. 745,:128 
Railway joint, C. W. Dake . . . . . . . . . . . . . 745,330 
Railway repair and defect card holder, A. 

. M. Goodwin . . . . . . . . . . . . . . . . . . .  745,597, 745.598 
Rallway, rope,. R. Pfaffenbach . . . . . . . . . . . •  745,659 
Railway safety .devlce, inclined, S. E. Jacl,-

man . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70i5.962 
Railway system, electric, F .  W. Hlld . . . . . .  745,436 
Railway system, third rail, W. E. Wray . .  745,708 
Railway · tIe. W. H. Stults . . . . . . . . . . . . . . . .  745,686 
Railway track structures, templpt for use 

in the manufacture of, N. W. Berkley 
Ratchet wrench, Muskett & Flint . . . . . . .  . 
Ratchet wrench, reversible, L. C. Snyder . .  
Reamer, F .  P. Souder . . . . . . . . . . . • . . . . . . . .  
Refrigerator alarm, Varin & Buyers . . . . . . .  . 
RefrIgerator drIp catching device, A. Bernier 

. Relays, balancIng, H. M. Sntton et al . . . . .  . 
ReSisting device, G. Baehr . . . . . . . . . . . . . .  . 
Rlfi{'s, practicf" barrel for, P. Bergersen . .  
Rolling pin, W. L. Stanley . . . . • . • . . • . . . •  
Rope cutter, T. C. Rogers· . . . • . . . • . . • . . .  
Rotary en��ne, H. T. Allen . . • . . . . . . • . .  
Rotary en� i '1e, W. H. Greene . . . . . . . • . . .  
Rotary motor, A. Patschke . . . . . . . . . . . . .  . 
Rule planing apparatus, H. C. Hansen . . .  . 
Sand blower and brake attachment, J. D. 

Half the value of an accurate I 
watch movement, like this one, 
might be lost in a poorly made, 

pretended gold case. That 
is why we make complete 
watches ; honest cases, fitted 
to fine movements ; both 
made in our mammoth fac
tory-largest in the world. 

• CIA ccurate-to-tke-Second" 

bear copyrighted names, engraved on the 
works, and our gold cases have stamped 
on the inside : 

Our 
Trade 

Marks 

Send for free book, "Tbe Care of a Walch .. 
it will give you important information a�d tell you what to ask your dealer for. 

' 

DUEBER.HAMPDEN WATCH WORKS, 
66 Soutb 51., Canton, O. 

• ••••••••••••••••••••••••••• 

• .-. '- ®+ · .• � 

. • fT ..... u'" • • • • • 
. , . : COMBINATION SOREW DRIVER : • 11.25 up. Send for particulars. • • Catalogue No. 17 B of Fine Tools free. • • TIlE L. S. STARRETT CO., Athol, M ..... , U.S.A. • ............................ 

THE  BU ICK  4-CYCLE 
ENG INE 

has less parts than any other 4. cycle engine made. Has been on the market for six years. and has given absolute satisfaction. It is un excel. led for simplicity and ease in starting-any person with ordinary intelligence can run it. Has given such good sat i s f a c t i o n  that w e  have been compelled to increage 
o u r  f a c t o r y  three t i m  e s. Guaranteed in every r e s p e c t. Write for free catalogue. 
THE B U I C K  MO TOR 

C O M PANY 
Detroit. M ich . ,  U .  S .  A .  

FLY P A P E R S. - l!'ORM UL A S  FOR Sticky Fly Papers are contained in SCIENTIFIC AMEll ICAN SUPPLEMENT Nos. 1 41 .. , and 1 3'l 4 .  Each i "sne 

����e�:ri�r�o���R�ewBa:.�y:r;� cents each, flom 

ERWOOD 
YISIILE WRitING 
241 BROADWAY·Ntw rORK 
You c an see 
that we' re ri ght 

.because 
You can see 
whfit· you·.wri te . 

"Send for 
catnlogue. 

DECEMBER 12, 1903. 

Choice Hol iday Books 
>l' >l' >l'  

Home Mechanics 
for Amateurs 
ThiS book has achieved an unparalleled success in one week. and a Special Edition of 4,000 copies has been ordered. It Is oy far the largest and best book on the Sllb\ect ever olfered at 

l',�-: �o o':af�\'lit'!:s t�g: 
���::!J-;'��:'::'�y ����n prove of value to you-
�!CbD�O[�ut�:�¥tu ;�,:!; bands. Send for a circular atvin� contents-the circu� lars costs only a. cent -the book $1.50 postpaid. If the book conld meet you face to face you wonld be the first to purchase. The flrst lar!(e edition is almost gone, order. to-day. 

3'70 Pages 326 Illustrations Price 81.liO 

REVISED and ENI.ARGED EDITION 
The Scientific American 

Cyclopedia �:::E.:;� 
15,000 R.eceipts. 7:}4 Pages. 

Price, 8 ... 00 ill Cloth. 86.00 in Sbeep. $6.liO 
in Half Morocco. Post Free. 

This' work has been revised and enlarged, 
900 New Formulas. 

The work is so arranged as to be of use not only to the speCialist. but to the 
leneral reader It shonld 
h��ee �JD� 1 ���k:�O�:erx circular containing f u l l  
Table of  Contents will be sent on application. Those who already have the Cyclopedia may obtian the 

1901 APPENDIX. Price, bound In cloth, ,LOO 
postpa.ld. 

TWENTY�THIRD EDITION 

EXPERIMENTAL SCIENCE. 
By GEORGE n. HOPKINS 

Revised a'lld GreaUli Enlarged. 2 Octa'VO' Volwmes. 1,100 P/lj/es. 900 LllustTations. Cloth Bo'Una" P08tvalti, $5.00. Half Morocco, Postpaid. $7.w. Or 
Volumes Sola SepaTatel;y : Oloth. $3.00 

per Volume ; Half Morocco, $4.00 peT Volwme. 
. 

EXPERIMENTAL SCIENCE Is so well known to many of onr readers that it Is hardly necessary now to 
ffir: W�Pl<�e���Pfrtg;ki�! 
��it\'i,'t,.t s�f'�oriw�nt�: 
�:�e:�ftloi�f�i.���gr: in order that .. be many wonderful discoveries of mOdern times might be fully described in its 
�gft��n :�c"pJ:ITs��� wonde rful develop ments in Wireless tele-
E���hYbeei,"r m:a:.oPI1't was necessary. tbere· fore, that a good deal of new matter should be u.dded to the work in order to make it thor-
�W:iti�g-£j��ai�'J:: ;. some 200 paJ[es bave been added. On account of the Increased size of the work, it has been necessary to divide 
it into two volumes handsomely bound in buckram. 

A Complete Electrical Library. By PROF. T. O'CONOR SLOANE. 
An inexpensive library of the best books on Electricity. Put up in a n e a t  f o l d i n g  bOX, 8S shown in cut. li'or the student. the amateur, the workshop, the e]ectTical eng in e e r ,  schools and colleges. Comprising five books. as follows : 

Arithmetic of Electricity ' 
138 pages, • .  . $1.00 E�;:�.� 

:'0: ��k�"lgg 
How to Become a Suc-�:i'!�1 

.
E�e�r�ci�$l�� 

Standard Electrical Dictionary, 682 pages, $3.00 E�a"i��':'t: �i�p�ifled$l.� and over 450 .{li�u8tTltt�on;,: 
A va!uabw and mdisptnsabw addition w eve"ll lilm,f'//. 

th'!',!�o�er:v"etv��:':�� ��:J,;;;;V���� s�nglJ':�r�g 
:�t��e[d��teerU��t���o�,C!�Sr�ils��:r:lojf:::rn��� 
Price of $ii.OO for the complete set. The regular price of the flve volumes is $7.00. 

GAS, GASOLINE AND 
OIL ENGINES 

By GAR.DNER. D. HISCOX. M. E. 
365 Pages. LaTge Octavo. IUustrated with 2'l0 Hand80me 

Eng1'alJings 

Price 8�.liO 
sand

S
���ng ' iipp���t��,"T�;';;e"'' '&' 'T�i��;' : : The only American book on an interestlnjf subject. 

Sash fastener, McElwee & Lowthorp . . . . . !�\\�� f';�:��� ltfo:���� '!..�odu�:�ee �1������� 
·�!�mNl�

k
i . 

J
ca�erf

e
���� . : : : : : : : : : : : : : : : :  �lso chal!ters on Hor�eles" Vehicles, Electric Lijfht-

Sawmill carriage stop, A. Niedermeyer . . . .  ��ar:-ctrme PropulSIOn, etc. Revised and much 
Sawmills, upper saw guide for band, H. G. 

Dlttbenner . • . . • • . . . . . • . . . • . • • . • • . • • . . .  745,581 or F .. ll dese,"lptoiAJe circulaTS of above bookA will be maile/J 
Scale, spring, W. F. Stimpson . • • • . . . . • . . •  745,684 free upon applicattofl. 

For foot or power as \Scarf and scarf pin securing device, L. von M U N N &. C O . ,  

���!"
d
feed

H
:�d �;�� s��r�a��e�

o

::,
pe

�w:
n
h�e��:i:�d�· ,� 

. .  
�j:.:�:r�·:�G:·y�·I�·d�'����bo�' r�·g�·.:.·.:.· �· '�'.:.'.:.' :.' �������������������������P�U�b�Ii�S�h�e�rs�,�_��3�6 1  Broadway, New York. ponnd rest. A strictly high grade. ·modern · 

�'lt°!;att:� us for prlnt- F 0 'R E I .G N C A P I T A L  ,�.'.I�� •• ' B. F. BARNES 
C O M PANY, NUf AFPBCTBD BY AnEIUCAN CONDITIONS 

Rockford, III JAMES S. WHITE. · 61 · Wall 

To enable own .. rs of approved pr"perties to 
D E V E L O P - E X T E N D - E Q U I P  

I N  D O S  T R I A L S ,  It A I L W A Y S ,  M I N E  S 
alld similar enterprises. Adtl.ress. wiIIh full details" 

Street. NEW . YORK 
. 

© 1903 SCIENTIFIC AMERICAN, INC
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Once 
a day our Gov

ernment Observers tick 
the correct time to thousands 

over the wires. 

tick it continually to millions. 

Every Elgin watch has the word "Elgin" engraved on the works. Send for free booklet about watches. 

SAVE � YOUR FUEL 

Scythe, V. Czermak . . . . . . . . . . . . . . . . . . . . . . 
Seal, L. A. Foote . . . . . . . . . . . . . . . . . . . . . .  . . 

