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"IT OUTLASTS THEM ALL." 
That's the highly descriptive trade-mark of the 

Caligraph � 

Typewriter 
and it means that it is more durable, because 

better made, more permanently satisfactory 

because easier to operate, and more lasting in its original perfection, without costly 

repairs, than any other typewriter made. The excellence of the Caligraph Typewriter 

is being proved daily by many thousands of well satisfied operators all over the 

civilized world. , 
lllustrated Catalogue for 1896 sent free on request. Ask also for sample book of 

Typewriter Papers. 

AMERICAN WRITING MACHINE CO., 

THE POLAND SPRING HOUSE. 
THE PHENOMENAL PROSPERITY OF THE POLAND SPRINC HOUSB 

Is An Undeniable Testimonial to tbe True and nysterious Virtues of 

POLAND WATER 
An Enviable Record. Sales of Poland Water 

N at'l B roadway Bank Bldg., N ew York. FIRST water ever known to exceed the COMBINED 

SALES of all the 
tht Winslow Brotbtrs £ompanv, £fiicago, Ornam¢ntal 

Iron 
fI 

eliminate Renal Calculi 

from the system. 

ONLY water in competition 

with the world to receive 

Award and rIedal at the 

World's Columbian 

Saratoga Springs. 

THIS WATER is shipped to 

Every Continent. 

The DEMAND is a 
11 spedaltY of artlstlt 
original d�slgns. .. ...... 

fI Exposition. for 

constantly Increasing one. 

Its PATRONAGE is gained 

by rIERIT, and is 
tbe "Bower·Barff" �ro· GREAT PURITY and 

(ess prese""ts tbt cbaracttr rIEDICINAL POWER. 
of Iron work. It ItaOfS ar· 

consequently lasting. 

tlstlt dttalls intatt. tbt LA E gtnulne UBowtr·Barff" THW PO liD SPRIUG HOUS finisb Is not a paint, "amlsb & n 

�"tse gates were made by tbe WinSlOW
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, L and exbiblted at tbe wornt's 'air, wbere tbey took 
... first Prize for workmansblp and deslAtl. tbty aft now 
owntd by Gen. torrente, take Sbore DriW.; �Itago, and 
are not tbe prop�rtv of tbe German Emperor, as ftcent19 
r�porttd In tbe newspapers. •••••••••••••••• 

or tnamd-It Is a blue·blatk 
rustltss finlsb produwl by 
a pttuDar m�tbod of btatlng 
tbe Iron. Our .. Bowtr· 
Barff" prottSs fumatts are 
tbe most compltte InJlmtrlta 

Write for €stlmattS 
Designs and fUll partltulars. 

x = Ray= Apparatus 
of All Kit"lds, 

For Professionals and Amateurs. ��� 

(l) Ruhmkorff Coils 
(oil immersion type). 

(2) High Frequency Sets 
(for alternating current). 

(3) Modern Holtz Machines 
(4) Crookes Tubes 

a. Regular. 

b. Single focus. 
Co Double focus, with adjustable 

vacuum. 
(Thomson UniversaL) 

(5) Fluoroscopes. 
( 6) Fluorescent Screens. 
(7) Calcium Tungstate. 

Complete Outfits 
For X Ray Work 

THE MOST SUCCESSFUL RESORT IN THE WORLD. 
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• attendance, performs marvels of benefit for the exhausted social ieader, after a season)s round of 
duties, or the business man, who seeks in the same spo'ty Health, Rest and Pleasure." 

.� "ti-tSi .. Because It Is Ideally placed I A Poem of Nature I Unsurpassed I Ever changh:>g I Ever beautiful.:' 
HU!Oii IIP""8 lUeli1 "Because, I never found more perfect rest. Every comfort of the CIty. perfect sanllatlOll 

and just enougb of the hest amusements. It 18 unequaled," 'I'\le LiterllrYI "Because Its grand World's Fair Maine State BuUdlng, with Its Free Reading Room, Library, 
and Art Gallery are the wonder and delight of all." 

� Senillcn Souvenir and Illustrated Circular, with Full DeBcrlption, Testimonials, etc. 
New York Officel I HIRAM RICKE R  '" SONS, Incorporated, 1 180ston OffIce.: 75 Devonshire a Park Place. SOUTH POLAN D ,  MAINE, U. S. A. Street. 

GALVANIZED IRON. 

The best is Apollo. Soft, uniform, workable. 
Rolled just right; no buckling; perfectly flat. 

The worker is at his best with it. Takes less 
time besides. 

Every sheet dnd part of a sheet guaranteed. 
Which means: Return for any defect whatever. 

Apollo Iron and Steel Company, Pittsburg, Pa. 

PURE READY-MIXED PAINTS. 

Radiograph made with Thomson Universal Tulle on 61ncb 

Our Thomson Universal 
Double Focus Tube is prO-I 
nounced by experts the most 
efficient tube ever made for 

WE desire to call attention of consum
ers to the fact that we guarantee 
our ready-mixed paints to be made 

only of pure linseed oil and the most per
manent pigments. They are not "Chemi· 
cal," If Rubber," "Patent," or "Fire-proof." We use no secret or patent method in man
ufacturing them by which benzine and 
water are made to serve the purpose of 
pure linseed oil, 

spark. Exposure 3 minutes. the production of X Rays. 
it is the only tube made that provides for adjustment of vacuum. .JI. 
Our Ruhmkorff coils of the larger size are of the oil immersion type, 

� thus insuring the highest degree of insulation. � 
Miniature and Decorative Lamps and Electric Signs. 

EDISON DECORATIVE AND 1VIINIA TURE LAMP DEPT. 

I Am�lIe RIves, Louise Cbllftoflel' Moulton. Clara Lonl!!b 
Burnham, Edward Everett Hale, JullaMagrnder,JDlia.n P -wthorne Edll:ar Fawcett, Mr •• Poultney Bhlelow, 
lh!rbert D. \v Rrd, Cleveland Moffett, Marla I,oulse Pool, 
and many others contribute to the Summer numbers. 
For sale by an newsdealers. tic. B copy, by man from us 

Sample cards, containing fifty desirable 
shades, sent on applicatioa. 

FINE VARNISHES • .  
Hard Oil-Finish and Wood Stains. 
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lVIUNN .. COMPANY, Editors and Proprietors. 
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No. 361 BROADWAY, NEW YORK. 

The Scientific American. 
The Most Popular Scientific Paper in the World. 

Thle uurlvaled periodical I. now In Its Fifty-firs� Year, and, owiol{ to Its 
ever Increasing pODuiarity. lt enjoys tbe largesl circulation ever attained 
by any SCientific publication. Every number contains sixteen Jl8I!es, beau
tifully prlnted,lIlustrated with the best class of enl{ravlng.; It presents 
In popnlar style a descriptive record of tbe most novel, Interesting and 
important developments in SCience, Arts and Manufactures. It sbows the 
prollres. of tbe world In respect to New Discoveries and Improvements, 
embra.clnll Machinery. Mecbanical Works, Engineering in all brancbes, 
Chemistry, Metallufl1;y, ElectrICity, Light, Heat, Architecture, Domestic 
Economy, Agriculture, Natural History. etc. It abounds In fresh and 
interestlnl{ subjects for discussion, thought or study. It provides material 
for experiment at bome and in tbe laboratory, and it enables tbe Intelli
I{el!t reader to keep informed as to the Industrial and scientiOc develop
ment of tbe country. To tbe Inventor it Is invaluable. as every number 
contains a complete list of all patents and trade marks Issued weekly 
from tbe Patent 011100. It promotes Industry. Progress, Tbritt and In
telltRence in every community where it Circulates. 

THE SCIENTIFIC AMERICAN sbould bave a place In every Dwelling. 
Shop, OfOce. S�bool or Library. Workmen. Foremen, Enllineers. Superin
tendents, Directors, Presidents, Ot1lcials, Merchants, Farmers, Teachers, 
Lawyers. PhYSicians, Clerl{ymen, People lu eyery walk and profession In 
life. wil l derive satisfaction and benefit from a rellular reading of THE 
SCIENTIFIC AMERICAN. 

As an Instructor for the younl{ it is of peculiar advantagc. Try it. 
Snbscrlbe for yourself-it will brinl{ you valuable ideas; subscribe for 
your sons-it will make them manly and self-reliant; subscribe for your 
workmen-it wUI please and assist their labor; subscribe for your friends 
-It will be likely to I{ive tbem a pr�ctical lift In life. 

TERM,.. FOR THE SCIENTIFIC AMERICA N, 

One copy, one year. for tbe U. S., Canada or Mexico . . ... . . . . . . . . . . . . . $3 00 
One COpy, six months, for the U. S., Canada or Mexico . . .. .. . . . . .. . . .  1 aO 
One copy, ODe year, to any foreign conntry . . . . . . . . . . . . . . . . . . • . . . . . .  ' 0 ,  400 

Remit by postal or express money order, or by bank draft or cbeck. 
MUNN & CO., Publishers, 361 Broadway, N. Y. 

---.... ... �.---

The Scientific American Supplement. 
(Established 1 !!iT6.) 

THE SCIENTIFIC AMERICAN SUPPLEMENT is a separate and distinct 
publication from THE SCIENTIFIC AMERICAN, but is uniform therewith 
In slle, every number containing sixteen large pages, THE SCIENTIFIC 
AMERICAN SUPPLEMENT is pnbllsbed weekly and includes a very wide 
range of contents. It presents the most recent papers by eminent writ�rB 
In all the principal departments of Science and tbe Useful Arts. embracinll 
Biolol{y, GeoloRY, MlneralollY. Natural History. Geol{raphy, ArchreolcI<Y. 
Astronomy. Cbemlstry. Electricity. Llgbt, Heat, Mecbanlcal Engineerinl<, 
Steam and Railway Engineering, Mining, Sbip Building, Marine Enllineer
Inl{, Photoarapby. Technolol{Y. Manufacturing Industries, Sanitary EDl{i
neering, Agriculture. Horticulture, Domestic Economy,' Biofll'apby. Medi
cine, etc. A vast amount of fresb and valuable Information pertaining to 
these and allied subjects is given, tbe whole profu.ely Illnstrated witb en
graviD�8. 

The most important Engin..,.;,ng Works, Mecbanisms and Manufactnres 
at bome and abroad are represented and described in tbe SlJPPLEMENT. 

TERMS FOR THE SCIENTIFIC AMERICAN SUPPLEMENT. 
One COpy, one year, for tbe U. S., Canada or Mexico . . . . .. . .... .. . . . . . $:) 00 
One copy. one year. to any forell!D country . ... .. . . .  . . . . . .. . . ......... 600 

Sold by all newsdealers tbroughout tbe country. 
Combined Rates.-THE SCIENTIFIC AMERICAN and SUPPLEMENT 

Will be 8ent for one year, to one address in the U. S .. Canada or Mexico, on 
receipt of seven dollars. To foreign countries eight dollars OIfIdftftlJ cents 

aI/ear. MUNN & CO. , Publlsbers,361 Broadway, New York. 
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Building Edition of the Scientific American. 
(Established 1881>,) 

THE BUILDING EDITION OF THE SCIENTIIl'IO AMERICAN is a brlle and 
splendidly illnstrated periodical. Issned montbl y. containing fioor plans 
and perspective views pertaining to modern archltectnre. J!lpcb number 
IS Illustrated with beantlful plates, sbowlnl{ desirable dwelllnl{s. pnblic 
buildings and architectural work In Iilreat variety. To architects, builders 
and all wbo contemplate bnildlDll this work is invalnable. 

TEltM� FOR THE IJUILDING ElUTION, 

One copy, one year. for tbe U. S., Canada or Mexico . . . . . . . . . . . . . . . . .  $� 1>0 
One COpy, one year, to any forell{n conntry . . . .. . . . . . . . . . . . . . . .  ,....... 300 
Single copies. . . . . . . . .. . . . ........................... ...................... 21> 

Combined rate for BUILDING EDITION wltb SCIENTIFIO AMERICAN, to 
one address, $5.00 a year. To foreilln countries, $6.00 a year. Combined 
rate for BUILDING EDITION, SCIENTIFIC AMERICAN and SUPPLEMENT 
'9.00 a year. To forei!!,n countries. 1811.00 a y<'ar. 

. 

MUNN & CO. , Publishers, 361 Broadway. New York. 

.•.. 

Export Edition of the Scientific American 
(E.tabli"hed 18TS) 

with which Is Incorporated" LA AMERTCA CIENTIFICA E INDUSTRIAL," 
or Spanish edition of tbe SCIENTIFIO AMERICAN . publisbed montbly, uni
form In SIze and typograpby with the SCIENTIFIC AMERICAN. Every num
ber contaIns abont 100 pages. profusely illnstrated. it is the finest scien
tilic industrial export paper published. It circulates tbrougbont Cnba, 
the West Indies. Mexico, Crntral and South America, Spain and Spanlsb 
possessions-wberever tbe Spanish langua!!,e Is spoken. THE t!CIENTIFIC 
AMERICAN IIlXPORT EDITION bas a larI!e guaranteed clrcnlatlon in all 
commercial places tbroughont the world. 

Snbscrlptlon S3 a year, postpaid, to any part of tbe world. Single copies, 
21> cents. MUNN & CO., Publishers, 861 Broadway, New York. 

proTbe safest way to remit Is by postal order. express money order. 
draft or bank check. Make all remittances payable to order of MUNN 
& CO. 

pro Readers are specially reqnested to notify the puhllshers In case of 
any failure, delay. or Irregularity In receipt of papers. 

J citutific �tutricJu. 
THE BFFECT OF IBVENTIOllS ON THE 

PEOPLE'S LIFE. 

The material world has advanced so rapidly during 
the last half century, and with a pace so accelerated, 
that mankind has almost lost one of its most important 
faculties, and one essential to happiness-that of sur
prise. The nil admirari faculty is attaining a wide 
spread. The most marvelous developments are taken 
as a matter of course-the condition of things fifty years 
ago is seldom pictured to the mind-and all the mate
rial blessings which we now enjoy are used as conveni
ences of daily life, and no more. Formerly there was 
an idea prevalent that surprise and astonishment were 
emotions of the ignorant. To-day they are rather 
emotions of the scientist. The educated engineer can
not without such emotions contemplat� the insignifi
cant feed wire of a trolley road carrying silently hun
dreds of horse power to points all along the line-he 
cannot without these feelings contemplate the electric 
motors, drawing power in proportion to the work 
they have to do, all regulated by the automatic govern
ment of counter-electromotive force-he cannot see the 
unstable though gigantic ocean liner filled with every 
refinement of electrical and mechanical art, all working 
perfectly on their never quiet, never level platforms-he 
cannot follow the construction of a cantilever bridge 
with the ensuing changes from compressive to tensile 
stress and the reverse, as the span is completed-these 
things all excite in him such emotions that he cannot 
observe them and know them without a feeling of true 
astonishment at the achievements of mankind. 

Our other columns at once, in their fullness and neces
sary and inevitable inadequacy, bear testimony to the 
status of our age. They are filled with most interesting 
matter from the pens of specialists. Yet in spite of the 
special competency of their authors, all acknowledged 
authorities-notwithstanding the pages of matter and 
quantities of illustrations-we feel that the task of tell
ing about the progress of a lifetime can at the least be 
only inadequately performed-so much has been 
done. 

The temptation is to consider the greater things, to 
contemplate the 600 foot steamer crossing the Atlantic 
through storm and sunshine-the open hearth furnace 
with its tons of steel, fluid as water and resembling 
molten silver-the immense steam engine and great hy
draulic power plant. But we may usefully leave for 
the moment the monumental works of the last half 
century and see what changes have been effected in our 
daily life by the movement of progress. 

The steam engine has been greatly improved, and in 
the articles on naval progress and the locomotive 
much will be found on its development. The Corliss 
valve motion and the compounding of cylinders, lead
ing to more perfect expansion and a longer range of 
working temperature limits, have brought about great 
economy so that one-tenth the fuel will do the same work 
as compared with many engines of the middle of the 
century. In details, such as the supply of water to the 
boilers by injectors and inspirators, doing away with 
the feed pump, the machine stoker for supplying fuel, 
and the feeding of oil drop by drop to the cylinder, the 
drops passing through a glass tube so as to give sight 
feed lubrication, the steam power plant has had 
many and great developments. 

The machine Iilhop has not been neglected, and 
America can boast of the finest machine tools, for wood 
and metal, such as automatic lathes, milling machines 
and shapers, that the world can show. The develop
ment of abrasives, emery and carborundum, has made 
the emery grinder a necessary tool in every machine 
shop. The miner even shares in the ad vance, special 
machinery for extraction of ore, for undercutting and 
drilling being invented, while modern explosives of 
graduated power and quickness make the work of plac
ing shots much safer. Compressed air has been used in 
some classes of underground work, but electricity is 
making its presence felt there also, and elp::otrlc ma
chinery for tunneling and mining is in extensive use. 

The work of St. Clair Deville in the days of the last 
Napoleon have borne fruit, and now aluminum has a 
recognized place among commercial metals. In its re
duction the electric furnace' and the electrolysis of 
fused salts have been tried, and the cheapened produc
tion of sodium has had its effect on the cost of produc
tion. 

The lightness of the metal led to hopes that it might 
lead to the construction of a flying machine. The 
development of the laws of moving aeroplanes have 
given a better basis perhaps in this direction than any 
preceding work, and the theory of the internal energy 
of the atmosphere gives a possibility of the solution of 
th� problem of soaring flight. Yet very little has been 
really accomplished, although more has been done dur
ing the last five years to raise the rational hopes for 
true mechanical flight than during the fifty years that 
preceded. 

Food for the flll'JIlily is now procurable in endless 
variety, independent of ine season of the year. The 
enormous development of the canned goods industry, of 
cold storage and of cheap transportation makes the 
salmon of Oregon, the delicate fruits of California, and 
the vegetables of the West familiar to the residents of 
the most distant cities. The winter kitchen can have 

every summer vegetable, and the feats of the Romans.in 
supplying the tables of its emperors are daily surpassed, 
only it is now done for the benefit of the poor. Even 
in the treatment of food, notably of the cereals, there is 
great advancement, and the roller mill turns out flour 
of greatly improved quality, and with larger yield from 
the grain than was done by the old grist mills. 

In the matter of the transportation of water the most 
impressive achievements of engineering are executed in 
order that at the turning of a kitchen faucet water may 
flow into the kettle of the cook. The contrast between 
old and new methods is nowhere more forcibly pre
sented than in the two Croton aqueducts-one of the 
year 1842, following approximately a contour line from 
the Croton Lake to the Central Park, New York, i� 
path being traceable from the surface over nearly all 
its extent-the new one of 1890 driven deep underground 
wherever possible, as a matter of preference, and built 
without surface disturbance except at the shafts and in 
one or two difficult places. To supply cities with water 
through such aqueducts, great da)lls are built or 
natural lakes are utilized. The fact that the lake or 
dam is to be fifty or more miles distant plays no part. 

Perhaps the manufacture of shoes supplies as good 
an illustration as any of the substitution of factory for 
hand work in supplying domestic wants. The Ameri
can shoe factory with its workshops filled with ma
chinery and with trained operatives, each practiced in 
performing one single operation, using ingenious sew
ing machines, producing welt shoes or shoes without 
welt, sends its products to all parts of the world, and 
the hand made shoe is used less and less. 

Foremost among the developments of the last half 
century is the India rubber industry. The discovery 
of the vulcanization of India rubber at once brought 
into the realm of practical uses a unique material, 
India rubber. At first it had been unsatisfactory, 
subject to change of qualities and uncertain in every 
way and affected by variations in temperature. But 
Goodyear's great invention of vulcanization produced 
a new and wonderful material, which has affected 
every department of modern life, and which, as not the 
least of its achievements, has created the modern pneu
matic bicycle. It is hard to believe that this invention 
only goes back a little over fifty years. 

In the march of progress the farmer has participated. 
Reaping, mowing, raking, harvesting, plowing, and 
cultivating, form but an incomplete statement of work 
now executed for him by machinery. Steam has long 
been used to do his work-now electricity is stepping 
in to his assistance, and we find an electric plow under 
trial. Patent churns, centrifugal and deep pan cream 
separators make his dairy work easy, and it is further 
simplified by the creamery to which he delivers his 
milk for butter and cheese making by machinery. To
day America exports cheese in enormous quantities, 
and many a tourist has eaten in foreign lands, under 
foreign titles, cheese from cheese factories of the Empire 
State. 

The stock farmer who raises cattle for market to !'I"�
ply meat is not neglected. His market has expanded 
enormously, until the '.' roast beef of old England" has 
to be supplied by countries thousands of miles away 
from London. Cattle ships, which in all their appoint
ments represent the finest marine engineering, receive 
them and they are dispatched across the ocean with as 
little concern or uncertainty as if it were a ferry which 
was to be crossed. The docks on the Thames :rcooi" tl 
steamer load after steamer load of cattle for the supply 
of the great metropolis and of the country at large. It 
really seems as if, without· modern improvements, the 
world would have to go unfed. It would be fairer 
to say that it is the concentration of population 
in such centers as London and New York which 
has made it necessary to provide food supply by 
such methods. Under the conditions of former days, 
in a society more in accord with Mr. Ruskin's ideas, 
we might find the cattle ranges dotted with little vil
lages, and London as yet not unified and consolidated, 
its constituent settlements still having independent ex· 
istence. At present it is the other way, and there are 
in. the West, deserted cities whose inhabitants were un
able to resist the tendencies of the day. The cattle' 
trade and food supply systems indicate the tendency of 
the world toward life in great centers of population. 
The deserted farms of New England, like the deserted 
cities of the West, tell the same story. 

There is often a companionship in disease and its 
remedy. Cities grow large, and dwellers in the s:'burbs 
identify themselves with the metropolis. For their 
benefit special rapid transit methods are developed. It 
is very few years since the horse car was welcomed by 
the American city as an improvement on the old rat
tling omnibus. The writer recollects the day when 
there were many omnibus lines in New York and when 
the horse railroads of Philadelphia were an object of 
pride and rejoicing. Now all is changed. The horse 
railroad is archaic, and with a few exceptions in the 
way of compl"essed air, steam and electric motors, tran
sit within city limits is done by central station methods. 
The city resident who desires to see the finest example 
of steam engineering has but to visit the power plant 
of his municipal railroad. The maintenance day after"" 
day and month after month of the great cable roads of 
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New York and other cities is a wonderful triumph of 
engineering practice. The electric trolley road is, how
ever, the most powerful of these factors in what we 
have alluded to as the work remedial of the ills of mod
ern centralization. From the central stations it sends 
its power lines in all directions through the suburbs of 
cities, and at almost nominal charge carries passengers 
for miles at a speed of ten to twenty miles an hour or 
more. The city worker is no longer obliged to live in 
closely built up streets. The cars escape to the region 
of green fields. The trolley may yet modify cities until 
they become centers of work and not of residence. 

The trolley line with single overhead wire and rail 
and ground return is not a satisfactory thing. Much 
damage has been done by escape, or rather branching, 
of current from its rails. The underground trolley has 
been in use on a couple of roads, one in Ireland and 
one in Hungary, but only recently has it been intro
duced into America. The cities of Washington and 
New York have excellent examples of it. As it avoids 
the unsightly aerial wires, with attendant dangers, and 
as the underground system has two insulated conduct
ors, avoiding destruction of pipes by electrolysis, the 
best wishes of civic engineers should be extended to it. 

The self-contained motor car which can work inde
pendently of any central station is still in embryo. 
Many are in use, especially in Paris, but they are few in 
number compared to the central station car lines. A 
car motor needs such an exceptional reserve of power 
that the problem of dev'u;ing an adequate motor for it 
is far from easy. The storage battery, for which such 
boundless fields of utility are open as soon as it shall 
be(,,ome lighter and more practical, has been tried on 
street cars and operates a number to-day. The explo
sion oil engine may yet solve the problem. Hitherto 
the weight of the motor mechanism and the difficulty 
of establishing a sufficient reserve of power are the dif
ficulties to be overcome. 

We have already alluded to cold storage. Another 
domestic use to which the science of the day has been 
devoted is the production of ice. Ice formerly was har
vested entirely from natural sources. Now it is made 
artificially in great quantities, and every first class 
ocean steamer or large steam yacht can make its own 
ice and cool its own refriger·ators. In southern regions 
this art makes itself most directly felt, for Florida need 
no longer import ice from Maine. It can be made by 
machinery in quantities required for daily consumption. 

The business man and the litterateur, even the news
paper reader, share in the advance. Quick processes of 
illustration have changed the daily journal into an il
lustrated publication, and color printing is used in it, 
as well as for works of the highest art. 

The typewriter, a product really of the last twenty 
years, has effected a perfect revolution in the old time 
secretary's art. There is no longer the striving after a 
legible hand of definite style, but the even work of the 
typewriter makes the handwriting of a secretary a 
thing of no importance. The typewriter brings the 
writer's art in close juxtaposition with that of the 
printer, and, following out the analogy, we find the 
modern printer in possession of machines for composing. 

It has long been a dream with inventors to do away 
with the hand composition. Early in the fifties Wil
liam Mitchell's type-setting and distributing machines 
were experimented with at the Trow printing office, in 
this city, and were used for some years there. Other in
ventors attacked the problem in other ways; some de
voted their efforts to the production of a matrix, by 
means of which a stereotype or electrotype could be 
produced. At last the idea of a matrix-setting in 
contradistinction to a type-setting machine occurred, 
and a complicated and highly ingenious machine was 
invented for carrying out this idea. This machine, the 
Mergenthaler, so called I,inotype machine (which might 
more properly be written Lineotype), set, by means 
of a key-board, individud letter moulds or matrices. 
For justification, wedge-sbaped spaces or quads were 
used. These were inserted between words, and when 
the line was nearly filled and a syllabic division or end 
of a word was reached, the line was completed by 
thrusting in the wedges. This accomplished the miss
ing function of preceding machines-the machine did 
its own justification. When a line of moulds were set 
up the casting of metal against their faces was· auto
matically done, and a "slug" of one complete line of 
text resulted. Quantities of printer's work is now done 
on machines of this class. It marks the solution of a 
problem of four centuries' standing. 

. A very important line of work is in the field of the 
gas and oil explosion engines. In these we have a long 
range of temperature change acting to reduce the low 
economy due to the second law of thermodynamics. 
These machines are now made without ignition tube, 
flame or electric spark igniter, and, as they operate 
without boiler and require scarcely any attention, they 
go far to bring power within the use of all Ericsson, 
Roper, and others have done well in a parallel line of 
work with hot air engines, and the entire subject of 
displacement of the steam engine is affected by them 
as well as by electric motors. These smaller motors, be 
cause they require so little plant, are now entering into 
the daily life of the individual. They are used in small 
machine shops, small boats are driven by them, and in-

dustrial conditions may yet be gravely modified by the 
possibility of economically producing small units of 
power with small investment of capital. 

While this indicates the possibility of the division of 
industries into small units, we are confronted on the 
other hand by immense industrial settlements, the 
tendency of the day having brought about consolida
tion of interests. Thus we have the car shops of Pull
man, Ill., supporting a city. We see the great Carnegie 
Iron Works, at Homestead, Pa., covering 110 acres of 
ground and employing 8,000 men, a veritable indus
trial army, beyond the imaginations of the past genera
tion. 

Formerly watches and clocks were individual crea
tions, the tradesman turning out the finished product 
from his little shop. Now the great factory produces 
them, employing every refinement of automatic ma
chinery and specialized labor, the principle of inter
changeability affecting the product to the last degree. 
The foreign industry has been profoundly affected. and 
the New England timekeeper equals in quality the 
best hand-made product of an earlier day. 

Our theme in this retrospect has been the wonder of 
it all, .and in that wonder every few years an awakening 
is observed which finds expression in what has become 
an institution of the last fifty years-great expositions. 
Started in England by Prince Albert, the Consort of 
Queen Victoria, with the World's Fair of 1851,heldin Lon
don, every few years have witnessed the i:iJ.auguration of 
a new exposition. After having been started as world's 
fairs and exhibitions of the industry of all nations, they 
have become differentiated and special exhibitions 
have been prepared, covering either special articles or 
special countries, and lately these exhibitions have 
been very numerous. But the long series is punctuated 
throughout at intervals of a few years by real world's 
fairs, each one in splendor and completeness striving 
to outdo its predecessor, until, in 1893, at the great 
Western metropolis, all former efforts were eclipsed by 
the Columbian Exposition, designed to commemorate 
the discovery of America by the great Genoese. It was 
an exposition where a mingling of history and art led 
to the erection of the most magnificent group of build
ings and architectural trophies that the world has ever 
seen-where the water from the lake made easy the in
troduction of water into the scene, which water, circu
lating in beautiful lagoons, was traversed by the Vene
tian gondola, the relic of past centuries, and by the elec
tric launch, the production of the very moment-where 
the most beautiful art products of the world were fairly 
rivaled in interest by the trophies of thp mechanics' 
and technologists' art-where in the reproduction of 
the features of life in foreign lands the human element 
was made to vie in interest with all the rest. The 
great fair ended, far outdoing anything that the world 
had ever seen. The destruction of its buildings by fire 
formed a fitting culmination of its necessarily short life. 
It is hard to be believed that it will soon be surpassed. 
It seems to represent the proper ending of the nearly 
fifty years period during which such fairs have been held. 

• I., • 
THE PATENT 8YSTEK. 

Up to the end of the year 1845, 3,873 patents had been 
issued by the Patent Office of the United·States. When 
the year 1895 closed its course, the number was 531,619, 
a wonderful tribute to the inventive genius of the 
American people and more wonderful because out of 
this great number comparatively few were issued to 
foreigners. The largeness of the number is a tribute to 
the far sighted liberality of the patent statutes, origin
ally established by our forefathers in the days when the 
individual counted for far more than in the present day 
of fierce competition and wealthy combinations of capi
talists. Even in those days, it was recOgnized t1ui.t the 
individual inventor required the fostering protection of 
the law, and it was known that the best possible policy 
for the country was to grant him this protection for the 
enrichment of others and for the good of the country at 
large. In the first days of the republic exceedingly few 
patents were granted, but about 1845 the system was in 
full operation and the American nation already began 
to be noted for its inventive powers. The training of 
years of privation and isolation which characterized 
life in the sparsely settled region had caused the Ameri
can people to be self-reliant. A farmer separated 
many miles perhaps from the blacksmith shop, with 
absolutely no machine shop within reach, with carpen
ters and other tradesmen few and far between, learned 
to do everything himself, and it was unquestionable 
that in these early days the farmers of America display
ed a high order of constructive and mechanical skill 
and a quick adaptation to circumstances that have now 
imprinted themselves upon. the entire American peo
ple. To-day the farmer has complicated machinery to 
take care of, and he does it successfully; small repairs 
he executes himself, and in him is found the true ma
terial that inventors are made of. 

The Ameriootll race seeming by the force of circum
stances to be destined to be mechanical, have developed 
among themselves a special genus or race, that of inven
tors, men who have been termed by the courts of highest 
standing geniuses-men who in their work exercise the 
undefinable quoJity of invention-the most difficult 
statutory requ1rement which the courts ever have to 

5i 
define; and it is this race of inventors who spend their 
lives far too often in perpetual striving and in poverty. 
while really working for the good of humanity, in the 
simple hope that their efforts will be appreciated by 
the cold business sense of mankind and that the selfish 
interest of the world will give them their reward 
They and their work are the constant exponents of the 
theory of the patent statutes, a theory little understood, 
and one which it seems as if the very courts of law 
themselves sometimes fail to grasp, and for whose en
lightened elucidation the decisions of old time judges, 
the ornaments of the American judicial bench, can be 
appealed to with the certainty that the inventor will 
there receive his due. 

. 

The theory of the patent law is simple. The coun
try is enriched by inventions, and offers for them a 
small premium; this premium is a seventeen years' 
monopoly of their fruit-no more, no less. Having pur
chased the invention for this insignificant price, the 
purchase is consummated by the pUblication in the 
patent records of the details of the invention, so that he 
who runs may read. The whole thing is a strictly busi
ness transaction, and this character is emphasized by 
the fact that the inventor is required to pay for the 
clerical and expert labor required to put his invention 
into shape for issuing. His patent fees are designed to 
cover this expense, and do so, with a considerable mar
gin to spare. Thus the people of the United States are 
perpetually being enriched by the work of inventors, 
at absolutely no cost to themselves. 

The inventor does not work for love nor for glory 
alone, but in the hopes of a return for his labor. Glory, 
and love of his species, are elements actuating his work. 
and in many cases he invents because he cannot help 
himself, because his genius is a hard task master and 
keeps him at work. But none the less, the great in
citement to invention is the hope of obtaining a valua
ble patent, and without this inducement inventions 
would be few and far between, and America would, 
without the patent system, be far in arrears of the rest 
of the world, instead of leading it, as it does to-day. The 
few pregnant sentences of the patent statutes, sentences 
the force of whose every word has been laboriously ad
judicated by our highest tribunal, the Supreme Court 
of the United States, are responsible for America's most 
characteristic element of prosperity, the work of her 
inventors. 

It would be idle to attempt to recapitulate here the 
great inventions of the last fifty years, for their name is 
legion. Morse's unequaled work in telegraphy, Reis' 
pathetic struggle to invent the telephone; the develop
ment of the dynamo by a host of ingenious inventors \ 
the development of the compound and multiple expan
sion steam engine from the engine of fifty years ago, 
which was practically what was left by the great in
ventor Watt from the last century; the unequaled in
ventions in the world of steel, in bridge building and in 
naval engineering; the sewing machine; typewriters; 
these and myriad others will occur to the reader of our 
columns, and from the contemplation of it all but one 
moral can be drawn, one lesson deduced. We are in
debted for most oUbis progress to the patent system. 
America's progress is a direct plea for the protection of 
the inventor. 

Take away from the inventor· the pecuniary reward 
of his invention, and what stimulus is there, especially 
if he be a poor man, for him to devote his time and 
energies to the development of his ideas? Those who 
read in these pages of the struggle against poverty of 
Morse and Howe and Wilson and a score of others 
while they were developing their inventions, will un
derstand that finally these men received the reward for 
their unswerving devotion to their work. The sewing 
machine industry is a case in point; while the patents 
remained in force, the business was enormously profita
ble, and these machines of American invention were in
troduced all over the world. Several of the large com
panies have taken up the manufacture of bicycles, 
while others have been forced into bankruptcy. 

If the American patent system be changed in any way, 
the path of the inventor should be m¢e an easier one 
and his rights should be more sedulously guarded than 
ever. The work of invention is going on in all lands, 
and any cessation in activity on the part of the Ameri
can inventor will go to reduce America's rank in the 
world of llIttions. In the present epoch, a very short 
period will be required to leave us hopelessly distanced 
in the competition. Any blow at her inventors will be 
a hlow at the very heart of America's industrial life and 
material and intellectual prosperity, and it is hard to 
believe that such a blow will ever be given. 

. 

The following figures give an idea of the development 
of American inventions during the past fifty years: 

United States patents and relssnee Issned In 1846............ 508 .. .. .. .. 18M .. .... .. .. . 2,018 .. : :  : ��.... • • • .... 6,616 
.. .. "  .. 100�·' . • •• • •  • •• 14,887· ocu ... ... .. .. .. 24,288 
.. .. ..  .. 18115 . . • • •• • • • • • . 22,0117 := n�burlssn� Inany.lear�ce l845, =.:::::: : :

.
: 26,:: 

Patents Issned tor carrlaaea and waaona . .. ......... ... . . . 2O,82l .. .. stoves and turnacee ........ ....... ... ... . 18,972 
: .. electr1� In:t.ions. .. • . .. ............ 18,052 : :, ���B�gb=:::::::::::::: ff:� 
.. 

: ' r=ren..... .... .... . ........... . . 10,30 

.. .. mills . • • • • •  : : : : : : : : : : : : : : : : : : : ::::;:::::: 19:� Class tor wblcb amaIleat nnmber of patents were Issued : Bnk • • • • • • ••••••• ••••••••••••••••••• • • • •  • • . • • • . •••••••••• 108 
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THE TRANSATLANTIC STEAISHIP. 