745,798 I IFlI!I' •• =.P;�IF=.!!IIl'P.�FC""F!II 745,587 
Seat guard locking device, S. E. Jackman . •  Secondary battery, G. K. Hartung . . . . . . . .  . Seeder bevel gear connection, W. Fetzer . .  . 
Seeding machine, A. Ploss . • . . . . . . . . . . . . . .  Separator. See Centrifugal separator. 

745,854 
745,604 
745,721 
745,903 

Separator, W. V. Meyer . • . . . • . . . . . . . . . . . •  745,450 Serum and preparing .ame, W. P. Dunbar . .  745,333 S�wage ejector, J. W. Cooney . . . . . . . . . . . .  745,791 
Sewing machine, J. T. Hogan . . • • . . . • . • • •  745,438 Sewing machine, boot or shoe, W. Goddu . •  '145, t H v  Sewing machllle thread controller, J. Diehl 745,580 
Sewing machine work plate operating mech-

anl.m, L. Onderdonk . . . . . . . . . . . . . . . . . .  745,736 
Shade holder, H. J. Peter . . . . . . . . . . . . . . . . . 745,737 
Shaft coupling, H. Breldlng . . . . . . . . . . . . . . .  745,714 Shaft, variable .peed counter, C. M. Conrad· �on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 745,789 Shafting coupling, E. J. Thompson . . . . . . . . 745,690 Sheeting, D. D. McBean . . . . . . . . . . . . . .  . . .  745,452 
Sheeting, pilot, D. D. McBean • • . • • • • • • • • •  745,453 
Shelf bracket, R. Mancha . . . . . . . . . . . . . . . . 745,873 
Shirt, G. D. Elghmle . . . . . . . . . . . . . . . . . . . . .  745,719 
Shoe, G. Strootman . . . . . . . . . . . . . . . . . . . . . . .  745,462 
Shoe attachment, coa.tlng, R. W. Innes • •  745,442 Signs, mean. for operating electric, W. Goltz 745,488 Silicon chlorld., hydrochloric acid, and alka· 

11 hydroxlds, producing, F. J. Machalske 745,966 
Silo. E. B. Repp . . . . . . . . . . . . . . . . . . . . . . . . .  745,666 
Silver chromate, C. H. von Hoes.le • • • • • •  745,843 Sink and sink .tralner, J. Koslop.ky • • • • • •  745,963 Skirt supporter, E. Jennings . . . . . . . . . . . . . 745,354 Slicing machine, P. Sommer . . . . . . . . . . . . . . . 745,398 Slitting machine, gang, G. Magnlen . . . . . .  745,967 Slotting machine tool holder, Arm.trong & 

Welter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,758 Snow plow, W. S. H. Heerman . . . . . . . . . . .  745,608 Sodium, manufacture of, T. Ewan . . . • . • . .  745,958 Sole .plitting machine, F. M. Furber . . . . . . 745,591 Soles, elastic tap for boot or shoe, W. C. 
Corman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 745,792 Spacing machine, W. A. Gray . . . . . . . . . . . . 745,723 

Sparking device, C. L. Barker . . . . . . . . . . . 745,474 
Spinning frame, A. Parker . . . . . . . . . . . . . . . . 745,897 SpInning frame yarn controller and separat-

" speaks 
His smile 

louder than words " 

THIl J. B. WILLIAMS CO., OIastonbury, Conn. 
LONDON PARIS BBRLIN SYDNBY 

I F  YOU S H OOT A R I F L E  Pisto! or Shotau;n, you'il make a Bull' .. 
Eye by senninK three 2c • • tamps for the Idea! H/lh'td,-book ".<1," 126 page. 
�REE. The latest Encyclopedia of 

Arms, POWdRlr8, Shot and Bul!et8. Men. tion SCIENTIFIC AMERICAN. Address [DEAL MFG. CO., 26U St., NEW H.A.VEN. CONN .. U.S.A. 

� is n o w  
w a st e d  u p  
chimney. Our Write fbr S t o v e-p i p e  .. bookl,t ... 
radiator insllres your b .. " •• 

or, ring, Tlchon & Foster . . . . . . . . . . . . . •  745,466 THE OSER LATH""'S Spinning machine tiler, F. Spence . . . . . . . . . 745,400 ..Iil Spool or bobbin shield or hoop, W. B. WIl.on 745,948 
fuel at � price tor III ' hom ... St h P t t years. 10CHiiSTER RADIATOR CO., ep ens a en I ____ 7_6_Fu_'n_ac_8_SI_ • •  ..,:-:........_R_OC_h8_sl_er_, N_._y._ 

VISES M A  T C H  FACTORY .-DESCRTPTION 
of an Engli.h factory. SCIENTIFIC AMERIC.AN SUPPLEMENT 1 1 1 3 .  Price 10 cent.. For sale by Munn & Co. and all newsdealers. 

Stalk cutting machine, P. J. Bogge •• . . . .  745,564 tt For Turning Axe, Adze, Pick, 
Stamp for receipting bills, L. Greiner-Voigt 745,822 Sledge, Hatchet, Hammer, Auger, Starting gate, F. A. Vianest . . . . . . . . . • . . .  745,936 j:l'ile, Knife and Chisel Hand1es, Starting machine, W. R. Barling . . . . . . . . .  745,41'1 Whiffietrees, Yokes, Spokes, Porch Steam condensating apparatus, W. J. Nuss . 745,513 Spindles, Stair Balusters Table Steam separator, H. Stormer . . . . . . . . . . . .  745,924 _ - and Chair Legs and other irregular Steam .hovel, W. S. Ru •• ell . . . . . . . . . . . . . .  745,676 i work �l�::�;�n!. a�? 1i';��fl 

a
;.����

t
.�

.
: .�: .�: .����� +:g:�� I -

. 
rr Send for OW'cular A. 

FLAT 
Stirrup, J. Heaton . . . • . . . . . . . • . . . . . . . . . • .  745,607 1' The Ober Mfg. Co., 1 0 Bell St., Chagrin Fal ls, 0., U.S.A. �����: �r:. ��hl�����gB:.I� .� . .  ���� . : : : : : :  +:g::�� ----------------------

or T H E  
"BfST" Ll6HT 

Stove, gas, J. F. & F. O. Adams . . . . . . . . . . 745, 711 BARKER MOTORS Stovepipe or chimney thimble, C. E. Hubb •. 745,(;18 

QUICH. ADJUSTING 
Without a Rival 

SWIVEL 
BASE 

TOWE.R ®. LYO N  C O .  
Vise Dept. 95 Chambers St •• N. Y. 

ELECTRO MOTOR. SIMPLE, HOW TO make.-By G. M. Hopkins .. ... · Description of a small eJectric motor devised and constructed witb a view to as!olist. ing a�ateurs to ruake a motor whicb might be driven with advantage by a current derived from a battery, and which would haye sufficient power to operate a foot 
���h�ft�li I�:�;��� r����\��d�� °sVc�l���i�,�aA��;: ICAN SUPPLEMENT. No. 64- 1 .  P];ce 10 cent.. To be bad at this office and from all newsdP.alers. 

is a portable 100 candle power 
light, costing only 2 ('ents per 
week. Makes and burns its own gas. Brighter than electricity or acetylene and cheaper than kerosene. No Dirt. No �rpIl8e. No Odor. Over 100 styles. Lighted instanly with a match. Every lamp warranted. 
Aarent8 Wonted Everywhere 

THE"BEST"lIGHT CO. 

Stove support, D. C. McFarland . . . . . . . . . .  745,648 
Strainer bag support, J. A. Mayhew . . . . . . 745,875 Stud member, J. V. Washburne . . . . . . . . . . . 745,747 
Subaqueous working chamber, D. D. McBean 745,454 Submarine work, apparatus for, C. William-son· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,469 Surgical .lIng, J. F. Janl.ch . . . . . . . . . . . . . .  745.856 Switch attachment, automatic, C. B. Blank. 74'5,413 Switch stand, J. P. Frank • . . . . . . . . . . . . . . .  745,590 
Tach.ometer, magnetic, A. P. & C. H. War-ner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,466 
Talking machine horns, elbow fastening for, 

. H. C. Kestel . . . . . . . . . . . . . . . . . . . . . . . . .  7·; \444 
Telautograph, G. S. Tiffany . . . . . . . . . . . . . .  745.692 
Telegraph receiver, wireless, ( � .  T. Swenson 745,463 Telephone, answering and recording, T. D. & C. J. Free.e . . . . . . . . . . . . . . . . . . . . . . . . . . 745,342 
Telephone exchange system, W. W. Dean . . 745,579 Telephone .ystem, G. Ritter . . . . . . . . 745,388, 745,523 
Telephone tablet attachment, Urle & Mark-ham . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,978 
TelepQonlc or other switchboards, switch-ing apparatus for, F. W. Francis . . . . .  745,341 

Have more good points, fewer parts and require less atten .. tion in operation than any. other. 
Launch ••• V.lvlI. S,lIi.lli, .. 

C. L. Barker, Norwalk, Ct. � Squabs Pay R::! 
_ .... I » EaSler, need attention only part of time, bring big prices.. Raised in one 

'" ra�:�,:s, ��t�ae��ve s:�� f,�}'IWR':tj.: 
BOOKLET and learn this i1Y,mensely 
rich hom. industry. 

Plymouth Rock Squab Co . . 1 4  Fri e nd 51 " Boslo n , Mass. 

J. M. HANSON'S CLUBBING OFFERS 
LEXI N C TO N ,  

======== 
KY. 

Telepho�y, multiplex. W. M. Miner . . . . . . . 740,7:14 ' 
ECLIPSE Pochet AMMETER, Tent slIde, D. T. Abercrombie . . . . . . . . . . . .  745,551 1 for genelal battery testing. 0 to 15 ampel'es. 

i:�l��p b�� !::�reC. HM.AB;:��g���� : : : : : :  f:g:�i� ����£l�n:�rdli��l:c��ae�nd':!��rp�rttnUc�:;:'whi�� 
Testing and fumigating apparatus, M. I is drawll baek lnto ea8e, when cRl'ried in pocket. � 

Schnaier . . . . . . . . .•
. . . . . . . . . . . . . . . . . . . . • 74�,9�� . �o�o�i����ia�� b�i:e �o;�:�c� ��Sd\:�; ��� �e�h�� . . Thill c�>upllng, C. F. lioforth . . . . . . . . . . . . . .  740,ovU I Pivots harden�d and polished. Well finishtld through- � I Thre;:rl,n�. ��c��:::ps��t���.

t�� . .  ��
l� . .  ����� 745,691 �dtfo�a�!:O���.in RnYlld;�dg:Ery�:t:i�. dM�n: 

��� 
Threshing machine grain separator, D. D. I Co., 227 Main St., Springfield, Mass. Price '6.0�. 

Nofziger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 745,371 . ___________________ _ 

All 
Three 

One 
Thru.t fork, S. B. Fleming . . . . . . . . . . . . . . . . 745,339 
Tie. See Metallic tie. � l Tire, detachable, H. E. Irwin . . . . . . . . . . . .  745,443 e escop es Tire protector, pneumatic, G. E. & S. N .  

Year Tire 
M

::i��g' ·�·';�hl;;e", · ·��bb�;; · Ei: . it. · 'L��: 745,878 We .upply equatorially mounted 
Tlre�

h
';;'r ·��hi�I��: · '';pp�;� t�� . f��· . �ppiyi';g 745,358 ./Istrono m ical Telescopes 

rubber, E. R. Lanpher . . . . . . . . . . . . . . . . 745,631 1 for amateur purposes. Our 

$3 .00 :::�����o fi���tI�� ��VI;ill::u�, 
• .  �: . ��:��� . : :  +:g:��g OBJECTIVES 

T�oF pneumatically operated percussive W. I BrP abso�:uteJy guaranteed 
Payton . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . .  745.900 C 

to be OP!lCally perf
C
ect. 

R h Y Tvac" end .upportlng device, J. P. Phillips. 745.738 G U N DLA H·MANHAL .. N OPT. 0. ,  oc esler, N. • 

Tracing machine, G. H. Davl. • • • • • • . • . •  · 745,424 ' ---------------------

Tra¢k and car, S. E. Jackman • • • • • • • • . • . •  745,855 
Traction wheel, D. W. McLaughlin • • . • . . • •  745,510 

ALL 8UBSCRIPTION8 ARE FOR ONE FUI,L YEAR TraJlI:;!� a���a�onley���re�;�
p� . �� . . ���:���: 745,486 The periodical. In any club oll'er will be .ent to I HARPER'S BAZAR 0' PEARSO N'S$ 2 For Trolley, H. Holland . . . . . . . . . . . . . . . . . . . . .  745,614 

Join ���;g�et';1��.t:���s�:l::e al l. WOMAN'S H O M E  COMPANI?N N:lee Trolh,y and air brake controller, combined, 
The sub.criptions may be new or reuewals. COSMOPOLITAN or LESLIE S 1 yr. ;)". Kynoch . . . . . . . . . . . . . . • . • . . • • • . . . • . .  745,502 

Reg. Pro OurClub Pr. 11ro�el, . W. S. Ward . . . . . . . • . • • • . . • . . . . .  745,544 
Ladles' Home Jourual aud Saturday Evenin...M' Post . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $iI.OO $2.21i -rr�·cJ<' car, B. W. Tucker . . . . . . . . . . . . . . . .  745,536 
The Honsekeeper and Succe .... l or Le .. lie' .. Monthly) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.60 1.21i I Tr •• , J. U. Adam . . . . . . . . . . . . . . . . . . . . . . .  745,311 
The Hou .. ekeeper and Cosmopolitan (or Pearson·s) . . . . . . . . . . . . . . . . . . . . . . . . 1.60 1.21i Tu nel .hleld. C. H. Bonnett . . . . . . . . . . . . .  745,954 
The Housekeeper and Woman's Home Companion (or Physical Culture) L60 1 .21i Tu,anel, .ubaqueou., D. D. McBean . 745,456, 745,457 
Phy .. ical Cnlture, Review of Reviews and I'!nccess . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.50 3.00 'l'l1r\>jne, G. Zahikjauz . . . . . . . . . . . . . . . . . . . 745.409 
I'!uccess, World's Work and Lesli(l's Monthly (or Cosmopolitan) . . . . . . . . . . . . b.OO 3.00 TtU"blne, H. Holzwarth . . . . . . . . . . . . . . . . . . . .  745,496 
Onting, Four-Track News and Co .. mopolitan (or Le-lie's) . . . .  . . . . . . . . . . . . . . .  4.50 3.00 Turbine, elastic tluld, C. G. Curtis . . . . . . . . 745.575 , Succe .... , Harper's Bazar aud Leslie's Monthly (or Cosmopolitau) . . . . . . . . . . 3.00 �. OO Turbine, steam, G.  Zahikjanz . . . . . . . . . . . .  745,410 I �::;.'!,on�rit�'!r::�;:8:���\J�':�:;: U:::lCo�p

d
a�r:�r:r

o£��n
·e;8·): : : : : : :  !� �:3g Twine making machine, grass, T. W. Jer-

Leslier.. Monthly. Art Interchange, Review of Reviews and Success . • . . . .  8.50 4.1i0 rems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745,625 
Couutry Life. World' .. Work. Outing and Success . . . . . . . . .  . . . . . . . . . . . . . . . .  10.00 1i.1i0 Type machine matrix centering mechanl.m, I 
The Hou .. ekeeper, Pearson's, Succes .. and Woman's Home Compauion . . .  3.60 2.21i J. M. Dove . . . . • . . . . . . . . . . . . . . . . . . . . . .  745,801 

WE. ALSO FURN ISH AS FOLLOWS . Typ�-;:���'!,�t:"'r.
hl�� ���c:'���I.�� . �:?� . .  a.t: 745,935 

CLAI'!S 1 CLASS 3 Valve, W. Kuhlmann . . . • . . . . . . . . . . . . . . . . .  745,501 
Art S�udent . . . . . . . . . • . . .  1 "":4I.OOl Any three of The Art Interchanl!e . . .  l yr. $4.(0) Valve, E. B. Hack . . . . . . . . . . . . . . . . . . . . . . . .  745.827 
Fonr- rrack News . . . . . . 1 yr. .50 the .. e only Country Life • . . . . . . . . . . 1 yr. 3.00 I Any two of Valve, automatic tele.cope, H. B. Saeter . .  745,527 
G
Hrleet"·· FrnIt Grower .. l1 yr. l'00iiO $ 1  25 CcraftsmtaL'!t· · · ·t . . . . . . . 1

1 yr. �.� the .. e only Valve, check, W. J. Taube . . . . . . . . . . . . . . . 745,742 n .  . . . . . . . . . . . . . . . . .  yr. . • nrren 1 era ure . . . . yr. • . . $3.75 Valve, cut out or Isolating, Mayer & Hubner 745,874 Home and Farm . . . . . . 1 yr. .50 I Independent . . . . . . . . . . . 1 yr. 2.00 I Valve lubricating device. sUde, A. Kohn . . . 745.63 r�I:.?W��r3P�:: : : : : ·H;: :TJ �$,¥������'�. : : : : : : : : : :j�: l� > ______ . Valve, plug, R. C. Blake . • • • . • . . . . . . . . . .  745,31 

MI���IT����:�'!; : : : : : :H�: :rul A:l:c�:"i�l!h ��3��t�:�·::::::::::::j�: l� 1 Any Three 
�::;�: �{:::;:r:n�i�:,IRgn'/j. �· .. e����fe� . : : : :  +:g::g� : 

Poultry Keeper . . . . . . 1 yr. .50 .. �'rained Nur.e . . . . . . . . . 1 yr. 2.00 1 Valve, steam engln�, C. P. Altmann . . . . . . 745,756 

�g�� �Wa�e:: : : : :  j�: I:� $ 1 .  50 ���I',;slo���;���: : : : :  j�: i:� $5. 25 Vehli��I��'::'pp�;fg�; .. ,lng�c�.lnf>0��tt:r1y ��� 745,718 
CLASS 2 World·s Work . . . . .  : . . . .  l yr. 3.(0) Vehicle brake, J. T. Burton . . . . . . . . . . . . . .  745.779 

A OUTI N G  0 COU NTRY L I FE Vehicle cooler, motor, R. E. Olds . . . . . . . .  745,654 merlcan Boy •.. . . . . . . .  1 yr. $1.001 r Vehicle running gear, J. H. Fergu.on . . . . 745,338 
BBO°tok-Kceepek1 · S· ·  h" .1 • .  11 yr. 11.0000 will ·be sent in Club .. as follows I Vehicle spring, F. O. Farwell . . . . . . . . . . . 745,809 os n 00 II: C 00 . . yr. Any two of Vehicle .teerlng apparatu., motor, B. A. C1nclnna. Enqulrer(W)1 yr. 1.00 the .. e With any three in cla.s 1 ... . . . . . . . . . . . . . . . $3.00 745 401 Co.mopolitan . . . . . . . . . . .  1 yr. 1.00 I With any two In clas. 2. . . .  . . . . . . . . . . .  . . .  j.21i Stewart . . . . . . . . . . .  S· 

. . . . .  ·d· · · · ·  
. . . . . . . . 

745 '774 Era . . . . . . . . . . . . . . . . . 1 yr. 1.00 $ 1  50 With any three in cia •• 2 . . . . . .  . . . . . . . . . . . .,.:; Valve, straightway, E. . Bra y . . . . . . . . . .  , 
Farm Ponltry . . . . . . . . . . 1 yr. 1.00 • W
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1i Vehicle strut, two�heeled. H. Edeline . . . .  745,803 
�'rank [,e.lie'sMonthIy.l yr. UIO 'I '"' � -'" Vehicle wheel, H::"'pace . . . . . . . . . . . . . . . . . .  745,893 
Good Health . . . . . . . . . . . .  1 yr. 1.00 With Success and any one In class 3 . . 2.00 Vehicle. for Inspecfion and repair, apparatus �Oa�dpeHr,OsuBsazek"erePi.ng . . . .. .. .. l1 yyrr·. 