In tracing the history of the part played by the 
United States in the development of the transatlantic 
steamship during the past fifty years, it will be a par
donable inconsistency to run back some seventy-five 
years to an earlier date and make mention of the first 
steamship that made the transatlantic passage-the 
American-built Savannah. During the latter part of 
May, in the year 1819, this little craft of about 350 tons 
sailed from Savannah, Georgia, and, after a prosperous 
voyage of 28 days, lasting from May 22 to June 20, she 
anchored in the Mersey, having made use of 
steam for eighty hours of the time occupied 
by the trip to Liverpool. She was built on 
the East River, New York, and was origin
ally designed as a sailing packet ; and, if we 
may judge from the old engravings, her sail 
plan does not appear to have been cut down 
to any extent after the engines were intro
duced. This latter work was done at Savan
nah, Georgia, where she was prepared for her 
new venture by her owners, William Scar
borough and others. The engines were direct 
acting, and the paddle wheels were so con
structed that in stormy weather they could 
be unshipped and stowed on deck. She had 
stowage capacity for 70 tons of coal and 25 
cords of wood. 

. 

I t itu tifie !tntrieau. 
was designed by that distinguished engineer BruneI, 
and, like many other of his creations, marked a great 
advance upon anything previously attempted. She was 
approximately a 3, 200 ton vessel, and therefore as large 
again Il,s any transatlantic ship of her day. Her length 
was 322 feet, beam 51 feet, and her depth 32 feet 6 
inches. BruneI showed his far-sighted appreciation of 
the valut of screw propulsion by discarding the paddle 
wheel and fitting her with a screw propeller ; and by 
the substitution of iron for wood, and the screw for:the 
paddle wheel in this one ship, he introduced two fac-

4th of each of the four winter months. For this they 
were to receive $400,000 per year. 

The ships were of 2,050 tons displacement, being 207 
feet long, 34� feet broad and 22� feet deep. The 
engines were of 403 nominal horse power, and the coal 
consumption was 38 tons a day. They carried 640 tons 
of coal, 225 tons of cargo, and 90 first-class passengers, 
and their speed was 8� knots an hour. 

The Britannia, the first of the four ships, started on 
her maiden trip from Liverpool on July 4, 1840, and 
on July 19 was received in Boston with unbounded en

thusiasm. The new line was immensely 
popular with the Boston citizens, and when, 
in February, 1844, the Britannia was frozen 
up in the harbor, the merchants of Boston, 
at their own expense, cut a channel seven 
miles long through the ice to the open sea, 
through which the ship sailed on the ap
pointed day. This voluntary work cost no 
less than $20,000. 

The distinct jon of having built the first 
steamship that ever crossed the ocean, pro
pelled all the way by steam, belongs to the 
western world. The feat was performed 
by a Canadian-built vessel, the Royal Wil-

THE UNITED STATES-1847-THE FIRST AIERICAN STEAIER BUILT 

D uring the ten years 1840-50 the Cunard 
ships held all but undisputed control of the 
steamship traffic between America and Eng
land, and it was the inroads which they were 
making upon the trade of the celebrated 
American clippers which, in 1845, led the 
owners to equip one of these vessels, the 
Massachusetts, with an auxiliary screw. In 
1847 the public enthusiasm in America was 
aroused by the dispatch of the Washington 
to Bremen by way of Southampton, on the 
same day as the Britannia sailed for Liver
pool. The Britannia won the race by two 

EXPRESSLY FOR THE ATLANTIC TRADE. TONNAGE, 2.000. 

l iam, which, in 1833, made the passage from Quebec to 
London. This performance, together with the passage 
of the steam-equipped Savannah, fourteen years be
fore, makes it evident that the credit of originating trans
atlantic navigation should be accorded to the New 
World. It was fitting and natural that it should be so. 
River navigation had proved so successful that the 
steamship builder naturally turned his thoughts to the 
ocean, and it was a iogical step from the prudence 
which made only a partial introduction of steam in the 
Savannah to the more ambitious attempt to equip the 
Royal William with steam power and fuel capacity 
sufficient for an entire passage. 

The first American steamer built expressly for th$ 
Atlantic trade waS the United States. She was con 
structed at New York by William H. Webb for tht
Black Ball line of packet ships. Her first voyage was 
made to Liverpool in 1847, and lasted_13 dI!-Ys. She was 
a splendid steam vessel for those days, being of 2,000 
tons burden and measuring 256 feet in length by 50 
feet beam, and 30� feet in depth. She has the distinc
tion of being the first merchant steamship constructed 
for naval use as a cruiser, provision being made for 
arming her with two tiers of guns. Her life in the 
merchant marine, however, was short, for, after making 
one round trip to Liverpool, she was purchased by the 
Prussian gov-
ernment for use 
in their navy 
as a steam fri
gate. 

tors which have contributed immensely to the efficiency 
of the transatlantic steamship. An engraving and a 
detailed description of this remarkable ship is to be 
found in the first issue of the SCIENTIFIC AMERICAN, 
published by Munn & Company, a facsimile of which 
will be found on the front page of this issue. Her first 
passage was accomplished in 15 days, at an average 
speed of 9 knots an hour. 

Before passing on to a -consideration of the ships of 
the celebrated Collins line, and by way of introduction 
to this distinctively American venture, it is necessary 
to linger awhile on the other side of the Atlantic, and 
take note of the origin and early development of the 
famous Cunard line, which was the first company to 
bind itself to maintain a regular service with fixed 
dates of departure from each side of the Atlantic. 
Briefly told, the story of the foundation of this great 
enterprise is as follows : At the close of the fourth de
cade of the century, a Mr. Samuel Cunard, of Halifax, 
Nova Scotia, who was conducting a mail service be
tween Boston, :Newfoundland and Bermuda, received 
a copy of an Admiralty circular calling for tenders for a 
steam packet service across the Atlantic. Failing to 
get assistance in Canada, he crossed to Liverpool, where 
he fell in with Robert Napier, the engineer and ship
builder, and through him met George Burns and 

days. " The popular enthusiasm on the subject was 
sufficient to overcome the reluctance of Congress to 
grant a subsidy, and a company was formed under the 
management of Mr. E. K. CoIlins, of New York, to 
establish a line of American steamers between that 
port and Liverpool. "  

I t  was clearly foreseen that if the new American 
ships were to compete successfully against the power
ful and popular Cunard line of steamers, they would 
have to surpass the latter in both size and speed. 
Four ships were determined upon ; and encouraged 
by a government subsidy of $385,000, and the pay
ment of $415,867 for carrying the mails, the company 
spared no expense to make them the finest specimens 
of marine architecture afloat. The splendid record of 
the Collins sailing ships made it certain that the model 
of the new ships would be suitable for high speed, and 
the design of the machinery was intrusted to Messrs. 
Sewell and Faron, chief engineers of the United States 
navy. Mr. Faron was sent to England to inspect the 
machinery and ascertain the boiler pressure of the 
largest Cunard boats, and on his reporting that they 
carried thirteen pounds to the square inch in the boil
ers, it was determined to give the new ships sufficiently 
larger engines, with the same boiler pressure, to insure 
their equaling the speed of the Cunard boats. The 

construction of 

F o l l o w i n g  
t h e  U n i  t e d  
S t a t  e s came 
t h e  Washing
t o n .  of 1, 700 
tons, and the 
H e r m a n n, of 
1 , 8 0 0  t o n s .  
built in 1847 to 
r u n  between 
New York and 
Bremen ; t h e  
F r a n k l i n ,  of 
2,400 tons, built 
in 1848 to run 
between N e w 
Y o r k  a n d  
H a v r e ,  t o  
which, in 1850, 
was added the 
Humboldt, of 
2 , 8 5 0  t o n s . 
T h e s e  t w o  
s h i p s  w e r e  
owned by the 
New York and 
Havre S t e a m  
N a v ig a t i o n  
Company, who 
received a sub, 
sidy of $150,000 
a year for car

ryingthe mails. 

TlIB lIRITANNIA-1840-FIRST CUNARD STEAISHIP-LEAVING BOSTON FOR LIVERPOOL THROUGH A CHANNEL SEVEN 
IlLES LONG, CUT THROUGH THE ICE BY THE IERCHANT S  OF BOSTON, FEBRUARY 3, 1844. 

the four ships 
w a s  p u s h e d  
through w i t  h 
a 1 1  dispatch, 
and in 1850 the 
American com
pany had four 
8 h i p  s afloat, 
which in size, 
speed, luxuri
ous accommo
d a t i o n ,  a n d  
general beauty 
of finish were 
admitted, INen 
by t h e  �;yal 
company, to be 
in advance of 
anything afloat 
at that time. 
Then began a 
fierce struggle 
for the blue rib
bon of the seas, 
a n d  t h e  tri
umphs of the 
famous sailing 
ships of t h i s  
company were 
repeated in the 
brilliant s u c 
c e s s of their 
steam fleet. To 
save time on 
t h e  passage, 
t h e  C u n a r d  

It was during this decade that a ship was launched 
on the other side of the water which, although it does 
not represent American development of the ocean 
steamship, gave so powerful a stimulus to ocean navi
gation that it claims a passing notice. This was the 
first . iron transatlantic steamship, Great Britain. She 

line ceased to 
David MacIver, who furnished the $1, 350,000 required I call at Halifax ; but in spite of this they were easily 
capital. A seven yetlJrs' contract with the government and consistently beaten by their competitors. 
was forthwith signed, by which the company were tc The Pacific of the new line was the first ship to make 
provide four steamers and dispatch one of them from the passage from New York to Liverpool in less than 
Liverpool for Halifax and Boston on the 4th and 19th 10 days, her time during a passage in May, 1851, being 
of every month from March to October, and on the 9 days, 20 hours, 16 minutes, and in February of the 
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JULY 25, 1 &)6.] J t itutifit �tUtritau. 53 
next year the Arctic broke the record by crossing in 9 
days, 17 hours, 12 minutes. How complete was the 
supremacy of this line may be j udged from the fact 
that the average time of the Collins boats in crossing 
from New York to Liverpool during the year 1852 
was 1 day 6 hours and 18 minutes less than that of the 
rival line. The Collins line secured the larger share of 
the passenger traffic, carrying between January and 
November, 1853, 4,306 passengers, against 2,969 carried 

our biggest ships by her huge proportions. Like thb American shipping interests. So effective were the 
Great Britain, she showed the free hand and inventive iepredations of the Confederate cruisers. that the 
genius of her designer. She was in every detail a american merchant marine was practically swept from 
splendidly built ship, both as regards hull and engines. the seas, and at the close of the war we were not only 
Her dimensions were : Length, 680 feet ; breadth over weakened by actual losses, and the general discourage
paddle boxes, 118 feet ; beam, 837f feet ; depth, 58 feet ; ment of commercial enterprise, but foreign maritime 
draught, 30 feet ; displacement, 32, 160 tons ; tonnage, nations were proportionately enriched. 

" by the Cunard company. The illustration of the 
Arctic herewith reproduced from Stuart's " Naval and 

22,500 ; cargo storage, 6,000 tons ; coal storage, 12,000 A few official figures tell the story of this decline more 
tons ; diameter of paddle wheels, 56 feet. She was · eloquently than any multiplication of words. The total 
driven by paddle whf>els and a screw propeller, number of steam and sailing vessels built in the United 
each of which was proviled with separate engines and I States in 1847 was 1, 597 ; this fell in 1862 to 864, and in 

1895 to 694. On the other hand, 
the total tonnage of vessels sold 
to foreigners in 1847 was 16, 969 ; 
in 1861 it was 26,649 tons ; in 1862 
it rose to 117, 756 tons, and in 
1864 to 300,865 tons I 

It is not surprising that at the 
close of the war American capi
tal looked with distrust at marine 
transportation, and directed its 
energies to the development of 
the vast internal resources of the 
country ; and with what energy 
it did so is shown in the marvel
ous growth of the railroads dur
ing the next forty years. The 
development of the transatlantic 
steamship was left entirely in the 
hands of the English and Eu
ropean builders, and as the scope 
of the present review c o  v e r s 
inainly the American share in 
this development, it will be suffi
cient to indicate the progress 
abroad by noting briefly its most 
important advances. 

Mail Steamers" was originally 
engraved from a daguerreotype, 
which was taken as she lay at 
her moorings at the foot of Canal 
Street, New York, and may be 
relied on as a faithful representa
tion of these vessels. It will be 
seen that they were characterized 
by the high freeboard which has 
always been an excellent feature 
of American practice, and this, 
no doubt, contributed largely to 
their seaworthiness and comfort 
in heavy weather. The Arctic 
was 282 feet long by 45 feet beam 
and 32 feet deep, and her ton
nage was 2, 860. The engines 
were of the side lever condensing 
type, with cast iron beams and 
wrought i r o n  c o l u m n s  a n d  
braces. The valves were of the 
b a 1 a n c e poppet variety. The 
boilers, which were specially de
signed by Mr. Faron for these 
boats, were square in cross sec
tion, and carried about 17 pounds 
of steam. To secure a powerful 
d r a u g  h t the smokestack was 
made unusually lofty, the top 
being 75 feet from the firebars. 
The average performance of the 
Arctic during February, 1852, was 

'rHE UNITED STATES MAIL STEAMER ARCTIC, 2,860 TONS, OF THE COLLINS LINE-GREY-

The screw was now rapidly 
driving out the paddle wheel, 
the Scotia, a 3,870 ton ship, be
ing the last of the latter type 
built for the Cunard line. She 
was the first to make the pas

HOUND OF THE ATLANTIC IN 1852. TIME, 9 DAYS, . 17 HOURS, 12 MINUTES, 

as follows : Boiler pressure, 16 ·9 pounds ; revolutions, 15 ·8 boilers. Launched in 1858, she cost complete no 
per minute ; coal consumption per day, 84 ·3 tons ; speed, less than $3,650.000. Her maiden trip was made 
316·4 knots per day. Her greatest day's run was 320 from Southampton to New York in 1860, her highest 
knots, at the rate of 13·3 knots per hour, a splendid speed during the trip being 1472' knots an hour, and 
record for those early days. The Collins venture, her longest day's run 333 miles. She consumed on 
which opened so brilliantly, closed with disaster. The the trip 2,877 tons of coal. The Great Eastern was 
Arctic was sunk by collision in 1854, and went down of such colossal size that she was but little affected 
with 520 souls. A year later the Pacific left Liverpool by wind and weather, and except on one occasion, 
never to be heard of again. In spite of these losses, in when she was disabled and fell off into the trough of 
the following year the company launched the Adriatic, the sea, passengers testified to her easy motion in the 
vI 4, t4.4. tons, a superb vessel ; but the persistent efforts heaviest storms that were encountered. Commercially 
of the Cunard compaJlY, who, in 1855, launched the considered, however, she was a complete failure from 
Persia, a 3,870 ton iron s

·
tea��r of about 14 knots speed, the very start. But though she was disastrous to her 

coupled with these heavy losses ana h� withdrawal of owners, she conferred an incalculable boon upon the 
the government subsidy, finally brought about tin;·�i!<.;: world at large by successfully laying the first Atlantic 
solution of this 

. 

famous compa
ny. The sail
ing of t h e s e  
ships was tak
en up by the 
I n m a n ,  now 
t h e  American 
line, of which 
mention will be 
made later. 

American in
terests on the 
Atlantic subse
quent to the 
decease of the 
C o l l i n s  l i n e  
were represent
ed by the Ful
ton, of 2,061 
tons, and Ara
g o ,  o f  2 , 2 6 0  
tons, and the 
f a m o u s  Van
derbilt, of 3, 360 
t o n  s burden, 
t h e  l a t t e r , 
I"a u n c h e d  in 
1855, being the 
fastest o c e a n 
steamship 0 f 
her day. S h e  
c r o s s e d  east
ward in 9 days, 
8 hours, and 
westward in 9 
days, 9 hours 
and 24 minutes. 

In the year 

ltD. tLI'VATI" 

1853 a company was formed in England to con
struct a steamship which could make the round 
trip to Australia and back at a speed of 18 knots, and 
carry sufficient coal for the purpose. Mr. BruneI was 
intrusted with the designs, and the result was the 
Great Eastern, a ship which even to-day would dwarf 

Il' IIl E  11 • •• IIl A I L 1 '1 !1A • • •  

. .  ; , , 

SIDE LEVER CONDENSING ENGINES OF THE ARCTIC, 

cable in 1866. After doing various, but always un
profitable, work, she laid two more Atlantic cables in 
1873 and 1874. She was finally, in 1888, sold for old iron 
and broken up at Liverpool. 

Soon after the withdrawal of the Collins line there 
came the great civil war, with its disastrous effects upon 

sage in less than 9 days, covering the distance in 8 
days, 3 hours, in 1863. To the Inman, now the Ameri
can line, is due the credit of bringing the time of 
passage below 8 days, a feat accomplished in 1869, by 
the City of Brussels, a 3, 747 ton screw steamer, whose 
time was 7 days, 22 hours, 3 minutes. The year 1871 was 
marked by the advent of the 'Vhite Star line, whose 
boats, the Oceanic and Adriatic, introduced many 
new features conducive to the comfort of travel, and 
maintained a high standard of speed and regularity. 
The 7 days limit was first passed by the Alaska, of the 
Guion line. which made the trip, in 1882, in 6 days, 22 
hours ; and the credit of bringing the time below 6 days 
belongs to the C ity of Paris, of the Inman line (now the 
Paris of the American line), which, in 1889, made the 

RIll J L I VA T J . "  

westward pas
sage in 5 days, 
19 hours and 18 
minutes. The 
present record 
of 5 d a y s ,  7 
hours a n  d 23 
minutes is held 
bv t !. e Luca
n ia, of the Cu
nard line. 

A l t h o u g h  
with the excep
tion of the four 
ships built for 
t h e  American 
line of 1870, we 
took little part 
in the construc
tion of Atlantic 
s t e a m s h i p s  
during t h e s e  
f o r  t y years, 
American capi
tal was largely 
i n  t e r e s  ted in 
the celebrated 
I n  m a n  line, 
which started 
out in 1850 with 
two iron, screw 
p r o p e l l e d  
ships. S i n  c e 
that time they 
have been fully 
abreast, if not 
ahead, of any 
other company 
in t h e  adop

tion of the various improvements which have made 
the steamship what it is to-day Their early steamers 
were all of iron and fitted with the screw propeller ; they 
adopted the compound engine with its higher boiler pres
sure and consequent economy in fuel ; and in 1889 and 
1890, after the company had been reorganized as the In· 

© 1896 SCIENTIFIC AMERICAN, INC.



54 J t itntifit �mtritan. [JULY 25, 1&)6. 
man and InternationaI Company,they made anotherrad- principal dimensions are : Length over all, 554 feet ; now holds the record from Southampton to New York, 
ical departure in that magnificent pair of ships the City breadth, 63 feet ; moulded depth, 42 feet ; gross reg- having crossed in 6 days, 5 hours and 22 minutes, at an 
of New York and the City of Paris, which were the first ister, 11 ,629 tons. They are built of steel, with a double average speed of 20 ·82 knots, the longest day's run be
to be furnished with twin screws combined with triple bottom, and a minute cellular subdivision. They are ing 521 ·9 knots, at an average speed of over 21 knots an 
expansion engines. These boats were, in every respect, so subdivided by athwartship bulkheads t.hat, if two hour. This performance has been exceeded, it is true, 
a great advance upon anything built or planned at that adjoining compartments were flooded, they would have by the Lucania and Campania, ships of 13,000 tons dis
date. Their 10, 500 tonnage, their 20,000 indicated horse an ample margin of flotation. The quadruple ex- placement, the former of which has an average speed 
power distributed between two engines, in separate pansion engines which we illustrated in a recent issue record of 22 knots an hour for the whole trip. As the 
watertight compartments, their speed, and every de- aggregate about 20,000 horse power. An interesting latter is equipped with 30,000 horse power against the 

THE GREAT EASTERN, LAUNCHED 1858. 
Length, 680 feet ; breadth, 83� feet ; breadth over paddle boxes, 118 feet ; depth, 58 feet ; draught, 30 feet ; displacement, 32, 160 tons ; tonnage, 22,500 ; 

average speed, 1 1 ·23 knots ; time, Southampton to New York, 11 days ; cost, $3,650,000. 

tail of their furnishings and equipment, were a fresh 
evidence of the old time farsightedness and liberality 
of the Inman line. 

In  order to encourage the building up of the Ameri
can merchant marine, the Congress of the United 
States, in 1892, passed a special law by which authority 
was given to this company, now known as the Interna
tional Navigation C(;lInpany, or the American line, to 
place under the American flag the City of New York 
and the City of Paris, provided other ships of an equal 
tonnage and speed were at once built in this country. 
The contract for the new ships was placed with the 
Messrs. Cramp, of Philadelphia, and the result was a 
noble pair of vessels, the St. Paul and the St. Louis, 
which both commenced active service in 1895. They 
are the second largest and fastest pair of ships in the 
world, beilJe; �xceeded in these respects only by the 
Campania and i n .;ania, of the Cunard line. Their 

comparison can be made between them and the Arctic's 
engine, shown on another p

O
age. The St. Paul has two 

sets of engines, each of which has six cylinders, arranged 
over four cranks, the first pair of cranks being driven 
by a pair of high pressure and low pressure cylinders in 
tandem, the remaining cranks being each driven by first 
and second intermediates. The screws al·e three bladed, 
each screw being driven by its own engine, as in the 
Paris and New York. Steam at 200 pounds pressure is 
furnished by six double-ended steel boilers, 15 feet 7� 
inches in diameter and 20 feet long. The total heating 
surface is 30,000 square feet. The ships are so designed 
that they can be quickly converted into armed cruis
er!", carrying eight 6 inch rapid fire guns, the mail con
tract stipuIating that they shall be so utilized in the 
event of war. During the twelve months that they 
have been on the route, the St. Paul and St. Louis have 
shown a steady increase in speed, and the former ship 

20,000 horse power of the St. Paul, it will be seen that, 
judged as a relative performance, that of the St. Paul 
is the more creditable. 

Space forbids a more detailed descript.ioo elf these, 
the latest additions to the great transatlantic fleet of 
steamships. 

Fifty years ago, a few score passengers were carried 
in cramped, ill-lighted and stuffy cabins, upon small 
paddlewheel boats, which dragged wearily across the 
ocean at 8� knots an hour ; to-day, the St. Paul can 
carry 1, 700 souls from port to port, at 21 knots an hour, 
and provides her passengers with accommodations ri
valing those of the finest modern hotel. She can take 
care of 360 first-class, 175 second, and 775 third-class pas
sengers, or 1 , 310 souls in all. For the navigation of the 
ship 60 officers and men are necessary ; the engine and 
boiler rooms find work for 175 more ; and there is a staff 
of 160 waiters, etc. , in the steward's department. The 

THE NEW AMERICAN ATLANTIC LINERS ST. LOUIS AND ST. PAUL, 1 890. 
Length, 554 feet ; breadth, 63 feet i depth, 42 feet ; tonnage, 1 1 , 629 ; average speed of St. Paul, 20 ·82 knots : holder of the record, Southampton to 

New York, 6 days, 5 hours, 22 minutes ; approximate cost, $3,200.000. 
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expenses of such a ship are, necessarily, enormous, one 
of the great English companies having recently admit
ted that they run as high as $5, 000 a day with a full 
complement of passengers. To furnish the 20,000 horse 
power for the engines of the St. Paul requires the con
sumption of 310 tons of coal per day ; and the consump
tion of provisions by the passengers can be judged from 
the list of supplies carried for one trip, some of the 
items being as follows ; 30, 000 pounds of beef, 10,000 
clams and oysters, 500 pounds of coffee, 3,000 pounds of 
butter, 3,000 pounds of sugar, 16 tons of potatoes, 15,000 
eggs, and 140 barrels of flour. 

In tracing the various stages of the development of 
the transatlantic steamship, it is found that each de
cade was marked by some radical departure from the 
practice of the decade which preceded it. In the ac
companying table it is attempted to mark this progress 
approximately, showing the most important changes in 
construction, the approximate rise in boiler pressure, 
and the approximate improvement in engine perform· 
ance ; 

Decade. Deyelopment in construction. 

-- -- ------------- 1 ---
1845-55 
181'.;-65 
1865-75 
1875-85 

1885-95 

Iron in place of wood . .  . . . .  . . • • .  . . . .  . . .  10 to 20 4'5 to 3 5 
Screw in place of padJle wheel . .  . . . . .  20 " 3'; 3'5 " 2'\1 
Compoun(l in place of silllple engines . 35 "  tiO 2'9 " 2 2 
St�1 in p.lace of iron, and triple expan· t 60 " 125 2'2 " 1 '9 
TB�i� ����Ve

B� 'qu�drupie 'eij;�lri8ion a�d. 125 H 200 1'9 H l'S forced draught . . . .  . . . . . . . . . . . . . . . . .  . 

Space forbids a more extended treatment of a subject 
which has an increasing interest for all patriotic Ameri
cans ; but enough has been said to show that the part 
played by the United States in the development of the 
transatlantic steamship has been far more extended 
a!ld important than is perhaps generally supposed. It 
dates from the earliest records, when the Savannah 
opened the very first chapter of its history by her memo 
orable voyage to Liverpool ; and the easy triumphs of 
the Collins line in the fifties bid fair to be repeated in 
the history of the American line of to-day. 

RAILROADS AND BRIDGES. 

The railroad system of the United States is remarka
ble, alike for the rapidity and proportions of it::; growth, 
and for the fact that it expresses the adaptiveness and 
ingenuity of the American people more, perhaps, than 
any other field of enterprise to which they have di· 
rected their energy and capital. In  the whole range of 
engineering work there is nothing more distinctively 
American than the AllIerican railroad ; nowhere is the 
national faculty of adapting the means to the end 
more consistently manifest than in the development of 
this vast �ystelll of transportation . From its cheap 

$ t it u tifit  �Ulttitau. 
prairie track, built at $15,000 a mile, to its superb 
" limited " trains, with their full complement of costly 
parlor, sleeping and dining cars, the whole system is 
the outcome of an attempt to satisfy the luxurious 
tastes of a people who were scattered over a vast area 
of more or less undeveloped country. 

55 
population, and was the result of it. In America the 
population followed the railroad. which in some cases 
has been pushed out a thousand miles ahead of the 
onrolling wave of emigration. These conditions, 
coupled with the natural freedom of the American en
gineer from the restraints of tradition, and his ten

It was realized at the outse+; that it was neither dency to work out any problem from its own proper 

U. S. MAIL LINES 

FREIGHT ACCOMMODATION LINE. A PaeIIt.ler Car. aUa«:bed 10 lbe freight '1'aia. leave, the Depot. c1ail, (noept 8uoda,.) .t  1� o'dod", P. II. Fare. 1. 1 300. 
� 21. 184£ _ _  ... _ "'- _ �  .. ...-. � 

RAILROAD POSTER OF 1846. 

point of view, have given us the American railroad of 
to-day. 

In the first place the engineer dared to believe that 
a locomotive could climb a hill and swing round a curve 
-Mr. Brunei and his associates notwithstanding. So 
when the locating engineer came to a hill he preferred 
to go round rather than tunnel through it ; and, if that 
was impossible, he carried his line over it, skillfully ad
justing his survey to the topography of the country, 
and keeping the grade within the desired limit. 
Where one or two feet in a hundred had been con- , 
sidered the practicable limit of grade, he did not hesi
tate to use three and four ; and where four and five de
grees was the limit of curvature in Europe, he boldly 
ran in eight and ten degree curves, and on certain lines 
in later years increased this to sixteen and even twenty 
degrees ! 'When this undulating and sinuous roadbed 
had been graded, and it came to the question of laying 
upon it the costly rails, ties and ballast the " coat was " 
again " cut according to the cloth, " and, in obedience to 
an imperative economy, these items were cut down to 
the lowest practicable limit. And here it was that the 
mechanical engineer stepped in, and with rare ingenuity 
produced a locomotive and cars that were admirably 
adapted to travel upon track that was neither level, nor 
straight, nor smooth in its running. The swiveling 
truck solved the problem of the curves, the coupled 
driving wheels and heavy engines the problem of the 

expedient nor possible to build American railroads grades, and the equalizing levers smoothed out the in
according to the expensive methods of European engi- equalities of the track. And thus it was that, in the 
neers. The conditions in the two countries were en- adaptation of the track to the country and of the loco
tirely different. The early roads in England and on motive and cars to the track, the civil -and mechan
the Continent were built through populous districts, ical engineer made possible the enormous development 
and between large cities, and the day of the opening which has characterized the past half century of rail
of a new line found passengers on every platform road building in the United States. Had they attempted 
and freight in every yard. Large receipts were as- to build as Brunei built the Great 'Vestern road in 
sured and dividends were certain. Hence it was England, the development of the vast internal resources 
good policy to construct the roadbed in the most of the country would havo been thrown back a whole 
solid manner, and lay out the line with a view to generation. 
economy of operation. Hills were tunneled, deep In speaking thus of the early American roadbed, it is 

cuttings opened, massive embankments raised, and I not intended to imply that the best American track of 
every expedient known to the engineer and contractor 18D6 is one whit inferior to that of contemporaneous 
was used in the effort to produce a line that should European railroads, for its improvement has generally 
be at once level and straight. The result, as in the kept pace with the increase of the traffic which passed 
Great Western broad gage line, of Brunei, was a over it, until to-day it is safe to say that the main lines 
magnificent road, built at an appalling cost per mile. of such roads as the New York Central, the Pennsyl-

With the exception of those which were built in the vania, the New Haven, and other leading companies, is 
more populous States bordering on the At.lantic sea- as fine, and in SOllle respects better, than the best tv be 
board, the early railroads of America have had to ao found ill Europe. 
pioneer work. In Europe the railroad followed the As we look at the railroad map of the United States 

THl1 MERCHANTS' BRIDGE, ST. LOUIS-TYPICAL MODERN DOUBLE TRACK STEEL RAILROAD BRIDGE. 
Three spans, 517 feet 6 inches, and six spans, 125 feet long. 
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J t itnt if i t jtuttitan. 
for 1896, with i t s  181 ,082 miles o f  track spread out like a the latest o f  the tr'anscontinental roads, dispatched ittf 
finely meshed network over the face of the country, it first through train to Seattle, on the Pacific coast. 

creasing length of the journeys called for special pro
visions for the comfort of the passengers ; and in 1864, 
after several abortive attempts by various roads to pro
duce a comfortable and popular sleeping car, Mr. Pull
man brought out his first sleeper, the celebrated 
Pioneer. The success of this venture led to the for
mation, in 1867, of the powerful Pullman company, 
and under their management the sleeping car has de· 
veloped to its present size and splendor. In 1887 Mr. 
Pullman patented the vestibule, a flexible diaphragm, 
which connects the ends of adjacent cars, keeping out 

is difficult to real ize that at the date of the foundation Thus was built up the most stupendous system of 
of the SCIEXTIFIC AMERICAN there were less than 5,000 transportation in the world, with its 181,082 miles ot 
miles of track in the whole of the States, and that this track. An impressive sense of its magnitude is con 
represented a few small, disconnected lines, scat- I veyed in the statement that its rails, if strung out in a, 
tered through the Atlantic and Southern States, and single continuous line, could be wrapp ed around the
a few fragmentary systems in the Middle States. Such earth fifteen times, with many a mile to spare ! 
roads as there were had been laid out with reference W ith the growth of popUlation and manufacture., 
to the existing lines of transportation by road and and the consequent increase in dividends, there came a 
river, and were largely supplementary to them. Thp steady improvement of the roadbed and rolling stook. 
Eastern roads were only 
just beginning to reach 
across the Alleghenies into 
the valley of the Mississip-
pi ; and as yet there was no 
sign of a through trunk 
line to the West, although 
s e v e  r a I lines connected 
New York with Washing-
ton and other important 
points. It is interesting 
to note in passing that the 
stimUlating effect of the 
new upon the old methods 
of transportation was seen 
in the rapid development 
of the river steamboat. 
which at this early period 
was far in advance of the 
ocean steamer, both in 
speed and accommodation. 

• I' 

the noise, dust, and cinders, 
and imparting a remark
able steadiness to the whole 
of the train. Steam heat 
has replaced the uncertain 
stove, and gas and the 
electric light the oil lamp ; 
and what with parlor cars 
and observation cars, bath 
rooms and barber shops, 
and a host of conveniences 
that minister to one's ease 
and recreation, the five-day 
trip from the Atlantic to 
the Pacific may now be 
performed amid the multi
plied comforts of a first
class city hotel. 

Viewed in the light of its 
subsequent development, 
the railroad system of 1846 
:> .. l'pears b o t  h disjointed 
, tad insignificant. In that 
year there were but 4, 930 
miles in the whole United 
States ; in 1847, 5, 598 miles ; 
in 1848, 5, 996 miles ; in 1849, 
7, 365 miJes ; and in 1850, 
9,021 miles. In the next de
cade some 20, 00( lu i les were 
added, the total reaching 
29, 739 miles in 1860. 'I'hen 
came the blight of the 
war, the construction dur
ing the next five years 
averaging only 651 miles a 

T HE ST. LOUIS BRIDGE �FTER THE GREAT STORM OF M AY 27, SHOWING I NJURY TO STONE WORK ONLY. 

RestrictionB of space for
bid more than a passing re
ference to the development 
of the many appliances de
signed to promote safety of 
travel. By far the most 
important of these was tile 
continuous automatic air 
brake, designed by George 
'Vestinghouse, Jr. , in 1 S68, 
in which year it was first 
practically a p p l i e  d on 
trunk roads. In this sys
tem, as finally modified, by 
means of a small lever, 
p I a c e  d con veniently to 
hand, the en�ineer can in
stantly apply the brakes on 
every car, and should the 
train b r e a k  a p a r t, the 
brakes will set themselves 

year, and bringing the total up to 32, 996 miles in 186f'i 
At the close of the war, however, the nation devoteeS. 

its energies and capital to the development of the va.ot 
natural resources of the country. One of the first and 
most important results of this industrial activity wa� 
the completion, on May 10, 1869, of the first continuous 
transcontinental road across America. This event, 
coupled with the consolidation about this time of the 
Hudson River and the New York Central Railroads, 
forming a trunk line to the West from New York City, 
marked the opening of a new era in the development of 
the American railroad. From that time on the growth 
was simply phenomenal, the total mileage increasing in 
18�6 to 74, 100 miles ; in 1886, to 133,606 miles ; and in 

The introduction of Bessemer steel rails, with their in- automatically. The simplicity, certainty, and power of 
creased stiffness and durability, produced a marked this brake are rem arkable, and render it one of the 
change in the character of the track. The old pear- most successful and life saving inventions of the age. 
shaped iron rail, of 40 to 50 pounds weight, was succeed- In the celebrated Burlington brake trials in 1886-87 a 
ed by the steel headed rail, and this gave place to the train of fifty cars, � third of a mile long, running at forty 
75 pound steel rail of the last, and this in turn to the miles an hour, was stopped in a third of its own length. 
100 pound steel rail of the present, decade. Greater Scarcely less important was the introduction of the 
attention was paid to ballasting and draining the road-/ Miller platform and coupler in 1863, and the Janney 
bed, and as fast as the dividends of the company would coup!er, with many others at a later date ; automatic 
allow, the lines were revised, the curvature and grad� I signaling ; the interlocking system of levers, whereby a 
being reduced, and distances shortened by means of contradictory signal, or an accident from a wrongly 
costly bridges and tunnels. 

The typical American passenger car, with its long 
body carried upon end trucks, was well established 

THE ST. LOUIS STEEL RAILROAD AND HIGHWAY BRID GE, BUILT BY CAPT. JAMES B, EADS IN 1 874. 