11 .• 0000 , Any three With Success and any two In cia •• 3. .  .1i0 for ral.lng, W. R. Wehb . . . . . . . . . • . . .  745,545 
With Century Magazine_. . . . . . . . . . . . . . .  .I� VelOCipedes, motor cycles, etc. , two speed House Beautiful . .  . . . . . l yr. 2.ro � $2 00 With St. Nichola .. . . . . . . . . . . . . . . . . . . . . . -. 4. Ii gear for, L. Lecarme . . . . . . . . . . . . . . . . . 745,632 

IHnOteUr._"ohcOeladnL(eWd<:eeerkl· y. ) . .
. 11 y

r
yr.· 1

1 
.. 0000 .' • With Scribner' .. Magazine.. . . . . . . . . . Ii. 0 Vending machine, I. C. Woodward . . . . . . . .  745,707 With Collier' .. WkJy & Le .. lie's Mo 6.,.1i Junior 'I'oilettes . . . . . . .  1 yr. 1.00 1 ______ With Booklover's JUa" &.lJo .. mop'n 4.liu Ventilator, �'. G. Bate . . . . . . . . . . . • . . . . . • .  745,313 

National . . . . . . . . . . . . . . . . 1 yr. 1.00 iIIii Vertical underfeed furnace, H. G. Cox . . . . . 745.573 
Pathllnder . . . . . . . . . . . . . . l yr. 1.00 , Any three of Ve •• els, propelling, C. F. Sautter . . . . . . . . 745,910 
Pear.on· .. . . . . . . . . . . . . . . .  l yr. 1.00 these with FR E E ��r.:.'n;

i1
�g:;.'t1n'!�i��:ey��

r
:!,"i; Vignetter. M. V. Carter . . . . . . . . . . . . . . . . . 745,324 

��iliTtI�·biitur· · " " ·  . 11 yr. II �oo one of Class 1 have free as your premium " yearly subscrip. Vi.e.. manufacturing, J. L. Ware • . . . . . . .  745,746 
Y. ca e • . . . . . .  yr. . ' $2 25 d Wagon toP. J. Pohllg . . . . . . . . . . . . . . . . . . . . . 745,904 Recreation . . . . . . . . . . . . .  1 yr. 1.00 tion to any periodical listed un er class 2. Wagons or cars, device for deadening or 

�g::�;';·iiomecoiD;,;:I �: l:83 • {j,�uih':-:e� club and two other club. make minimizing .hocks to, Georglewltz-
youth . . . . . . . . . . . . . . . . . . .  1 yr. 1.00 wa.��!�ze�e!' J;�hzow��h��: " " · " " " · " · 745,592 

The Yonth'. Companion ( including all extra numbers and calendar for 19(4) may be added for $1 75 ;  Washing apparatu., W. A .  & O .  M. Huffman 745,620. Harper'. M'ft:1Zine (or Weekly) $3.85 ; Century $3.65i St. Nichola. $2.65 ; Scribner's $2.85 i Munsey'. $lOO ; 

I
. Washing machine, J. P. Pfellrer • . . • . . • • .  745,660 

�:���w..nt�lrio �.1<;���:r:1�hu����gU;ro: oWjrs�'t'i���':.Y c�':ri,'i.���[o:t;lit. C nb Raisers and Water, apparatus for .eparatlng 011 from, 
J M HANSON A 

l'ravlcha & Doulllet . . . . . . . . . • . . . . . . • .  745,51 9 1 
Address • •  , Magazine gency, 122 Hanson Block, LEXINOTON, KY. , Water clo.et tlu.hlng apparatu., W. U. 

&:r 44-PAGE CATALOGUE OF 3.000 PERIODICALS FREE. I Grlmth . . . . . . . . . . . . . . . . . . . . . . . .  745,724, 745,823 

••••••••••••••••••••••••••••••••••••••••••••• Water closet, .Iphon, W. G. Newton . . . . • • 745,651 

1 Water cooler alld filter, O. E. McPherson . .  745,889 

Trade Marks. 
Designs. 

Copyrights. Etc. 
Anyone sending a sketch and de�cription may quickly ascertain our opinion free whether an invention is probably patentable. CommuniCR-

:���B f����tll)I�oe�������� Po:�g��r������et��s Patellts taKen through MUNN & Co. receive 
Special Notice, without charge, in the 

Scient if ic American 
�l!tro��If��il��f!����� fo��Ilt: ¥�%:� $lr� year; four months, $L Sold by all newsdealers. MUNN & CO .36 1 Broadway, New York 

Branch Omce, 625 F .  St., Washington. D .  C. 

1 Gal ion i n  4 Minutes 
of the purest drinkinJZ water and free ' from all solid atoms and disease germs. Every house .. hold should have a 

FILTER 
which prevents the Rpread of many diseases generally originating in impure water. 

BERKEFELD FILTER 00 •• 
4 Cedar Street. New York. 

© 1903 SCIENTIFIC AMERICAN, INC



454 
Fownd<Jd. btl Mathew Cwrffl/. 1785. 

A HO'USe in touch with Three Cent'Urie8. 

HENR Y CAREY BAIRD & CO., 
INDUSTRIAL PUBLISHERS,BOOKSELLERS & IMPORTERS 810 Walnnt St., Philadelphia, Pa., U.S.A. 

W- OUr New and Rooised Catalofl'Ull of PracUcal and 

�:t::Z}iJ!;gy�O�n�;aj}:o:'e�li�, o�����, BGO:ZO:;; ASSftying, Analysis, etc.; a Catalogue of BookS on Steam 
anit the Steam E11{1ine, Machinery} etc.; a Cataloaue oj 
Book) on Sanitary St:icnce, Gas Fitting. Plumbing. etc., 
and owr other Catalogues and Circulars, the whole covering 
every branch of Science applied to the Arts} sent free and 
tree, of postage to anyone in any part of rhe world who 
will furnish his address. 

ESTABLISHED 
1831 

THE 
COUNTRY 
GENTLEMAN 
The ONLY Agricultural NEWSpaper, 

AIm ADIIIIT'l'EDLY THE 

Leading AgricUltural Journal of the World. 
Every department; written by specialists, the 

big!J.est authorities In their respective lines. 
No other paper pretends to compare with it 

In qualifications of editorial statIo 
Gives the agricultural NEWS with a degree 

of completeness not even attempted by others. 

!NDISPENSABLE TO 
ALL COUNTRY RESI DENTS 

WHO WISH TO 
KEEP UP WITH THE TIRES. 

SlDgle Subscriptlou, $1.60 ; 
Two Subscriptions, $2.60 ; 

Five Subscriptions, ,6.60. 
SPECIAL INDUCElll1ENTS to RAIS

ERS OF LARGER CLUBS. 

FO'Ur Months' TriaZ Trip 00 cents. 
SPECIMEN COPIES 

will be mailed free on request. It will payany· 
body Interested in u:ny way in cmmtry life to 
send for them. Address the publishers : 

LUT H ER TUCKER 8t. SO N ,  
Alban:y, N. Y. 9 W�S

AT Scbapirograpb ? 
THE DUPLICATOR that cleanly multi-

-= copies anything written with pen or typewdter, also 
� • music, drawin�, etc. One orlginal�h'es 1 50 copies 

(!..) BLACK ink in ]5 minutes. AVOIDS stencil, 
� washing, delays, and e.ensive supplies. Price, 

�:r��t� ifAJyWu�1iE��:RI�i:s ;i�h���a;e: posit. THE S. A. SCHAPIROGRAPH CO. , 265 Broadway, New York. 

A Christmas P resent Worth Having 
Send $11i.1i0 for a Complete High-Grade 

Microscope 
with eye'i!iece .. n d  .. divisible objective, giving both high and low magnificdtions ; ---- six mounted objects and instructions ,for 
use. No better gift could be pl .. ced in the 
��

n
n���ft�� �t�1J.�igr ��l��{��l ;r�i1lS

li�:� 
Well .. d .. pted to the examin .. tion of 

starches� drugs, fabrics. :fI bers and ordinary _ 
commercial uses. 

LENS CO.. Buffa.lo. N. Y. 

. . U N I M AT.1,." FO� PE�PETUAL 

itt" Reoords, Cost Books, (ONE MOVEMENT) Price Bcioks, 

I

L�O;O;SE

I

L

I

ErA

I

F

I

B�O�O

I

K Private Ledgers, 
Catalogs . Specimen 

Books, Route Books, 
Indexes, 

CDlling Lists, eto. 
WRITE FOR CATAI,OG 

MADE BY 
SIEBER & TRUSSELL 

MFG. CO.  
ST. LOUIS, MO. 

VELOCI'l'Y OF WE BOATS.-A COL-
lection of interesting letters to the editor of th e SCIEN .. 
TIFIC AMERICAN 011 the question of the speed of 1c.e 
Boats, demonstrating how and why it is that these craft 
s .. il faster tban tbe wind which propels them. illus
trated with 10 explanatory diagrams. Contained in SCI .. 
EN TIFIC AMERICAN SUPPLEMENT. No. Z14. Price 10 
cents_ To be had at this office and from .. U newsdealers. 

Scientific American DECEMBER 12, 1903. 

Water cooler equipment. J. T. Cole • • • • . .  745,571 
Water elevator, pneumatic, Johnson & 

Picker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745.626 
Water from cellars, apparatus for expelling, 

W. U.  Grlflitbs . . . . . . . . . . . . . . . . . . . . . .  745,824 
Water beater, W. B .  Allen . . . • . . . . . . . . . .  745,712 
Water heater, electrical, M. H .  Shoenberg . . 745,682 
Water or , grain elevator, Holcomb & Austin. 745,439 
Water power apparatus, J. F. Williams . . . .  745,945 
Water supply system, O. T. Hungerford . . . .  745,351 
Water tube boiler, J.  �'. Hottman. Jr . . . . . .  745.616 
Water tube boiler, J. F. , Sr., & J. F.  Hott-

man, Jr . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . .  745,851 
Weaner and udder protector, calf or colt, 

Cunningham & Spear . . . . . . . . . . . . . . . . .  . 
Welt slitting machine, H. Lyon . . . . . . . . . •  
Wheel and axle coupling, F. G .  Hughes . .  
Wbimetree. J.  Kitzmiller . . . . . • . . . . . . . . . .  
Wind instrument, L. M. Ellis . . . . . . . . . . .  . 
Window scrt'en, D. J.  La Due . • . . . . . . . . .  
Wire holder, J. Sharp • • . . . . . • . . . . . . . . . . .  
Wire stitching machine feeq. device, W. 

Sbafer . : . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . .  745.917 
Wire stretcber, L. A. Preston . . . . . . . . . . . .  745.662 
Wrapping machine, J. H. Felmlee . . . . . . .  745,810 
Wrencb, B. McNiel . . . . . . . . . . . . . . . . . . . • • . •  745,369 
Zinc, electrolytic refining of. H .  Paweck . . _ 745.378 

DESIGNS. 