1896, to 181, 082 miles ! Subsequent to the completion of 
the Union Pacific, the Southern Pacific Company gaVE 
t he country, in 1 8S2. another transcontinental route, by 
way of New Orleans ; the Atchison, Topeka, and Santa Fe 
Company completed a Pacific coast connection through 
the belt of country lying between the Southern Pacific 
and the Union Pacific systems ; tlJe driving of the golden 
spike of the Northern Pacific Railroad in August, 1883, 
opened up the vast forests and wheat fields of the 
Northwest ; and on June 18, 1893, the Great Northern, 

Two arches, 502 feet span ; one of 520 feet span. 

by 1846, the original patent for this type having 
been granted to Ross Winans in 1834. Its general 
appearance may be judged from the illustration of a 
passenger car of that date published in the SCIEN

TIFIC AMERICA N of August 28, 1845, a reprint of 

which will be found on the front page of this issue. 
The standard passenger car of 1850-60 was 7 feet 
high, 10 feet wide, 50 feet long, and carried sixty 
passengers, and there were practically no variations of 
type. The extension of the railroads and the ever in-

thrown switch, are impossible ; the block system in the 
operation of trains, by which no two trains are allowed 
upon the same " block " or section of line at the same 
time ; and the operation of the freight and passenger 
traffic upon separate pairs of a four track road ; the 
last three of which improvements were importations 
from the English roads-in justice to their high effi
ciency be it said-where they had been standard prac
tice for a great many years. 

Some of the more striking evidences of progress in 

© 1896 SCIENTIFIC AMERICAN, INC.



the past twenty years are gathered for comparison in 
the accompanying table : 

Mileage . . . . . . . . . . . . . . . . . . . . . . . .  . 
Invested capital . . .  . . . . . . . . . . . . Earnings (gross). . .  . . . . . . . . . . . . 
Number of locomotives . . . .  . . .  . . 
Weight or locomotives , . . . . . . . .  . 
Number of passenger cars . . . . .  . 
Weight of passenger cars . . . . . .  . 
Number of freight cars . . . . . . . . .  . 
Capacity of freight cars . . . . . . . .  . .  
Speed of passenger trains . . . . . .  . 
Number of employes . . . . . . . . . . .  . 

1876. 

74, 100 
$4,65S,OOO,000 

503,000.000 
15,000 

30 to 50 tons 
14,000 

20 to 30 tons 
384. 000 

10 to 12 tons 
20 to 25 miles 370,500 

1896. 

181,08fl 
$ 1 1,565,000,000 

1,100,000 000 36 300 
65 t,dUO tons 

35,700 
30 to 50 tons 

1 ,2W,OOO 
30 to 10 tons 40 to 50 miles 

/l5O,ooo 

THE AII-IRRICAN RAILROAD BRIDGE. 
The deep canyons and ravines of the mountain passes, 

and the broad rivers of the plains, have necessitated the 
construction of a vast number of difficult and costly 
bridges as the railroads were gradually spread out over 
the country. Fifty years ago bridges were built almost 
entirely of wood, and the phenomenal growth of the 
railroad system was rendered possible by the abundant 
supply of suitable timber, and the free use of it in the 
form of pile and bent trestles, and what is known as 
the Howe truss bridge. The latter bridge, patented in 
1840 by Mr. Howe, was for years the standard railroad 

J c itutific !tutricau. 
i n  the West, where the magnificent pine and fir timber 
furnishes sticks of a size and quality that makes it pos
sible to build this form of truss in spans of remarkable 
length and stiffness. On the lines of the Southern 
Pacific Railroad, in Oregon, there are to-day modified 
Howe trusses of wood, from 200 to 250 feet in span, 
which are carrying the heaviest engines and trains, and 
giving excellent service. The chords and braces of this 
form of truss are of timber, and the ties, which are ver
tical , are of round iron, with screwed upset ends, secured 
with nuts on the outer faces of the top and bottom 
chords. The braces are square ended, and bedded 
upon cast iron angle blocks, which rest upon the chords 
at the panel points. The excellence of this truss con
sisted in its simplicity, strength, cheapness, and ease of 
construction and erection. When the tie rods and 
small screw bolts were once delivered on the ground, the 
cross cut saw, the ax and the adz did the rest ; and 
when saw mills were not available, the sticks could 
often be hewn from the .standing timber on each side of 
the track-as was frequently done in crossing the 
Rocky and Cascade Mountains of the West-and framed 
and erected on the spot. The wooden Howe truss has 
been a potent factor in the development of the American 
railroad, and it anticipated by more than a generation 
the advent of the iron and steel truss. 

The Pratt truss, with vertical posts and inclined ties, 

57 
tions, i n  the later age o f  steel construction, the prevail
ing nati(l:.Ial type. 

In 18/,,6, Frederick Harbach patented an iron Howe 
truss, with cast iron top chord and braces, and wrought 
iron bottom chord and ties, and from that time on, dur
ing the next twenty years, a large variety of more 0:' 
less useful trusses were introduced, conspicuous amoT: . · 
which were the Whipple, the Bollman, the Fink, aIL 
the Post trusses. 

Mr. J. H. Linville was the first engineer to introduce 
the typical long span railroad truss in America. His 
famous iron bridge over the Ohio, at Steubenville, in 
1864, was followed in 1872 by the Cincinnati bridge of 
420 feet span. To Mr. C. Shaler Smith belongs the 
credit of designing in 1876 the first long iron cantilever 
bridge, known as the Kentucky River bridge, which 
consisted of three spans of 375 feet. On July 4, 1874, 
the famous St. Louis arched bridge of Captain James 
B. Eads was opened. The great size of the arches-two 
of 502 and one of 520 feet span ; the novel method of 
their erection-the arches being built out simultane
ously from the piers, to which they were tied with tem
porary guy ropes ; the daring but successful use of the 
pneumatic caisson for the deep foundations (107 feet 
below M. W. L. ) of the piers ; together with the original 
and admirable design of the trussed arches of the 
bridge-all conspired to mark this as one of the most 

blldge of AmerICa . amI It IS shll domg excellent servICe patented III 1844, has become, III Its varIOUS modlfica- brillIant feats of engllleermg that the world has ever 

SUSPENSION BRIDGE OVER TH:£ EAST RIVER. AT NEW YORK. 

Length of span, 1. 595� feet ; total length, 3,455 feet. 

THE STEEL CANTILEVER RAILROAD BRIDGE OVER NIAGARA RIVER. 

Length of span, 470 feet ; total length, 910� feet ; height, water to rail base, 239 feet. 
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seen. The destructive tornado of May 27, which tore 
asunder and scattered the massive masonry of the 
approaches to this bridge, failed to disturb the equi
librium of the steel arches themselves ; and no finer 
tribute was ever paid to the skill of the bridge engineer 
than is offered in the photographic reproduction which 
we present on another page. 

The scientific methods of bridge design and construc
tion adopted by Captain Eads have been elaborated by 
subsequent engineers, until bridge designing is to-day 
perhaps the most exact branch of the engineering pro
fession. The calculation of the strains in steel trusses 
is now a matter of mathematical certainty and precision. 
The various erratic forms of trusses have fallen into 
disuse, and a standard type of great excellence has sur
vived, one of the latest examples of which is shown in 
the engraving on another page of the Mer
chants' Railroad Bridge at St. Louis, built 
in 1890 by the Union Bridge Company, of 
New York. The Merchants' bridge com
prises three main spans, 517 feet 6 inches 
long, and six deck spans of 125 feet. The 
trusses are built entirely of steel and are pin 
connected, the tension members being steel 
eye bars, and the compression members con
sisting of built-up lattice posts and chords. 
The floor beams and stringers are plate steel 
girders, the latter being riveted at their ends 
to the bottom of the posts and vertical ties. 

J c itutific  �mtricau. 
The trains are operated b y  a steel cable, and they carry 
an immense traffic, the total in 1894 amounting to 
43, 000,000. 

Great as are the proportions of this bridge, it is 
likely, before long, to be surpassed by the proposed 
railroad bridge across the Hudson River, at New York, 
which is to have a main span of 3, 254 feet, carried on 
twelve steel wire cables, 23 inches in diameter. The 
suspension towers, which will be built of steel plates 
and angles, will reach to a height of 587 feet above the 
water. It is not too much to say that this bridge, 
which is to carry six railroad tracks, side by side, will 
be the noblest constructive feat of any age or clime. 

• • • • • 
THE TELEGRAPH. 

Fifty-two years and two months have passed since 

At the beginning of the present century the voltaic 
battery was invented. The investigators had at once 
an instrumentality for maintaining a current through 
a wire, by which the decomposition of water could be 
brought about, magnets attracted and other pheno
mena produced, and, in 1808, the Munich Academy of 
Science received from Sommering a communication 
describing a telegraph containing thirty-five wires, one 
for each letter of the alphabet and one for each num
ber. At the transmitting end arrangements were pro
vided for passing currents through any one of t" .e 
wires. At the receiving end the electros wore im
mersed in acid, and, completing the circuit, caused the 
evolution of bubbles of hydrogen. Each tube corre
sponded to a letter or a number. 

Passing by many other attempts, we find, in 1839, the 
Wheatstone telegraph, fairly effectual, pro
ducing its signal by means of what are prac
tically galvanometer needles. A bell alarm 
was used to call the operator. To produce 
a powerful enough sound, Wheatstone used 
a relay circuit, the first one in the history of 
the art. Henry, in 1832, had, as one result of 
his experiments in electricity, used the elec
tric magnet in a signaling telegraph, and for 
him is claimed the glory of being the inventor 
of the first electro-magnetic telegraph. 

The distinctive features of this system of 
bridge construction are the concentration of 
material in large members, the great width 
of panel and h eight of truss, and the method 
of connecting the members at each panel 
point by means of a large, carefully turned 
and fitted steel pin. As compared with the 
European practice of riveting, the American 
practice conduces to greater accuracy of de-

MORSE 

�,� 
TELEGRAPH RECEIVER OF 1844-THE FIRST INSTRUMENT 

RECORDING THE MORSE CODE. 

Samuel F. B. Morse was born i n  Charles
town, :Mass . ,  on the 27th of April, 1791, but a 
little over a mile from Franklin's birthplace. 
He was educated as an artist, and won high 
triumphs as such, but was marked as a lover 
of science from his earliest days. His life was 
subject to more than the usual vicissitudes 
of an artist's existence. After traveling ex
tensively in Europe and studying there, we 
find him sailing on the packet ship Sully. 

sign and construction, and greater rapidity of erection. 
'1'he Merchants' bridge, which contains 11,000,000 
pounds of steel, and whose granite piers extend 70 feet 
below the water, was commenced and completed within 
thirteen months. 

The superiority of the pin-connected over the riveted 
system of bridge construction has been clearly proved 
in the erection of cantilever bridges, a type which is 
now extensively used by American and European 
builders, and of which the great Forth bridge of Sir 
Benjamin Baker, with its two 1 ,710 foot spans, is the 
most monumental example. In its simpler forms, the 
cantilever is exceedingly ancient. There are bridges in 
China which are hoary with age whose construction is 
based upon this principle. The most valuable feat ure 
of the cantilever, as compared with the truss bridge, is 
the facility with which it lends itself to the crossing d 
rivers and ravines, where the depth of water or other 
natural features render it impossible to erect any tem
porary falsework. Perhaps the most notable early use 
of the cantilever system of erection in America was 
secn in the building of the above mentioned Eads 
bridge at St. Louis, where equilibrating portions of 
the steel arches were built out simultaneously 
on each side of the piers and tied back to them 
with steel ropes. Two of the best known canti-
lever bridges in America are the Niagara River 
bridge and the Poughkeepsie bridge across the 
Hudson River. The Niagara bridge has a clear 
span between towers of 470 feet, with an inter
mediate truss 120 feet long. Poughkeepsie 
bridge has three cantilever spans of 548 feet and 
two connecting spans of 525 feet each. The lat
ter were erected by the aid of falsework, and 
the cantilevers were then built out in the usual 
manner. The bridge is designed to withstand 
a wind pressure of thirty pounds per square 
foot of surface, and to carry a uniform train 
load of 3,000 pounds per foot on each track, 
preceded by two 85 ton locomotives. 

1. 

a world famous message was sent over a telegraph line 
from the Capitol, at Washington, to Mount Clare De
pot, in Baltimore. The precise date was May 24, 1844, 
and the message sent in the famous dot and dash al
phabet by Prof. Morse contained the following words : 
" What hath God wrought ! "  The message was in
dited by Miss Ellsworth, the daughter of the then 
Commissioner of Patents, and was intended to express 
the wonder of the achievement of the telegraph. For 
this edition of the SCIENTIFIC AMERICAN, marking, as 
it does, fifty years of the invention and progress of the 
scientific world, no more appropriate motto could be 
chosen, for it seems as if the last fifty years definitely 
showed man's powers and proved adequate to measure 
his ability. For the first suggestions of the telegraph 
we can go far back to the days of Otto van Guericke, 
whose experiments of transmitting through a conductor 
an ell in length an electric disturbance from his fric
tional machine with its globe of sulphur excited by 
rubbing against the hand is well known. 

Coming down later, however, we find attempts 
directly made in the line of telegraphy. In 1727, 
Stephen Gray, of the Charter House, London, trans-

for the harbor of New York, in 1832. Philip 
Hone, in his interesting diary, states that among the pas
sengers on his ship was S. F. B. Morse, the artist and 
president of the National Academy of Design. On 
board the ship Morse had his interest excited by a con
versation in which Dr. Charles T. Jackson was the 
leader, who spoke of some of the wonders of electricity 
and of the electrical magnet. This seems to have fixed 
firmly in Morse's mind the idea that an electric telegraph 
could be constructed with the electric magnet as a basis. 
It engrossed his mind throughout the voyage, and dur
ing the six weeks which it lasted he jotted down in his 
note book different sketches of a proposed system of 
electrical telegraphy. He practiced his art and experi
mented with the telegraph, the latter, during the next 
few years, gradually wooing him from his brush. Prof. 
Daniel, of London, in 1835 invented the constant cur
rent battery, which proved a powerful adjunct to 
Morse's work. He was confronted at once with the 
difficulty that the current became enfeebled on too 
long a line, and used the relay circuit to overcome this 
trouble. In 1837 he explained his invention to Prof. 
Leonard D. Gale, of the University of the City of New 
York, who assisted him by his scientific counsel, and in 

the same year he interested in it Alfred Vail, a 
son of Judge Stephen Vail, proprietor of the 
Speedwell Iron Works, Morristown, N. J. An 
agreement was entered into between them, Vail 
supplying the money. The American patent 
was obtained on October 3, 18�7, and Vail in 
secret quarters at the iron factory worked upon 
the invention. 

Morse's original telegraph provided a pendu
lum carrying a pencil or marking devicv in on
stant contact with a strip of paper t be drawn 
beneath the point by machinery. As long as 
inactive, this would make a straight line upon 
the paper. The pendulum carried also an 
armature, and an electric molgnct was placed 
near the armature. A current passed through 
the magnet would draw the pendulum to one 
side. On being released the pendu lum w- uld 
return, and in this way any amount of zigzag 
marks could be made on the paper as it tra
veled with the pencil constantly pressing upon 

" \�� 

No treatise on American bridge building, 
however brief it may be, can fail to make men· 
tion of the development of the wire suspension 
bridge. Among many other notable bridges of 
this type are the Niagara suspension bridge, 
of 821 feet span, the Covington and Cincinnati 
bridge, of 1 ,057 feet span, and the Allegheny 
bridge, with its two spans of 344 feet, all of 

MORSE FIRST MODEL-PENDULUM INSTRUMENT OF 1837, SHOW
ING THE RECORDING RECEIVER (1), PORTRULE (2), TYPE (3), 
AND EXAMPLE OF CHARACTERS PRODUCED (4 and 5). 

it. Vail made some changes in the ievice and 
substituted for the pendulum and marking pen
cil the familiar lever with pencil of the more 
modern type of M :)rse machine, and substituted 
for the zigzag line the dot and dash alphabet. which were designed by that gifted engineer, 

the late John A. Roebling, who subsequently raised an 
enduring monulllent to his genius in the design and 
erection of the great East River bridge, uniting the 
cities of New York and Brooklyn. 

This noble structure is too familiar to call for more 
than a recapitulation of its leading features. The 
main span is l, 595Yz feet long, and the total length, 
with the approaches, is 3,455 feet. The foundations 
for the towers were carried down 78 feet below high 
water by the pneumatic process, and the towers them
selves extend 272 feet above high water, making a total 
height, from fo undation to capstone, of 350 feet. The 
four cables, 15 inches in diameter, are of steel wires laid 
parallel and wrapped. The floor of the bridge is stiff
ened with four sL ?�l trusses, and carries two carriage
ways, two standard railway tracks and one footway. 

mitted electrification through a wire 700 feet, sus
pended in the air by silk threads. Other experiments 
of the same sort were made by different investigators. 
Twenty years later a wire stretched across the Thames 
was used, and the length gradually increased until we 
find the same investigator using wire 10, 600 feet long 
in his experiments, and a year later Benjamin Franklin 
experimented with a wire stretched across the Schuyl
kill River. 

A letter in the Scot's Magazine in 1753, �igned by 
C. M. , suggests an electric telegram or crated by a 
frictional electrical machine ; and in 1774, at Geneva, 
Lesage erected a telegraph line of 24 insulated wires, 
each corresponding to a letter of the alphabet. Many 
other attempts were made and signals were transmitted 
by static excitation produced by frictional nracliines. 

In 1839 Morse began th 3 hardest period of his life. He 
was dependent for his living upon what he could earn 
as a professor of art. At one time he went twenty-four 
hours without food. Toward the close of 1841, he writes 
that he has not a cent in the world, but affirms that he 
will not run in debt. In the next year he submerged 
in the New York Harbor between Castle Garden and 
Governor's Island a wire which he had insulated and 
sent signals through it. The experiments were repeated 
at Washington in a canal, in Decem bel' of the same year, 
and Morse, in describing his experiments in 1844, an 
nounced his belief that signals could and would be sent 
across the Atlantic Ocean by electromagnetic telegraph. 
Sick, and tired at heart, agitating for an appropriation 
from Congress to test his invention, Morse found him
self in December, 1842, with his personal funds reduced 
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to 37 cents and feeling ready to abandon the whole sub
ject indefinitely. Aid from the government was at 
hand, however, and a bill recommending the appropri
ation of $30,000 in aid of the telegraph was passed by 
Congress. 

Soon after this work was begun on a line between 
Baltimore and 'Vashington, and among those concerned 
in its erection was Ezra Cornell, the founder of the Cor
nell University. An attempt was made to lay the wire 
underground, and after an expenditure of nearly all the 
appropriation,' this plan was abandoned and an aerial 
line was started. I n  seven weeks the work was com
pleted, aj1<l the famous message was sent. It was writ
ten upon a strip of paper with an embossing point 
which simply indented the paper with dots and dashes. 

Morse had conceived the idea of the relay circuit and 
had used in the early telegraphs a relay either as an ex
tension of the line or as a local circuit. His great idea 
was to produce marks making a record of every mes
sage sent, and this idea seems to have been at the base 
of his work. One of his troubles consisted in accurately 
opening and closing the circuit in order to produce his 
alphabet. He used metallic type for the purpose with 
indented faces so shaped as to open and close the circuit 
at proper times and for proper periods, for the produc
tion of the desired markings. Each letter constituted a 
separate type, which was mounted on a portrule. When 
this was filled with type representing the message, 
it was drawn under the contact point. Then, as 
a simplification of this, two contact points close to
gether were used, between which a wedge was thrust 
by hand, so as to open and close the circuit. Again, 
a keyboard was devised with a separate key like 
a piano, for each letter, but eventually, about 1844, 
the plain key, such as used to-day, was adopted. After 
the sending of the famous message in 1844, on April 1 ,  
1845, the line between Baltimore and 'Vashington was 
opened for public business under the auspices of the 
Post Office. One cent for every four characters was 
charged, and during the first four days one cent was re
ceived. After a week the receipts had risen to one dol
lar. Telegraph lines were slowly put up, but in 1846 
the system was still experimental. In 1845 New York 
and Philadelphia were connected, in 1846 Philadelphia 
and Baltimore were connected. The government had 
rejected the purchasing of the Morse invention, so every
thing had to be done by private enterprise. The first 
ten years following 1846 were devoted to the exploita
tion of the new invention, and gradually more and more 
lines were added until, in 1856, what has been described 
as a straggling web of l ines under the control of thirty 
or forty rival companies, working different apparatus 
under different patents, covered the more populous area 
of the country. Dividends were not paid except by one 
or two of the companies, and the prospects were any
thing but bright. 

During these ten years inventors had not been idle. 
Morse's system required but little ; the relay, the hand 
key and t�e alphabet a:1d mechanism for reproducing 
the alphabet were all in existence in 1846, and since 
then little has been done with the Morse system proper 
in the way of addition. In the way of suppression the 
most important thing of all has been done. Various 
marking devices had been tried - pencil, embossing 
point, pen and hiking wheel. Morse's apparatus was 
adapted for any of these de'lices, but after a while the 
clerks and attendants on instruments learned to read 
them by the sound made by the markm;::, lever, and, in 
spite of threats of i nstant dismissal, they persisted in 
doing so when not wdched. Morse was violently op
posed to it, naturally regarding the r3cording device as 
the very soul of his instrument. Vail, who throughout 
figures as the en tirely disinterested, self-sacrificing coad
jutor of Morse, and who by many is considered as much 
the inventor of the Morse system as Morse himself, was 
the first to yield and devise, by simple suppression of 
parts, the well known sounder, converting the Morse 
telegraph into an acoustic one. 

Other inventors took the subject in hand, all basing 
their work for the most part on the production of a 
record. Bain used chemical decomposition to produce 
a stain from a piece of paper, which, running in dots 
and dashes, would convey a message. To produce the 
dots and dashes he used a long strip of paper, previously 
perforated, which was drawn between two contact 
points. A short perforation produced a stain upon a 
corresponding strip of paper, giving a dot, while a long 
perforation produced a dash. Over and over again 
these devices have been applied in the most highly de
veloped rapid transmission apparatus of the present 
day. Royal House devoted his energies to the develop
ment of a printing telegraph, but was estopped by Morse 
from the use of a relay. He performed the heavy work 
of his printing apparatus by pneumatic power, which 
was simply controlled by the telegraph line, and most 
curiously, in his attempt to produce a sensitive sounder, 
he descr ibed in one of his patents, long antedating Bell's 
invention, what is to all intents and purposes a Bell tele
phone, only he nevel' imagined for a moment that it 
could be made to speak, and the microphone was still 
lacking tf) make it a practical invention. 

'Ve have seen that the early Baltimore and 'Vashing
ton line had Ezra Cornell as one of its constructors. 
In 1856 the amalgamation of the many companies then 
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in existence was proposed and carried out through the 
agency of Hiram Sibley, the founder of the Sibley 
School of Science at Cornell University. Thus we find 
this great university intimately connected with the 
early days of the telegraph. The scheme was termed a 
crazy one ; it was said to be like collecting all the 
paupers in the State and arranging them into a union 
so as to make rich meu of them ; but it was done. 

The records of the business of the 'Vestern Union, 
originally so named because it was intended to be a 
union of Western telegraph companies, have been tab
ulated since 1867. It had, in that year, 46,270 miles of 
poles and cables and 85,291 miles of wire were in use; and 
5,879,282 messages were transmitted. The receipts were 
$6, 568,925.36. Its profits were $2,624,919. 73. In 1895, 
with 189,714 miles of poles and cables, and 802, 651 miles 
of wire, with 58,307,315 messages sent, receipts of $22,218, -
019. 18 were shown, with � profit of $6, 141,389.21. Since 
1868 the average tolls per message had fallen from 
$1.047 to $0. 307 per message. The Western Union re
presents about seven-eighths of the business of the 
United States, and by its wires, cables and connections 
any part of the world can be reached. N ext to it in 
importance comes the other great American company
the Postal Telegraph. This and the 'Vestern Union do 
almost all the telegraphic business of the United States. 

It would be too great a task to attempt to catalogue, 
much less describe, the many inventions in telegraphy. 
The genius of Edison, Delaney, Stearns and others has 
made it possible to send a number of messages simul
taneously in both directions on the same wire. The 
British Postmaster-General states in a recent report 
that on a line on which in 1870 the highest speed by 
Wheatstone automatic was 60 to 80 words a minute, 
600 words a m inute is now possible. The old Bain 
principle of electric decomposition and the use of a 
perforated ribbon drawn between contact points to 
produce the dot and dash making contacts have re
appeared in varioTls instruments. Even the old Morse 
pendulum, giving its zigzag line, is the prototype of 
the siphon recorder used in ocean telegraphy. 

Construction is receiving more and more attention. 
The 'Vestern Union Company are putting in hard 
drawn copper wire in place of iron on trunk lines, with 
the most satisfactory results. Over 10,000 miles of such 
wire is now in use. It relieves the strain on the poles, 
owing to its lightness, and its electrical superiority makes 
it work under very adverse meteorological conditions. 

In the production of current, dynamos have been in 
some cases substituted for batteries with the best re
cults. Time service is carried on throughout the United 
States from the 'Vashington Naval Observatory. The 
telegraph business in this country, in spite of the 
sparsely settled districts and long distances of trans
mission, is made to show a profit. In England, where 
it is run by the government, and where it is calculated 
that of 70,000,000 messages per annum, some two-thirds 
are sent from or to London, a large annual deficit is 
shown. 

• 1 . ,  • 
PHYSICS. 

Fifty years ago the science of physics was in a very 
peculiar condition. Mayer, about 1842, and Joule, 
1843-1845, had given to the world their determinations 
of the mechanical equivalent of heat, laying the corner 
stone of the entire structure of modern physics. An 
immense amount of other data had been determined 
by methods which were hampered by inevitable in
accuracies, but which were accepted and utilized to the 
utmost by scientists of those days. In one point of 
theory hopeless confusion existed, on account of the 
want of an adequate distinction between force and en
ergy. Physicists had gradually acquired the doctrine 
of the indestructibility of energy, and it was expressed 
in the so-called doctrine of the conservation of force. 
This supposed law was promulgated as one of the great 
triumphs of science, but it was not satisfactory. The 
comnlfmts of scientists upon it and their troubles in 
trying to reconcile facts with it make curious reading 
to-day when we know that force can be created and 
annihill1.ted at will , and when we have learned to dis
tinguist. definitely between force and energy. After 
years of work the distinction was formulated and a 
threefold system of units was established for physics ; 
the members of the system were force, work and en
ergy. They were definitely distinguished, one from the 
other, and at once the great doctrine of the conservation 
of energy, unproved as it may be, obtained universal 
acceptance by men of science, and to-day is universally 
used as a working hypothesis. Faraday was one of 
those who had trouble with the doctrine of the conser
vation of force. He was an intimate friend of Clerk 
Maxwell, and utilized the mathematical genius of his 
friend in his work, and it was Maxwell who, working 
on the theory of dimensions, did much to definitely fix 
the relations of force, work and energy in all the form
nlre ofl physical units which have sprung from the 
theory in question. It is impossible to dwell too 
strongly on this point in the development of physics 
during the last fifty years. Until force was accurately 
distinguished from energy the doctrine of the conserva
tion of energy could not be utilized, and it is precisely 
on this doctrine that the whole of modern physics is 
constructed. It would be fair to term the theory the 
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greatest discovery of the century in physics. The 
theory of dimensions is a necessary comment upon it, 
putting it into precise shape with due results. 

The battle between the undulatory and the corpus
cular theories of light had waged hotly, Newton and 
Young being the rival authorities appealed to, but the 
last fifty years have seen the undulatory theory uni
versally accepted, and, in connection therewith, have 
seen the theory of electricity based on the luminife
rous ether and its disturbances also accepted. Light 
and electricity thus were brought into near relations 
with each other, and a sort of conviction was estab
lished that no substance transparent to light could be 
a conductor of the electric current-something remark
ably verified by the allotropic forms of carbon. Again 
we find the name of Clerk Maxwell, the developer of 
the electro-magnetic theory of light, foremost in the 
work of establishing the unity of natural science. 

In 1850 Fizeau announced the success of his determi
nation of the velocity of light by a physical test, using 
his rotating mirror to displace the apparent reflection of 
an electric spark. His results were close to the truth, 
and subsequent determinations by astronomical as well 
as by physical methods have but slightly affected them. 

Mayer and Joule had developed the modern theory of 
heat, so that during the last fifty years comparatively 
little of basic work was possible. Melloni's work on what 
was called radiant heat, which comes nearly within our 
period, is an interesting example of old methods. The 
identification of this " radiant heat " with light phe
nomena is a direct growth of a recent period. N ow it 
is treated as a particular phase of ether waves and the 
term itself is rejected. If the ether waves are long 
enough, they produce " obscure light," if the expression 
may be allowed, the old radiant heat. If of a certain 
range of length, the optic nerve is affected and light is 
produced. If stil1 shorter, they cease to affect it again. 
Light becomes a subjective phenomenon, treated un
der the subject of ether waves. Chevreul's monumental 
work on color phenomena belongs to the light-produc
ing division of ether waves, largely in the order of sub
jective phenomena. 

Sound has been the subject of extensive research, 
Helmholtz's analysis of the physiological basis of music, 
published in 1862, marking perhaps the greatest epoch 
in the recent development of the subject. Mathematics, 
physiology and experiment were all devoted to the ac
complishment of his great task, and the effect of over
tones in giving its distinguishing quality to a note was 
formulated. By the use of a telescoping resonator 
Helmholtz succeeded in determining precisely what 
overtones existed in any given sound, and then by 
producing simultaneously the fundamental and over
tones previously determined he reproduced mechani
cally the sound in question. This gave the analysis 
and synthesis of a sound. Koenig may be cited as a 
developer of apparatus for such study, some of his 
acoustic apparatus being a true scientific triumph. 

Faraday'S work has done much to elucidate the phy
sics of electricity, and the magneto-generator of cur
rents and the electric motor were natural sequences 
thereof. Physicists developed the subject and con
structed motors with electro-magnetic fields, until 
gradually the conception of a self-exciting dynamo 
arose, and soon currents of high intensity began to be 
produced by self-contained generators. Then came the 
greatest discovery of all, that a machine adequate in 
its revolutions to generate a current would, if a current 
were passed into it from an outside source, generate 
mechanical energy. This convertibility of the dynamo 
into a motor was a beautiful sequence of the doctrine 
of the conservation of energy, and at once enabled us 
to convert mechanical energy into electrical energy and 
vice versa. 

Spectrum analysis is justly considered an achieve
ment in physics, and in the hands of astronomers it 
has led to the discovery of double stars and the deter
mination of the velocity of the motions of stars reced
ing from or approaching to the earth. Helium was, in 
1872, announced as a probable constituent of the sun 
from lines in its spectr- ml. Recently Ramsay has iden
tified it in the gas given off with argon from the min
eral cleveite. 

The discovery of argon, as the result of a physical 
investigation, is one of the triumphs of modern sci
ence. It was found by Rayleigh and Ramsay that ni
trogen gas from the atmosphere was of higher specific 
gravity than that from chemical compounds. The 
hitherto unknown constituent of the air, argon, was 
discovered and a new element was added to the list, an 
element which mankind had been breathing unsus
pectedly for all time. The acuteness of the millionaire 
scientist of the last century, Cavendish, is shown in his 
paper on n itrogen, in which it is almost certain that he 
describes the discovery of argon. He only dared to 
suggest the existence of any such gas ; his suggestions 
slumbered for over a century. 

The work done by the different scientists in physics 
during the last years is too vast to bear repetition. 
Every branch of the subject has been worked up to the 
highest state of development ; throughout every phase 
of investigation the definite mathematical relations of 
physical units, of time, space, force, work, energy and 
others, appear as the guides. The physicist has worked 
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on spectroscopic analysis with most brilliant results. 
Langley's classic results with the bolometer in the in 
visible infra-red spectrum being worthy of citation as 
an example of the requirements of modern physical 
tests. In the same line Michelson worked in the ob
taining of a. scientific unit of length by using the wave 
length of specified light, and this is a wonderful illustra
tion of the refinement of physical methods. The old time 
distinction of vapor and permanent gas has ceased to 
exist, as all the gases have yielded to the experimenter 
and have been liquefied, and, in many cases, solidified. 
Crookes discovering peculiar phenomena m gases at 
very high degrees of exhaustion endeavored to prove 
the existBnce of a fourth state of matter, adding one 
to the long accepted division. While his researches 
have not definitely established this fact, they have led 
the way to the most recent of the discoveries of phys
ics, " last of all the greatest," the X ray phenomenon 
discovered by Roentgen, a name that will go down to 
posterity with that of Newton, Faraday and Maxwell. 

• • • 
liEN OF PROGRESS. 

On the opposite page we present a reproduction of the 
large engraving, " Men of Progress-American In
Yentors;" a fine steel engraving which was published 
by Munn & Company. The original oil painting from 
which the engraving was made was painted by C. 
Schussele in Philadelphia, in 1861. It was engraved on 
steel by John Sartain, a Nestor of American engravers. 
It is a fine example of the perfection to which steel en
graving has been brought at the period in which it at
tained its highest development. In thousands of homes 
to-day this superb engraving still ornaments the walls. 

On the left of the engraving is Dr. Morton (1819-
1868), a dentist, who first used ether as an anresthetic in 
1846. From this dates the introduction into surgery of 
ethereal anresthesia ; next to him is James Bogardus 
(1800-1874), whose numerous inventions include a ring 
spinner, an engraving machine and the first dry gas 
meter. He was also interested in building iron build
ings, and was one of the fathers of the modern sys
tem of iron construction. Col. Colt (1814.-1862), the in
ventor of the Colt revolver, who is next to him, is 
referred to elsewhere in the more extended biographi
cal notices, as is also Cyrus McCormick, the father of the 
reaper, who is at his right. Behind is Joseph Saxton 
(1799-1873), who devised ingenious mint machinery and 
coast survey and meteorological instruments. 

Charles GQOdyear (1800-1860), who is seated at the 
table, immortalized himself as the inventor of the pro
cess of vulcanization of rubber, which he patented in 
1844. Behind him stands Peter Cooper (1791-1883), who 
is widely known for his varied talents and many inven
tions and for the success he met with in the develop
ment of the glue industry in this country. He was in
terested also in various iron works which he successfully 
exploited. His name will always be remembered as a 
philanthropist, for he founded and endowed Cooper 
Union in New York. Seated at the table is Jordan L. 
Mott, who will be remembered for his works in iron, 
fuel, etc. Leaning on one side of the pillar is Prof. 
Joseph Henry (1797-1878). He was an American 
physicist, especially noted for his investigations in 
electro-magnetism. On the right of the center is 
Dr. Eliphalet Nott, who made important researches 
on the management of heat. Behind IS Capt. 
John Ericsson, of whom a more extended account 
is given on another page. In front is Sickles, who in
vented a steam cut-off. Seated in a chair is Prof. Morse, 
who is perhaps the most imposing figure in this unique 
collection of American inventors. His portrait and a 
biographical sketch may be found in another page. 
Behind is Henry Burden (1791-1871), a Scotch-American 
mventor. His inventions include a cultivator (1820), 
the hook-headed railroad spike, and a machine for 
making horseshoes. This machine produced from the 
hoon bars sixty horseshoes per minute. In 1833 he built 
a cigar-shaped steamboat 300 feet long, which was 
afterward lost. 

Richard Hoe, who is at the left of Morse (1812-1886), 
perfected, in 1846, a rotary printing press, which re
ceived the name of Hoe's lightning press, and he sub
sequently invented the Hoe web perfecting press. 
These inventions are described on another page. Next 
to him is Erastus Brigham Bigelow, who will be re
membered for his inventions in relation to the carpet 
IQOm. In 1838 he patented a remarkable loom for 
weaving knotted counterpanes. In front of him is 
Jennings, who made important discoveries and in
ventions regarding the manufacture of matches. 
Thomas Blanchard (1788-1864), is chiefly known for his 
eccentric lathe for turning irregular forms, such as 
lasts, spokes, gunstocks, etc. He also invented a tack 
machine in 1806, and a steam carriage in 1825 ; he also 
built a stem-wheel boat for shallow waters, which is 
now largely in use in Western rivers. Howe, on the 
extreme right, is referred to in the article on the sewing 
machine and also in the brief biographical note which 
will be found on another page. The group is one of 
extreme interest as representing those inventors who 
were especially distinguished about the time of the 
breaking out of the civil war. It is to be hoped that 
some artist will come forward and portray the inven
tors of the last decade of the nineteenth century M 
faithfully lUI has the painter of these .. Men of Progress." 

J t itut i! i , �mtri,att. 
T HE  �EXTlLE INDUSTRIES 0 1'  �HE UNITED 

STATES SIBeE 1848. 

Modem methods of textile manufacturing had their 
beginning ill the forties, or about fifty years ago. The 
inventions that have contributed to make the textile 
industry in the United States what it is to-day first 
made their appearance at about that time. The mod
ern system of textile manufacturing, therefore, has had 
an existence of almost exactly half a century. Before 
then. the various processes of manufacturing were in a 
sort of transitory or equivocal state of existence-in
harmonious one with another. For a hundred years a 
struggle had been going on for the establishment of an 
equilibrium between them, which was not fully effected 
and realized till 1851, when systerns, mechanical methods 
and comparative perfection of product became known 
to the world at the London international exhibition. 
The manufacturing world then, for the first time, be
came cognizant of the fact that there was before it the 
beginning of a new era of existence. American and 
foreign inventions had brought about this improved 
condition of affairs. The great inventions of the 
eighteenth century had served their purpose and been 
superseded by those that allowed more continuous and 
automatic operations. The spinning mule had been 
made successfully self-acting ; the jenny had been 
thrown aside, while its coadjutor, the billy, was made 
to serve a new purpose in wool spinning as a more im
portant auxiliary to the carding machine ; and the lat
ter for wool had been modified and new devices at
tached to it for the purpose of s:_ �)lifying processes 
and improving the quality of work done. 'l'he cotton 
manufacturing industry had attained development or 

Industnes. 
Aggregate. 

The silk manufacturing industry of the United States, 
in the diversity and excellence of its product, has made 
commendable progress within the last forty, and even 
ten or fifteen years. The Chicago Exposition of 1893 
revealed an elegance of American silk manufacture 
that the general public scarcely dreamed of as having 
an existence. In 1850 the silk manufacturers of this 
country were confined almost wholly to sewing silk, 
and no marked progress was made till after 1870, when, 
by the census of 1880, it was seen that considerable ad
vances had been made in the manufacture of dress 
goods, which by 1890 became of the first importance 
with that of ribbons. In color, design and finish, 
American silk dress goods compare favorably to-day 
with the best made abroad. The silk industry is 
chiefly (91 per cent) confined to the four States of New 
Jersey, New York, Pennsylvania and Connecticut, 
centralized in certain localities, Paterson, N. J. , being 
first in importance. The status of the silk industry in 
the United States may be seen from the following sta
tistics, taken from the 1890 census : 

VALUE OF PRODUCTS. 
United States, groBS value. . . . .  . • . .  . . . . . . . .  . . . . . . . . . . • . • . • . . . .  $87.298,454 
New Jersey, Patersou. . . . . . . .  . .  $22,058,624 

Elsewhere . . . .  . . . 8.�OI,747 $30,760,371 
New York, New York City. . .  13,579,162 

Elsewhere . . . . . . . . . 5,838,334 19,417,796 
Pennsylvania, Philadelphia . . . . • .  8,059,604 

Elsewhere. . . . . . . . .  11,297,942 19,3,57,546 
Connecticut . . . .  . . . . . . . .  . . . . . . . . . . .  . . . . . .  . . .  . . . 9,788,951 79.324,664 
Iu other States . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $7,973,700 

The silk industry is centered chiefly about Paterson, 
New York and Philadelphia. Not far from 60 per cent 
of it is so situated. 

Capital. 

Value of Plaut. 
Value of 
Products. 

Live Assets. 
Machinery, 

Total. Laud. Buildings. Tools, and 
Implements. 

I 
Lumber lnd other mill products 

$106.513,257 from logs aud bolts . . • • . . . . . .  $496,339,968 $2W,325,888 $156,589,097 $31,273,534 $202,014,080 $403,667,575 
Iron aud steel. . . . . .  . . . . . . . . . . . . . 373,47R,018 210.830,316 31,553,087 42,766,656 186,510,578 162,647,702 430,954,348 
Cotton goods . . . . . . . . . . . . . . . . . . . .  354,020,84.1 230,993,567 28,22r,097 69,742,664 138,025,806 123,027,276 267,981,724 ------ -- -- -

Woolen goods .. . . . . . . . . . . . . . . . . . .  
Worsted goods. . . . .  . . . .  . .  . .  . . . .  

$130,989,940 $57,820,248 $6,534,819 $19,332,575 
'1,962,865 

$31,P52,847 
17,085,176 

$73,169,697 
41,194,306 

$133,577,977 
68,085,116 27,800,810 2,842,769 79,194,652 

Carpets . . . . . . . . . . . . . . . . . . . . . . . .  38,208,842 17,375,384 2.884,139 5,559,458 8,931.787 20,833,456 47,770,193 
Felts . . . . . . . . . . . . . . . . . . . . . . . . . . I 4,460,621 1,865,984 276,780 714,458 874,751 2,594,687 4.654,768 

144,350 381;105 668.934 2,947,835 5,329,921 Wool hats .. . . . . . . . . . . . . . . . . . . . . . 1 4,142,224 1,194,389 
Hosiery and knit goods . . . . . . . . . .  50,607,738 23,574,761 I 2,271,466 6,194,088 15,109,lO7 27,032,977 67,24 1,013 --- -- - ---- - ----

Total . . . . . . . . . . . . . . . . . . . . . .  I $296,494,481 i $129,721,571 $1(,954,328 $40,144,544 $74,622,704 $166,772,910 $337,768,524 

made more rapid progress to maturity than had been 
the case with the woolen industry. But at that period 
both, it may be said, began a new life, regenerated, 
and started upon their present career. The Crompton 
fancy cassimere loom, which first appeared in the for
ties, and John Goulding's inventions affecting carding 
and spinning, which began to be appreciated at that 
time, did more to modernize the woolen industry than 
anything else. The worsted industry, as it is known 
to-day, had its beginning at that period in the perfec
tion of the combing machine, more, however, as an 
English than an American industry, the latter appear
ing later. The silk manufacturing industry, also, be
gan about this time with its centralizing at Paterson, 
N. J. 
. At the beginning of the 1850-60 decade, the three tex

tile industries that will be considered in this article, 
cotton, woolen and silk, were well established, and 
have remained inlportant factors in the industrial de
velopment of the country. Their relative growth may 
be seen in the following census statistics showing the 
comparative value of products : 

I C ·  I Per W Per 'Ik Per 

__ 
o:� cent. _ __ ::� cent. __ 81_. __ cent. 

1350 $61,86P.I84 54 ' 6  $49.636,881 43 ' 8  $1,809,476 1 ' 6  
1860 11:.,681,774 57 ' 0  80,734,606 40 ' 0  6.607,771 3'0 
1870 177,489,739 43 ' 6  217,fiH8,826 53 ' 4  12.210,662 3 ' 0  1860 192,090, 110 38 ' 4  267.�52,91 3  5 3  4 41,0'3.045 8 ' 2  
1 890  267,981,724 38 7  337,768,524 48 ' S  87,298,454 1 2 ' 5  

As will be observed, measured by the value of their 
products, the cotton manufacturing industry was pre
eminent over that of wool in 1850 and 1860, but occupied 
second place in 1870, 1880 and 1890. Abnormal condi
tions existed in the sixties, favorable to the woolen and 
detrimental to the cotton ind ustry, giving the former 
an impetus that put it first in rank, which it has since 
retained, though its relative position has been some
what diminished since 1890, based on the productive 
capacity of machinery, product values not being ob
tainable. Since 1890 the productive capacity of the 
cotton manufacturing industry has increased about 1 3  
per cent, while that o f  the wool manufacturing indus
try has increased only about 8 per cent. There is no 
doubt, however, that the woolen industry still holds its 
first position in the textile line in the value of products. 
The silk industry has been steadily gaining, as will be 
seen, since 1850, till it occupies a relative position of no 
mean. proportiona. 

_ .  

The relative status of the cotton and woolen indus 
tries, as it existed in 1890, and which is preserved to
day, or nearly so, may be seen in the foregoing table. 
The fobr leading manufacturing industries of the 
United States are here given, the lumber manufactur
ing interest holding the commanding position in the 
amount of capital employed, without including plan
ing mill products and the more advanced articles of 
wood manufacture. Iron and steel rank next, without 
including anything man ufactured therefrom. The 
manufacture of cotton goods occupies the third, and 0 ;  
wQOlens, the fourth position. In the value of prod ucts 
the relative positions are somewhat changed. But tak
ing the two great textile industries-cotton and woolen 
-together, and, in amount of capital and value of 
products, they stand supreme over all others. Taking 
all the six New England States together, where these 
manufactures mainly exist, 34 per cent of the capital 
invested in all kinds of manufactures is represented in 
the cotton (21 per cent) and wool (13 per cent) manu
facturing industries. The importance of these indus
tries to that section are thus seen, and the effect their 
prosperity has upon the communities in which they 
are located. 

The cotton manufactures of the United States, as 
noted above, advanced in the value of their products 
from $62,000,000 in 1850 to $268,000,000 in 1890, or 332 
per cent. In number of spinning spindles the advance 
was from 3,600,000 to 14, 200,000, or about 300 per cent. 
The increase in value of product and in number of 
spindles was about the same for this period. The num
ber of spindles in 1846 was about 2,400,000 ; in 1895 it 
was 16, 100,000, an increase of 570 per cent, and the 
annual consumption of cotton, per spindle, was 73 '4 
and 80 '5 pounds respectively. The consumption, per 
spindle, it would thus appear, has increased but 
slightly within the past fifty years. But important 
factors have to be considered in this connection ; as con
sumption per spindle is, after all, no more than a sta
tistical curiosity, meaning much or little, according as 
it is used. Speed of spindle and count of yarn must 
be taken into calculation. The productive capacity of 
a spindle to-day is about 44 per cent greater (some are 
inclined to put it more) than it was fifty years ago, w 
that measured by this standard the cotton manufactur
ing industry has advanced within the past fifty years 
not 570 per cent, but 86� per cent. That this is not 
shown in the consumption of cotton is due to two 
causes : less running titr e and finer counts. 

The progress tha.t has been made in the mechanical 
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62 
processes of cotton manufacturing is gaged more satis
factorily by the advance that has been made in the 
improvements in spinning on the ring frame. This 
machine is peculiarly an American invention, while the 
mule is not. In 1890, 63 per cent of the number of 
spindles in the United States belonged to this machine. 
It asserted its value to manufacturers before 1850, but 
little was done to it or any machine used in cotton 
manufacturing till after the late war, more than in per
fecting details. In this latter respect, however, the 
progress was marked, so that by 1865 all the mechanical 
processes had been brought to a high standard of effici
ency, equal, if not superior, to anything of like charac
ter observed in other branches of the textile industry. 
Even since the war the perfecting idea has chiefly 
engaged the time and attention of machine builders, 
though of late years the introduction of what is known 
as the revolving flat card (an English invention), and 
more particularly the Northrop automatic loom, has 
given cotton manufacturing a new impetus of great 
significance. 

In the spinning frame the productive capacity and 
progressive steps of a cotton factory are distinctly 
noted. The machine has not till quite recently been 
brought to a sufficiently high state of perfection for spin
ning fine counts of yarn to bring it into competition 
with the mule, and especially so in the spinning of fine 
weft. A very recent invention gives great promise of 
overcoming difficulties of this kind, and within a few 
months it has been put into practical operation in one 
of the fine yarn mills of New England upon weft as fine 
as number 110, which to a manufacturer means a tre
mendous ad vance in this me
thod of spinning, and which 
to him has much greater sig
nificance when it is stated 
that this weft yarn has all the 
characteristics of mule yarn, 
with the front or delivery rolls 
of the machine speeded at 84 
turns per minute and the spin
dles putting in 28 '92 twists per 
inch. This is probably the 
greatest advanced step taken 
in cotton manufacturing with
in the last quarter of a century 
or more, with the exception of 
that in weaving by the N orth
rop loom, which is a wonder
ful product of American inge
nuity and persistent enter
prise. This loom ranks with 
the self-acting mule and the 

. Crompton f a n c y  cassimere 
loom as the grandest inven
tion in the textile machinery 
line within the present cen
tury. It is epoch making. 

$ titufifit �mtritlu. 
thus : plain goods of pure wool, as broadcloths, satinets 
and flannels, with a tendency to fancy cassimeres, from 
1845 to 1860 ; fancy cassimeres and flannels, with a ten
dency to worsted fabrics for men's and women's wear, 
from 1860 to 1880 ; and since 1880, worsted fabrics for 
men's and women's wear, with no particular tendency 
away from these fabrics, all energy being devoted 
toward their perfection and attractiveness. These 
changes have been brought about by the mechanical 
inventions which have made these manufactures possi
ble in a manner that appealed to the taste of the fash
ionable world. The chief mechanical factors in these 
changes were the loom and the comb, now brought to 
a remarkably high state of efficiency. There is proba
bly a third more worsted fabrics made' now than in 
1890. It is the combing machine, for wool and cotton, 
that is to act the chief part in determining the charac
ter of American textile manufactures for the next ten 
years or more. It is only within the last fifteen years 
that any conspicuous advance has been made in comb
ing comparatively short-stapled wool like the merino. 
The introduction of a class of machinery capable of 
effe<Jting this has revolutionized the wool manufactur
ing industry of this country. The value of the worsted 
manufactures of our mills has increased from $3, 701,378 
in 1860, per annum, to over $100,000,000, in 1895. 

The manufacture of knit goods has increased rapidly 
within the last few years, of which there are no official 
statistics, in line with the progress made during the de
cade of 1880-90, within which period there was an ad
vance in the value of products of 131 per cent, exceed
ing that of any previous decade. Before 1850, the knit-
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land and Newfoundland, and after several attempts 
a successful cable was laid between Nova Scotia and 
Newfoundland. The first attempt at spanning the ocean 
began on the 7th of August, 1857, when the English 
ship Agamemnon and the American ship Niagara lay
ing a cable started from Valentia, Ireland, and directed 
their course for St. Johns, Newfoundland. The cable 
broke on the third day. A second attempt was made 
in 1858. This time the work of laying the cable was 
commenced in mid-ocean, the ships separating and 
proceeding shoreward, one to the east and one to the 
west, each laying cable as they separated. Two fail
ures in the cable caused the abandonment of this ex
pedition when about three hundred miles, at the most, 
of cable had been laid. Again the effort was made, and 
on the 5th of August, 1858, the third attempt ended, the 
laying was successfully accomplished, and Cyrus W. 
Field sent his first telegram across the ocean from 
America to Ireland on the 7th of August of that year. 
The insulation soon began to fail, and on the 1st of 
September the cable broke down entirely. Oliver 
Wendell Holmes' poem on the subject of De Sauty, the 
electrician of the company, with his message, "All tight, 
De Sauty," as its refrain, will be recalled in connection 
with this breaking down of the thin strand on which so 
many hopes depended. 

.Between August 18 and September 1, 1858, 129 messages 
of 1,474 words were sent westward, and 271 messages of 
2,885 words were sent eastward, when the cable failed. 
A message from Queen Victoria to the President of the 
United States, 99 words long, required 67 minutes for 
its transmission. Endless trouble was experienced in 

operating the cable before it 
ceased to work at all, and up 
to December 1, 1858, the com
pany had expended $1,834,500 
in its failure. The interval 
that elapsed between this and 
the successful laying of the 
next cable was due largely to 
the civil war, but during the 
twelve years from 1854 to 1866 
Mr. Field never abandoned 
the subject, and crossed the 
ocean some fifty times, largely 
in the prosecution of the plan. 

A new company was formed 
in 1866. A second cable had 
been laid part way across the 
ocean and.abandoned the year 
previous, breaking after 1,200 
miles were laid. The new 
company started a new line 
across the ocean and intended 
to pick up the abandoned 
cable and put that to work 
also. The line was commenced 
in Ireland, on the 13th of July, 
1866, and was finished on the 
27th of the same month, and 
on the 4th of August, 1866, the 
Atlantic cable was declared 
open to the pUblic. 

David Dudley Field. S. F. B. Morse. DllDiel Huntington. Cyroa W. Field. WiI80n G. Hunt. 
Peter cooper. CbaDdler WhIte. lfan:hall O. Roberts. :Moses Taylor. 

The tendency of cotton 
manufacturing in the New 
England States is toward finer 
yarns and goods, more than 
what is indicated in the con
sumption of long-stapled cot
ton of domestic Sea Island 
and foreign growth. Still, the 
latter furnishes the only means 
of estimating it. The con
sumption of this kind of cot
ton is nearly 60,000,000 pounds 
to-day to less than 16,000,000 

PROJECTORS OF THE TRANSATLANTIC CABLE. 

The other cable was grap
pled for and recovered, and 
it was completed, thus giving 
two lines between the conti
nents. Cyrus W. Field re
ceived great renow.n from his 
work. The United States 

pounds seven years ago, when fine spinning by Northern 
mills received a new vitality dne to the competition of 
Southern mills which had become particularly sharp on 
coarse yarn spinning. To-day, about six per cent of the 
consumption of Northern mills consists of long-stapled 
cotton for specially fine yarns, while in 1889 and 1890 
this consumption was somewhat less than two per cent. 
The progress toward the spinning of extra fine yarns is 
evident, yet it cannot be said that American mills are 
more than at the beginning of an era of fine yarn 
spinning. 

The wool manufacturing industry of the United 
States has always been one of particular solicitude for 
legislators and others. Wool growing and wool manu
facturing have for the last thirty years been mutually 
supporting in a legislative way. Within the last fifty 
years the wool manufacturing industry has expanded 
from an annual product of about $50,000,000, in 1850, to 
nearly $338,000,000, in 1890. In the forties, and for 
many years thereafter, the woolen product of this coun
try was mainly broadcloths, flannels and satinets, all 
honest goods to the extent of using pure wool, very 
little shoddy or wool substitutes being employed till 
after 1860, when the practice of using adulterants was 
largely indulged in, with many examples of creditable 
success so far as skill in deceptive manufacture was con
cerned. The tendency toward larger factories and con
centration of capital is noted in the census of 1860, which 
gave 1,476 establishments capitalized at an average of 
$26,800 per establishment, compared with an average of 

,,145,000, as given in the census of 1890. The changes 
and progress in the woolen industry may be epitomized 

ting industry was of small concern, not large enough to 
excite more than local interest. 

• II • • • 
THE SUBMARINE CABLE. 

The history of telegraphy gives an early date to the 
first conception of a submarine cable, as many of the 
earliest experiments in telegraphic transmission were 
made under water with an insulated wire. Morse's 
experiments of 1842 between Governor's Island and the 
Battery in New York gave him a basis for his predic
tion that the Atlantic would yet be crossed by a tele
graph cable. In 1845, Ezra Cornell, who, we have 
seen, is identified with the early progress of the tele
graph, laid a cable across the Hudson from Fort Lee to 
the city of New York, which did good service for a 
year, when it was destroyed by ice. In Europe, the 
flrst genuine submarine cable dates back to 1850, when 
a gutta percha covered copper wire was laid between 
Dover and Calais, which lived only a single day, friction 
against the rocks destroying its insulation. Another 
one was laid in 1851. This new one was armored with 
ten galvanized iron wires and operated for many years 
successfully. Two years later Dover and Ostend were 
connected. 

It now became evident that the time was approaching 
for carrying out Morse's prophecy. Mr. Brett, of Eng
land, had been identified with the Dover-Calais cable. 
Mr. Cyrus W. Field and other capitalists with Mr. Brett 
organized a company in 1854, and Mr. Field obtained 
a franchise from the provincial government for flfty 
years for landing transatlantic cables in Newfound
land. In 1856 soundings were made between Ire-

Congress voted him a gold 
medal, the Paris Exposition of 1867 gave him a gold 
medal, and he would have received high honors in 
England, it is said, had he not been a citizen of 
another country. 

The Great Eastern, the most monumental failure in 
the history of steam navigation, seemed for a time to 
have found a scope for her abilities in the laying of 
transatlantic cables, but since her time many special 
cable ships have been built, with every appliance for 
successful and cheap prosecution of the work of laying 
cables, and the Great Eastern has been broken up for 
old iron. The cable is payed out over the stern of the 
ship through special apparatus by which any desired 
strain can be put upon it. The theory is that it has to 
be laid upon the bottom, no suspension from summit to 
summit of subaqueous ridges being permissible. Hence 
it has to be fed out at varying strain and rate accord
ing to the slope of the bottom on which it is being 
deposited. The work has become wonderfully sys
tematized. Cables are laid at sea with the same un
concern that attends any ordinary voyage in a well 
equipped ship under favorable conditions. The system 
of buoying the ends of cables has become so perfected 
that a ship now has no hesitation in dropping the end 
of the cable, to be picked up at any time convenient in 
the future. Nevertheless, the early struggles in the lay
ing of the cables form most impressive lessons in the 
ability of mankind to overcome obstacles. 

After the failure of the first European-American 
cable, a new route was agitated from Labrador to 
Scotland, by way of Greenland, Iceland and the Faroe 
Islands. This route is about 1,800 miles long, and the 
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longest water distance is 600 miles. Other deep sea wire, the great Pacific forming practically the only 
cables between Sardinia, Malta, and Corfu, and one break in its complete circuit, a break soon to be 
from the mouth of the Red Sea to India were laid closed. 

FIFTY YEARS OF PHOTOGRAPHY. 
In the entire range of invention and discovery nothing 

shows a more brilliant series of successes than the art of 
photography. shortly after and they failed. A committee of the most We have reproduced for our readers, with the kind 

eminent electricians was organized by the English assistance of the Postal Telegraph Company, the map of 
Chamber of Commerce and the Transatlantic Company the world on Mercator's projection, on which are drawn 
to study the subject, and after eighteen months of labor the many lines of cable now existing. This map is 
they issued an elaborate report in 1863. Without wait- thoroughly up to date, and shows in a most interest
ing for their report a cable between Malta and Alexan- ing way the amount of work accomplished. One of 
dria had been successfully laid, in 1861, and in the year the most inlpressive features is the number of lines 
succeeding their report, the Persian Gulf cable, about across the Atlantic Ocean between Europe and Amer-

A hundred and fifty years ago, copies of writing had 
been made by the action of light on sensitive paper. 
Giambattista Porta had invented the camera obscura ; 
and more recently Niepce and Daguerre by different 
methods had succeeded in making sun pictures ; and 
Fox Talbot had invented the calotype or talbotype ; 
Herschel had given to the impression made from the 

" 

SECTION OF THE STEAMSHIP NIAGARA ARRAl(GED FOR LAYING THE TRANSATLANTIC CABLE OF 1858. 

1,330 miles long, was successfully laid. This was the 
major part of the work done prior to the laying of the 
Atlantic cable in 1866. Sir Wm. Thomson (Lord Kel
vin) was identified from its earliest days with the cable 
laying art, and in his works may be found many graphic 
accounts of difficulties encountered and how they were 
surmounted. His instruments were used in the earliest 
days for the transmission of signals. It was found that 
with a line of such high capacity, worked with ordinary 
apparatus, endless difficulties were experienced, but Sir 
Wm. Thomson overcame them at an early period. 
His reflecting galvanometer was made to give visual 
signals by movement of its spot of light upon the scale, 
and when it was desired to have permanent signals, the 
siphon recorder traced, by means of ink from a capillary 
orifice, a zigzag line upon a strip of paper and solved the 
problem, the great scientist recurring to Morse's original 
written code produced by his old. pendulum appar
atus. 

Fleeming Jenkin, the Edinburgh professor (whose 
life has been so charmingly written by Robert Louis 
Stevenson, a part of whose interest consists in the re
flection of the author's own character, as he was regis-
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ica. Hardly less impressive are the remote lines to object the name " negative " and to the print from the · 
New Zealand, Australia, Madagascar, and the Mau- negative the name " positive." 
ritius, while in the opposite sense the great Pacific, as Fifty years ago, in 1846, Schonbein discovered gun 
yet uncrossed, marks the present limit of man's achieve- cotton, and soon after collodion was produced by mak
ments. There is at present, however, a plan under ing a solution of gun cotton in alcohol and ether. It 
way for laying a line across the Pacific from Vancouver was almost immediately adopted by Archer for a film in 
to Japan, and the full plans were recently placed be- lieu of albumen and gelatine. Pictures produced on the 
fore Congress, but up to the present writing the neces- sensitive film having collodion as the basis superseded 
sary co-operation has not been obtained. the calotype and daguerreotype, and were made almost 

In the electrical outfit of the cable system, the prin- exclusively after this discovery up to within fifteen or 
cipal progress has been in the adoption of a more deli- sixteen years. This film is still used by many photo
cate type of instruments for the transmission and re- graphers for special purposes, but more particularly in 
ception of messages. The cables are generally worked . photo-engraving, and for transparencies and lantern 
on the condenser system, there being no through me- slides. The collodion film was used for making nega
tallic circuit. The Thomson and Varley transmission tives as well as positives ; some of the best photographic 
apparatus increased the old speed eight fold. Thom- pictures ever produced were made by means of wet 
son's siphon recorder quadrupled the speed of the sys- plate collodion film negatives, albumenized paper being 
tems used before its advent. used in making the positive prints. Prior to the use 

The cuts accompanying this article are of special of albumenized paper sensitized with the silver salts, 
value. The section of the Niagara is reproduced from glass positives, called ambrotypes, were introduced by 
a contemporaneous wood cut which appeared in the making a very thin negative image and backing the 
SCIENTIFIC AMERICAN in 1858. The portrait group is plat.e with asphaltum varnish or black velvet, the 
a reproduction of a painting now preserved in the New black background producing a positive effect. In 
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SlJlUIIIARINE CABLES OF THE WORLD, WITH THE PRINCIPAL CONNECTING LAND LINES, ALSO COALING, DOCKING AND REPAIRING STATIONS. 

tered as a student under Prof. Jenkin at the University 
of Edinburgh) gives an excellent account of the difficul
ties experienced by the early cable layers, in which ex
peditions Jenkin, great sufferer from seasickness as he 
was, appeared as an enthusiastic worker. To-day all 
is changed. There are a whole fleet of cable ships used 
for cable laying and for repairs, and appliances and 
methods have become systematized to the laBt de
gree. Cables are turned out from the factories 
in lengths of thousands of miles without imper
fection, and the world is almost girdled by electric 

York Chamber of Commerce, and represents the incor
porators of the Atlantic cable of 1858 assembled in the 
library of Cyrus W. Field, the philanthropist-inventor 
Peter Cooper presiding. In the background the artist, 
the great American portrait painter, Daniel Hunting
ton, has introduced his own portrait. The cost of the 
painting alone was $20,000, and a long list of donors 
subscribed for its production. 

Finally, the map gives the authoritative presentation 
of the world's network of cables corrected up to date 
specially for the SCIENTIFIC AMEIUCAN. 

some cases they were bleached by means of a solution 
of mercuric chloride. Collodion positives are still made 
upon thin japanned iron, commonly called tintypes. 

After a great many experiments the modern dry 
plate WaB produced, not in its present state of perfec
tion, but in a way which indicated its capabilities. 
The gelatine dry plate could not be made in perfection 
until after the gelatine itself had been improved so as 
to render it suitable for this purpose. It is to the per
fection of the extremely sensitive dry plate that the 
great popularity of photography is to be attributed. 
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Barring the bicycle, probably no craze W88 ever so 
widespread 88 that of modern photography. Methods 
of manipulation and improvements in lenses and appara
tus have kept pace with improvements in the art itself, 
and the large demand for apparatus and material 
effected a corresponding reduction in prices. Lenses 
have been devised for every use, and the very recent 
improvements in optical gl88s have rendered it possible 
to produce lenses which are marvels of perfection . .  

It is needless to mention the improvements in camer88 
and portable apparatus, for we think it would be 
almost a rarity to find a family of which some member 
is not practically interested in photography. A great 
impetus W88 given to modern photography by the 
invention of the hand camera and more particularly 
that of the magazine hand camera. Magazine camer88 
in great variety have been brought out. Most of them 
have been fitted for the use of roll films or cut films, 
but a small proportion are arranged for receiving gl88s 
plates. Such camer88 have been made as large 88 8 by 
10. The beautiful modern folding camera, being very 
light and portable, h88 become a great favorite with 
both professionals and amateurs. It is even more port
able than the magazine camera. 

From the ordinary side window 88 a sourc.e of illum
ination, the daguerreotypist turned to thfl skylight, and 
special skylights, some of them of large size, were con
structed and used to great advantage in the production 
of pictures which have never been SUrp88sed in soft, 
delicate shading. 

After the invention of highly sensitive plates it W88 
possible to make a good picture with a smaller sky
light, also with a good sidelight, when suitable screens 
were provided. With sensitive plates came the use of 
artificial lighting and fl88h lights for instantaneous 
work in the night, and in caves and dark places. 

Since the development of the electric light many 
photographic establishments have been fitted out with 
electric lighting apparatus, permitting of taking por
traits at night and in cloudy weather. An additional 
advantage in the use of artificial light is that of carry
ing on the work on the first floor, thus saving stair 
climbing or traveling in the elevator. With proper 
management the amateur photographer may procure 
flashlight pictures at home in the evening which com
pare favorably with daylight work. 

Early in the history of photography it W88 noticed 
that true color values were not rendered in any photo
graphic pictures. Yellow, red, and green always p,p
peared darker in the picture than in the object, while 
blue and violet appeared lighter. To correct this de
fect in photographic pictures the plates were made 
color sensitive by coloring them with applied dyes, or 
by incorporating the dyes with the emulsion used in 
coating the plate. The difference between pictures 
taken with orthochromatic plates and those taken on 
ordinary plates is very noticeable. Colored screens 
have been used in connection with ordinary rapid 
plates for securing similar results, and in copying 
paintings, tapestries, and other works of art depending 
upon color value for effect. Both the yellow screen and 
the orthochromatic plates have been applied simulta
neously. 

Very early in the history of photography, in fact be
fore Daguerre's discovery, the workers in this line con
ceived the idea of making pictures in the colors of 
nature, or 88 they are shown on the ground gl88s or 
screen of the camera obscura. Fugitive colored pic
tures were made which could be examined by weak 
light, but they were quickly destroyed when exposed . to strong light. No means W88 ever found for fixing 
these colored images. Experiments looking forward to 
the discovery of some means of fixing and preserving 
the images have been carried forward without much 
success since the days of Daguerre. 

Tricolor photography is not a strictly modern inven
tion, but it h88 been perfected to a 'great extent within 
ten years, and very pleasing pictures can be produced 
by this process, although they do not present the ideal 
colored picture. Such pictures are produced by using 
three separate plates and taking the pictures through 
three separate color screens, red, green, and blue ; a 
positive made from a negative taken through a red 
screen is transparent through all places where pure red 
is seen in the subject represented, also more or less in 
parts representing purple or violet and orange. A posi
tive taken through the green screen will be transparent 
in the parts that are green in the subject. It will be 
transparent also in the parts representing yellow. In a 
similar way a picture taken through a .blue screen is 
transparent to the parts representing the blue portions 
of the subject. 

According to one method, the prints from the nega
tive are made upon sensitized gelatine, the gelatine 
.carrying the color which is required to build up the 
portion of the picture demanding that color. When 
these three prints are made and superposed, they re
produce approximately the colors of the scenes repre-
sented. 

' 

A modification of this method which results in truer 
colors is accomplished by making three positive black 
and white prints representing the three colors and pro
jecting them on a screen, where they are superposed, 
suitable colored screens beiDB placed in front of each 

positive. Some very beautiful effects are produced by 
this method. 

Lippman, of Paris, not long since discovered a very 
simple and interesting method of producing photo
graphs in color. He first produces a suitable negative, 
prints a positive from the negative and backs up the 
positive with a film of mercury. The image is seen by 
reflected light, and the colors are produced by inter
ference of light in a manner similar to Newton's 
rings. 

Among other developments in photography ' within 
very recent years may be mentioned several methods of 
reproducing photographic pictures in black and white, 
and other tints by lithography, photogravure, collo
type, half-tone and line etching. The collotype is a 
simple style of photographic reproduction. In making 
the collotype, the gl88s which is to support the film is 
finely;ground and a solution of albumen and silicate of 
soda and water poured over it to form a foundation for 
,the film. Upon this foundation is poured a solution of 
ammonium bichromate and gelatine in water. When 
the plate is dry it is exposed to the light through a 
negative and immersed for a time in cool water, after 
which it is dried in a bath of glycerine and water, and 
coated with printing ink. The plate is then printed 
according to the method of the lithographic printer. 

In photogravure the shadows are depressed in the 
plate, and the printing is done on practically the same 
principle 88 that of steel or copper plate printing. 

In making a photogravure, a transparency or posi
tive is taken from a negative by any of the well-known 
methods, and a copper plate larger than the print to be 
made is cleaned and dried and then coated with a solu
tion of gelatine and pot88sium bichromate in water. 
The plate is then dried, placed in a printing frame, and 
exposed through the transparency or positive, after 
which the surface of the film is dusted, etched and 
cleaned, when the plate is printed from, after inking 
and wiping off, either in the same manner 88 a copper 
or steel plate engraving, or 88 an etching, leaving a 
thin fllm of color in different positions on the high 
lights to modify the effects. 

In the half-tone process the sensitive plate is exposed 
in the camera through a grating, which leaves a texture 
on the negative, which, when printed through on the 
bichromatized metallic plate, produces lines or dots, 
which are etched, and which, in printing, leave high 
lights and carry the ink, which produces the shadows. 
When three plates are made through three colored 
screens and three impressions are produced from the 
plate with appropriate colors, very good pictures ap
proximating the tints of nature are produced. This is 
now the most popular method of illustrating with 
colors. Recently improvements in the shape of aper
tures in the screen have been made. 

With the improvements in photography, the projec
tion lantern h88 been rendered very efficient, so that 
either colored or black and white pictures may now be 
projected upon a screen twenty-five feet square, pro
ducing very satisfactory results. In fact, some of the 
most popular entertainments of the day are on this 
order. With improvements in lenses, plates, and devel
opers the speed of photography h88 been increased to 
such an extent 88 to produce a distinct image in the 
space of nt" of a second. This renders it possible to 
catch images of insects, birds and other aninials and 
even projectiles in their successive positions. By re
versing the process these images are reproduced in such 
rapid succession 88 to give the pictures all of the move
ments of life, without any apparent break in continuity. 
This is in brief the prinCiple of the kinetoscope. 

Photography h88 proved itself to be of incalculable 
value to other sciences. In surgery it h88 been em
ployed for differentiating tissues. It h88 been em
ployed for detecting stains invisible to the eye. It 
is a faithful recorder of physical phenomena, and has 
been made by Roentgen, in connection with the X ray, 
to show interior portions of the body, and make other 
disclosures of a startling nature. 

In addition to these, photography has been used for 
grasping celestial objects beyond the power of the eye 
and telescope, for mapping the heavens, me88uring and 
recording spectra, showing the structure of the sun, 
revealing the extent of nebulre, picturing comets, and 
making records of eclipses and other phenomena. It 
h88 also revealed things beyond the power of vision and 
the microscope. 

• • • • •  
CnIlIBTRY. 