Billiard table, J. Ebrenpreis . . . . . . . . . . . . . . 36,662 
Bottle, A. N� Ritz . . . . . . . . . . , . . . . . . . • . . • . .  36,6Q6 
Brooch, button. or buckle plate or similar 

article. S.  A. Keller . . . . . . . . . . . . .  :16.649, 36,650 
Brooch plate or similar article, E. F. Rueck-

ert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36,648 

TYPE WHEELS, MODELl &.EXPERIMENTAL WDRK,..8MALLMACHINERY NDYEL:TIE8 .. ETC. NEW YORK STENCIL WORKB 100 NASSAU II! N.Y .. 

M ODEL AND EXPERIM ENTAL WO RK. 
Electrical and Mechanical Instruments. 8maJI Mach'y. 

E DWARD KLEINSC H M I DT , B2 W. Broadway, N ew Yo rk. 

TOOLS I 
.... �""����. SPECIAL i 
�����!'!::�l!IMACHINERY. 

I\eep YOUr 
this winter and save coal by fitting 

your doors and windows with 
FORD ' S  A I R-TIGHT W EATKER STRI P  

A perfect protection from cold, draught .. nd duot. It is inexpensive. made entirely of WOOd, and absolute ... ly the best strip on the market. 
Send for Illustrated booklet (Free). 
We w .. nt ..... ents in encb 10c .. lIty nnd offer very liberal terms to good men. 

CHARLES J. FORD, 2 2 6  Senior Bldg.,  Holyoke . Mass. 

MOD L I ..... C ATA LO<; U � S , R C � 
..... U N I O N  M O D E L  WORKS 

& C. E.AR5 @ 1 9 3  C L A R K  C H I C.  O . 

SLOT AND VEN DINI  MAC H I N ES 
built on contract. Models and Experiment .. l Work. 

Cbalr, J. E. Teall . . . . . . . . . . . . . . . . . . . . . . . . .  36,663 
Ciclometer casing, J. Alexander . ', ' , . , . , ' , . , 36, 0.'""17 
Dress ornament, fancy, L. M. Keighe r , . , . 36,664 

MODELS and EXPERIMENTAL WORK Tools. Dies and Stamplngs. 
MICHIGAN NOVELTY WORKS, Kalamazoo, Mleh. 

Glove, F. Scbmidt • . . .  ' . . . . . . . . . . . . . . . . . . .  36.665 
Silverware or simi:ar articles, handle for, 

H. Webe= . . . . . . . . . . . . . . . . . . . . . . . 36,652, 36,653 
Silverware or similar articles, lip for, H. 

Small M .. chinery of all kinds. 
A. I. OSTRAN D E R ,  Schleicher Bldg.,  MI. Vernon. N. Y.  

F O R  SA L E  
N ational  S u p p ly Co. ,  835 Broadway, N.Y. 

Model MakeHI and Manufacturers of 
PATEN'l'ED ARTICLES. ETO. 

SilV::��� . �� . �i�ii�r' '��ti�i�s: '�p�tit ' f��,' 'iI: 36, 655 

Weber 36,651 
two valuable recent p .. tents, outright or on royalty. 

Silverware �� . 's
'i�il��' . 

��ii�i�s: . tip ' f��: '  ':8:: 
Weber . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . .  36. 654 

Stove, O. D. & B. HUBt . . . . . . . . . . . . . . . . . .  36,658 
Wagon body. G .  H. Barschow . . . . . . 36.659 to 36,661 

'fRADE MARKS. 

Antiseptic or disinfectant compound, Quin 
Sharpe Drug Co. . . . . . . . . . . . . . . . . . . . . . . .  41.567 

Baking powder, J.  C.  Grant Cbemlcal Co . .  41.571 
Beer, barley stout, ale, and barley, and malt 

extracts, Keeley Brewing Co. . . . . . . . .  41,575 
Belts and belting, machine, �'leming, Birkby 

& Goodall . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41. 550 
Bluing, M. C. O ' Neill . . . . . . . . . . . . . . . . . . . . 41 . 571 
Candy. Durby Candy Co. . . . . . . . . . . . . . . . . . . .  41 ,573 
Candy, nut, Calhoun & Witherbee . . . . .  , . .  41, 572 
Caramels, chocolates, bonbons, and favors, 

Hill-Warner-Fitcb Co. . . . . . . . . . . . . . . . . .  41.574 
Chemical for certain named purposes, powd-

ered, Coalite Company . , . .  , . . . . . . . .  , . ,  41, 582 
Cigars, cheroots, and all-tobacco cigarettes, 

American Cigar Co. . . . . . . . . . . . . . . . . . .  41,576 
Collars, boys' and girls' , I .  Frank & Co . . .  41, 546 
Cooking utensilS, certain named, Manning, 

Bowman & Co. . . . . . . . . . . . . . . . . . . . . . . . .  41,585 
Crushing and pulverizing machines,' Williams 

Patent Crusher and Pulverizer Co . . • . •  41, 583 
Fisbing tackle. Supplee Hardware Co. . • . •  41, 586 
Flour, wheat, George U rban Milling Co.,  

41,578 to 41 ,580 
Food for animals, prepared tonic, W. J. Mol'· 

ris • • . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . .  41,556 
Gloves, kid, W. Locke . . . . . . . . . . . . . . . . . .  41 ,545 
Liniment, C . H .  Milversted . . . . . . . . . . . . . .  41,566 
Medicinal preparation for treatment of dys· 

pepsia and loss of appetite, Dr. Pinet C o .  41.564 
Medicinal tonic for malaria, chills, and 

fevers, Gannaway Drug Co. . . . . . • . • • • •  41,557 
Medicine, cough, d. Kalish . • . . . . . . . . . . . • . •  41,565 
Needle and thread fasteners, combined, F.  

W. Wbitcber . . . . . . . . . . . . . . . .. . . . . . . . . .  41,555 
Ointment, certain named, H .  Goldwater . . . •  41, 568 
Paint, cold and hot water, d. G. Newcomb . 41,581 
Remedies for cure of certain named diseases, 

L. Rosentbal . . . . . . . . . . . . . . . . . . . . . . . . . .  41,559 
Remedies for indigestion and dyspepsia, F. 

L. Webster . . . . . . . . . . . . . . . . . . . . . . . . . . .  41,563 
Remedy for dyspepsia, indigestion, and stom· 

ach complaints, A.  K. Schauf • . . • • • • •  41,562 
Remedy for nervous affections and a blood 

purifier, A.  K. Scbauf . . . . . . . . . . . . . . . . . 41.560 
Respirators, Respirator Medication Co . • . • • •  41,553 
Ribbons, Sachs Bros. & Co . . . . . . . . . . . . . . . . 41.544 
Roofing, sbeet, H .  M .  Reynolds Roofing Co. , 

41,551, 41,552 
Salve for certain named purposes, D. Gearon 41,570 
Salves or ointments for external application, 

Oelo Cbemlcal Company • • • • • • • • • • • • • •  41,569 
Saws. G. N. Clemson . . . . . . . . . . . . . . . . . . . . . 41, 588 
Screws, Rogers Screw Co. . • . . • • • • • • • • . . • • . •  41,587 
Spittoons, certain named. Cordley & Hayes . .  41,554 
Talking machines, certain named, Ohio Talk-

Ing Macbine Co. . . . . . . . . . . . . . . . . . . . . . .  41,584 
Tonic, B. P. Yocum . . . . . . . . . . . . . . . . . . . . . .  4;1,558 
ToniC for. stomach, kidneys, liver, and blad· 

der. , A. K. Scbauf . . . . . . . . . . . . . . . . . . . .  41,561 
Y..elvets, velveteens, and plush goods, H . 

O. Brandt & Co. • . . • • . . • . • • • . • . .  41, 548, 41,549 
Waterproof sbeetings and fabrics, Hospital 

Sbeeting Co. • . . . . . . . . . . . . . . . . . . . . . . . . .  41.547 

LABELS 
4 4Airedale Fabric , "  for dry goods, A.  Merritt 10,547 1 
"Bader ' s  Infallible Hair Grower," for haj� ' 

grower, H. F. Bader . . . . . . . . . . . . . . . . . . 10, 553 
4 'Best Ame.rican Make Pearl Buttons, " for 

pearl buttons, Keystone Pearl Button Co. 10, 548 
"Blue Ribbon, " for cigars, E. Marrion . . . .  10,558 
HCap Sheaf , "  for whiskey, Schwartz Bros . .  10, 557 
"Chinese PigtailS," for licorice, National 

Licorice Co. . . . . . . . . . . . . . . . . . . . . . . .  , . . . . , 10,561 
" Colonel Bill , "  for cigars, S. Levyn . . . .. . .. 10,559 
4 'Dropsy Wine , "  for medicine, J. L. " Dezea-

bault & Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10, 549 
" First Ame.:ican, "  for condensed milk, Am· , 

erican Condensed Milk Co. . . . . . . . . . .  , '  10.562 
"Grant Pear" j for pear trees, C. Pelmulder . 10,546 
"Life," for cereal food, Hanscom Bros . . . . .  10,564 
"Liliskin, " for a toilet preparation, Croswell 

Company . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.555 
"Lung Tonic, "  for mediCine, W. B . ,  Uopkins 10,55(} 
" N o-Bald , "  for hair tonic, Croswell Company ,10, 554 
"Pes Paca , "  for foot powder, d. Rovane, Sr. 10,552 
"Plain People, "  for cigars, S. · Levyn . . . . . .  10,560 
"Sawyer's Crystal Blue, " for washing ,bluf', 

Sawyer Crystal Blue Co . . . . . . . . . .  10, 566. 10,567 
" Stamp, " for condensed milk, American Con-

densed Milk Co. . . . . . . . . . . . . . . . . . . . . . . .  10, 563 
"True Blue Bluing , "  for bluing, True Blue 

Mfg. Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 565 
"Vino Vermouth, "  for liqueur, J. " B. Roche, . 10,556 
"Wooton' s Menthol Cough Syrup," for cough 

syrup. F. W. Wooton . . . . . . . . . . . . . . . . .. 10.551 

PRINTS , 
"Blue Cross, '" for tea and coffee, ,Grand Cent· 

ral Tea & Co!!'ee Co. . . . . . . . . . . . . . . . . . . .  866 
uCero-Fruto, ' " for food preparation, Cero-Fruto 

Food Company . . . . . . . . . .  . . . . . . . . . . . . . . . . .  863 
"Red C ross , "  for tpa and coffee, Grand Central 

Tea & Oo!!'ee 00. . . . . . . . . . . . . . . . . . . . . . . . .  864 
"White Cross, " for tea and coffee, Grand Cent· 

ral Tea & Co!!'ee Co. . .  ' ,' . . . . . . . . . . . . . . .. 865 

A printed copy of the specification and , drawing 
of any patent in the foregoing list, or any patent 
in print issued since 1863, will be furnished from 
this office for 10 cents, provid�d the mime and 
number of the patent desired and the date be 
"iven. Address Munn & Co .• 361 Broadway, New 
Vork.. 

. , " , , 
- Can .. dian patent. may now , be obtaIned by the In, 
vpntors fnr any of the inventions named in the forE'
going list. For terms . and further paJ:ticulars 
address MunD " Co .• ' 361 Broadway. New York., 

Steel Fence Post and 
Steel Strain End or Comer 

for farm or railroad wire fencing. For illustrated circular and information address the patentee 
MONT. D. CUMMINGS 

COLUMBUS, O. 

Postal Scale $1. 00 � 
fell. a' & gla.nce postage in CENTS on all 
Dl&iJ matter. CapacitYf 1 pound by halt 
unnces. 3 inches high. Cuts down the 
Ittamp bill. Useful and attractive 
ent. We make several sty les 

l� d!��:� �o!:::��e�r r� �:�epay 
receipt of price. Catalogue P. tree. 

Pelouze Scale & Mfg. Co. 1iiiiiiiiiEj 
'32 W. �ACK.OII 80UI.. CHICAGO. -

SYNCHRONOGRAPH.-A NEW METH-
od of rapidly transmittinl' intelligence by the .. ltern .. t
ine- curn.nt. A full description Of the interesting ap
p ..... tus of Crehore .. nd Squier. 13 illustr .. tions. SClEN· 
TIFIC AMERICAN SUPPJ.EMENTS 1 1 14 .. nd 1 115. 
Price 10 cents e .. ch. For s .. le by Munn & Co . ..  nd aU 
newsdealers. Send for new catalogue. 

� UIo FRANKLIN 
Model Shop 

The Frank l in  M odel Shop. 
Experimental work for inventors; any-

��l!¥e ����i�'in�ge'\�n��J'�:;���o� 
colleges. Exbibition models. Introduc
tion samples of patented articles. Spe
Cial tools for making metal novelties. 

' Inventlons'perfected. Drawings and de
signs worked out, trom inventors' ideas. 
Send for circull)r 9. 

PARSEJ,L & WEED, 
129-131 West 31st Street, New York. 

MODELS & EXPE R I M E N TA L  WOR K .  
Inventions developed. Special Machinery. 

E. V. BAILLARD. Fox Bldg .. Franklin Square, New York. 

F R E E C:J�lJ1!e':,'im?�"I
A:Jg����ctur .. I, !lclentiOc

, Prospectus for 1 903 for uArchitectt5' and 
Builder8' llagazine,'� monthly $2 a year. 

W M .  T: CO MSTOCK. P u b . ,  23 Warren St .. .New- York 

JluDlinum Specialties 
Every f .. cillty for the manuf .. cture of articles from 

r��,:;;
u
:t !��

m
8:�st8��i:;:f��ct�r:

a
t;·th� u��:� 

States for this class of work. Let us quote prices. 
THE E. A. FARGO CO.,  - • • ATTLEBORO, MASS. 

MODELS!CHICAGO M O D E L  WO R K S  
_ ,  _ '7S E. MADIS'{W S T  CHICAGO, IL L £SI:4B'f1 SfffiD /80 7 ,' " � ,  F O R  C A 1 A l C (;  .. f C F  ' 1 0 D E L  S U P P L I E S  

B U I LD  E R S ;�p��:;:'::lu ����ir::ln'tion�3�;!T: 
oped. TH}' FENN-SADLER MACH. co., Hartford. Conn. 

A
re

J;.�� l
n
t'���gkl�t ��Wfl�'ii. Model or Experimental 

WHAT WE DO-HOW WE D O  IT 
will be sent to  you on request. 

KNICKERBOOKER MAC1IINE WORKS, Inc •• 8-10-12 Jone8 Streett New York. 

liGht Hardware Specialties Wanted Manufacturing for Inventors 
h�J:!r� �;:c�!����r��s��.: �a���fe:s�'btps

b���.
f Wh�� Every facility a�d appliance for manufacturing Grey 

is an eXCeptional opportunity for inventors to have I Iron. Brass and 8�elt�r Qastings, Stam�ed, spun or 
their inventions manufactured and marketed by a tlrm : tu!'ned metal speClaltles In quantities. Large plant, 
now dOing large business with all the Wholesale hard- skIlled workmen and modern tools. 

h- " ware houses. Only those bavinlor 'articles already per- AMERICAN LAMP AND BRASS COMPANY' fected need reply. Address. stating in detail nature of 
article, and enclosing stamped envelope for reply 

POST OFFICE BOX 116 
ST. LOUIS. MO. 

PRINTING TAUGHT FREE With every Model Printing Press and outfit (cost $5, and up) we gIve free a comr,lete conrse In toe .. rt of printing. 
Whi e 

��t'��!
e
::;'i�trg: f��otrg::a� , for particul .. rs\ .. nd c .. t .. lol<U9 

T�trE 
Wrt'l�dl:t' :fJi��;l oru;,' "'"_-:-::c _ _  -. Street, Pblladelphia. ' 

Trenton, N. J. 

BEAT 
ALL 

BRICKS. 
HOLLOW. 

HOLLOW CONCRETE BUILDING BLOCK MACHINES 

VVAR N I N G ! 
Buildings erected with these patented blocks are 
subject to, royalty and Mechanics' Lien. if same is 
not seHled, unless parties erecting buildings have 
secured their licenses from The Harmon S. Palmer 
.Hollow Conilrete . Bnildiq Block Vompany or their 
duly authorized agents. 

Cement and San<L 

Blocks From 
These Machines 
a�c� ';1i�t\.c�l

t 
f1:e

e:til��:�����f:�d 
rain and moisture. and are positive 
non-conductors of heat and cold. 
Tbese ,: j,,'icks are lIl'b? stron� and tl:�en';ith N�h��gerMad�Uii�in�i��� 
gi��h;�f�n� �;t�r��

u
������, ,£h�� 

like n .. tural stone. last longer, and 
can be colored or ornamented as desired. 

Tbese m .. cbines for making the 
above tum out 400 to 600 cubic feet per 
d .. y In hollow blocks, T b e  block� are 
absolutely fire, water, fro�t 
and vermin proof, and need 
neither paint nor repairs, require no 
backinl1 of bricks. and safely curry 
floors, joists, beams and roofs. 

Hollow space aWords facil ities for 
gas and water pipes, electric wires, 
speaking tubes. etc. 

Exclusive territory for manu
factnring witb these machines 
can be secured by prompt 
action • 

Write at once for fnll information. 

HARMON ' S. PALMER, H OllOW CONCRETE BUlUJ lNG BLOCK CO.  
WAS H I N CTO,N , D. C. 
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lubria, The Water lubricant '  
AN OIL THAT DISSOLVES INSTANTLY IN WATER 

Two to five parts of LUBRIA mixed with 100 parts of water 
makes a perfect and most economical lubricant for drilling 
turning, milhng, planing, cutting and all automatic machin� 
work in steel. iro n ,  brass. etc. For Automatic Screw nac:hlnes , LUBRIA has no equal. No Rust. No dirt. Keeps 
tools cooler. Free from acids aud fireproof, Sample bottle free 

FOOTE. PIER.SON flI. CO. 84 Fulton Street. New 

Ladies' Home Journal 
Saturday Evening Post 

$J .00 � $2 p�� 2.00 f . .25 

455 

House Beautiful 
Success 

' • $2.00 l $1 My Price 

1 .00 \ .50 
Frank L�slie's Popular Monthly • $1 .00} My Price 

13 months, inclnding handsome Chnstmas Number and Heroine Calendar worth . 5 0  $ 
2

.25
, Success • • • • • • • 1 .00 

Woman's Home Compan'ion Or House Beautiful, $2.00 1 00 or any mag'ne in Class A • 

Review of Reviews $2.50 
Or World's Work, $3 00 ; Country Life, 
$3.00 ; Outing, $3.00 ; A rt Interchange, 
$4.00 ; Current Literature, $3.00 ; or any 
magazine in Class B. 

Success 1 .00 
Cosmopolitan 1.00 

My Price 

$
3

.00 

1 take subscriptions for any 
periodical. There are hun: 

dreds of offers in my catalogue. 

Sent free. Or House Beautiful, $2.00 ; or Woml\n's Home 
Companion, or any magazine in Class A, 

------�--��--------------�--�------------------REPERENCE3-Any Amerlc:a. Puhllsher ; A.y Brookport C lita .. >.1 00 } ny Price osmopo n • T . ,  
$

1
.50 

Frank Leslie's Pop. non.,  1.00 
Success or any Magazine in Class A ma y be substituted for either. 

Cosmopolitan . • . $1 . 00 1 ny Prlce 
Or Harper's Bazar or Woman's Home 

$
1.

25 Companion. 

Household Ledger . . 1.00 J Or National Magazine. 

Am erican Boy • . . $1.00 } ny Pr ice 
Or Frank Leslie's Popular Monthly. $).25 

Household Ledger . . 1 .00 
Harper's Bazar, . 

Or Twentieth Century Home. 

Household Ledger, 

Success. 
Or any magazine in Class A. 

Household Ledger. 
Frank Leslie's Pop. nonthly, 

Or any magazine in Class A. 

Pearson' 5 rlagazine, . 
Woman's Home Companion. 
Harper's Bazar, . 

$1 . 00 I My Price 

� $
)

.25 1.00 J 
$1.00 } ny Price 

1.00 $
)

.80 
1.00 

$1.00 } My Price 

1.00 $
2

.00 
1.00 

Success or any magazine in Class A may· be substituted for either. 

Outing, . $3.00 1 ny Pric:e 
Or any other magazine in Class B. j $ 

2
.75 Cosmopolitan, • . . l . QO . 

Or any other magazine in Class A. 

Wbrld's Work, . . . $3 60 1 Pri 
• 

. 1 I My ce 
Or any other magaztne tn C ass B. 

l $ 25 Cosmopolitan, 1.00 r 3· 
Pearson's, 1 .00 I 

Or any other magazine in Class A. J 
Country Life in America, 

World's Work, . 