An attempt to review the progress of chemistry dur
ing the 188t fifty years requires more space than this 
entire issue would put at our disposal. Fifty years ago 
chemistry and physics were both established on a flrm 
b88is. Chemistry had had nearly three-quarters of a 
century in which to develop its theory and had become 
formulated into an exact science in which the results 
were attested by the balance and in which exact analy
ses were applied by some of the most brilliant minds 
that the world h88 ever seen. At that time and for 
many years subsequent the old binary or dual system 
of Berzelius W88 still employed by chemists, and those 
who graduated from the polytechnic schools and col
leges up to 1870 studied chemistry under what is known 
ILl the old system. Dumas opposed the Berzelius sys-
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tern, and, supported by those constituting the French 
school of chemists, obtained a victory about 1832. 
Nevertheless, for fcAy years after that period the old 
system held sway, though of course to a greatly dimin
ished extent. To-day some of the old time chemists 
who have been unable or indisposed to drop the old sys
tem and have not changed it for the new still write sul
phuric acid HO,SO. instead of H.SO., and so for other 
compounds. Those who, like the writer, studied chem
istry under the old system and had to change it for the 
new realize how much is involved in it ; how great an 
improvement the new is over the old, and yet how 
unwillingly they dropped the system of their student 
days. The new system carried out Dalton's atomic 
theory to its logical extent, and chemistry took on a 
more systematic aspect, and the consequences of the 
acceptance of Dalton's and Avogadro's law appeared in 
the monumental work of Mendeleeff. The indefati
gable scientist of Siberia, who, it is worth noting, is a 
seventeenth son, in a paper read before the Russian 
Chemical Society in 1889, at one bold stroke made his 
great announcement of the periodicity of the properties 
of the elements. In a halting way his predecessors had 
noted some slight relations between the atomic weights, 
especially of the four h8loids, but Mendeleeff applied 
his system to the entire scheme of elements, drew up 
his famous table, showed how in accordance with it the 
elements ought to occur, and at once established one of 
the greatest triumphs of science, one that led to some 
of its most remarkable achievements. This table was 
filled with blank spaces where, in order to carry out 
the complete series, elements ought to exist. Almost 
immediately some of the spaces began to be filled by 
newly disoovered elements, so that it W88 recognized 
that Menueleeff's law was, to a certain extent, prophetic 
and might point out the existence of elements yet un
known to us. It also led to a more accurate censorship 
of the atomic weights and of their other properties. 
Thus uranium, whose atomic weight W88 formerly taken 
88 120 and then 180, required for the Mendeleeff law 
240, a value confirmed by independent experiments of 
other chemists. Uranium is the element which marks 
one end of the Mendeleeff scale. Gold, tellurium, and 
titanium refused to come into the law under their old 
atomic valuations, but new determinations of atomic 
weights have brought them into the law with the 
others. 

A good indication of the work of chemistry is in the 
discovery of new elements. Upon looking at the dates 
of the discovery of the different elements it is most sur
prising to see how many had been discovered prior to 
1846 and how few have been discovered since that 
period. Robert Bunsen in 1860 discovered rubidium 
and cresimn ; Crookes, in 1862, thallium ; Reich and 
Richter, in 1863, indium ; Boisbaudran, in 1875, gallium ; 
Marignac, in 1878, ytterbium ; Boisbaudran, in 1879, 
samarium ; and in the same year Nilson, scandium, and 
Cleve. thulium ; Welsbach, in 1885, neodymium and pra
seodymium ; Marignac, in 1886, gadolinium ; Winkler, 
in 1886, germanium ; Ramsay and Rayleigh, in 1894, 
argon ; Ramsay and others, helium, 1888 to 1895. Many 
of these elements have been discovered by spectrum 
analysis. In the early part of this century the 
laws of the production of a spectrum by permitting 
light to pass through the prism had been seriously 
studied and the properties of the spectrum so pro
duced examined. Kirchhoff, in 1859, studied the sub
ject 88 a physicist and soon attracted the attention 
of Bunsen. The latter's unequaled genius for solving 
the most difficult problems of chemistry brought about 
the construction of a new instrument of chemical re
search based upon the use of the prism, and the spec
troscope was invented. This was about 1860, and at 
once, for qualitative analysis and for the discovery of 
new elements, an unequaled instrument was put into 
the chemist's hands. The work of Bunsen and Kirch
hoff filled the world with amazement and led to the 
most brilliant results in chemistry. By its more recent 
application to astronomy, double stars have been dis
covered and the determination of the composition of 
incandescent celestial bodies has t3en effected, and the 
substitution of ruled gratings for the prism has led to 
some of its most interesting developments. 

Woehler's classic synthesis of urea marked the begin
ning of advanced synthetical chemistry. The mere 
catalogue of what has been done in organic synthesis 
would fill a volume. Coal tar has proved one of the 
great bases for synthetical work. Perkin, in 1858, pat
en'ted a dye stuff, aniline violet, and that dye marks 
the beginning of an enormous chemical industry, the 
production of coal tar colors. Color after color was 
discovered, and the very existence of the great madder 
fields of Europe W88 threatened by the discovery of 
coal tar alizarine. In analytical chemistry constant 
improvement W88 effected. Bunsen brought g88 ana
lysis to a wonderful degree of perfection. His methods, 
unequaled for accuracy and precision, were gradually 
supplanted in the technical world by simpler ones. 
The chemists' balance was improved largely by the la
bors of Becker and other world-famous manufacturers. 
The first edition of Fresenius' works on analytical 
chemistry goes back fifty years ; the great master of 
two generations of chemists in his role of m88ter of the 
world of analytical chemists being almost contempora.-
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SCIENTIFIC tries. The same is to be said for calcium carbide and piece, by which the speech rec@rded on the cylin
der is reproduced. I n  this instrument the shaft of the 
cylinder is provided with a thread of the same pitch as 
the spiral on the surface of the cylinder, so that the 
needle of the receiving mouthpiece is enabled to trav
erse the surface of the tinfoil opposite the groove of 
the cylinder. By careful adjustment this instrument 
was made to reproduce familiar words and sentences, 
so that they would be recognized and understood by 
the listener ; but, in general, in the early phonographs, 
it was necessary that the listener should hear the 
sounds uttered into the receiving mouthpiece of the 
phonograph to positively understand the words uttered 
by the instrument. 

New methods of attack have been applied. The elec
tric furnace, in the hands of M. Moissan, has yielded 
remarkable results. Fluorine, the element which for 
80 many decades resisted isolation, was isolated by him. 
By the utilization of electricity, rare metallic elements 
were also reduced from their compounds, and the elec
tric current was applied by Classen with much success 
to the problems of analysis by electrolysis of aqueous 
solutions of the double oxalates. The synthesis of car· 
bon and hydrogen has been effected on the large scale 
by the electric furnace, in which carbides decomposable 

THE FIRST PHONOGRAPH. 

by water are first produced. The decomposition of 
these by water gives acetylene gas, a veritable triumph 
of synthesis. 

The every-day appliances of the laboratory have been 
improved beyond the dreams of old time chemists. Now 
special apparatus is procurable for all purposes. Rapid 
filtration, introduced originally by Bunsen, is really 
one of the notable improvements of the period we treat 
of, and in the hands of Gooch and others has been 
greatly developed and improved. 

It may seem that the chemist's work is done, but it 
is not. The discovery of metallic carbonyls is an illus
tration of how great recent discovery may be. It was 
found by Mond that carbon monoxide gtpiJ had the won
derful power of combining with nickel, and also less 
freely with iron at ordinary temperatures, and could 
carry them off in the state of gas. This dates back only 
a few years. Had the discovery yielded the fruits ex
pected, it would have fairly revolutionized some indus-

acetylene gas, already alluded to. 
• .  e . ., 

THE PHONOGRAPH. 

In December, 1877, a young man came into the office 
of the SCIENTIFIC AMERICAN, and placed before the 
editors a small, simple machine about which very few 
preliminary remarks were offered. '1'he visitor without 
any ceremony whatever turned the crank, and to the 
astonishment of all present the machine said : " Good 
morning. How do you do ? How do you like the 
phonograph ? "  The machine thus spoke for itself, 
and made known the fact that it was the phonograph, 
an instrument about which much was said and written 
although little was known. 

' 

The youn� man was Edison, and the phonograph 
In later instruments exhibited throughout the coun

try and the world, the same difficulty obtained, and 
was his latest invention. The edi
tors and employes of the SCIEN

TIFIC AMERICAN formed the first 
public audience to which it ad
dressed itself. Edison, even then, 
was a well known and successful 
inventor. The invention was novel, 
original, and apparently destined 
to find immediate application to 
hundreds of uses. Every one want
ed to hear the wonderful talking 
machine, and at once a modified 
form of the original phonograph was 
brought out and shown every
where, amusing thousands upon 
thousands ; but it did not by any 
means fulfill the requirements of 
the inventor. It was scarcely more 
than a scientific curiosity or an 
amusing toy. Edison, however, re
cognized the fact that it contained 
the elements of a successful talking 

IMPROVED RECORDING AND REPRODUCING PHONOGRAPH OF 1896. 

machine, and thoroughly believed it was destined to be
come far more useful than curious or amusing. He con
tended that it would be a faithful stenographer, repro
ducing not only the words of the speaker, but the quality 
and inflections of his voice ; and that letters, instead of 
being written, would be talked. He believed that the 
words of great statesmen and divines would be handed 
down to future generations ; that the voices of the 
world's prima donnas would be stored and preserved, so 
that, long after they had passed away, their songs could 
be heard. These and many other things were expected 
of the phonograph. It was, however, doomed to a period 
of silence. It remained a toy and nothing more for 
years. 

The original instrument consists of three principal 
parts-the mouthpiece, into which speech is uttered ; 
the spirally grooved cylinder, carrying a sheet of tin
foil which receives the record of the movements of the 
diaphragm in the mouthpiece ; and a second mouth-

perfection of articulation was sacrificed to volume of 
sound. This was necessary, as the instruments were 
exhibited before large audiences, where, it goes without 
saying, the instrument, to be entertaining, had to be 
heard. These instruments had each one mouthpiece 
and one diaphragm, which answered the double pur
pose of recei ving the sound and of giving it out again. 

Finally it was made known to the public that 
the ideal phonograph had been constructed ; that it 
was unmistakably a good talker ; and that the machine, 
which most people believed to have reached its growth, 
had after all been refined and improved until it was 
capable of faithfully reproducing every word, syllable, 
vowel,_ consonant, aspirate and sounds of every kind. 

During the dormancy of the phonograph, its in
ventor secured both world-wide fame and a colossal 
fortune by means of his electric light and other well 
known inventions. He devoted much time to the 
phonograph, and not only perfected the instrument 

EDISON AND THE FIRST PERFECTED PHONOGRAPH. 
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66 
itseif, but established a large factory provided with 
special tools for its manufacture, in which phono
graphs are turned out in great numbers. 

The improvements reduced the instrument to about 
the size of an ordinary sewing machine. In its con
struction it is something like a very small engine 
lathe ; the main spindle is threaded between its 
bearings and is prolonged at one end and provided 
with a drum for receiving the wax cylinder, upon 
which the sound record is made. Behind the spin
dle and the drum is a rod upon which is arranged a 
slide, having at 

J c iru t i f i c  !Ulrricau. 
speaking diaphragm. No attempt i s  made i n  this instru
ment to secure loud speaking-distinct articulation and 
perfect intonation having been the principal ends sought. 

The phonograph may be now used for taking dicta
tion of any kind, for the reproduction of vocal music, 
for teaching languages, for correspondence, and for va
rious other purposes too numerous to mention. 

The wax cylinder upon which the record is made is 
provided with a rigid backing. It is  very light and a 
Illailing case is provided for safely mailing it. The re
cipient of the cylinder places it on his own phonograph 

within a few years-the graphophone, which is similar 
to the phonograph, operating on practically  the sam;; 
principle, and the gramophone, which has a flat disk 
instead of a cylinder and makes a record which is a 
sinuous groove, by means of a laterally vibrating 
needle. It reproduces sound by the lateral vibrations 
caused by the following of the reproducing needle in 
the groove of the record. 

• ' e  • 
THE AMERICAN LOCOMOTIVE. 

The first practical locomotive to turn its wheels upon 
a track in Allleri · 
ca was the Stour
bridge Lion, an 
imported Englillh 
enginc. This not
able evellt took 
place August n, 
182!J. 'l'he first en · 
gineer to run a 10-
cOllloti ve in Ame
rica was Horatio 
Allen, who han · 
dIed the throttle 
on this occasioll . 
I t is claimed that 
the first Ameri
can·built locomo
tive to be put into 
active service was 
the Best Friend, 
which was con
structed by Mr. 
E. L. Miller, fO!" 
the South Caroli
l la Railroad Com
pany. This occur
red in N ovem ber, 
lK30. 

one end an arm 
adapted to engage 
the screw of the 
spindle, and at the 
opposite end an 
ann carrying a 
h e  a d provided 
with two glass d ia
phragms w h i c h 
m a y  be inter
changed when de
Rirable. One of 
these di3iJhragms 
is used when it is 
desired to talk to 
t.he phonograJ1l, 
and w h e n  the 
I'peech is to be 
reproduced t h e  
other diaphragm 
takes its place. 
The c u t t e r  by 
which the impres
r,;ions are made in 
the. wax is attach
ed to the center of 
the d i a p h r a g m  
and pivotally con
nected to a gravi
ty arm attached 
to the side of the 

CAMEL·BACK LOCOMOTIVE BUILT FOR THE B. & O. RAILROAD IN 1853. I II the earliest 
days of American 
locomotive build Cylinders, 19 by 22 inches ; drivers, 50 inches ; weight, 7 1 ,000 pounds ; steam pressure, 120 pounds. 

diaphragm cell. 'fhe reproducing cell contains a deli
cate glass diaphragm, to the center of which is secured 
a stud connected with a sIllall curved steel wire, one end 
of which is attached to:the diaphragm cell. The record
ing and reproducing points are formed of chalcedony. 

The spindle of the phonograph is rotated regu
lady by an electric 'motor in the base of the machine, 
which is driven by a current from one or two cells 
of battery. The. motor is provided with a sensitive 
governor which causes it to maintain a very uniform 
speed. The arm which carries the diaphragms is pro
vided with a turning tool for smoothing the wax 
cyl inder preparatory to receiving the sound record. 

The first operation in the use of the machine is to 

and listens to the phonogram- -in which he not only 
gets the sense of the words of the sendel', but recog
nizes his expression, which will, of course, have m ilch 
to do with the interpretation of the true meaning of 
the sender of the phonogram. 

A very interesting and popular use of the phono
graph is the distribution of the songs of great singers, 
sermons and speeches, recitations, the wOI·ds of great 
men and women, music of lIIany parts, the voices of 
animals etc. , so that the owner of a phonograph may 
enjoy these things with l ittle expense. 

Passing over the application of the phonogl'aph to 
dolls, we will refer briefly to the late�t developments of 
the instrument. It has recently been determined to 

ing the influence 
of the original English models is traceable in the 
designs ; but it was not long before the American 
mechanic began to strike out for himself, and build a 
machine speeially adapted to local conditions. Vari· 
ous original and radical features were introduced, 
and with such rapidity, that in the brief interval of 
sixteen years between the trial trip of the Best 
Friend and the year 184G, which marks tht" opening of 
the half centur'y with which we are dealing, the most 
important elements of the typical American eight· 
wheel engine, as we know it to-day, may be said to 
have been :mhstantially established. 

A comparative study of the cuts of early engines of 
thi::; period will enable the reader to identify, in one 

design or another, bring the turning 
tool into action 
and cause it to 
traverse the cyl
inder. The turn
ing tool is then 
thrown out, the 
carriage bearing 
the reconi ing dia
phragm ill return
ed to the position 
of use, and as the 
wax cylinder re
v o l  v e s the dia
phragm is vibrat
ed by the sound 
waves, thus mov
ing the cutter so 
as to callse it to 
cut into the wax 
cylinder and pro
duce indentations 
which correspond 
to the movements 
of the diaphragm. 
After the record is 
made, the carriage 
is again returned 
to the point of 
starting, the re
c e i v i n g  d i a 
phragm is replac
ed by the repro
d u c i n g  d i a -

INSIDE-CONNECTED . EIGHT·WHEELED LOCOMOTIVE BUILT FOR THE B. & O. RAILROAD IN 1854. 

those characteris
tic features which 
are distinctively 
American. He will 
find the leading 
truck, the four
coupled drivers, 
with the fire box 
between the axles, 
the bar frame, the 
outside cylinders, 
t he equalizing le
vers, the " cow 
catcher," and the 
bell, and last, and 
perhaps as char
acteristic as any, 
the cab. In say
ing that the main 
features of the 
eight-wheel Ame
rican engine were 
to be found re
presented in the 
I o c  O Ill O t  i v es of 
184G, it is not to 
he u n d e r s t o o d  
that this was b�
anY.llJeans, at that 
time, the accepted 
type, although it 
w a s  d e s t i n e d  Cylinders, 15 by 22 inches ; drivers, GO inches ; boiler, 44 inches diameter ; weight, 5G, 000 pounds. 

phragm, and the carriage is again moved forward by 
the screw as the cylinder revolves, causing the point 
carried by the reproducing diaphragm to traverse the 
path made by the recording cutter. As the point fol
lows the indentations of the wax cylinder the repro
ducing diaphragm is made to vibrate in a manner simi
lar to that of the receiving diaphragm, thereby faith
fully reproducing the sounds uttered into the receiving 
mouthpiece 

The perfect performance of the phonograph depends 
upon its mechanical perfection-upon the regularity of 
its speed, the susceptibility of · the wax cylinder · to the 
impressions of the needle, and to the delicacy of the 

furnish a perfect phonograph for a moderate price 
which will reproduce any record with great fidelity. 
Purchasers will be able to provide themselves with 
records of any desired character, so that the most in
teresting of entertainments may be had at a moment's 
notice. This phonograph is driven by a spring motor 
in a manner similar to a music box. It is light, com
pact, and readily operated. Although it is designed 
for reproducing only, it may for a small additional cost 
be made to record or to both record and reproduce, The 
records are made on the recording phonograph, which 
is now so perfect as to leave nothing to be desired. 

Other instruments of this class have been devised 

shortly to become 
so. That was an age of investigation, and the student of 
American locomotive history is impressed with the num
ber and variety of experimental engines which figured in 
the twenty years from 1841 to 1860. In the first place, 
the inside cylinders and the single driving wheel, which 
have been so very largely retained in English prac- . 
tice, were tried and found wanting for the require
ments of those days. The celebrated Globe eight
wheeled inside connected engines were for many years 
a familiar feature on many New England roads, and it 
is but a few years since the last of them was consigned 
to the scrap heap. An engine of this type, with 
15 by 22 inch cylinders, built for the Baltimore and 
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Ohio Railroad in 18.54, is shown in tIle accompanying 
illustration. These, however, were notable exceptions 
to the general practice, which, early in the period 
under consideration, forsook the easy running of the 
inside connected for the g I' e a t  e I' 
handiness of the outside connected 
type. 

If we would seek for the cause of the 
marked difference in the American and 
English locomotive, starting as they 
did from a common origin (there were 
between 25 and 30 engines in all im
ported from England), it will be found 
in the different conditions under which 
the two types had to do their work. 

� c itu tif ic  �tutticnu. 
-a size which has never since been reached, although 
7 foot drivers are becoruing common in up-to-date 
practice. The ten-wheel engine, with six-coupled 
drivers, was patented by Septimus Norris in 1846, and 

No. 999 OF THE N. Y. C. & H. R. R., 1893. 

consisted in the perfecting of details, and the variations 
from the type have been such as were called for by the 
particular class of service which had to be performed. 

In addition to the points of divergence in practice be

For reasons which are given else
where in this issue, the early English 
roads were built more solidly, and with 
lighter grades and easier curves than 
the early American roads. The rela
tively smooth and straight English 
track permitted the use of the more 
rigid plate frame engine with rigid 
wheel base, and it has continued to 
be the prevailing type. The cheaper 
and lighter American track, which 
was necessitated by the long stretches 
of thinly peopled country which had 
to be covered, called for a special make 
of locomotive, with lateral and vertical 

Cylinders, 19 by 24 inches ; drivers, 8672' inches ; weight, 62 tons ; steam pressure, 
190 pounds. A modern example of an American eight-wheeled express engine. 
Hauling the Empire State Express, the fastest train in the world ; speed, 
64'22 miles an hour, excluding stops. 

tween American and English builders 
already noticed, it may be said in gen
eral that the American locomotive ha� 
always been harder worked than th, 
English, and that while it has neve; 
shown such economy in fuel consump
tion, it has always been able to get 
away with a bigger load. Where the 
English superintendent would run a 
train in two sections, each of which 
would constitute a load well within the 
hauling capacity of the engine, in 
America one locomotive woula take 
the whole train, and would be pushed 
to its utmost capacity in the effort to 
keep within the schedule time. Where 
fuel was cheap and labor dear, it was 
found to be economical in the long run 
to dispense with one train crew, and 
push the locomotive tc the full limit 01 
its power, even if it did vomit black 
smoke and unburnt coal from thb 
smoke stack. The difference in the 
cost of labor has had a potent influ
ence in the development of the two 

flexibility. The lateral adjustment was obtained by 
means of the leauing truck, and the vertical adjustment 
by the equalizing levers. By these devices, the weight is 
carried upon three points of support, one forward 
beneath the cylinders, and one on each side of the fire 
box. 'fhe principle of leverage is so ingeniously ap
plied, that� the shock of any one wheel passing an ob
struction is distributed and reduced before it reaches 
the main body of the engine. The combination of 
these two de-
vices enabled 
high speeds to 
be maintained 
o v e r  t r a c k  
which would 
h a v 0  ditched 
an English en
gin� before it 
had run a mile. 

'fhe average 
dimensions of 
an 1846 engine 
were as follows : 

the Rogers Locomotive Company turned out their first 
celebrated ten-wheelers in 1848. 

The Stephenson link motion was first employed by 
Mr. William T . .James, of New York, in 1832. It was 
first adopted as standard practice in American shops by 
Mr. Thomas Rogers, of the above works, in 1849, and 
with its reintroduction the evolution of the American 
locomotive, as to its essential features, may be said to 
have been complete; The subsequent development has 

types, especially in the past twenty or 
thirty yea'·s. Whereas the Englishman, with his copper 
fire box, brass tubes, deflector plate and mild exhaust, 
his inside cylinders,!large single drivers, low piston �peed, 
and light loads, was aiming at a high theoretical effi 
ciency, the American, with his four, six, and .  eigh7-
coupled drivers of small diameter, his big cylinder C[l 
pacity, large steam ports, his huge boiler with its big 
heating surface,.his roomy fire box and sharp exhaust, 
was aiming at large hauling capacity. It is sufficient to 

say that both 
have reached 
the goal ; and 
that while the 
American loco
m o  t i  v e  will 
haul three tons 
to the English 
two, it w i l l  
burn more fuel 
per ton in the 
effort. 

Between 1850 
and 1860 the 
c. 0 a 1 burning 
locomotive be· 

Cylinders, 1 5  
or '/.6 by 20 and 
22 i n c h e s ; 
weight, 18 to 
20 tons ; dri
vers, 472' to 5 
feet diameter ; 
and the steam 
pl'essure varied 
from 90 pounds 
to 120 pounds 
p e l' s q u a r e  
illch. I n  1848 
we find t h e  
Bald win Loco
mot i ve Works 
und ertaking to 
b ui ld  an ex
press engine to 
run sixty ruile� 
an hour, fot 
which feat they 
provided h e r  
with 17� b y  20 
inch inside cyl· 

. 

inders and a 
pair of 6>2' feet 
drivers : and a 
little later they 
built a some
what similar 
engine with 15 
by 20 inch cyl
inders and a 
pair of 6 foot 
drivers. The 
'lingle d r i v e r  
was fully test· 
ed, with the al
m ost invaria
ble complaint, 
after trial, that 
there was ,. in-

FOUR·CYLINDER COMPOUND DECAPOD FREIGHT LOCOMOTIVE, 1893. · 

came common, 
and with the 
advent of coal 
the brass and 
copper t u b  e s 
were discarded 
for iron tubing, 
which in turn 
w a s  to g i v e  
place to steel. 
T h i s  decade 
also s a w  the 
general intro
duction of the 
w a g o n - t o p  
boiler, and the 
influence of an
thracite c 0 a 1 
was seen in the 
I o n  g ,  sloping 
fire b o x , as 
shown in the 
c e l e b r a t e d  
" camel backs " 
of R 0 s s Wi
nans. The next 
decade saw the 
b u i l d i n g ,  at 
t h e  Baldwin 
works, of the 
" C o n s o l i d a
tion," and the 
introduction of 
t h e  B i s s e l  
t r u c k , t h e  
swing bolster 
truck, and steel 
tubing. T h e  
t w o  decades 
1 8 7 0 to 1 8 9 0  

Weight of engine alone, 96 tons ; hauling capacity, 4,600 tons ; cylinders, 16 inches and 27 inches by 28 inches ; heating 
surface, 2,443 square feet ; steam pressure, 180 pounds. 

Ul 0 r A yno,.lrnd _ 
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68 
distinct types, according to the work for which they 
were designed. 

The year 1888-8!J was memorable for the introduction 
of the compound engine i nto America. Compounding 
had already reached a high state of development in 
Europe, when the Pennsylvania Railroad determined 
to give it a trial in American service, and to this end 
purchased an English compound engine, designed and 
bui lt by Mr. F. W. Webb, of the London and North
western Railway. The Pennsylvania, as she was 
called, was put to work on the company's regular trains 
and made an excellent record for economy. 

Speaking of its performance, a prominent Pennsyl
vania official said at the time : " I  am not at 
liberty to give exact figures as to the saving of 
coal shown by the 'Vebb engine over our regu
lar passenger locomotives, but I will say that it 
has been considerably over twenty-five per 
cent." The era of compounding, thus intro
duced, has resulted in its trial on most of the 
leading roads of the country, and invariably 
with a showing of large economy. The outside 
two-cylinder compound has been the favorite 
type. Two fine examples of the four·cylinder 
compound are shown in the accompanying cuts 
of an express passenger, and a heavy Decapod 
freight, engine, built by the Baldwin works 
under the Vauclain patents. By reference to 
the cuts it will be seen that the cylinders are 
arranged in pairs, the high pressure above the 
low pressure, the piston rods engaging a common 
crosshead. Piston valves are used, being placed 
on the inner side of the high pressure cylinders. 
The engines shown have the Wootton firebox, 
designed for burning low-grade coal, the total 
heating surface of the firebox of the passenger 
'�ngine being 136� feet, and of the freight en
gine 234>4 feet. 

As illustrating the highest development of 
the simple eight-wheel express passenger en-
gine, we have selected the New York Central 
engine No. !J!J!J, of Empire State Express fame, which is 
at present hauling the fastest train in the world, and 
hold,; a record speed for the mile of something over 
one hundred miles an hour. 

The dimensions of these three engines, together with 
those of the Lake Shore and Michigan Southern engine 
No. 564 (Brooks Locomotive 'Yorks) , to whose phe
nomenal run we refer later, are given in the accompa
nying table : 

J c itut i f i c  �mtricau. 
tives i n  service i n  America, representing a money value 
of not less than three hundred millions of dollars. 

• , e ·  • 
THE llICYCLE. 

Lord Charles Beresford has said, " Whoever invented 
the bicycle deserves the thanks of humanity." At the 
present day the bicycle sl ",::>ds uilri valed as a means of 
healthy exercise and pleasure. The practical uses to 
which it may be put seem limitless, and now the bicycle 
is assisting the electric raih'oad and the automobile car
riage to relegate the horse-dra wn vehicle to the past. 
The evolution of the bicycle from the primitive forms 
has been by a series of positive steps, each step mark-

THE VELOCIPEDE OF 1868. 

ing a distinct advance in the march of improvement. 
If for no other reason, the last half century is notable 
on account of the introduction and development of 
the bicycle, and nearly the whole history of this evolu
tion faJls well ,within the period we are considering. 

It is necessary to go back to the last century for the 
germ of this great invention, when a strange device 
called a " hobby-horse " was introduced. It consisted 
of two wheels connected tandem by a rigid frame of 

No. of Engine and Name of 
Vompany. Engine and Builder. ys em. J 10 ers. Ivers. Drivers. Weight. Surface. Pressure. S t C r d D r' Weight on Total I Heating Steam 

---------- 1 ----- ------ 1--- -- ----- - - - ---- --- ---- - --
No. 999. Four.coupled express. � Simple. 19 in. X 24 in. 86� in. 84,000 lb. 124,000 lb. 1,930 sq. ft. 190 Ibs. N. Y. C.  and H.  R. R.R. 

No. 1027. 
Atlantic City R.R.  

No.  :xit. 
L. S.  and lit. S. R. R. 

No. 805. 
L. E. and W. R R. 

N. Y. C. and H. R. R.R. 
Four-cB�V��in

e
.
xpress. 

SiX-co'lpled express. 
Brooks. 

Decapod freight. 
Baldwin. 

r Compound. { � l�: f X 26 In. 84� in. 78,600 lb. 143,000 lb. 1,835 sq. ft . 190 lbs. 

} Simple.  17 in. X 24 in. 66 ill. 88,500 lb.  113,500 lb.  . . . . . . . . . . 180 Ibs. f Vompound. �� i�: f X 28 in. 50 in. 170,000 lb. 19�, 000 lb. 2,443 sq . ft . 180 lbs. 

The Lake Erie freight engine is rated to pull 4, 600 wood. The rider sat on a saddle midway between the 

tons on the level, and on a run between West Carbon- wheels and propelled it by means of strides on the 

dale and Ararat Summit, with a load of 1, 107 tons, it ground. Naturally its motion was limited to a straight 

consumed 8 '28 pounds of fuel per car mile, with a water line. This rigid, non-steering bicycle, propelled by the 

evaporation of 7 '57 pounds per pound of coal. This is feet on the ground, was the first step toward the modern 

a really astonishing performance, when we bear in mind machine. The second step was taken in 1818, when 

the grades and the loads. From Carbondale to Forest Baron Von Drais introduced a vehicle called a 

City, 25 cars, weighing in all 818 tons, were hauled for " draisienne, " which resembled the foregoing machine, 
5 miles over a 1 '33 per cent grade ; and from Forest 
City to Ararat Summit, 33 cars, weighing 1 , 107 tons, were 
hauled for 13'7 miles over a 0 '!J5 of one per cent 
grade. 

No. !J!)!J is one of the class of New York Central en- I 
gines which hauled a 361,000 pound train from New · 
York to Buffalo, 436 '32 miles, at the rate of 64 '22 miles 
an hour, exclusive of stops. This superb locomotive, 
which was built at the shops of the New York Central 
and Hu(Ison River Railroad, was on exhibition at the 
Columbian Exhi bition at Chicago, and is the most popu
lar and widely known engine in America to-day. 

No. 564 to-day holds the record for long distance fast 
runs, having covered 86 mi les at the rate of 72'92 miles 
an hOUl·. This performance formed part of a 510 mile 
run with various engines from Chicago to Buffalo, at 
the rate of 65 '07 miles an hour, exclusive of stops. The 
train load was 304,500 pounds, and the 86 mile run of 
No. 564 included 8 miles at 85 '44 miles an hour, and 33 
miles at l:l0 '6 miles an hour, with one mile at 92'3 miles 
an hour. At this last speed the revolution of the 
drivers was 46!J per minute, and the piston speed 1,878 
feet per minute ! 'l'his performance of No. 564 in hauling 
15274 tons for 33 continuous miles at 80 '6 miles an hour 
is unquestionably the greatest locomotive feat that was TANDEM VELOCIPEDE OF 1869. 
ever official l y  recorded. 'I'hat it should have been done 
by a six connected 57,;; foot driver engine simply proves but the front wheel was so arranged that steering was 
the value of great boiler capacity and large steam ports. possible. That such cumbersome means of 10COl!lOtion 

The growth of the locomotive industry can be best soon fell into disuse is not to be wondered at. For a 
told in figures. In 1846 the Rogers Locomotive Com- long time no real progress was made, though various 
pany turned out 17 locomotives ; in 1896 their yearly systems and devices were introduced to enable the rider 
capacity is 300, and they have built 5 ,150 locomotives in to propel himself, but they were mostly tricycles and 
all. In 1846 the Baldwin Locomotive Works turned out were cumbersome and unmechanical. The third step 
42 locomotives ; in 1896 their yearly capacity is 1,000, and consisted in the invention of a bicycle which was 
they have built nearly 15,000 locomotives to date ! It is capable of being steered and which was propelled with
estinlated that _to-day there are over 36,000 locomo- out touching the feet to the ground. This machine 

was credited to a Scotchman, Gavin Dalzell .  The Illotion 
of the pedals was downward, the feet describing a small 
segment of a circle. The motion was transmitted to a 
crank attached to the axle of the rear wheel by levers. 
For a long time it was supposed that this invention 
dated from 1834, but in 1892 a close scrutiny of the 
matter resulted in the downfall of the legend, as a 
blacksmith's bill for the iron work was found, which 
proved that it was made in 1847, and also that another 
Scotchman named MacMillan had anticipated Dalzell's 
invention. 

It is to Ernest Michaux, a young French locksmith, 
fourteen years of age, that we are indebted for the next 

great step which made the modern bicycle pos
sible. In 1855, while repairing a draisienne, he 
conceived the idea of applying cranks directly 
to the front wheel. He tried the device for a 
couple of days and then showed the machine 
to his friends. The driving mechanism was 
improved by Pierre Lallement, to whom the 
credit of the invention is sometimes given, but 
the French seemed to have settled the matter 
by erecting a monnment to the memory of 
Ernest and Pierre Michaux at Bar-le-Duc in 
1894. The Michaux bicycle or " velocipede," as 
it was called, attained great popularity. We 
illustrate a typical example of the machine as 
improved and ridden by the Hanlon Brothers, 
taken from an engraving published in the 
SCIENTIFIC AMERICAN for August 1 !J, 1868. 
The popularity of the velocipede or " bone 
shaker " at that time knew no bounds ; riding 
academies were established, races run and the 
machine even penetrated to the far East. The 
columns of the SCIENTIFIC AMERICAN of this 
period faithfully mirror the enthusiasm of the 
time. In the issue for March 20, 186!J, among 
the " Velocipede Notes," appears an interest
ing item to the effect that thirty years pre-
viously Michael Faraday could be frequently 
seen driving his machine through the suburbs 

of London. 
In 1869 M. Magee, a Parisian, still further improved 

the velocipede by making it entirely of iron and steel. 
In the same year rubber tires were used ; these were 
both important

' 
steps in the development of the bicy

cle. In 1869 M.  Michaux conceived the idea of making 
the front or drive wheel larger than the rear wheel, and 
various other improvements, such as a brake, were in
troduced. In 1874 M. Merchegay showed that weight 
would be reduced by using a large front wheel and a 
small rear wheel, and that the rider should be mounted 
directly over the axle of the front wheel. These ideas 
were carried out, and the popular " spider " or " ordi
nary " was the result. This machine remained in the 
ascendency for nearly fifteen years. In 1 1875 touring 
became popular, and the bicycle soon showed that it 
had COllle to stay. The new wheel weighed from 35 to 
50 pounds, against 80 to 100 for the old velocipede. We 
present an engraving of a wheel of the best type of 
" ordinary. " 

There were certain ' undeniable dangers connect.ed 
with the use of the high wheel, and accidents were 
many and serious. At length came signs that the de
sign and construction of the wheel was in a state of 
transition. Various expedients were adopted to avoid 
the dangerous " header." The " Star " bicycle becall le 
a prime favorite. In  this bicycle the small wheel was 
placed in front and the rider was mounted over the 
axle of the high rear wheel. They were propelled by 
levers, straps and ratchets, which enabled the wheel to 
be geared up, thus introducing one of the most impor· 
tant principles used in the modern machine. 

In 1877 Rousseau, of Marseilles, introduced the " Kan
garoo," in which a smaller front wheel was used. 
Power was communicated to the axle by means of in
dependent chains and sprockets, to the latter of which 
power was applied by pedals ; this arrangement al
lowed the wheel to be slightly geared up. About the 
year 1880, Starley introduced his famous " Rover. " At 
the first blush the " safety " of to-day is unrecognizable 
in this machine, but it really embodied the vital points 
of the modern bicycle in its form. The wheels were 
both low, though not of t he same si�e, and the real' 
wheel was driven by chains and sprockets, as in our 
latest wheels. The great superiority of this machine 
over the ordinary was soon recognized. Cycling be
came more popular, and by degrees the high wheel was 
abandoned by all the makers. The pneumatic tire was 
the greatest of all the advances since Michaux, and 
marks the last step in the improvement of the wheel of 
to-day. 