Art Interchange, 

$3.00 
$

3
.75 

3000 

} My Prlce 

$4.00 1 
Or any magazine in Class B. ny Price 

Outing, 3. 00 J $4
.00 

Or any mab3.zine in Class B. 
FrankLeslie's POp. Monthly, 1.00 ' 

Or any magazine in Class A. 

My Oomplete Subscription Oatalog for 1 904 
is now ready and will be sent free to all customers and applicant •. ' 
It contains list of and qnotes low prices on abont 3,000 periodicals as 
well as many additional club o1fer�. This is one of the most oom-

����e��� ��1t�����t���::;��':bfi���::.ed ana is u8�d as & 

or Roc:hester B.DIe ; ' aod DUD ' S  er Br .... treet·s. 
LOCAL AOENTS WANTED to take ordera for my Club 

Offers. Liberal Commilsion Paid. I HAve NO TRAVELINO RePRESeNTATiVeS. Pay no 
Money to Suc:h who are Stranlters to You. . 

The periodicals In these offers may be sent to 
one or to different addresses. If you only want 
one or two periodicals, Join with your friends 
and divide the cost of the club. The 

Subscriptions �rlh�; New or Renewals 
All magazines are sent one full year direct from 

publisher' s  office to the subscribers in the .United 
States, Canada, Mexico, Porto Rico, Cuba, Hawaii, or 
the Philippines. Postage in other foreign countries 
extra, viz. : one cent for each 2 ounces weight. 

Present Success subscribers may order their 
own subscriptions extended for one year, or 
enter angther �uccess subscription to some friend. 

Success; . . . . $1.00 } ny Price 
Qr any .5ther·ma

. 

gazine in Class A. $2.00
: 

Etude (for music lovers), .  1 . 50 

Cosmopolitan, $1 .00 } ny Pri ce 

Pictorial Review, $1.00 $),50 
Or,any magazine i n  Class A. 

Cosmopolitan, '  - ; .. � l .OO 1 My Price 
American Boy, 1 .00 � $2 .00 
Twentieth Century Home, ' 1.00 I 

Or an� magazine in Class �. ) 
Frank Leslie's PoP •

. 
_nonth:lr,! $1.

,

OO } ny Price 
Or :ny oth;er magaZine in C18.ss A. 

. 
$
'1.

50 
Harper s Bazar, . , . : ' I • 1.00 , 
Cosompolitan, . . ... . . $1.00 } ' n Price 

Or any otl
.

ter magazine in Class A. $ 
y 

00 Lesli�'s Monthly, • • 1 .00 2. 
Woman's Home Companion, 1.00 

q.r any other magazine in �lass A. 

Art, Interchange, . ' . $4.00 } ny Price 
, Qr any other magazine 'in Class B. $

2.5
0 

Woman's Home Companion, 1 00 . 
. ' . 

CUrrent Literature, . . $2.50 I 
Or any other magazine in Class B. I $ny 1>rice

a 
Cosmopolitan ,' .  . , . 1.00 J 3

.0\:1 
House Beautiful, " 2.00 

Or afY other ;magazine in Class A. 

CO!rnlopoHtan or any mass A ';:Ith Oentury lbgazine ... $6.00 
Cosmopolitan or any CI88S A with St. NictlOlas . . . . . .  . . .  4.00 
gg::::g��m:� g� �� g:: ± �i� f'i,"���;��k New.:::  t'{I 
8g::�b�a��� �� :�� �l:��l �i� J:��:'.� .� ����:: : : : :  3:gg 
Cosmopolitan or any Class � '!!th !'!'ci< . . . . . . . . . . . . . . . . .  6.00 

$4.�O 3.�0 3.7'� 1.2� 4.09 4.�0 �.OO 

CLASS C 
Arkansaw Traveler . . • . •  I yr. $ .5. 
American Poultry Journal . , I yr. .50 
Beauty and Health . • • " I yr. .50 
Boys' World . . , • . . . ,  I yr. .50 
Dietetic and Hygienic Gazette I yr. 1.00 
Four Track News . . • • .  I yr. .50 
Holiday Magazine (Cbildren) I yr. .50 
Housekeeper, Minneapo1i!i • I yr. .60 
Home N e edlework Magazine I yr. .50 
I.adies' World . . . I yr. .50 
Little B oys and Girls I yr. .75 
McCall ' s  Magazine • I yr. .50 
Modern Priscilla • I yr. .50 
Nickell Magazine I yr. .50 
Normal Instructor I yr. .50 
Poultry Success I yr. .50 
Sunny South • I yr. .50 
Vick's Magazine I yr. .50 
What To Eat . I yr. 1.00 
World's Events . . • . I yr. .50 
Young People's Magazine I yr. .40 J 

CLASS A 
American Bird Magazine 
American Boy . . . • • • 
American Motherhood • 
Atlanta Constitution Bookkeeper . . . . • • • • • 
Boston Cooking School Magazine 
Chicago Weekly Inter-Ocean • • 
Ctncinnati Weekly Enquirer 
Cosmopolitan Magazine • • 
Cy Scudder (Arkell Co. l 
Educator • • • . • .  
. Eleanor Kirk's Idea 
The Era • . • • . • • • . • .  
Farm Poultry • . . • • . . • 
Fra nk Leslie's Popular Monthly 
Foolish Book (ArkeU Co.) 
Goo d Health • . • • • 
Good Housekeeping 
Hatper' s Bazar 
Health . • • . 
Health Culture . . . • . • 
Hints (f or Churoh Socials, etc . )  
House Beautiful . . . . . . 
Household-Ledger • • 
Junior .Toilettes • • .  
Just Fun (ArkellCo.) • 
l,iterary World • . • 
I.ittle Folks (new sub.) • • • • 
I.ouisville Couri�r-Journal (wk.) • 
Men of To .Morrow • • • • • • 
Musical World . • • • • • • •  
National M agazine • • • . • • 
National Stockman and Farmer 
Normal Instructor (three years) 
New Education (new sub.) 
Olymp ian • •  
Outdoor Life ' • 
Pathfi nder • . . • 
Pearson 's Magazine 
Philistine • • • • • • •  
Physical Culture (new sub.) 
Pictor ial Review • • • • • 
Pilgrim Magazine • • • .  
Popul a r  Educator (new sub. )  
Prairie Farmer • . . . . .  ' 
primary Education (new sub.) 
Recreation . • . • • • • • 
Succ e ss . . . • . • . . • .  
Twentieth Century Home . . 
Vick' s  Magazine ( three lears) 
Woman's Home Companion • 
World's Events (three years) 
Youth . 

I yr. $1 .00 ) 
I yr. 1 .00 
I yr. 1 .00 
I yr. 1 .00 
I yr. 1 .00 
I yr. 1 .00 
I yr. 1 . 00 
I yr. 1 .00 
I yr. 1 . 00 
I yr. 1.00 
I yr. 1 .00 
I yr. 1 .00 
I yr. 1 .00 
I yr. 1.00 
I yr. 1.00 
I yr. 1 .00 
I yr. 1 .00 
I yr. 1 .00 
I yr. 1 .00 
I yr. 1 .00 
I yr. 1 .00 
I yr. 1 .00 
1 yr. 2.00 
1 yr. 1 .00 
1 yr. 1 .00 
I yr. 1 .00 
I yr. 1 .00 
I yr. 1 .00 
I yr. 1.00 
I yr. 1 . 00  
I yr. 1.00 
I yr. 1.00 
I yr. 1.00 

1.00 
I yr. 1 .00, 
I yr. I 00 
I yr. 1 .00 
I yr. 1 ,00 
I yr. 1.00 
I yr. 1 .00 
I yr. 1 . 00  
I yr. 1.00 
I yr. 1.00 
I yr. 1 .00 
I yr. 1 .00 
I yr. 1 00 
I yr. 1 .00 
I yr. 1 .00 
I yr. 1 ,00 

1 .00 
I yr. 1 . -;0 

1 .00 
I yr. 1 .00 J 

CLASS B 
World's Work . . . . • 
Country Life in America . 
Current Literature • 
Outing • •  
Craftsman . • . .  
The Art Interchange 
The Week's Progress 
The Critic • • • .  
The Bookman 
Toilettes • • • • .  
Education (new sub.) 
Lippincott's .  • • • • • 
Independent • . . • • 
N. V. Observer (new sub.) 
Trained Nurse . • . • • 
World To-Day • • • 

I yr. $3.00 ) 
I yr. 3.00 
I yr. 3.00 
I yr. 3.00 
I yr. 3.00 
I yr. 4 00 
I yr. 2.00 
I yr. 2 00 
I yr. 2.00 
I yr, 2.00 
I yr. 3.00 
I yr. 2 50 
I yr. 2.00 
I yr. 3.00 
I yr. 2.00 
I yr. 3 00  J 

Any three $1 .25 
Any one with 

any one in 
Class A $1 .25 

Any two with 
any one in 

Class A $1 .50 
Any three with 

any one in 
Class A $1 .75 

Any two o f  
these 

$1 .50 
Any three $2.00 
Any four $2.50 

Any three of 
these with one 

of Class C $2.25 
Any two of 

these with two 
of Class C 

$2.00 
Any two with 

any one in 
Class B 

$3.25 
Any one of 

these with two 
of Class B 

$4.25 
Any two of 

these 

$3.?'S 
Any three $5.25 

Any one with 
any one in 

Class A $2.75 
I W I L L  D U P L I CAT E A N Y  C L U B .  O F F E R  A DV E R T I S E D  B Y  A N Y  AC E N CY O R  P U B L I S H E R  

F R E E If you will send me THREE ord9l'!l for ANY , combinations, you may ha.ve, FREE, l(s your 
premium, a yearly subscription to ANY periodi

cal mentioned in CLASS " A "  above. Yonr OWN club and 
TWO other clubs make the THREE orders. Special cash' com' 
mission qnoted to agents on SUCCESS CLUBS. 

H.rper's n.gazlne, $3.35. Mc:Clure's Magazine. $1 .00. 
nunsey's nagazine, $1 . 00: everybody's, $' .00. Lildies' 

, Hom,e . Journal. $ 1 .00. . Saturday Eveninlt Post, $ 1 . 25. 
,. Youtll', : C�n"'iOD ilnc:luding all doable and Pree Num

:JJers, _� eateiadar for '19(4) . $1 .75. Sc:rIbner's may be 
add,� to any c:ombinatloD for $2.85, but alone c:osts sub
scribers $3.00. Century, $3.6,5. St. Nlc:holas, $2.65. 