The modern bicycle is distinguished from the older 
types of wheels on account of the difference in mate
rials, frames and tires. Complex shapes, once thought 
impossible to produce except by casting, are now 
forged. Great improvements have been made in braz
ing together the parts and in cold swaging also, so that 
the joints are no longer considered the points of weak
ness. 

Great improvements made in the manufaeture of 
tubing during the last few years have rendered it possi
ble to construct a good road wheel which weighs, when 
complete, only 19 to 22 pounds. By a series of careful 
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tests on the strength of the material used, the liability 
of breakage has been greatly reduced. The use of 
interchangeable parts and automatic machinery has 
also tended to standardize the product. Great ad
vances have also been made in the rims, and at the 
present day in this llountry the heavy steel rim has 
given place to the wooden rim, which, as now con
structed, has considerable strength. 

Changes in the frame have been notable. The origi
nal Rover frame, which was not strong enough, was 
soon practically abandoned, and, after a time, the dia
mond frame took its place. At first, however, the 
frames were built on dissimilar lines, every manufac
turer having· a model of his own. Soon 
the frames of the wheels began to have a 
general resemblance, and at last the almost 
universal straight line pentagonal dia
mond was adopted. Gradually the top 
bar of this frame was raised until to-day, 
in the latest machines, it is parallel with 
the ground. In its frame the bicycle is 
now a veritable mechanical and engineer
ing achievement. The bearings received 
more and more attention, until now a 
wheel with ball bearings will travel thou
sands of miles without showing any ap
preciable wear either to the balls or to 
the bearing cones. There has been a 
gradual improvement also in the sizes of 
the wheels ; at first even in the modern 
safety the wheels were of different sizes, 
out now they are almost universally of 
the same size. In the old velocipedes, 
the frame was rigid, then springs were:in
troduced into the saddle and the different 
parts of the frame, and rubber was intro
duced into the tires. Then the cushion 
tire was introduced, which made riding 
more enjoyable. Finally the pneumatic 
tire was resurrected from the old patent re
cords, thus furnishing the ideal spring be
tween the rider and the ground, mini-
mizing the jar due to inequalities of the 
road and giving the maximum of ease and comfort 
to the rider. In 1845 R. W. Thompson patented in 
England the first pneumatic tire, but it was only in 
1889 that it was adapted to the bicycle by an Irish 
veterinary surgeon named Dunlop. The cushion tire, 
in which there was a hollow space in the rubber, was 
known as far back as 1870, but it became very popu
lar only when the pneumatic tire began to be intro
duced. It soon succumbed, however, to the pneu
matic. It is to the pneumatic tire that we are indebted 
for a large part of the popularity which cycling now 
enjoys, and it may be regarded as one of the most im
portant improvements. By these gradual steps the 
bicycle has been brought to its present state of perfec
tion. An impressionable Italian has well defined the 
bicycle as " a  poem in metal. " 

In connection with the bicycle, it is necessary to take 
notice of the tricycle, which was at one time very 
popular. 

The mechanical difficulties connected with the tricy-
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cle were less than those connected with the bicycle. 
The large, cumbersome vehicles which traveled over 
our streets some years ago are now rarely seen. There 
appears, however, to be a considerable demand for tri
cycles built upon the lines of the modern bicycle, and 
the machines which have been produced within the 
last few years are comparable in design and workman
ship with the bicycle itself. There have been a num
ber of special forms of bicycle, which, from time to 
tim.>, have been put on the market, and many of which 
have been very successful. The tandem is the best ex
ample of these special forms of bicycle. As far back as 
April 10, 1869, the SCIBN'l'DrIC AMERIOAN publiahed an 

J c itut if i c  !tutticau. 
illustration of a tandem velocipede, which was proba
bly the earliest known example of the tandem. The 
back seat was intended to be used either as a side 
saddle for women or a man's saddle. The inventor also 
had in view the placing of two side saddles over the 
rear wheel, thus foreshadowing a modern type of spe
cial machine. The advantages connected with a tandem 
are so great that it is little wonder they have achieved 
a wonderful popularity. Geared up to high speeds, 
they are able to cover the ground with great ease. Not 
only are the two riders able to carry on conversation, 
but the absence of vibration, and the power which it 
has against a head wind, have all conduced to make 
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the tandem popular. Gradually came the demand for 
higher and higher speeds ; so the number of riders was 
increased until now, for pacing and racing purposes, 
we have six or even seven riders mounted on a single 
pair of wheels. A sextuplette wheel truly represents 
an engineering achievement, as the truss may have to 
support a thousand pounds. Such a wheel is geared 
to 153, so that every revolution of the pedals carries the 
wheel 38%: feet. 

Ladies' wheels early attracted attention after the 
safety was in use, and to-day the lady riders are num
bered by hundreds of thousands. The lady's wheel 
presented a more difficult problem than the ordinary 
bicycle, as the diamond frame was necessarily aban
doned. A lady's wheel is now produced of strength 
equal to that of a man's wheel, with a slight increase 
of weight. As far back as 1875 we find the Starleys 
bringing out a high wheel for women. The rear wheel 
no longer tracked with the driver ; it ran upon the end 
of an axletree which protruded twelve or fifteen inches 
to one side of the machine, so that a two-track bicycle 
was the result. This permitted the fair driver to ride 
side-saddle position. It seems almost impossible that 
the lady's wheel could be the outcome of this mechan
ical atrocity, and we may rather look for its origin in 
the " Rover. " The first drop-frame or lady's machine 
was patented in the United States in 1887. 

When it is considered in its economic aspect, it will 
be seen the bicycle has wrought a veritable revolution, 
rehabilitating many industries and 
causing the downfall of others, while 
travel is diverted into new chan
nels. It is estimated that at present 
there are 4,000,000 bicycle riders in 
the United States, while New York 
City alone possesses 200,000 riders. 
There are at least 250 reputable 
wheel mauufacturers in the United 
States, besides a host of smaller 
concerns that cannot be strictly 
called manufacturers. O ver $60, -
000,000 are invested in the plants, 
which give employment to more 
than 70,000 persons. It is estimated 
that the wheels turned out this sea
son will exceed 1 ,000,000. A whole 
army of workmen are engaged in 
making bicycle sundries and in re-
pairing. 'Phe wheel has brought prosperity to num
berless country hotels and road houses which had 
become almost extinct since the decline of coaching. 
One great benefit conferred by wheeling is the agita
tion in favor of good roads. This has been of untold 
value to the country at large. 

,. The wheel took a holiday to join in the sport and 
recreation of men, but the yoke of business is upon it 
and it cannot escape the bondage. It took the race 
untold ages to capture the magic circle and harness it 
to human need, and it is too precious for man to give it 
a long tether. " For many years the cycle has been a 
pla.ythin(l of man, but the developmentll of the last 

few years have rendered it a valuable aid for business 
purposes. It makes the slow fast, and now telegraph 
messengers, postmen, lamplighters, building and street 
inspectors, " walking delegates," policemen, firemen, 
coast patrollers, express messengers, doctors, and others 
are all using the bicycle in their respective avocations. 
The experiments used to demonstrate the applicability 
of the bicycle for war purposes have been entirely suc
cessful, so that this opens up a new field of usefulness. 
Bicycles propelled by electricity or one of the petro
leum products have been made, but are not in use to 
any extent. 

An eminent physician has said that not within two 
hundred years has there been any one 
thing which has so benefited mankind as 
the invention of the bicycle. Thousands 
of men and women are now devoting half 
their time to this healthy recreation and 
are strengthening and developing their 
bodies and minds, and are not only reap
ing benefit themselves but are preparing 
the way for future generations which will 
be born of healthy parents ; and in brief 
this epitomizes the hygienic side of the 
bicycle. 

• • •  
THE PROGRESS MADE IN THE GENERA

TION OF ELECTRIC ENERGY AND ITS 
APPLICATION TO THE OPERATION OF 
MOTORS DURING THE PAST FIFTY 
YEARS. 

The advancement of science during the 
past fifty years has been so great that 
many are inclined to believe that we have 
found out more within this perioo than 
all that was known before. While this 
conclusion may not be strictly correct. 
there can be no doubt that the value of 
the principles, the truth of which has been 
conclusively demonstrated during

' 
this 

period, is greater than that of all discov-
eries previously made. This is true even 
of the purely theoretical development of 

science, but when we come to consider the question of 
the practical application of the knowlege thus acquired 
we can, without hesitation, say that the last half of the 
nineteenth century has not only produced greater ad
vancement than any previous period of equal length, 
but more than all the centuries that have gone before it. 

This may seem an extravagant statement, but any 
one who will consider the difference between the present 
state of advancement and the condition of the world fifty 
years ago will come to the conclusion that it is substan
tiated by the facts. The steamship, the railroad, the 
telephone, the telegraph, the electric light, the electric 
motor, electric railways, and all the numerous collateral 
industries that have been brought into existence there
by, have been developed within this period. It is true 
that the telegraph, the locomotive and the steamboat 
were invented previous to this time, but their reduction 
to a thoroughly successful form and their exten sive 
practical application has taken place almost wholly 
since 1845. 

Although progress in every department of science has 
been very great, that which overshadows everything 
else is the wonderful development of electricity, specially 
within the last twenty years. 

Previous to 1850, this science was in a very crude 
state. Even the most eminent physicist of those days 
knew little about the fundamental laws of the subject, 
and some of them held views that in the light of our 
present knowledge were absurd in the highest degree. 
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During the succeeding twenty-five years (from 1850 to 
1875) great advancement was made in the way of de
velopment of electrical theories, and the demonstration 
of the laws that gover� electro-magnetic actions. Since 
1875 the progress has been more in the direction of 
practical applications of electric. energy than in the ex
pansion of theoretical knowledge, and this is just con
trary to the general impression in relation to the sub 
ject. Any one who has doubts as to the correctness of 
this statement, however, can have them dispelled by a 
careful study of the masterly treatise on electricity and 
magnetism by Prof. James Clerk Maxwell, the first 
edition of whioh was publillhed in the early seventies. 

© 1896 SCIENTIFIC AMERICAN, INC.



'.fhis work stands even to-day as one of the foremost 
upon the subject. There is not a known law or prin
ciple relating to electricity or magnetism that is not 
fully demonstrated therein, unless it may be some 
action of minor importance. Going back still further, 
we shall find that nearly all that we know of the theore
tical part of the subject at the present time may be 
found described and in most cases explained in " Fara
day's Researches " or the writings of our own immortal 
Joseph Henry. 

The numerous effects of electro-'magnetic action were 
extensively investigated at an early date, but their 
true relation to each other and to the other forces 
of nature were not properly understood until the 
doctrine of the conservation of energy was estab
lished upon a firm foundation. Owing to this fact, 
some of the most distinguished men of fifty years 
ago advanced views that were decidedly at vari
ance with the facts and only served to assist hum
bugs in their efforts to defraud investors. The 
natural result of this was that development was to 
a certain extent retarded ; but considering the 
great progress that has been made, notwithstand
ing such drawbacks, we cannot feel that we have 
much cause for regretting the course that events 
have taken. 

Many of the leading physicists of early days be
lieved that the power of an electric motor could be 
increased almost without limit by simply reducing 
the distance between the rotating and stationary 
magnets. This belief was due to the fact that the 
weight that a magnet will hold with the armature 
in actual contact with the poles is very much 
greater than at a distance of but a small fraction 
of an inch, On this account it was assumed 
that accuracy of construction and rigidity of 
design would greatly increase the energy obtainable 
from a given amount of electric current. Charlatans at 
once took up this theory, and when they were unable 
to demonstrate to their victims that they had produced 
wonderful results, they restored confidence by saying 
that the force of the magnets was so great that the 
whole machine would spring and allow the poles to 
actually come in contact and thus absorb the power in 
friction ; but that they thought that certain changes 
they had worked out would get around this difficulty. 
Such explanations with suitable modifications generally 
enabled them to obtain several additional subscriptions 
from the hopeful capitalists ; but in the end confidence 
would be lost, and the plausible inventor would depart 
to other fields, where a new set of victims could be ob
tained. 

In the course of time scientific men, who were experi
menting in the electrical field, found out that the 
amount of energy that could be obtained from a battery 
was dependent upon the quantity of zinc decomposed, 
and that nothing of any account could be gained by re
ducing the clearance between the stationary and rotat
ing parts of the motor or, in fact, by any change in the 
design. Having ascertained 
this much, they began to ex
periment with a view to dis
covering new and more eco
nomical means for generating 
the electric current. It was 
then known that a m o t  0 r 
made with permanent steel 
magnets in the field would act 
as a generator of current, if 
driven at a sufficiently high 
velocity. Machines of this 
class were first made by Pixti 
in 1832, the principles of their 
action having been demon
strated by Faraday about a 
year previous. 

Although J. S. Woolrich 
constructed a machine of this 
class of considerable size for 
those days in 1841, it was not 
until about 1862 that anything 
worthy of note was accom
plished in this line. In that 
year Holmes brought out a 
large machine of sufficient ca
pacity to be used for " arc " 
lighting, or, more properly 
speaking, for furnishing cur
rent for one " arc " light. Thh; 
machine generated e l e c t r i C  
energy at a much lower cost 
than the electric batteries, but 
its size was very great in com-
parison with the work it would do, and its construc
tion was of such a character as to be necessarily very 
expensive. Several other large machines of this type 
were designed and constructed during the next three or 
four years, but owing to their cost and bulkiness did 
not meet with much favor. 

In 1866, Wilde developed a machine which was the 
stepping stone to the dynamo of the present day, and 
although the improvements it led to remained prac
tically unused during the following ten years, it can 
justly be regarded as the iitep that marks the begin-

J c itutific �tutricau+ 
ning o f  the present era o f  electrical development. 
Wilde discovered the fact that the current generated 
by a small magneto machine, if used to energize a pow
erful electro-magnet forming the field of a larger ma
chine, would enable the latter to develop a current 
many times greater than that of the small machine, 
This discovery resulted in directing the attention of 
scientific men to the subject with renewed vigor. After 
a careful consideration of Wilde's work the conclusion 
was arrived at, that if a comparatively slIlall machine 
could energize the field of a lUuch larger one, that would 
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generate a current many times greater, i t  ought t o  be 
possible to use a part of the current of the large lIm
chine to energize its own field, and thus dispense with 
the smaller machine. But it was also thought that the 
assistance of the small machine would be required to 
start the action. By actual trial it was soon foun<4 that 
the larger machine would start a current without the 
assistance of the small one, Then the conclusion was 
that all that was necessary was to pass a current through 
the machine from an external source, when startled for 
the first time, and that the residual magnetism that 
would remain in the iron ever after would be sufficient 
to start the generation of current whenever the ma
chine might be set in motion at any future time. It 
was soon found that initial magnetizing was unneces
sary, and then it was concluded that locating the field 
in a north and south position would enable the machine 
to start the action by the aid of the earth's magnetism. 
Finally it was found that no such expedients were neces
sary ; that all iron is magnetic in a slight degree, and 
that any machine, if properly . constructed, would build 
up a current as soon as set in motion. 

One of the most extraordinary facts in connection 
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with the dynamo is that it was in existence and was used 
by the greatest physicist of all countries for thirty years 
or more before its properties were discovered. As far 
back as 1834, Jacobi constructed an electric motor with 
electro-magnets in both the field and armature. This 
machine was a dynamo, and if driven in the oppot;!ite 
direction to that in which it ran as a motor, it would 
have generated a current. The action would have been 
very feeble, because the commutator was so arranged 
that it would not allow a continuous current to eircu
late through the machine. Nevertheless, the action 

would have been sufficient to have been deteeted, 
But all the motors with electro-magnetic fields made be
tween 1834 and 1866 were not of this class. In all pro
bability more than half of them reversed the current 
through the armature coils. Such was the arrange
ment used by Davenport, who constructed, in 1837, the 
first experimental electric railway. 

Any of the electro-magnet motors in which the cur· 
rent was reversed would have generated a current so 
strong, if they been rotated backward, that its pres
ence could not have escaped notice. Yet hundreds of 

theses machines were experimented with for more 
than a quarter of a century, and the fact was 
never discovered. 

Facts like this only serve to show how short
sighted the human intellect is, even that which is 
located in the brains of the most eminent men, 

Between 1866 and 1876 very little was done in the 
way of practical development, but quite consid
erable in the way of improving the dynamo, In 
the machine of Wilde and several others that irIlIne
diately followed it an armature was used that gave 
a pulsatory current. Gramme made an improve
ment in this direction by adopting a ring-shaped 
armature, upon which the wire was wound in a 
great many sections, the ends of which were at
tached to a cOIllmutator of a corresponding nUIll
ber of sections. As a result of this construction the 
cnrrent was rendered far I llore uniform, and the 
destructive sparking of the brushes was practically 
eliminated, Siemens, also, worked in this line, 
and accomplished the same results by the nse of a 
drum-shaped armature. A few machines of both 
these types were introduced for the operation of 
" arc " lights, but their introduction was at a very 
slow pace. 

In 1876 and the two or three following years, store
keepers in the large American cities began to realize 
that the electric " arc " light was very valuable for ad 
vertising purposes. This at once increased the demand 
for lights, and resulted in the establishment of central 
lighting stations. In the early eighties [these stations 
had become very numerous, and the electric lighting 
industry had attained considerable inportance. In the 
mean time the incandescent light had been reduced to 
a commercial success, and was being rapidly intro
duced. 

Up to this time very little was done in the way of 
utilizing electricity for the transmission of power. This 
was due principally to the fa.t that it was not believcll 
that electric motors could compete successfully with  
steam engines, inasmuch as  they would have to bc 
operated by currents generated by the energy of the lat
ter, and therefore would cost much more to run, not only 
OIl account of the loss in the conversion and reconversion 
of mechanical into electrical energy, but also on account 
of the profit that the central stations would have to 
make to yield a fair return upon the capital invested in 
the generating and distributing plant. As at that timc 

it was very generally believed 
that the dynamo could not be 
made very efficient (some plac
ing the theoretical limit at 
fifty per cent), this belief was 
a I m 0 s t universal. But at 
about this time it was begin
ning to be clearly demon
strated that the efficiency of 
the dynamo could be made 
very high. It was shown theo
retically t h a t  t h o s e  wilo 
claimed fifty per cent as t ilt' 
limit of efficiency were misled 
by mixing the law of max i
mum work with that of max i 
mum efficiency. The truth of 
these theoretical argull1enb; 
was demonstrated by the ac
tual performance of the best 
machines that were then being 
made, in some of which an 
efficiency approximating nine
ty per cent was obtained. 

When it became fully de
monstrated that the efficiency 
of dynamos could be made 
very high, the future of the 
electric motor ceased to be so 
hopeless It was then realized 
that the difference in coal con-
sumption between large and 
small engines would go far 
toward offsetting the losses in 

the generation and transm ission of the electric energy 
and in paying the profits of the central station, and that 
the small excess in cost of electric pcwer would be largely 
if not wholly compensated for by the co.venience, com
pactness, and many other advantages of the electric 
motor, On this account the introduction of these ma
chines began to be pushed with greater vigor than 
previously, Unfortunately most of the first inventors 
who entered the motor field were not very well in
formed in electrical science, and as a result nearly all 
the early machines were defective electrically as well 
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as crude mechanically. This e ircullIstance served only 
to retard the developmellt of the electric motor. 

In 1884 and 1885, more able lIIen began to turn their 
attention to this field, and from that time up to the pres
ent day, the growth of the electric motor has be'em very 
rapid. 

At first these machines were used for the operation of 
smail printing offices and for driving coffee llIil ls. venti 
lating fans, sewing ma-
chines, etc. Soon after they 
were used to operate pumps 
and also freight elevators 
in warehouses. This led to 
the development of regular 
electric elevator machines, 
which came about in 1888. 
Although an electric pump, 
in the truest sense of the 
word, cannot be said to 
have been developed so far, 
there are many combina
tions of JUotor and pump 
now that are a great illl
]ll"Oveme,nt on those used 
ten years ago. 

One of the greatest tri
um phs of the electric mo
tOI' has been in the street 
rai lway field. As every one 
knows, a substitute for ani
llIal power on these roads 
had been looked for for 
,uany years. Steam, com· 
pressed air, gas, hot water, 
and other systems were 
tried. but without success. 
'fhe cable proved satisfac
tory on large roads . with 
heavy traffic, but was not 
regarded as a complete so
lution of the problem, be
cause it was too expensive 
for small roads. 

J t itnt if i t �mtrinln. 
certain conditions, but i t  i s  safe t o  say that it is impos- years. A t  the convention o f  the National Electric 
sible for it to ever become a formidable rival. Light Association held in Detroit, in August, 1886, a 

One direction in which electric motors have made paper was read on the subject of electric motors ; and 
great headway, and about which the general public to show the extraordinary growth of the industry, it was 
knows little or nothing, is in mining, especially coal stated that at that time fully five thousand were in use. 
mmmg. Coal-cutting machines operated by com- To-day it is estimated that over five hundred thousand 
pressed air have been used for IIIany years ; these are are used, or a hundred times as many as ten years ago. 
now being equipped very generally with electric motors. But this difference in numbers does not represent the 

full difference ; for of the 
five thousand motors in 
use in 1886, at least four 
thousand were of the size 
used for driving small fans 
and sewing machines. At 
that time a ten horse power 
motor was considered very 
large, and it is doubtful if 
there were more than fifty 
in operation throughout 
the entire country. To
day there are numerous 
machines of over one hun · 

, dred horse power, and 
some even fi ve or six times 
that capacity. There are 
several large manufactur
ing establishments where 
over three hundred motors 
are in use, their aggregate 
power running in some 
cases beyond four thou · 
sand horse power. Con· 
cerns that use one hundred 
or more motors, requiring 
for their operation from 
one thousand horse power 
upward, are quite numer
ous. 

The possibilities of the 
plectric motor in this field 

THREE HUNDRED HORSE POWER TWO·PHASE ELECTRIC MOTOR. 

Some idea of the differ
ence between the machines 
of to-day and the efforts 
of the early e x  p e r  i 
menters, in design as well 
as - magnitude, may be 
obtained by comparing 

were realized even before its practicability in other di
rections became demonstrated. In 1879 Siemens con
structed an experimental electric railway which actu
ally carried passengers. Several others worked in this 
field during the following years, but it was not until 
about 1888 that complete success on a cOlllmercial scale 
was attained. The electrical equipment of all the street 
railways of Richmond in that year, and the complete 
success of the installation, was the real beginning of the 
introduction of electricity for the operation of railways. 
From that time up to the present day, horse roads, in 
towns and cities throl lghout the United States, have 
been changing over to the trolley system as fast as the 
apparatus could be obtained from the manufacturers. 
The electric rail
way IlIotor has 
found its way into 
a l m o s t  e v e r y  
quarter of t h e  
e iv i l ize(l w o r l d ,  
but nowhere to 
snch an extent as 
i n  this country ; 
i l l  fact, the devel
opment of elec
tricity i l l  every 
l i ne has been car
ried much further 
here than in any 
other part of thJ 
world. 

Mining pumps, hoisting machines, and ventilating 
plants are operated electrically. In addition to these 
may be mentioned mine locomotives, of which a large 
number are in use. 

The extent to which electricity is used in mining may 
be judged when it is said that it is estimated that the 
capital invested in such apparatus aggregates over one 
hundred million dollars. 

In considering the development of the electrical 
industry, we are accustomed to say that it has been 
brought about within the last twenty years ; but as a 
matter of fact nearly nine-tenths of it is the outgrowth 
of the last fifteen years, and the development of the 
electric motor branch has occurred within the last ten 

the illustrations of the earlier motors and locomo
tives with the later ones. The motor invented by 
Jacob Neff, of Philadelphia, is a fair reprE'sentat ion of 
the electric motor of forty and fifty years ago. The 
armatures, which were plain bars of iron, were held by 
the frame of the motor while the electro-magnets were 
carried by a hub on the shaft journaled in the center of 
the frame and carrying a commutator for directing the 
current through the several magnets in succession as 
their poles approached their armatures. The two-phase 
electric motor here illustrated is a machine of to-day. 
This is a Westinghouse 300 horse power motor of the 
self-starting indliction type, designed to operate at a 
speed of five hundred I evolutions per minute when 

s u p  P l i e  d with 
two-p h a s  e cur
rents of 3,000 al
t e r n  a t  i o n  s per 
minute and 2,000 
v 0 I t s  pressure. 
This machine af
fords an exam pie 
of the latest de
velopment in elec
tric motors. The 
Siemens locomo
tive of 1879, under 
guidance of the 
motorman, is here 
figured and one of 
the one hundred 
t o n  locomotives 
now in use in the 
Belt line tunnel of 
the B a l t i m o r e  
and Ohio road at 
B a l t i m o r e  i s  
s h o w n . These 
locomotives a r e  
more p o w e r f u l  
than the largest 
s t e a  m locomo
tives. 

A few figures 
will show the ex
tent of the electri
cal industry in the 
United States at 
the present time, 

In the mining 
industry it is esti
mated that the 
i n v e s t m e n t  in 
electric apparatus 
amounts to over 
one hundred mil-

When electrici
ty began to invadE 
the railway field, 
it was believed by 
lIIany that the 
storage b a t t e r y  
would become an 
i III p o  r t a n  t ad· 
j unct ; but those 
who had s u c h 
hopes have been 
doomed to disap
pointlllent so far, 
and it is probable 
t h a t  such will 
c o n t i n u e  to be 
theil' fate. The 
storage battery of 
t o ·· d it Y is not 
adapted to rail
way work. Fu
ture i III p r o  v e -
Illents may, arM 
probably will, en
able it to compete 
successful l y  with 
the trol ley in iso
lated cases, under 

ONE HUNDRED TON ELECTRIC LOCOMOTIVE, 1895.  
l ions. 

The estimated 
number of motors Used in the Belt Line Tunnel of the BaltiIllore and Ohio Railroad at Baltimore. 
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in use is five hundred thousand ; placing the aver
age value of these at one hundred and fifty dollars, the 
aggregate represents seventy-five millions. The num
ber of electric elevators in use is not known, but as there 
are over six hundred in New York City alone, it is 
evident that the total must run up into thousands, 
and represent an investment of ten or fifteen millions. 

There are over twelve thousand miles of electric rail
roads, using over twenty-five thousand trolley cars. 
'1'his represents more than ninety per cent of all the 
street railways in the country. The combined capital 
of these roads is over seven hundred 
millions. There are over twenty-seven 
hundred central stations, from which 
light and power are furnished. '1'he 
investment is this line is over three 
hundred millions. There are nearly 
eight thousand isolated plants, valued 
at more than two hundred millions. 

These several industries represent a 
total investment of nearly fourteen 
hundred mill ions, of which nearly two
thirds is invested in those branches in 
which the electric motor, in one form 
or another, is used. This two-thirds of 
the industry has been developed with
in the last ten years. 

It is estimated t hat nearly four per 
cent of all the people in the U nited 
S tates make their living in one way 
or another out of the electric industry. 

As an indication of the manner in 
which we have [outstripped European 
countries in the electric field, we may 
mention the fact that there are over 
eight times as many electric railways in 
this country as in all the rest of the 
,,"orld combined. 

---e •• , •• ---
THE SEWING MACHINE. 

J c irut if i c �mrrintu. 
the fact remains that Elias Howe did independently in
vent a practical sewing machine, which contain'ed the 
three essential features of a needle with the eye at the 
point, a shuttle operating beneath the cloth to form 
the lock stitch, and an automatic feed ; that he had 
sufficient faith in his machine to cover it with a patent ; 
and that his unconquerable perseverance enabled him 
to convince the world of its commercial utility and es
tablish its reputation as one of the most beneficial in
ventions of the age. 

The inventor of the sewing machine was born in 1819 

found himself quite unable to purchase even the ma
terial to build a working machine. Fortunately for 
him and the world at large, he was able to induce a 
former schoolmate, George Fisher, to provide $500 for 
the expenses of constructing a machine, and to board 
Howe and his family while it was being built, in con
sideration of which he was to acquire a half interest in 
the patent when it should be taken out. The work was 
finished by April, 1845, and in July he sewed two com
plete suits of clothes for himself and Fisher. 

'1'hen came the heartache and disappointment. The 
tailors were suspicious of the machine ; 
and even after a public exhibition, in 
which the machine easily beat five of 
the swiftest sewers of a clothing manu
factory, he received not a word of en
couragement. 

Howe went back to the garret of 
George Fisher's house and built an
other machine, for deposit in the Patent 
Office, this being his second machine 
and the one shown in our illustration. 

In all the annals of the Patent Office 
it would be difficult to find a " strong, 
er " patent than this. So completely 
did it embody the essential features, 
that it carried its author safely through 
such a tempest of litigation as never 
fell upon a patentee before or since. 
Judged by comparison with later ma
chines, the product of skilled and intel
ligent mechanics, this early effort of 
Howe'S, with its piece of cloth stuck 
on the pins of a " baster plate," is a 
somewhat clumsy affair ; but it sewed, 
and it did so aecording to principles 
which will probably continue to gov
ern the construction of sewing machines 
to the end of time. 

Fifty years have passed since Elias 
Howe applied at Washington for a 
patent on his sewing machine, and 
placed on file the working model which 
is herewith illustrated. On the tenth 
day of September, 1846, the patent was 
granted. That day may justly be 
written down as the birthday of the 

THE ELIAS HOWE MACHINE, REPTEMBER 10, 1 846. 

By a study of the cut it will be seen 
that a curved, eye-pointed needle was 
carried at the end of a vertical vibrat
ing lever, and that it took its thread 
from a spool situated above the lever. 
The tension on the thread was se
cured by means of a spring brake, 
whose semicircular ends bore upon the 

sewing machine-the practical modern 
machine as we know it to-day-and the year 1896 is 
therefore the semi-centennial anniversary of one of 
the greatest labor-saving devices of modern times. 

In according to Elias Howe the title of father of the 
sewing machine, one is not unmindful of the earlier 
attempts of other inventors, whose devices, more or less 
crude and impractical, contained a suggestion of the 
future combination of parts, which was to make possible 
mechanical sewing. The records of the English Patent 
Office show that on July 17, 1790, Thomas Saint patent
ed a sewing machine, which had a horizontal cloth 
plate, a vertical reciprocating needle, a continuous 
thread fed from a spool, an automatic feed and means 
for tightening the thread. It sewed with a chain stitch, 
Itn awl forming the h ole, and a needle with a notch in 
i ts lower end pushing the thread through the cloth, 
and forming t h e  loop. Thimonnier, in 
1830, patented a mach ine in France, in 
which a barbed needle, shaped like a 
crochet need l e, was carried through the 
material from above, and caught a thread 
which was on the lower side, bringing it 
up through the cloth, and forming a chain , 
stitch on the upper side. 

Earliest model filed in Patent Office. 

at Spencer, Mass. His father was a farmer and miller, 
whose means were so small that Howe was put to work 
at bread winning when he was yet a mere child. At 
twenty we find him a machinist in the shop of a Mr. 
Davis, of Boston, Mass. , where he was first started 
on his investigation of the possibilities of mechanical 
sewing by hearing a capitalist remark to his employer 
that a large fortune awaited the man who could invent 
a 15ewing machine. At the outset he lost much valuable 
time in the endeavor to copy the motions of sewing by 
hand. If young Howe had known something of the 
early attempts of Saint, Thimonnier and others, he 
would have given his sewing machine to the world 
some years earlier than he did j but he had to go over 
the road that others had traversed before him, trying 
in vain to sew successfully with a needle pointed at 

spool, the pressure being regulated by a 
vertical thumb screw. The work was 

held in a vertical plane by means of pins projecting 
from the edge of a thin metal " baster plate, " to which 
an intermittent motion was given by the teeth of a pin
ion. Above the " baster plate " was the shuttle race, 
through which the shuttle, carrying the second thread, 
was driven by means of two strikers, which were ope
rated by two arms, and cams located on the horizontal 
main shaft. 

After securing his patent, Howe, discouraged by his 
reception in America, determined to introduce his ma
chine in England, and sent one over by his brother, 
Amasa B. Howe, to London, where a Cheapside manu
facturer of corsets agreed to furnish money to promote 
the new venture. The following year, 1847, we find 
Howe in London trying, as part of the bargain, to 
adapt his machine to the sewing of corsets. Then fol

lowed two years of heartbreaking failure, 
in the course of which the inventor sank 
steadily into poverty. From three small 
rooms, he moves into one in the poorest 
part of Surrey. He borrows from a chance 
friend the means for bare existence, and 
the money to s(;lnd his sick wife to Ameri
ca. Then he finishes a machine worth 
$250, which he sells for $25 ; and finally he 
pawns his first machine and his patent for 
money to carry him back to America, 
where he arrives, practically penniless, in 
April, 1849. 

Walter Hunt, of New York, applied for 
a patent in 1854, and showed that in 1834 
he had made and sold sewing machines 
which embodied an eye-pointed needle 
and a shuttle. Whatever success Hunt 
may have had with these designs, it is 
certain that it was not until Howe had 
independently invented his own machine, 
and proved its utility to the public satis
faction, that Hunt thought his device of 
sufficient importance to cover it with a 
patent. His application was rejected " on 
the ground of abandonment, " the courts 
holding that the patent law is framed for 
the protection and reward of such inven
tors as disclose their inventions for the 
public benefit. If Hunt's machine was 
practical, as he claimed, we have here 

THE WILSON MACHINE OF NOVEMBER 12, 1 850. 

From this time on the tide of fortune 
sets steadily in his favor. He discovers 
that in his absence his shuttle machine 
has been built and sold freely in America, 
and that the mechanical world is wak
ing up to its great possibilities. With 
the assistance of his father he commenced 
an infringement suit against those parties 
who were making his machine, or ma
chines embodying his claims, and after 
a bitter fight he came off completely 
victorious. A vigorous attempt was 

a notable instance of the folly of al-
lowing a useful invention to lie dormant until some 
independent inventor has achieved the same result, 
and demonstrated its commercial value. Similar 
cases to this 'of Hunt and Howe are not far to seek. 
They all teach us that, if the first inventor believes his 
device to be practical and valuable, he should hasten 
to place 'himself beneath the protection of the patent 
law ; but that if he loses faith in its possibilities and 
value, and gives up his search, he should be content to 
leave the field to others and " for ever hold his peace. " 

Whatever credit may be due to the early machines 
above mentioned, and to the later experiments of Hunt, 

Earliest model filed in Patent Office. 

both ends, and having the eye at the center. It was in 
1844 that he abandoned the attempt to imitate the hand 
stitch, and conceived the idea of using two separate 
threads, on either side of the cloth, and forming the 
stitch by the co-operation of a shuttle. He was on the 
right track at last, and it was a natural step to shift 
the eye from the center to the point of the needle, so 
as to more readily form the loop for the passage of the 
shuttle. He did this, and in October, 1844, by means of 
a rough model, he had satisfied himself that his de
vice would sew. Howe was very poor, and in spite of 
the priceless secret which lay hidden in his brain, he 

made by I. M. Singer & Company 
to break the Howe patent, on the 

ground that an earlier machine (as already mentioned) 
had been made by Walter Hunt ; but while the parts 
of the Hunt machine of 1834, which were recovered and 
produced in court, showed that he was " upon the 
track of the invention," the evidence showed that he 
had finally given up in despair of any practical results. 
In 1854, Judge Sprague, of Massachusetts, in giving a 
verdict for Howe, observed that " there is no evidence 
in this case that leaves a shadow of doubt that, for all 
the benefit conferred upon the public by the introduc
tion of a sewing machine, the public are indebted to Mr. 
Howe." His success in the Singer suit was followed by 
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a verdict against other infringers, and they were obliged 
to pay royalties, (at first $25 on each machine), which 
in themselves ultimately gave him a princely in
come. He also established a factory in New York, and, 
having bought up the remainder of his patent, he com
menced to manufacture his own machine. His patent 
was extended for seven years, in 1860 ; but another ap
plication, in 1867, was denied. He was decorated with 
the cross of the Legion of Honor by France, in 1867, 
and died on October 3 in the same year. 