Addr�s all orders to W. H a M OO R E, No. , 47 Moore Bldga, 

My Prices. I Intend to have my prices the lowest. Should any 
agency or publisher make d1JJerent or b�tter o1Jers seud your orders 
to lIle at their 'price. You Receive Receipt from me for eacb 
remittartoe. Periodical .. Not in My List.-If yon want any 
perl.odlcal not fonnd In oll'ers write for terms. 

HOW TO REMIT. 
By Bank Draft on any oIty or yonr personal check. lIy 

Po.t Olllce Mone� Order ( BrockPort IS an International M. O. oftloe). By Any .,.spre8. Co.'. Money Order. 

B ROCKPORT, N .  Y. 
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You can judge 80rndhing of thts endurance and economy. of operation, of the Winton 20 hOlSePQwer 
Touring Car, when you realizi' that tllis car travels 150 miles on one filling of gasoline and lubricating_oil. 

You can travel ID a Winton over any sort of road, any distance, with the assurance that. your car wW be 
in condition to do the same thing right 6ver agatD if you like. . '  

Price of car ready for the road, $1l,500.0U. Branches and agencie"s in all leading cities. 
THE WINTON M01.'OR (JARRIAGE (JOMPANY, (JIeveland, U.S.A. 

Orient Buckboard �,:,:::�: Running Gears 
& Gasol ine Engines 
and supply 
all the 

NEUSTADT. 
PERRY C.O. 

Waltham Watches 
They are carried 

all over the world. 
''TM Petfedetl American Watch, " an illusf1'atea boofc 

of ink1'eSting information about ecvatches, ecvi1/ be sent 
fru upon 1'equest. 

� Wattnam WatcJi Compa,ny_ 
Walinam, �. 

A Xmas Gift for Those Who Love the Water. A "Mul l ins" C'OLD GALVAN I Z I N G .  jlh.�trated Is 15-foot boat. Practl-

Model of 1004. With TWO 8PEED. Price $425. 
Write jCYr Oatalogue. 

WALTHAM MFG. CO • • W�1the..rn. Mass. 

_ U II.  . ..... ized 

Prlee $29 00 Vrated • 

Steel 
P leasure 

Boat 

J�PDNtftfQR1IA16URF4rES W. H. MULLINS. 384 Depot St •• Salem. Ohio 

RI HOE P.[[URAT[8cIlAPlo!D��sif&1 
C·HBESlY& [o·EHIU!6IHU:lI-SA 

15 to 21 Cllnton Street. 

8eduty dnd 
Every business man knows the annoyance of loose shirt cuffs. Every wise business man ougnt to kuow that they can be easily fixed and regulated to any desired length below the coat sleeve by using 

Wdshburne's (uff Holders 
'rhey can be instantly attached or de-

�':f�i'ie ���h3;:.
er come loose-have a 

Illustrated catalogue on requesta 
Sample pair of Cuff Holders 

sent by mail on recejpt of �OC. 
AMERI(JAN RING (JO., 

Box s. WaterbUI7. 

GASOLINE Motor 
CAST I N GS 

01' Finished .\Iotors and Accessories for 
Bicycle, Automobile, Marine or StatlODllry, 

WE U.:-;-DERSELL ALL OTHERS. 

HENDEE CO. 
Get our 1l104 catalog. SPRINGFIELD. MASS. 

RA D I U M  The New 
Spinthariscope 

=i���f 
b��!:'m�IM=h���es 8���:1;:"a:;�=E�: 

Each instrument Is complete witrparticle of radium. 

it: �::::t:�::::::'sli::�;��tP�ld, '¥:gg 
Radium Bulbs for Medical Treatment. Send for circulars. 

WILLIAMS, BROWN k EARLE, 
Dept. 6, .918 (Jheotnut St., Philadelphia 

A 2·ce"t ,t.mp gets our cat.logue. SA V E YO U R. STEFFEY MFG. (JO. Y '1l fi d GASOLINE 
F U E L.  

_� ____________ , ______ , _. Hoisting Engines a great 2720 Brown Street PHILADELPHIA PA.. l on W1 n out' 

Tgp£writer Supplies 1 --"' -:�r 
Oheapest Finest · 
and Best Oarbon 

Paper Typewriter 
Ribbons 
on  the 
Market 

that can be 
manufactured · 

SPECIAL PRICES TO THE TRADE 

:I. M. STORMS, 1 1 · 1 3  Vandewater Street. New York 

8 I AU varieties at lOweSt pnces . .Best Railroad 
Track and Wag'on or Stock 8c8]e� made. 
Also 1000 useful artICles. including 8ateb� ca 8S Sewmg )lachines, Bicycle_, Tools. etc. �ave 

Money. List. Free. CHICAGO SCAL E Co .• Chicago. III 

.��!�!��� �. of tbe country. Catalog free. 
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SPECIAL CH RISTMAS OFFER 
TO READERS OF TH E 

We have printed one million copies of the Christmas Collier'-s to meet 
our offer in the December magazines . For you we have a better offer still. 
Great as the Christmas Number is, with its Sherlock H olmes story, its new 
Winston Churchill serial, its Gibson , Remington and Frost pictures, we want 
you to see also what a full month of · Collier's means. 

We will send you for twenty-five cents (the regular price of the Christmas Number alone) that wonderful Holiday 
issue and the three following Numbers, containing one more Sherlock Holmes story and the continuation of the . 
Churchill serial. In other words, fifty-five cents' worth of reading for a quarter. Read the table of contents 
below a.nd cut out the coupon, which puts this rich opportunity within your grasp. ' 

' 

S her·lock Hol mes Winston Churchill . 
Since Conan Doyle has brought the great detective back to life 
for Collier's readers, our presses have been unable to supply the 
demand for his new " Adventures. " The Christmas Number has 
one of the most mystifying of the series, " The Adventure of 
the Dancing Men," in which H olmes shows the reader how to 
solve the most intricate of cryptograms. By accepting our offer 
you will also get " The Adventure of the Solitary Cyclist," in 
the January H ousehold Number (dated December 26th). 

Author of " Richard Carvel " and " The Crisis,"  has just com
pleted a novel dealing with the period about to be commem o
rated next year at the Lf)uisiana Purchase Exposition. " The 
Borderland " is really the story of George Rogers Clark's 
famous campaign-" the back-door fight of the War of Indepen-. 
dence," when he held Kentucky and Tennessee for this nation 
against the Indians of half a continent. The story, which begins 
in the Christmas Collier's, continues for ·twelve numbers. No 
lover of American fiction or student of American history can 
afford to miss it. 

The Art and Literary Features, great as they are, are only side issues with Collier's. Its main purpuse 

and chief ambition is to reflect Current H istory in the Making. In this, the most fertile field 

in . American journarism, it acknowledges no peer. . Collier's correspondents and Collier's 

cameras are everywhere. Editorially it is the organ of no party and no section. It stands 

for simple Americanism, stron�. uncompromising, and in earnest. 

To Recapitulate Our Offer to R.eaders of the " Scientific American " 
We will, on receipt of the accompanying Coupon and twenty-five cents in stamps or 
silver, place your name on our mail list for the four December issues of Collier's (including 

the Christmas number, price 2 5  cents, and the H ousehold Number), containing two 

Sherlock H olmes stories and a new serial by Winston Churchill. We do not make 
a practice of short-time offers. and this is the last time we shall make this 

proposition. 

P. F. COLLIER & SON, Publishers, NEW YORK. 

12· 1 7  

416 w. 13th Street New York 
GENTLEMEN : 

Inclosed find 25c. for 
which please send me : 

The Christmas Collier'S (Pri�e 25c.) 
Collier' S  for Dec. 1 2 ,  Price 10. Cents 
Collier'S for Dec. 19, Price 10 Cents 
Household Number, Price 10 Cents 

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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$350,O()O 
First Mortgage 

5�%' 
Serial Gold Bonds 

Secured upon the modern Blast Furnace By-Product Coke Ovens, 
Gas Plant, Coal Docks, Lands and Iron Ore Mining Leases of the 

Zenith furnace Co., of Duluth, Minn. 
VALUED AT 

. $1,100,000 
Dated August I, 1903. Denomination $500. 

Bonds retired In numerical order. $20,000 each year, 1904 to 1920 

NET ANNUAL INCOME from long-time gas contracts with cities of Duluth 

and Superior, and contracts for tar and ammonia, would PAY INTER

EST CHARGES AND THREE TIMES THE PRINCIPAL OF THE BOND 

ISSUE. 

By reason of its location and ore supply, the company can make pig 

iron cheaper than it can be made at Pittsburg, Cleveland or Chicago. It 
will also have exceptional facilities for marketing coal and coke. Large 

additional profits will result from these departments. 

Tile directors and stockllolders include some of tile best known i1'on and 
steel men in the country. 

Send for circular with full particulars. 

Pcabody, Uouihtclini· a &0. 
ESTABLISHED 1865 
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AERIAL WIRE ROPE 

TRAMWAYS 

PORTLAND EMENT 
ON THE MARKET f S E RS 

Exceeds the tandards 
RECOMMENDED BY THE AMERICAN SOCIETY OF CIVil ENGINEERS 

Its Solidity and Indestructibility are Appreciated by being Largely Used by the following Iron and Steel Companies: 

JACKSON IRON & TIN PLATE CO., 
COLEBROOKDALE IRON CO., 
FIRTH STERLING STEEL CO., 
UNION STEEL CO., 
ISABELLA FURNACES, 
LATROBE STEEL CO., 
HOMESTEAD STEEL WORKS, 
NATIONAL STEEL CO., 
PENNSYLVANIA STEEL CO., 

Clarksburg. W. Va. 

Colebrookdale, Pa. 
Demmler, Pa. 
Donora, Pa. 
Etna, Pa. 
Latrobe, Pa. 
Munhall, Pa. 
New Castle, Pa. 

Steelton, Pa. 

COLONIAL STEEL CO., 
PRESSED STEEL CAR CO., 
AMERICAN SHEET STEEL CO. 
CLAIRTON STEEL CO., 
CLEVELAND FURNACE CO., 
HOOPES & TOWNSEND CO., 
CLINTON IRON & STEEL CO., 
LACKAWANNA STEEL CO., 

Steel Works, Pa. 
Allegheny, Pa. 
Bridgeport , Ohio 
Clairton, Pa. 
Cleveland, Ohio 
Hoopeston, Pa. 

Pittsburg, Pa. 

West Seneca, N. Y. 
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