J t itut if i t  !Ultritau. 
the first twenty years its yearly sales rose to over 50,000 ; 
but, while it is specially adapted to certain classes of 
work, it has never won the popularity of the shuttle 
lock stitch. 

To Mr. James E. A. Gibbs the world is indebted for 
the single thread rotating hook machine. Mr. James 
Parton, in his historical review of this industry, writ
ten in 1871, says : " Twelve years ago, Mr. James E. A. 
Gibbs, a Virginia farmer, saw in the SCIENTIFIC 

THE SINGER MACHINE, AUGUST 12, 1851 .  

73 
transmit the power from the hand wheel to the two 
countershafts for working the vertical needle and the 
shuttle. Singer was also the first to introduce foot 
power in place of the hand-driven crank wheel. He was 
a man of astonishing energy and fertility of resource, 
and 'he was the originator of the system of sale by 
agents, which 'has done so much to introduce the sew
ing machine into the domestic circle. 

Before passing on to a consideration of the statistics 
of the sewing machine, mention should be 
made of the application of this remarkable 
invention to the shoe and leather industries, 
where it has worked something like a revo
lution. The hand sewing of the uppers has 
given place to the quicker work of the ma
chine ; and this in turn led to the invention 
of the justly celebrated McKay machine for 
sewing on the soles of shoes, which was first 
introduced in 1861. According to Mr. Fred
erick G. Bourne, president of the Singer 
Manufacturing Company, " it is stated that 
as many as 900 pairs of shoes have been 
sewed on one machine in one day of ten 
hours ; and that over 350,000,000 pairs of 
shoes have been made on the McKay ma
chine up to the year 1877 in the United 
States, and probably an equal or greater 
number in Europe." This machine used 
a waxed thread and made a chain fstitch. 
The Goodyear, a later machine, makes the 
lock stitch with a waxed thread, and sews on 
the sole in the same way as it is done by hand. 

One could wish to dwell at length upon 
many of the remarkably ingenious applica
tions of the sewing machine to the various 
trades, and make mention of the glove 
stitcher, the buttonhole machine, and many 
others, but we must pass on to general sta
tistics. 

Next to Howe, the name of Allen B. Wilson 
claims notice as the inventor who has done 
the ·most to give us the present perfected sew
ing machine. To him we are indebted for 
those two most ingenious and beautiful 
pieces of mechanism : the rotating hook and 
the four-motion feed. He claims to have 
conceived the idea of a sewing machine in 
1847. His first machine was built during the 
spring of 1849, while he was in the employ 
of a 'Mr. Barnes, of Pittsfield, Mass. , a cabi
net maker. In the same year he built a 
second and better machine, and " up toO this 
time," says, " I  had never seen or heard of a 
sewing machine other than my own."  He 
sells a one-half interest in the invention to 
Joseph N. Chapin, of North Adams, and 
with the proceeds takes out his first patent, 
which bears date November 12, 1850. The 
model of this machine, now in the Patent 
Office, is shown in the accompanying illus
tration. It formed a lock stitch by means of 
a curved needle on a vibrating arm above 
the cloth plate, and a reciprocating two
pointed shuttle traveling in a curved race be
low the plate. The feed motion was ob
tained by the two metal bars which are seen 
intersecting above the shuttle race. The 
lower bar, called the feed bar, had teeth on 
its upper face, and by means of a transverse 
sliding motion it moved the cloth, which was 
placed between the two bars, the desired 
distance, as each stitch was made. 

In 1851 Wilson patented his famous ro-

In 1856 the owners of the original sewing 
machine patents formed the famous " sewing 
machine combination " for the establishment 
of a common license fee, and for the protec-Earliest model filed in Patent Office. Reproduced from the SCIENTIFIC 

AMERICAN of November 1 ,  1851. tion of their mutual interests. The com
bination included Elias Howe, the Wheeler & Wil
son Manufacturing Company, the Grover- & Baker 
Sewing Machine Company, and I. M. Singer 8; Com
pany. Any manufacturer who had a machine with 
reasonable claims to novelty was admitted on payment 
of the license. The records of this combination furnish 
us with valuable statistics of the sewing machine indus
try up to the year 1876, ,when the patents expired ; an 
extract from these records is given below : 

tating hook, which performs the functions of a shuttle 
by seizing the upper thread and throwing its loop over 
a circular bobbin containing the under thread. This 
simplified the construction of the machine by getting 
rid of the reciprocating motion of the ordinary shuttle, 
and contributed to make a light and silent running 
machine, eminently adapted to domestic use. 

In 1852 Mr. Wilson patented his four-motion feed, 
which, in combination with a spring presser foot, may 
be said to form the basis of all modern feeding mechan
isms. The feed bar, as its name indicates, had four 
distinct motions, two vertical and two horizontal. It 
was first raised by the action of an eccentric on the 
driving shaft, then carried forward by a cam formed on 
the side of the eccentric (by which operation the work 
was shifted the desired distance), then it dropped, and 
finally it was drawn back by a spring to its original po
sition. This machine, as shown in our engraving, uses 
the curved needle and embodies the rotating hook and 
the four-motion feed. The latest type of this machine 
uses a vertical needle bar and a straight needle. 

Wils(ln had the good fortune soon after securing his 
patent to interest Nathaniel Wheeler, a young carriage 

AMERICAN a picture of a sewing machine. The work
ing of the apparatus was very plain down to the moment 
when the needle perforates the cloth, and he fell into 
the habit of musing upon the course of events after the 
point of the needle was lost to view. The result of his 
cogitations, aided by infinite whittling, was the inge
nious little revolving hook, which constitutes the pecu
liarity of the Willcox & Gibbs machine. " The rotating 
hook, which is placed below the cloth plate, seizes the 
loop, and during the ascent of the needle, it gives a 
twist to the thread, and spreads it out beneath the 
needle hole ready for the next descent of the needle, 
when the hook catches another loop and repeats the 
operation. 

Patent No. 8294, of August 12, 1851, introduced 
one of the most useful machines, and one of the 
most remarkable men, that have figured in the devel
opment of the sewing machine. Isaac Merritt Singer, 
strolling player, theater manager, inventor, and million
aire, brought into the business a new machine and 
novel methods of exploitation, which gave a powerful 
impulse to the youthful industry. The Singer improve
ments met the demand of the tailoring and leather in-

Manufacturer. 1853 1859 1867 1871 1873 1876 

Wheeler & Wilson Manufac
turing Company . . .  _ . . . .  799 

"The Singer Manufacturing 
Company . . • . . . . . . . . . • . .  810 

Grover & Baker Sewing Ma
chine Company. . . . • • • •  657 

Howe Sewing Machine Com-
pany • • • . . . . . . . . . . . . . • • • • 

Willcox & Gibbs Sewing 
Machine Company . . . . .  • . • •  

Domestic Sewing Machine 
Company . . • . . . . . . . • . . . • • • 

21,306 

10,953 

10,260 

38,055 
43,OC' 

32,999 
11,053 

14,152 

12l',526 119,190 108,997 

181,260
' 

232,444 262,316 

50,838 36,179 

134,010 90,000 109,294 

30,127 15,881 12,758 

10,897 40,114 28,587 

• Originally I. M. Singer & Company. 

The above reports show that, in the last years of the 
combination, the yearly sales of machines in the United 

States averaged 575,000 ! 
The subsequent census re
ports further indicate that 
the annual sales during the 
next fourteen years aver
aged over half a million ; 
and a canvass which we 
have recently made of the 
leading firms in the United 
States s h o w s  t h a t  the 
yearly output in 1896 may 
be put down at between 
600,000 and 700,000. 

Furthermore, the records 
of the Bureau of Statistics 
show that the total value 
of the exports of sewing 
machines from 1865 to 1895 
reaches the large sum of 
$67,000,000. 

' 

maker who possessed some 
capital, in his machine, and 
out of this connection grew 
the great house of Wheeler 
& Wilson. Unquestion
ably, the association of Mr. 
Wheeler with the sewing 
machine at the very incep
tion of the industry was 
very largely answerable for 
its early and rapid success. 
It is rarely that the invent
ive and the commercial in
stinct are combined in the 
same man. It is certain 
they were not in Wilson. 
Wheeler, on t h e  o t h e r  
hand, was eminently quali
fied by his wisdom, tact, 
and engaging presence to 
promote the interests of the 
new device. He succeeded 
in interesting some of the 
wealthy capitalists of the 
day, a n d  t h e  successful 
career of the Wheeler & 
Wilson establishment is a 
tribute to his undoubted 
business ability. 

THE WHEELER & WILSON PERFECTED MACHINE OF JUNE 1 5, 1852. 

Some conception · of the 
patient investigation, intel
ligent thought, and time 
and money that have been 
spent in perfecting the sew
ing machine may be had 
from the fact that from 1842 
to 1895 over 7,000 patents 
had been granted on its 
various modifications ! 

Reproduced from the SCIll:NTIFIC AMERICAN of June 4, 1853. 
In 1851 W. O. Grover and 

W. E. Baker patented a machine which made the 
" Grover & Baker stitch." They used two needles, one 
above and the other below the material, the lower 
needle passing horizontally through the loop of the 
upper thread and producing a double chain stitch on 
the under side of the cloth. Great things were hoped 
from the double chain stitch by its promoters, and in 

dustries for a heavier and more powerful machine. Our 
illustration shows the original machine upon which the 
patent of 1851 was granted. The novelties consisted in 
the circular feed wheel below the cloth plate, which had 
a serrated periphery projecting slightly above the 
plate, and was fed by a rock shaft and pawl ; a thread 
controller ; and the use of gear wheels and shafting to 

Such has been the history of the sewing machine, and 
in the whole field of invention it would be difficult to 
find a device which has ministered more intimately to 
the wants of the race than this. It has brought gold to 
the rich, good wage to the worker, and-best gift of all 
-sadly needed rest to weary fingers and aching eyes 
in many a cottage and garret. 
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74 
AGRICULTURAL MACHINERY . 

Before the building of the reaper it could be truly said 
that those who earned their bread by the labor of the 
harvest did so by the sweat of their brows. In the heat 
of midsummer, without protection from the beating 
sun, in a stooping position, the toilers of the world 
gathered the harvests. So excessive and trying was the 

"labor that the wages at harvest time were double those 
of other seasons of the year, and the farmer engaged his 
help months in advance for this rushing period. 

A little more than half a century of American inven
tion in harvesting machinery has worked wonders as 
great, and has contributed as much to the wealth and 
prosperity and the civilized progress of the world, as has 
the spinlJ ing jenny and power loom in manufactures 
and the railroad in transportation. 

The modern self-binding harvester is drawn into the 
field in the morning, and by night twenty acres are 
cut and bound into bundles with cord bands and 
left in windrows for convenience in shocking. Thhl 
machine does the work of twenty men and does it 
better, saving enough grain over haud labor to pay 
for the cord used in making the bands. To such 
an extent has the industry of producing these ma
chines progressed that 1 50, 000 machines of this 
type are produced yearly, the manu factur,ers in the 
city of Chicago alone turning out more than three
fourths of thi�  number. They are sold world wide, 
and every self-binding harvester contains as its 
fundamental elements the inventions of American 
artisans and mechanics. '.fhe scythe has given 
way to the mowing machine, and the extreme 
labor of the harvests and the crowds of extra help 
are seen no more on the farm. 

The number of mowers annuall y produced ex
ceeds the number of self-binding harvesters, and 
while they are not such savers of labor, still each 
machine does the work of five men with scythes. 
A conservative estimate of the number of self-bind-
ing harvesters that will be in use in the harvest of 
1896 would be 400,000, and more than that num-
ber of mowing machines. In no country are 
these machines used so universally as in America, 
and the tremendous effect of their use in the production 
of grains and stock can scarcely be realized. The agri
cultural prosperity of the land depends upon them. 
The great prairies of the West were only developed by 
their aid. It is only by their use that the American 
farmer can compete with the m yriad hordes of cheap 
laborers in the old world, and close students of the 
political history of our country lay the preservation of 
the U nion to the fact that the reaper allowed the gath
ering of the harvests, and the progress and develQP
ment of the North we3t, to proceed during the time of 
the great rebellion, 

It takes but a few years beyond a half century to in
clude the invention and building of the first practical 
reaper, and the important steps of improvement that 
have taken place upon it to develop it into the effect
ive modern machine of to-day. At the beginning 
of the century there was no reaping machine. The 
Royal AgI"icultural Society of England at that time 
offered a prize for the production of a successful reaper, 
and continued this offer for forty years. The carts that 
t lie ancient Romans used on the plains of Gaul, that 
were pushed ahead of the ox and which were fitted with 
('om bs that stripped the heads of grain from the stalks, 

THE McCORMICK REAPER OF '1845. 

J c iru t if i c �mrricau. 
Looking back upon the work o f  the last sixty years in the 
department · of reaping machines, it will be seen that 
thousands of ideas have been advanced. Almost every 
known mechanism has been tried for severing, gather
ing and handling the cut crop, but through all this 
time and all these experiments the machines that have 
contained the elements invented and arranged as in the 
first machine built by Cyrus H. McCormick have been 
the only ones that have been of US8 in the real labor of 
the grain harvest. The first machine had a main wheel 
frame, from which projected to the side a platform con
taining a cutter bar, having fingers through which re
ciprocated a knife driven by a crank ; upon the outer 
end of the platform was a divider projecting ahead of 
the platform to separate the grain to be cut from that 
to be left standing ; a reel was positioned above the 
platform to hold the grain against the reciprocating 

THE FIRST PRACTICAL REAPER. 

Invented and built by Cyrus H. McCormick in 1831. 

knife, and to throw it back upon the platform, and the 
machine was drawn by a team walking at the side of the 
grain. This machine was the first to contain these ele
ments, which have invariably been eml:odied in every 
grain harvesting machine made from that day to this. 
They are the essential elements of a reaper, without 
which no grain harvester can be built. This machine was 
successfully operated on the farm of John Steele, near 
Steele's tavern, Virginia, in the summer of 1831. In 
1833 0bed Hussey built a machine and operated it in 
the field. It was similar to the McCormick machine, ex
cept that it had no reel and no divider. It also had no 
platform upon which the cut grain could accumulate 
and be raked to one side out of the way of the path of 
the wheel in the next round of the field. These two 
machines were operated year by year down to 1845, and 
were the only machines up to that time that were capa
ble of successfully harvesting grain. 

The first step of importance in the development of 
the practical reaper of 1831 was the addition of the 
raker's seat, which McCormick invented and applied to 
his mach ine, a device by which the raker could be 
carried upon the machine and as he rode through 
the field rake the grain from the platform to the 
ground, whenever sufficient grain had accumu-

lated to form a bundle. A cut of the ma
chine, with the raker in position, is here 
shown. Up to the time of the invention of 
the reaper, in 1831, a diligent search of the 
Patent O ffi ce records of all countries, and of 
the files of scientific journals, agricultural 
papers and mechanics' magazines, shows that 
there was but one German, two French, 
twenty-three British and twenty-two Ameri
can inventions referred to, and but a small 
number of these were patented .  Of this 
number but one machine survived a test in 
the field, and it has been shown by the ex
perience of half a century that this machine 
(the Bell) did not contain the essential ele-

of the exposition. "  \Vhen the machine was put into 
the field for trial it astonished all who saw it operatfl, 
and from this exhibition of the reaper, made at great 
labor and expense by Cyrus H. McCormick, dated the 
introduction of the reaping machine to the people ot all  
lands. At a later exposition, after again winning the 
Coundl medal, Mr. McCormick was decorated by the 
French government as an officer of the Legion of 
Honor for " having done more for the cause of agric i l l  
ture than any living man."  

The next progressive step in the development of i 1 1 1 ' 
reaping machine was the application of an automat ic  
mechanism to rake the grain from the platform to the 
ground. This work had, up to this time, been done by 
a man riding upon the machine. In  1849 Jacob J. and 
Henry F. Mann, of Indiana, patented a machine h a v ·  
ing a series o f  endless bands for carrying the grain, after 

it had been cut and reeled upon these bands, to the 
side of the machine, where it accumu lated in a 
receptacle until a sufficient aIllount had been gath
ered to form a bundle, when the operator dumped 
the receptacle, leaving the gavel upon the ground. 

In 1850 Homer Atkins, of Illinois, invented a 
device for giving a reciprocating, intermittent IllO
tion to a rake, in order to deposit the grain upon 
the ground, after it had been cut and reeled upon 
the platform. This machine marks the beginning 
of an era of self-raking reapers, that continued to 
be supplied to the market for twenty years. The 
self-raking reapet' was the principal type of a grain 
harvester in use for more than a quarter of a 
century, and there were many improvements of 
minor importance made upon it., such for instance 
as the quadrant platform of Palmer & Williams, 
in 1851 ; the supplementary frame of Densmore, 
in 1852 ; the dropper platform of Lucomb, in 1855 ; 
the Dorsey continuously revolving reel raking 
device, in 185G ; the Hubbard self-rake, the 
Wood platform rake ; the Whitely improvements 
in reel rakes ; the McClontock Young revolving 
reel gatherers, catTying a rake revolving around 
the reel shaft ; the Burdick, Howard Dodge, 

Whitely and Millet' improvements in rakes-all of 
which served their purpose in forming distinctive types 
of machines to cut and deliver grain in gavels on the 
ground. They were all attached to reapers whose 
principles were the same as those invented and built by 
Mr. McCormick in 1831, and which the Paris Exposi
tion of 1865, in awarding him the grand medal, the 
highest honor, stated was for " the real inventor of the 
system which has insured in practice the success of the 
new implement which is now available for agricultu re. " 
After the expiration of Mr. McCormick's patent, in 1 848, 
manufacturing establishments started in different sec
tions of the country, and the building of harvest ing 
machines became a great industry. 

In certain sections of the country, however, part icu
lar types of machines were used, such, for instance, as 
a machine called the " Header. " Such a machine was 
patented in 1849 by Jonathan Haines, of Il l inois. It 
had the essential elements of the reaping machine, but 
was pushed ahead of the hot'ses, cutting a wide swat h 
and clipping the heads of the wheat, which were carriell 

THE MANN HARVESTER OF 1849. 

The fi rst step in the progressive development of the reaper 
was the placing of the raker upon the machine. 

ments necessary for the production of a suc
cessful reaper. 

In the early  days of the use of harvesting 
machines the reaper was used to cut grass, 
or as a mower, and in 1849, A. J. Purviance, 

'fhe second step in the development of the reaper was in  
applying to it an automatic device to remove the grain 
therefrom in gathers. 

causing the heads to fall into the body of the cart, were of Ohio, obtained a patent for the removing of to the side of the machine on endless aprons and de
not machines, inasmuch as they had no gathering, �:ever- the platform of the reaper, so that the grass when posited in wagons driven at the :side of the mach ine, 
ing, or antomatically operating devices upon them. cut by the knife could pass back over the finger and by these wagons carried to stacks. This machine 
However, in all history, down to the year 1828, these carts bar upon the ground, and the machine was thus was used in considerable numbers in dry countries, and 
are the only practical operating devices mentioned for . more conveniently made a combined machine, or one has remained in use in limited numbers even to this  
gathering grain. In 1828 an Englishman , Rev. Patrick that could both reap and mow. In the spring of 1851 ,  day. I n  the sUlllmer of 1 8liO Augustus Adams and J .  
Bell, bui lt  a machine that did some work in the  field. McCormick placed his reaper on exhibition at  the T. Gifford, of Elgin, I ll . ,  built probably the  first hand 
It was used for a few years and discarded. After the World's Fair at London. Hussey also had his machine binding harvesting machine. I t  was a mach ine of the 
first World's Fair, which was held in London in 1851 ,  it on exhibition, and they were the only reapers there same type as that built by the Manll8, in 1849, but it 
was, however, revived and changed so as to incorporate shown. The machines were tested in the field, and the had, in place of the receptacle into which the cut grain 
ideas from the American machine on exhibition at this Grand Council medal, which was one of four special fell as it left the traveling apron that conveyed it to the 
fair. Even with the added features it was not a success, medals awarded for marked epochs in progress, was side, a platform upon which men were carried through 
and soon d.isappeared from the market. awarded the McCol"IlI ick. The judges at that fair the field, and upon which the grain fell from the end-

In 1831, Cyrus H. McCormick, of Virginia, built the were reminded that othe :' effort.s had been made less apron, where it  was bound by men carried upon th� 
first practical grain harvesting machine. It contained the toward building reapers twenty years before, in Eng- machine. This is probably the earliest example of a 
essential elements that have been found in every grain land, but they referred to the McCormick machine as lIlachine which afterward came into extended use un

harvester that has proved a success from that day to this. being worth to the people of England " the whole cost der the name of haul binding harvester. But little was 
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done with this machine by Mr. Adams, who after
ward associated with him one Philo Sylla. In 1853 
they built another machine upon which men bound as 
they rode, but which differed from the first machine in 
that it had a jointed cutter bar. Up to this time all 
machines that had been built had a stiff bar extending 
from wheel to wheel. In 1854 Cyrenus Wheeler, of New 
York, built a machine for cutting grass, that contained 
the jointed bar feature of the Adams & Sylla machine, 
and put into practical shape for the first time the mod
ern form of the jointed bar mowing machine. Louis 
Miller, of Canton, Ohio, in 1858 made an invention that 
was an improvement in general form and construction 
upon this type of a machine. The Aultmans, with 
whom Miller was connected, had bought before this 
time the Sylla & Adams patent, and controlled for some 
years the building of jointed bar mowers and reapers. 

J t itutif it  �mttitau. 
matic binders which they were attaching to harvesters 
of the Marsh type, by removing the platform upon 
which the men stood, and placing the automatic binder 
so as to receive the grain as it is delivered from 
the elevator of the harvester. S. D. Carpenter, of 
Madison, Wisconsin, James F. and John H. Jordan, of 
Rochester, N. Y.,  Spaulding, of Rockford, and With
ington, of Janesville, did good work in the develop
ment of the automatic binder that bound with wire. 
The use of wire, however, as a binding material met 
with opposition, and the inventors turned their atten
tion to perfecting an attachment that would bind with 
cord ; and to Marquis L. Gorham, of Rockford, Illinois, 
who built a successful cord binder and had it at work 
in the harvest field in 1874, must be given the credit of 
producing the first successful automatic self-sizing 
binder. It bound with cord and produced bundles of 

THE MARSH HARVESTER OF 1860. 

75 
pair. Not only did Mr. McCormick, as the pioneer in
ventor, have to design a tool of this kind from the 
foundation, but he had to educate the people to an un
derstanding of the possibilities of his invention, and to 
the advantages to be derived from its use. Historians 
have eulogized the pioneers that pressed ahead into the 
wilderness, among savage Indians, and there cleared 
farms and made themselves homes, and opened the 
country for settlement. But the toils and struggles 
and privations that these pioneers overcame cannot 
be compared to the years of thought, expel'iment amI"

' 

toil, the disappointments, the lack of resources and the 
discouragements that surround an inventor who enters 
a new field of invention. Mr. McCormick invented his 
reaper in 1831 ,  and worked with it until 1 840 before 
making a single sale ; dur ing the years 1841 ,  1842 and 
1843 those reapers that he made at the home farm in the 

small blacksmith shop were placed with difficulty, 
even though they did remarkable work, and 
showed a great saving in labor. The farm laborers 
of the country were adverse to them, and threat
ened any farmer who sought to use one. 

As an example of the toil that was necessary to get 
agricultural machines into the field, it is known 
that Mr. McCormick made machines in Virginia 
which were carried over the mountains by team 
from Lexington to Richmond, and thence by canal 
to the ocean, by vessel to Ne\ , ()rleans, and up the 
Mississippi River to d istributing points at Cincin 
nati, Louisville, Dubuque and S t .  Louis. Being 
without means, his endeavors to induce manufac· 
turers to produce his machines were time and 
again failures, and it was not until he had gone 
personally, on horseback, among the farmers of 

In 1858, C. W. and W. W. March, of Illinois, in
vented their harvester. It was a machine of the 
SyUa & Adams type, as the grain after it had been 
cut and deposited upon an endless apron was car
ried to one side of the machine to men riding up
on the machine, who bound this grain into bun
dles. It should be remembered that the self
raking reaper was the machine in general use up 
to this time, and men did the binding, walking 
from gavel to gavel. The Marsh Brothers thought 
that two men riding upon the machine could do 
as much work as four walking upon the ground, 
and their machine, which they continued to de
velop and perfect for several years, had finally, in 
1864 and 1865, been got into shape so that it was 
I'Jractically operath-e. A cut of this machine is 
here shown, and it is interesting not only as mark
ing a progressive step in the development of har
vesting machines, but as furnishing the machine 
to which the automatic binder was successfully 
attached. 

The third step in the progressive development of the rcaper 
was the placing of men upon the machine to do the 
binding. The next step in the progress of development to

ward the modern self-binding harvester was the at
tachment of a binding device to the reaping machine, to 
take the grain thut had been cut and raked into gavels 
and bind the same automatically into bundles. John E. 
Heath, of Ohio, was the first to submit his ideas on the 
way to form a bindel', to the Patent Office. He did this 
in 1850. In 1851, 'Watson, Renwick & Watson, skilled 
theorists, some of whom had been connected with the 
Patent Office in Washington, filed an application for a 
self-binding harvester. The specification was very 
long, and they endeavored to include in it all the ideas 
they could think of that might possibly be some time 
worked into an automatic self-binding harvester. No 
machine of the kind was built by them, and this patent 
is an example of thousands of devices that have been 
submitted for patent, which would have been imprac
tical if put into operation. In 1856, C. A. McPhitridge, 
of St. Louis, filed an application for a patent, which, as 
we look back over the art, with the knowledge gained 
from years of experience in the field, is seen to have 
contained ideas approaching some that are now prac
tical. Probably the first to complete a binding at
tachment that was part ly  automatic, and to attach it 
to a reaping machine, were H. M. and W. W. Burson, 
of I l linois. 

Indiana, Illinois, Ohio and Kentucky, and ob
tained from them written orders for his machine 
that he induced a firm in Cincinnati to manu
facture them. It was then necessary to follow 
these _ machines into the field, to instruct tIw 
farmer in their operation, and to warrant them to 

In 1860, the Bu rsons had sOllie wire binding attach-

THE LOCKE WIRE BINDER OF 1873. 

the same size. It was like McCormick's reaper - a 
machine that contained the essential elements that have 
been found in every grain binder since its time. The 
grain in this machine is delivered by the elevators of 
the harvester upon a platform, where it is seized by 
packers, working alternately at the center of the grain, 
and carried forward, wisp by wisp, into a secondary 
chamber, where it is compacted by the packers against 
a yielding trip, so that when sufficient grain is accu
lllulated, the trip would yield and start the binding 
mechanism into operation. The cord is carried on the 
machine in a ball, one end of which is threaded 
through the needle and fastened in a holder. The 
grain is forced against this cord by the packers, and 
when the binder starts the needle encircles the gavel, 
carrying the cord to a knotting bill of the Bethel type, 
and the end is again seized by the rotating holder, the 
loop form cd, the ends of the band severed, and the 
bundle discharged bound from the machine, at which 
time a gate, which has during tile binding operation 
shut off the flow of grain, retracts, and the operation is 
again repeated. This is the plan of operation of every 
self-binding attachment that is made even to this day. 
The grain is cut and delivered upon the apron by the 
devices that McCormick combined and arranged more 

than half a century ago. It is carried onward and 
upward to a deck binder by Marsh's plan, and 
selected from the continuous swath and formed 
into gavels, which are bound and delivered by 
Gorham's plan. The most ingenious invent
ors of the world have, after twenty years, 
failed to devise a better plan. In 1879, John 
F. Appleby took out a patent on a machine 
upon which he had been working for the 
past four years, which in the arrangement 
of the devices was an improvement to that 
of Gorham. It, however, contained the prin
ciples of the Gorham machine, which he had 
seen in operation in the field before he began 
to work upon his twine binder. The mod
ern twine b inder is in the form of its devices 
and the arrangement of its parts built upon 
the Gorham plan, as improved by Appleby. 

give satisfaction, and to remove every possibility of all Y 
loss to the purchaser before they could be finally induc
ed to pay for them. This course was continued by Mr. 
McCormick with unremitting toil for several years, 
until the reputation of his reaper had spread over the 
land. 

It was then that the usual vicissitudes that surround 
an inventor who has a valuable invention began to 
annoy him. Infringers began manufactul'ing his ma
chine without authol'ity. He began suits ; his patents 
were attacked ; interferences were arranged against 
him, and day by day he saw the grant made him by 
the government expiring and his returns from it being 
eaten up in endeavoring to protect his rights. Through 
all this, so great was the tenacity and so strong was the 
faith of Mr. McCormick in his reaper, that he took it to 
the first World's Fair, held at London in 1851,  and there 
astonished the' world with its operation. Those who 
had been the most sarcastic in deriding the invention 
became the loudest in its praise. 

There are but few statistics obtainable in relation to 
the growth of the industry of manufacturing grain and 
grass cutting machinery. In 1840 there were three 
reapers made, and less than that number of people 
were necessarily employed upon them. In 1845, 500 
machines were made, on which 50 people were em
ployed, but not steadily. In 1850, the production had 
increased to 3,000, and in 1855 to 10,000, employing 
more or less steadily 500 people in their manufacture, 

THE MODERN AUTOMATIC, CORD, GRAIN BINDER. 'rhe fourth step in the practical development of the reaper 
was the placing of an automatic device upon tha ma
chine to bind the grain. 

It Lmay be stated that there is a machine 
built and in practical operation in the dry 
climate of California t h a t  c u t  s ,  binds, 
thrashes and sacks the grain by a single 

A machine which cuts, binds and carries the bound bundle 

ments attached to reaping machines, and in 1863 they 
built one thousand machines. They were not, how
ever, automatic machines, being assisted by ha hd 
labor, and did not do enough of the work to be profit
able. In 1864, Jacob Bethel, of Rockford, Illinois, ob
tained a patent for a very important invention in bind
ers. He showed and claimed for the first time the 
knotting bill, which loops and forms the knot, and the 
turning cord holder for retaining the end of the cord. 
He, however, did nothing more with his invention. 
Sylvanus D. I�ocke, of Janesville, Wisconsin, during 
these years was working upon a wire binder. He took 
out many patents, and in 1873, after assqciating himself 
wi th Walter A. Wood, built and sold probably the 
first automatic self-binding harvester that was ever put 
upon the market. The different builders of reaping 
machines were at work at this time perfecting auto-

operation. These machines are, however, useful only 
in very dry climates and are made only in limited num
bers, perhaps fifty being built and sold each year. The 
plan upon which they are built was described in an 
application for a patent to H. Moore and J. Hascall, 
Kalamazoo, Mich . ,  June 28, 1836. 

The work of the pioneer who enters a new field in in
vention and devel()ps a new machine is one requiring 
the greatest persistence, endurance and faith in the 
ultimate success of the undertaking. In reapers not 
only did the machine have to be made capable of suc
cessfully doing its work, but being a field machine that 
was to be drawn over the rough fields of the average 
farm, and handled by all classes of men, and removed 
long distances from places of repair, it had to be capa
ble of standing hard knocks of every description, 
simple, easily understood, and difficult to get out of re-

into windrows. 

with as many more agents and salesmen to get the 
machines upon the farm. In 1860 the output had in
creased to 20,000 machines ann nal ly, and there were 
more than 2,000 people employed in the industry. Dur 
ing the next ten years, the increase was not so rapid, 
but in 1870 the annual production was about 30,000, and 
5,000 people were engaged in the industry. In 1880 
this output had increased to (;0,000, and 20,000 people 
were engaged in the industry. About this time the 
automatic cord binder was perfected, and the next five 
years showed a marked increase in the output. In 
1885 there were more than 100,000 self-binding harvest
ers built and sold, 150,000 reapers and mowers, and 
30,000 people w.ere engaged in the various departments 
of the industry. 1890 showed another marked increase 
in production, but not so large as would have been the 
case had .aU the different harvesting machine COlO-
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panies continued the same proportion of increase in 
their output as did several of the larger ones. In this 
yea,' I;wo manufacturing establishments in the city of 
Chicago made more than 200,000 machines, half of 
which were binders, and the other half mowers and 
reapers, and these two institutions alone employed in 
their various branches of manufacturing and selling 
10,000 employes. In 1895 the output of the largest 
of these manufacturing establishments in the city of 
Chicago was 60,000 self-binding harvesters fitted with 
bundle carrier and trucks ; 61 ,000 mowers, 10,000 corn 
harvesters and 5,000 reapers. The number of employes 
materially increased, but the total number of employes 
in the business has not increased for the last few years. 

There were exported in the year 1880 about 800 self

J c itut if tc !tUttic .. u. 
among transatlantic steamships, she was the pioneer of 
her class, and she anticipated by several decades the 
general introduction of steam into the navy. 

The progress of the American navy during the past 
half century has been strangely intermittent, and it 
may be defined as a long stretch of comparative stagna
tion, relieved by periods of sudden and remarkable ac
tivity, in which the resourcefulness and inventive 
genius of the nation were shown to be merely dormant. 
The first awakening came in the great civil war ; the 
second in the last decade-1886-1896-of the period of 
which we are treating, in which a new navy, compris
ing ships of the very latest type, has been placed at the 
nation's service. 

Fifty years ago the United States navy was mainly 
binding harvesters, 
2,000 reapers, a n d  
1 ,000 mowers. In 1890 
t.his advance increas
ed to 3,000 self-bind
ing harvesters, 4,000 
reapers, a n d  2,000 
mowers. The Argen
tine Republic, Para
guay and Uruguay 
take most of the ma-
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ing the next fifteen years, which intervened before the 
outbreak of the civil war, only half a dozen sailing 
vessels were built, as against 33 steam warships. In ad
dition to the service rendered by steam to ocean navi
gation in the merchant service, in the navy it brought 
further advantages Of . a tactical nature, which ren
dered it of special value. As compared with the sail
ing frigate, the steam frigate was independent of the 
wind and could place herself in the best position for a 
fight, giving or accepting battle as she pleased. This 
alone was sufficient to sound the doom of the grand old 
wooden two and three-deckers, with their towering top
sides and lofty stretch of glistening spars and snowy 
canvas. 

The accompanying illustration, from a daguerreotype 
o f t h e Mississippi, 
shows rig and general 
appearance of a war 
steamer of 1846. She 
was launched in 1841,  
and in 1853 C. B. Stu
art, the chief engi-
neer of t h e  n a v y, 
speaks of her as hav
ing been altogether 
the most useful and 

chines t h a t  go to - 11#""" J/;r- "" -- e c o n  0 m i c a l  side �if.�;�E @© �ll · . .. :l:: : .TC.::.� ::: L:j : ====:�� : : :: :::::::::: ::=::: :: :::: :: :1t:::� Ir!��i�j�Y�: 
tnes ; another quar- � - .. !. . 1 ed depth, 39 feet; ton-
ter goes to the colo- F·---- --- .... I nage, 1 , 692 ; displace-
nies of Australia and ment, 3,220. There 
New Zealand, while COMPARATIVE DIAGRAM, DRAWN TO SCALE, SHOWING THE DIMENSIONS AND WEIGHT OF THE CAST IRON SMOOTH BORE were two side lever 
t h e  remainder go 8 INCH GUNS OF THE MISSISSIPPI (1846) A8 COMPARED WITH THE STEEL 8 INCH lUFLE GUNS OF THE MASSA- condensing engines, 
largely to the Conti- CHUSETTS (1896). with c y l i n  d e r s 75 
nent of E u r 0 p e , inches diameter by 7 
where they harvest the grains along the banks of the composed of line-of-battle ships and frigates, some of feet stroke. The boilers, three in number, were built of 
Red Sea and the Volga in Russia, along the Danube, in which carried the scars and the glory of many a hard copper, with three furnaces, double return, ascending 
France, and in Germany, Sweden, Norway, England fought duel in the war of 1812. The Naval Register for flues, and a total heating surface of 6,000 square feet. 
and Scotland. From these figures it will be seen that 1846 gives the following summary of the number of ves- They weighed, empty, 120 tons. The paddle wheels, 28 
the great user of the labor-saving device is the Ameri- sels in the navy at that time : Ships of the line, 11 ; feet diameter, were of the plain radial pattern. The 
can farmer. It is only by employing these labor-saving razee (Independence), 1:; first-class frigates, 12 ; second- average performance of the Mississippi under steam 
implements that he is enabled to compete in grain rais- class frigates, 2 ;  sloops of war, 23 ; brigs, 8 ;  schooners, alone during an aggregate of 30 days was as follows : 
ing with the hordes of cheap laborers of India, and 6 ;  steamers, 11 ; storeships and brigs, 4 ;  a total of 78 Speed, 7i knots an hour ; revolutions, 10 '65 per minute ; 
with those on the plains of Russia. vessels of all classes. Of the battleships, the most im- steam pressure, 10� pounds ; coal consumption, 37 

• • • • • portant was the grand old Pennsylvania, a giant for tons per day. The hull cost $306,683 and the ma-
NAVAL AND COAST DEFENSE, those days, of 3, 241 tons and 120 guns, built in 1837. chinery $243,571. She was armed with two 10 inch 

The student of the past half century of progress in She had a full complement of 1, 100 officers and men and smooth bore guns, mounted on pivots, one on each 
naval construction in the United States is tempted to cost $694,500 to build and equip. The other battleships bow, and eight 8 inch smooth bores, mounted in broad
exceed the further limits of his subject. As, in the his- were much smaller, being of about 2, 600 tonnage and side abaft the paddle box. The range, penetration, 
tory of the steam merchant marine, he cannot refrain carrying 84 guns. The frigates of 1, 726 tons carried 50 etc. , of these guns were as follows : 
from mention of the Savannah, so, in tracing the devel- guns and the sloops of war averaged about 800 tons, 
opment of the steam, warship, he is constrained to go carrying from 16 to 24 guns. The armament of these Penetration through seasoned 

white oak at back to the time of the war of 1812 and record the fact vessels consisted of from four to twelve 8 inch guns and Gun. Charge. Projectile.  V����l��. 
that it dates from that year. It appears that, in spite from sixteen to seventy-two 32 pounders, according to ----:----,---�---

500 yds _ 1000 yds 1500 yds 2000 yds of the splendid service which was being rendered by the size of the ship. All of the guns were smooth bores, _ _ _ _ __ __ _ __ __ _ _ _ _ _ _ _ 
the navy during the course of that war, it was felt that firing round shell. 10 in. . . . 10 lb. 120 lb. shell.  1,160 f. s, 32- 1  in.  24-2 in. 18'2 in. 13'7 in. 

the sea coast and harbor defense was insufficient, The appearance of nearly a dozen steamers upon the 8 in. . . . 9 1 b. 51 1b, shell. 1,500 f. s. 33'0 in . 23'0 in. 15-9 in. 11'0 in. 

and as a measure of protection to the city of New York register reminds us that we are dealing with the period 
it was decided to build a powerful battleship which which witnessed the passing of the sailing ship. Dur The above penetration of 33 inches through oak 
should rely main
ly upon steam for 
its propulsion. A 
committee of the 
Coast and Harbor 
Defense Associa
tion of that day 
appointed Robert 
Fulton as engi
neer, and from his 
d e s i g n s  a large 
c o a s t  d e f e n s e  
steam battleship 
of 2,475 tons was 
built and launch
ed on June 20, 
1814. According 
to the plans of the 
Fulton, as she was 
named, the pad
dle wheel was in 
the center, be
tween what ap
pear to have been 
practically t w o  
hulls, with the 
boiler in one hull 
and engine in the 
other. On h e r  
trial trip she made 
a speed of 5� 
m i l  e s an hour 
w i t  h her anua
m e n  t on board. 
As originally de
signed, she was to 
ha ve carried 32 
heavy guns. Such 
was the first war 
steamer the world 
ever saw. Like 
t h e  S a v a n n a h  

THE MISSISSIPPI-UNITED STATES WAR STEAMER O F  1 846, 

Displa.cement, 8,220 toWl ; speed, 71 knot. ; armament, two 10 inch and ei�ht 8 inch IilUlooth bore &,unli ; total broadai.de, 
IN pOWlWl. 

would be equal 
to a penetration 
o f  3 i n c h e s  
t h r 0 u g h  iron. 
This was the max-
i m u m  perfoflD
ance of the guns 
of those days. To
day the penetra
tion at 500 yards 
of the heavy guns 
c a r r i e d  by our 
ships has increas
ed from 3 to 30 
inches, an impres
sive evidence of 
the g r o w t h  of 
heavy ordnance_ 

At the opening 
of the civil war 
the fleet of sailing 
ships consisted of 
10 ships of the 
line, 10 frigates, 20 
sloops, and a doz
en brigs, store 
vessels a n d  re
ceiving ships. The 
s t e a  III fleet in
cluded 7 s c r e w  
frigates built in 
1855, namely, the 
N i a g a r a, of 12 
g u  n s and 4, 580 
tons, and 6 of the 
Roanoke type, of 
40 guns and 3, 200 
tons ; 6 first-class 
screw sloops of 13 
to 25 guns and 
1,446 to 2,360 tons ; 
4. llidewheelerl of II 
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to 15 guns and 1 ,446 to 2,450 tons ; 8 second-class screw 
sloops of 3 to 6 guns and 694 to 1, 289 tons ; 5 third-class 
screw steamers of 5 to 8 guns and 500 tons ; 4 third-class 
sidewheelers of 1 to 3 guns, 450 tons, and 2 screw steam 
tenders, making a total of 52 sailing and 36 steam war
ships. Considering the magnitude of the conflict and 
the vast stretch of coast line and rivers upon which it 
was to be waged, this fleet was altogether inadequate, 
and the government strained every nerve by building 
and by purchase to increase its strength and efficiency. 

$ c itutific �tutricau. 
were formed o f  20 inches of pine and 4 inches of oak, 
and were covered with two layers of 2 inch iron plating. 

The plates, 8 inches wide, had been rolled at the 
Tredegar Foundry, Richmond, from old iron rails. The 
first layer was placed horizontally and the second verti
cally, the whole being secured to the backing by 1% 
inch bolts. The ends of the casement were rounded, 
and the roof was formed by an iron grating. Her 
armament consisted of two 7 inch rifled guns pivotally 
mounted fore and aft on the center line. On the broad-

CUT OF THE CONFEDERATE IRONCLAD MERRIMAC, 

Drawn for the SCIENTIFIC AMERICAN from descriptions furnished by a mechanic who assisted in her con
struction, and published in the issue of November 9, 1861. Probably the earliest illustration of this vessel. 

How far they succeeded is shown by a government 
inquiry made shortly after the close of the war, which 
showed that since 186 1  there had been built by and 
for the navy department the following vessels : 

54 screw sloops of . . . • . . . .  , . . . . . .  500 to 3,200 tons and 4 to 21 guns. 
30 double-ended sidewheelers . . . . 825 " 974 . . 6 .. 12 .. 

8 .. (iron) 1,030 6 .. 10 .. 
9 tugs , . . . . . . . . . . . . . . . . . . . . . .  . . 350 2 u 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170 2 "  
2 seagoing casement iron· 

clad.. . . . . . . . . . . . . . . • .  5,090 and 3,4.86 .. 16 and 18 .. 
2 seagoing single turret iron· 

clads . . . . . . . . . . . . . . . . . . . 3,265 H 3,033 2 h 
5 double turret ironclads. . . . 1,564 4 .. 

4 970 4 "  
45 single 5� to 1,034 2 ,. 

10 other vessels of smaller size and varIOus types. 

In addition to the above there were purchased for the 
navy 497 vessels, ranging in size from 100 to 1, 200 tons. 
To this must be added what is known as the " stone 
fleet, " comprising 44 vessels of 300 tons, 12 canal boats 
and 22 schooners ; these were purchased to be filled 
with stone and sunk for the obstruction of channels, 
etc. 

side were two 6 inch rifled guns and six 9 inch smooth
bore Dahlgren guns. 

Our illustration, which is probably the first represen
tation of the Merrimac ever published, was drawn from 
the description of a mechanic who had just come from 
the South, where he had assisted in the reconstruction 
of the ship. It was published before she was at her 
load line, which will account for the fact that she is 
shown with a much higher freeboard than she actually 
possessed. 

The answer of the North to the challenge of the 
South was made in the launch of the turret ship 
Monitor, Ericsson's famous creation. In her design it 
was sought to produce a ship that should be invulner
able, of light draught for operation in the Southern 
harbors, carrying few guns, and that should be 
capable of rapid construction. The most novel and 
epoch-making feature was the placing of the guns with
in an armored revolving turret. This was not a new 
idea, but it was the first practical application and test 
of it. Others had already suggested it, but to the United 

77 
pheral rollers, but upon a central pivot within the 
ship's hull. It was protected by eight one inch iron 
plates, and the armament consisted of two 11 inch Dahl
gren smooth bores. Forward of the turret was an iron 
pilot house 4 feet high covered with a 2 inch plate. The 
deck was pierced by two square smoke stacks and two 
blow holes. In the face of a storm of adverse criticism 
and prediction of disaster, the Monitor was completed 
and launched and dispatched to Southern waters. None 
too soon did she appear on the scene. The Merrimac 
was already at her work of destruction, and in one day, 
March 8, 1862, she had engaged three Northern ships of 
from thirty to fifty guns, in Hampton Roads, and ad
ministered a crushing defeat, receiving but little hurt 
herself. On the evening of the same day the Monitor 
steamed into the harbor, and on the day following was 
fought one of the most memorable duels of history. 
The story of the fight is too well known for repetition. 
It proved the superiority of armor to shot, the latter 
glancing from the former, and inflicting but little dam
age. The Monitor fired once every 7 minutes, the Merri
mac once every 15 minutes. The superior turning power 
of the Monitor and the wide arc of fire through which 
she could use her guns proved a great ad vantage. The 
failure of either ship to inflict serious injury upon the 
other, however, was due largely to the fact that the 
Monitor was using light charges, lighter than was neces
sary, in her 11 inch guns, and the Merrimac was without 
solid shot. 

The effect of the Monitor and her successors upon 
naval construction was far reaching, and showed itself 
in the general adoption of the turret by the navies of 
the world. It may without exaggeration be said that this 
little vessel was the father of the modern battleship, 
whether it be a Massachusetts, a Majestic, or a Charle
magne. 

Equally valuable were the lessons of the war in rela
tion to all matters of sea coast and river defense. One 
of the first encounters took place at New Orleans, when 
Farragut forced his way past the forts and through a 
strong boom and captured the city. It was a bold 
stroke on the part of the Northern admiral, for it was 
considered in those days that stone forts such as those 
below New Orleans were sufficient to bar the passage 
of a stronger fleet than that possessed by Farragut. 
The forts, however, were indifferently armed with old 
pattern 8 and 10 inch guns, and would undoubtedly 
have rendered a better account of themselves if better 
armed and manned. There were 17 ships in the fleet, 
mounting in all 192 guns. The same feat was repeated 
two years later at Mobile, when the fleet forced its way 
through a line of torpedo defenses under the concentrat
ed fire of Fort Morgan. On both occasions the value of 
extemporized side armor was proved, and in these early 
days of the contest between gun and armor, the ad
vantage lay with the armor. On the other hand, the 
early actions off Charleston, and particularly against 
Fort Sumter, were a triumph for the forts, On this 
occasion the fleet under Dupont, the Northern com-

In seeking for the birthplace of the modern battle
ship we are carried back to the European war of the 
Crimea in 1854, and the American civil war of a few 
years later. The former gave us the first practical ap
plication of side armor ; the latter the first actual test , 
of the revolving turret. On October 17, 1855, the French 1 
contingent of the allied fleet dispatched three armor
plated ships against the Russian forts at Kinburn, and I after a stubborn resistance, during which " the steady 
clang of the enemy's shot upon the " four inch " plat
ing echoed like the blows of a cyclopean sledge-ham
mer, " the forts were silenced, and these little 1,400 ton 
ironclads came out of the fight victorious, and practi
cally unharmed. But while it is true that this was the 
first practical test of the ironclad, it is but j ust to men
tion the fact that to Mr, Stevens of New York is due the 
credit of having commenced the construction of an 
armored floating battery in the United States as far 
back as the forties. In 1841 he wrote a letter to the 
Naval Harbor Defense Board, proposing to build a 
warship which should embody the following features
an iron hull, inclined side armor, engines and boilers 
below the water line, high pressure steam, the screw 
propeller, and rifled wrought iron guns, loading at the 
breech. This remarkable letter formed the basis of a 
subsequent contract. Limits of space forbid a more 
detailed description of this ship ; but the letter with 
cuts of the vessel will be published in a subsequent issue 
of the SCIENTIFIC AMERICAN SUPPLEMENT. THE FEDERAL IRONCLAD MONITOR, 1 8 6 1 .  

A t  the outbreak o f  the civil war the South realized 
that, with its very limited means for naval construction 
as compared with the North, it could only hope to pre
vail by adopting some special type of ship. This con
viction led to the reconstruction of the Merrimac, a forty
gun steam frigate of 3, 500 tons. She was partially burnt 
and sunk at the Norfolk navy yard by the United 
States officers at the opening of the war, to prevent her 
falling into the hands of the enemy, who subsequently 
raised her, and finding the hull and machinery in good 
order, determined to convert her into a side-armored 
battleship. Her upper works were cut down to the 
water line, and a rectangular casement, with sides in
clined about 35 degrees, was built amidships. The sides 

Displacement, 1 ,000 tons ; length, 172 feet ; breadth, 41� feet ; draught, 10� feet ; armor on turret, 8 illches 
thick ; armament, two 11 inch smooth bores. 

States navy belongs the credit of the successful adop· 
tion of a design, which as far back as the Crimean war 
had been offered by Ericsson to the Emperor Napoleon, 
and rejected in favor of broadside plating. 

The Monitor was built in 118 days. She was of 1000 
tons displacement ; 172 feet long, 41� feet beam, and 
drew 10� feet of water. Her deck was plated with 1 
inch, and her sides, which overhung the hull proper, 
with 5 inches of iron, her freeboard being only 2 feet. 
The turret was 20 feet diameter, inside, by 9 feet high, 
and revolved, not, as is the practi(',8 now, upon peri-

mander, consisted of nine ironclads, mounting in alJ 
seven 15 inch, twenty-two 11 inch and two 50 pounder 
smooth bores, with three 150 pounder rifled guns, The 
forts mounted ten 10 inch, nineteen 8 inch, and eight
teen 32 pounder smooth bores, with ten 10 inch mortars, 
two 8 inch, seven 42 pounder and eight 82 pounder 
rifled guns, or 74 guns in alL The ironclad fleet COIl
centrated its fire upon Fort Sumter, and bombarded it 
for an hour, but .. the 15 inch shelJs which were to have 
blown in the masonry of Fort Sumter did nothing of 
the kind." One 10 mch gun was temporarily disabled, 
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one 8 inch gun burst, seven JIlen were wounded and lated experience of the past four years, and the ships of opment of ships, guns, and armor during the next two 
one killed. I n  the fleet the Keokuk was sunk, and the the new navy in which it was embodied, were laid open decades. As the British navy stands at the front dur
other ships were hit from thirty-five to sixty times, with as a kind of reference library or school of instruction ing this interim, both in constructional developments 
temporary disablement of guns and turrets, though the for the world at large. Foreign naval constructors were and numerical strength, it will be sufficient to show the 
damage was on the whole slight, considering the hail of not slow to learn therein ; and the student of naval pro- advance approximately by quoting the details of par
heavy projectiles. The failure of this attack seems to gress must cross the water if he would follow the devel- ticular ships of this navy. (See table below. ) 

YAT EJt-WIT C H  

VERTICAL OR " FEATHERING " PADDLE WHEELS OF 
THE WATER WITCH THE SECOND. 

PNEUMATIC DISAPPEARING GUN CARRIAGE FOR COAST DEFENSE. 

First of this type to be used in the navy, 181i3. Invented by Captain James R. Eads in 1872. 

show that the coast defense fortifications of those days 
were proof against the attack of battleships, though a 
later attack on Sumter with Parrott rifles, it is true, 
was more destruetive. It is certain that the develop
ments in artillery since the war are favorable to the 
modern fort, inasmuch as the enormous weight of the 
heaviest modern guns limits their use on the ship, but 
offers no objection to their emplacement within land 
fortifications. 

Before passing on to the present decade mention must 
be made of the destructive work of the Confederate crui
sers. The story of the ravages of the Alabama and her 
fi nal sinking by the Kearsarge is well known ; and it is 
largely to the striking success of this ship that the large 
percentage of swift, lightly armed cruisers in modern 
navies is due. The Alabama and her mates practically 
swept the American merchant marine from the high 
seas, and had it not been for its fleet of swift blockade 
ru nners, the South would have collapsed many months 
before the final capitulation actually took place. 

At the close of t he war silence fell upon the busy dock
yards of the navy-a si lence which was to be practically 
unbroken for the next twenty years. All the accumu-

Ship. 
Date Dis· H peed 

of rle· place- in Armor in Guns. Stages of de-
sign. ment. knots. inches. velopment. 

I 
Devastation �: 18iO 9,330 

- -:- 112 in. �: 12 inc:-: Great incre:: 
in. iron. ton muzzle in size of ships, 

loading. I(uns and thick
neSE of armor. 

Inflexihle _ _ _ _ 1876 11 ,880 12'8 16 in. to 24 16 inch 80 Use of steel for 
in. ateel ton muzzle armor. Con-
and irou loading. tinned increase 
compound in size of ships, 

armor. guns, and ar
mor. 

Camperdown. 1880 10.600 16'9 18 in . com- 13J1l in. 67 Use of steel for 
pound. ton breech hull. Twin 

loading. 6 screws. Breech 
in. B. L.  loadinl( guns 
secondary mounted in 

battery. lofty barbettes. 
Strong second
ary battery. 

Imperieuse _ _  . 1881 8,400 16'75 10 in. com- 9'2 in. and Belted cruiser 
pound. 16 in. breeeh type. 

Medea . . . . • " 1885 2,800 

loadinl(. 

19 IJ1l m. pro- 6 in . guns High speed pro-
tective I B. L. tected crUIser 
deck. type. 

ENGINE OF U. S. S. PO WHATAN. 

The interval from 1865 to 1885 had also seen the 
launching of the ESllIeralda, the fir�t of the modern 
cruiser type, and the development of the automobile 
torpedo and the torpedo boat, with a host of minor 
but important devices for increasing the destructive 
ness of naval warfare. 

Toward the close of this period the United States 
awoke to the fact that, in the modern sense of the term, 
they were practically withou t a navy, and Congress 
made a modest start in the construction of one by 
authorizing, in 1883, the building of three protected 
cruisers, the Atlanta and Boston, single screw ships, of 
3,000 tons displacement and 15'6 knots speed, and the 
Chicago, of 4, 500 tons and 15 '1  knots ; the armament 
consisting of 6 and 8 inch breeCh-loading rifled guns. 
The work of creating a modern navy has gone forward 
steadily ever since, and the story of its growth and suc
cess is epitomized in the table on the next page. 

Bearing in mind liow thoroughly up to date are the var
ious war ships in this tabulation, it is a most creditable 
showing, and in many respects the new navy is uniqur, 
among the navies of the world. Compared with the 
ships of other nations, upon a basis of displacement, 

ENGINE OF U. S. TORPEDO BOAT 
No. 2. 

Designed oy the Bureau 01 Steam Engineering, 1849. Charles H. Haswell, Engineer-in-Chief. Built by A. Mehaffy & 
Company, Norfolk, Va. Horse power, 1, 172 ; steam pressure, 15 pounds ; total weight of machinery, 508 tons ; weight 
per horse power, 972 pounds. 

Designed by the Bureau of Steam En
gineering, l Sfl l .  George W.  Melville, 
Engineer-in-Chief. Built by Iowa 
Iron Works, Dubuque, Iowa. H orse 
power, 1 ,800 ; steam pressure, 250 
pounds ; total weight of machinery, 
45 tons ; weight per horse power, 56 
pounds. 

1 849-ILLlTSTRATION SHOWING THE ADVANOEMENT IX MARINE ENGINEERING-1891. 

(The two enctnes are drawn to the same scaJe, 110 that the drawings show the relative sizes.) 
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$ c itut if i c  �mtti,au. 
THE N E W  U NITED S'l'ATES NAVY. 

Name. 

���a�� }  . . . . . . . . . . . . . . . . . . . . . . 

IJhicago . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Dolphin . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

Charleston . . . . . . . . . . .  , . . . . . . . . . . . . . . . . 

Newark . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  
Petrel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
Yorktown . . . . . . . . . . . . . . . . . . . . . . .  . 

Maine . . . • . . • • . . . . . . • . . . . . • • • • . . . . • • • •  

Texas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
B"ltimore . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Vesuvius . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Cushing . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Monterey . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Philadelphia . . . . . . . . . . . . . . . . . . . . . . . .  . 

San Francisco . . . .  . . .  . . . . . . . . . . . . . .  . 
Bennington . . . . . . . . . . . . . . . . . . . . . . . .  . .  
Concord . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

New york . . . . . . . . . . . . . . . . . . . . . . . .  . 

Olympia . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cincinnati . . . .  . . . . . . . . . . . . . . . . . . . .  . 
Det.roit . . . . . . . . . . . . . . . . . . . . . . . .  . .  

Marblehead . . . . . . . .  . . . . . . . . . . . . . . . . . 
Montgomery . . . .  . . . . . . . . . .  . . . . . . . . . . . 

Raleigh . . . . .  . . . . . . . . . . . . . . . . . . . . .  . 

Bancroft . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Katahdin . . . . . . . . . . . . . . . . . . . . . . . . .  . 
castine . . . • . • • . . . . .  _ . . . . . . .  _ . . . . . . . . . 
Machias . . . . . . . . . . . . . . . . . . . . . . . .  . . 

Indiana . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Massachusetts . . . .  . . . . . . . . . . . . . . . . . . 
Oregon . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Columbia . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

Ericsson . . . .  , 0 '  • • • • • . • • • • • • • • •  , ,, ' 0  • • •  

rtfinneapolis • • • • . . . . . . . . . . • • • • • •  , • . . . . 

Iowa . . . . . . . . . . . . . • . • • • • • • • • • . . • • • • • •  

Brooklyn . . . . . . . . . . . .  . . 

Three Helena type . . ' • . . . • . . • .  . 

Submltrine boat. . . . . . . . . . . . . . . . . . .  . . 

Nos. 3, . and 5 . . . . . . . . . . . . . . . . . . .  . . 

Kearsarge . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
Kentucky . . . . . . . . . . . . . . . . . . . . . . . .  . . 
Hix gunboats . . . . . . . . . . . . . . . . . . . . . . .  . .  

Nos. 6, 7 and 8 . . . . . . . . . . . . . . . . . . . . . .  . .  

Three battleships . . . . . . . . . . . . . . . . . . . . . 
Nos. 9, 10 and 1 1 . . . . . . . . . . . . . . . . . . .  . 
Nos. 12-18 . . . . . . . . . . . . . . . . . . . . . . .  . . 

A����r- I Type of Ship. 

� llpr

.

o�cted cr::scr. 

1883 

1883 : Dispatch boat. 

1885 i Protected cruiser. 

1 885 I .. .. i� Gun�oat. 

1886 'rurret battleship. 

1886 

1886 Protected cruiser. 

1886 Dynamite .. 
1886 Torpedo boat. 

1887 Monitor. 

1887 Protected crlliser. 
IM87 
1887 Gun boat. 
1�87 
1888 Armored cruiser. 

1888 

1888 

1888 
1888 
1��� 

1888 

1888 
1889 
1899 
1�89 

1890 

1890 
1890 

1890 

1890 

1891 

1892 

1892 

1893 
1893 
1894 

1895 

I'rotected 

Protected cruiser. 

Training ship. 
lIarbor defense ram. 
Gunboat. 
Gunboat. 

Coastline battleship. 

Protected cruiser. 

Torpedo boat. 

Protected cruiser. 

Seagoing battleship. 

Armored cruiser. 

Gunboats. 
Torpedo boat. 

Seagoing battleship. 

1895 44 " 
1895 Gunboats. 

1895 Torpedo boats. 

1896 Battleship •• 
1896 First-class torpedo boats. 
1896 Second class torpedo boats . .  

3,000 

4,500 
1,486 

3,730 

4,098 �92 
1,710 
6,682 

6,315 

4,413 
929 
105 

4,084 
4.324 
4,OY8 
1 ,710 
1,710 

8,2UO 

5,870 

3,213 
2,08Q 
2,089 
2.089 

3,213 
839 

2. 1 55 
1, 177 
1.177 

10,288 

7,375 

120 

7,375 

11,410 

9,271 

1,392 
168 
142 

11,525 

1 1 , 525 
1,000 

1 90  

12,000 

15 6 

15 ' 1  

l 5 " 5  
1 8 ' 20 
1 9 ' 00 
11 ' 8  
16 ' 14 
1 7 ' 45 

1 7 " 00  

20 ' 09 

21 ' 42 
2'� 5  
13 ' 6  
1 9 " 68 
19 ' 53 
17 ' 5  
16 8 
21 ' 00  

21 ' 78 

19 ' 00  

1 8 ' 71 
1 8 ' 44  
19 ' 05 
1 9 ' 00  

l4 " 37 
16 ' 2.'> 
16 03 
15 ' 5  

1 5 ' 55  
1 6 ' 1� 
16 " 78 

22 ' 8  

24 ' 00 

23 07 

16 ' 00  

21 ' 07 

13 00 
W OO  

24 ' 5  

1 0 ' 00  

1 6 ' 00  
1 2 ' 00  
27 - 5  

Armor. 

1).9 in. deck. 

1).9 " 

Main Armament. 

1 � �-i
,
� . B. L. ri�:8. 

1 4 8 H U 
8 6 " " 
2 5 U H 

. . .  2 4 " R. fire " 

2 H to 3 in. deck . .  ; � g : : H .• �. :: 
2 � . . , 3 u . �  1 2 6 U U H 
y"c " " Ya h  . . 4 6 U H H 
% •• deck. 6 6 h H U 

8 " to 12 \ 4 10 " H H 
in. " 6 6 " " �, 

12 j 2 12 u U " 
j 6 6 U H H 

2'L " to 4 d k I {  4 H " U H 715 in. ec . 6 6 "  U H 
f� H deck. 3 15 H dynamit� guns. J 3 l'pounder R. �'. 1 8 18,10 . \,(,rjJedoc8. J 2 12 . . B. L. rilles. in.  7� . .  to 13 

2� , .  " 4 
2 " .. 3 

I 2 10 "  .. . . 

" H 12 f) ; . �. H 
1� 6 H H H 

{) 6 u , . • • 
ti ij H '" ., 

% . .  deck. % " 
" 

) 3 " to  6 1 4 ,. " 10 
in. deck. {) 8 ' .  . � H 

2 " , . 4� H 

2� " 

12 4 " R. F· " 
H \ 4 8 H B. L. ., 

'/ 10 5 " R. F. " J l tj H  " rifle. . ,  
1 10 5 , . h rifles. !1 5 "  U u 

9 5 H U U 
\J 5 H H H 

\ 1 {) "  H . ,  
1 i I " 2� h " 1 10 5 " " u 

6 H " 18 

do. 
do. 

2)i " u 4 

2� " . , 4 

6 u " 15 

I 3 " " 6 " ) 4  " " 8  u {iJ u u  % H  

9 " " 17 

do. 

Similar to Kearsarge. 

4 4 "  R. F. .. 
4 6-pounder R. F. H 4·\U. R. F. 
8 4 " •• i 4 13-in . B. L. nfles. 
S 8 "  " _. 
4 6 "  u � .  

{ 
do. 
do. 

1 8 "  B.  L.  rifle. 
2 6 "  R. F. rifles. t4 4 H U h  
3 1-pdr. H H j I 8·in . B. L. rifle. 

I � � : : R. F. rifles. { 4 12 " B. L. " 
8 8 "  h •• 
t> 4 • • R. F. H 
8 8 H B. L. " 

12 5 U R. F. " 8 4- H . � u 
2 torpedo tubes. I 3 l -pdr. R. F. guns. 1 3 18 m. Whitebeads. { 4 1 3 " B. L. rifles. 4 8 H h • • 

14 5 " R. F. guns. 
do. d 4 u . �  u j '3 18 " Whiteheads. I 4 I-pdr. R. F. guns. 

--�����------�-�==============��======================�=============-� 

Note 1 .  To this list must be added the four completed monitors of the Miantonomoh type, and the Puritau. 
Note 2. Where not specified as deck armor the dimensions relate to side and turret armor. 

they are certainly in many respects greatly superior. 
That is to say, size for size, they are fast.er, llJore heav
ily armed and armored, and better protected. The 
MaHH:1chusetts, as a battleship ; t.he Brooklyn, as an 
arlllored cruiser ; and t.he Minneapolis, as a protected 
cmiser, are relatively unmatched by anything atloat to
I.lay. The followmg tahle shows the increase in fighting 
power of the individual ship in the past fifty years : 

Dis- I Maximum 

Date. P
m
la
e
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n

e
t
-
. 

S
k

P
n

e
o

e
ts
d A Weight of. penetration 

rmor. broadside I through iron. 
__ Tons. __ 

. 
____

___ 
. !___ _ 

Mississippi. . . 1�4G 3,220 7'33 none 324 lb. I 3 in.  at 500 yds. 
Massachusetts 189tl 10,288 16'15 18 in. steel. 5,724 lb. 30 in. at 500 yds. 

Equally remarkable has been the improvement in 
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engines and boilers ; indeed, it may safely be said that 
the development of the marine engine, both in the 
merchant marine and in the navy, has been the most 
potent factor in bringing the steam engine up to its 
present high standard of efficiency. The necessity of 
keeping down the size of wal' ships, coupled with the 
high speed required, and the all too scanty space allot
ted to engines and boilers, have led the marine engineer 
to bend every energy to the reduction of weight. and 
the increase of efficiency. What was merely desirable 
on land was absolutely imperative on the seas, and 
hence the marine engine has usually led the way in the 
improvement of steam machinery. The compound 
engine, with its higher pressures and wider range of 
expansion ; the triple and then quadruple expansion 
engine-a furthet' advance upon t.he same line ; the 
larger use of steel in construction of engines and boil · 
ers ; the extended use of water tube boilers ; forced 
draught ; and many other advanced forms of steam 
engine practice, were early utilized and improved by 
the naval engineer. The accompanying illustration of 
the engines of the Powhatan, 1849, and the Ericsson, 
1891, for which we are indebted to the present Engineer
in-Chief of the Navy, George W. Melville, shows very 
graphically the decrease in bulk and the increase in 
power of the marine engine. While steam pressure has 
increased from 15 to 250 pounds, and the revolutions 
per minute from 14 in the paddle steamer to 412 in the 
screw steamer, the weight of machinery per horse 
power has decreased from 972 to 56 pounds ! 

The development of guns and armor during the past 
half century has fully kept pace with the advance in 
ships and engines. I n  1846 the guns were cast iron smooth 
bores, firing spherical projectiles at low velocities ; and 
for armor the ships relied upon great thickness of wood. 
The cast iron Columbiads ranged in size from the I' 
inch, 4� ton gun, to the 20 inch, 57� ton gun, tilt' 
former throwing a 68 pound, the latter a 1 ,000 pound 
projectile. The year 1860 saw the commencement of 
the manufacture of the celebrated Parrott gun, which 
was destined to play such an important part in the 
war. In this gun were introduced the two elements of 
reinforcement and rifling, the body of the gun being of 
cast iron, with a wrought iron hoop shrunk on over the 
breech. They were very formidable weapons, an 8 inch 
rifle having, in  1865, thrown a 52� pound shell, 
with an initial velocity of 1 ,809 feet per second. 
thereby establishing a claim for the Parrott as " the 
most formidable service gun extant " at that time. 
After the war there was twenty years of stagnation, sim
ilar to that in the navy, in the matter of ordnance and 
coast defense, and in 1885, the brick and stone forts of 
1860-65, surmounted by antiquated smooth bores and 
Parrott rifles, were all the defense which the nation 
could offer in the event of attack by the powerful 
artillery of a foreign power. In that year a complete 
investigation of the defenseless condition of our va
rious seacoast cities was made by what is known as 
the Endicott Board, who reported that to put the 
coastline in a state of thorough defense would require 
the expenditure of about $100,000, 000 for guns and 
forts. The recommendations of this board, modified k 

THE KEARSARGE, 1896 ; SEA·GOING BATTLESHIP. 
Displacement" 1 1 , 025 tonll ; speed (proposed), 16 knots ; material of construction, steel ; type, superimposed turret and rapld-f!re broadside ; armor, 9 Inches to 17 inches. 

Hal'\'f'\' �t ('d , armament, fOllr 18 inch and four 8 inch breech·loading rlflel! ; tourteen Ii inch raplll·fire guns ; thirty "malleI' rapid-tire guns ; five torpedo tubes. 
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meet the present requirements, as a Ramage press, and it was used 
would call for the mounting of by Benjamin Franklin in London in 
about 1 , 500 modern guns and mo1'- 1725. 'l'he press is cclllstructed al-
tars of from 8 inch to 16 inch cati- most entirely out of wood, though 
bel', and 360 rapid fire gr.ns. At the iron was subsequently used in many 
present writing New York, San of the parts_ On the clumsy frame 
Francisco and Boston have between the great statesman has left the 
them some 50 to 60 modern guns marks of his inky fingers. It is now 
and mortars mounted in place ; and in the National Museum, at Wash-
including the sum voted at  the close ington. In the early part of the 
of the Congress of 1895-96, about 20 present century Earl Stanhope in-
per cent of the necessal'y sum has vented a press made entirely of iron, 
been appropriated. The accolllpa· � the fraIlle being cast in a single 
nying diagram of a modern United piece. The power was applied by 
States 8 inch rifle may be taken as a combination toggle joint and lever. 
typical of the guns which will be The Colum bian press was invented 
mounted in the proposed system of by a Philadelphian in 1817. The 
coast defense. It is an all-steel, power

' 
was applied by a compoulld 

built-up hooped gun, with a breech- level'. In 1829 the Washington press 
loading mechanism of special pat- of Samuel Rust was introduced, and 
tern, and great facility of manipu- many improvements were intro-
lation. This comparative diagram, duced in inking, and later a self-
together with the comparative table inking device was invented, The 
of the 8 inch guns of the Missis- first power press produced in Amb-
sippi and the Massachusetts, show rica was that of Daniel Treadwell, 
the growth in size and power during of Boston, in 1822. The Adams 
fifty years. It is only during the press was invented in 1830, and has 
past few years that the manufacture superseded all other platen presses, 
of modern armor has been under- the impression being given by rais-
taken in the United States, yet we ing the bed upon which the form 
have easily moved to the front place rests against a stationary platen. 
by the introduction of the Harvey The first attempt to make a rotary 
system of face-hardened armor, by press was that of Friedrich KBnig, 
means of which the resisting power in 1814. In this the type mOVE:* 
of a plate is increased some 50 per hOl'izontally, and it could give 1,80. 
cent. Already our makers are fill- impressions per hour. 
ing important orders for European The first great step toward facili-
navies, and the English Admiralty tating the rapid and cheap produc-
have adopted a modified form of the tion of the modern newspaper was 
system in preference to any other for made by Col. Robert Hoe, of New 
all ships now building and planned. York, about 1840, when the first of 

•• • ... the type-revolving presses '\\ as built. 
FIFTY YEARS IN THE PRINTING At about the same time a type-

BUSINESS, revolving press on materially dif-
The far more general dissemina- ferent lines, the Applegath ma-

tion of intelligence, the rapid and chine, was brought into practical 
efficient means of intercommuni- use in England. This machine 
cation between all parts of the THE FRANKLIN HAND PRESS IN THE N ATIONAL MUSEUM WASHINGTON, was first employed by the London 
world, with the cheapening and Times in 1848. In the Applegath 
broadening of all educational facilities, constitute,

. I cheap literature and which more properly belong to I machine the typeholding cylind:r revolved on ve�tical 
perhaps, the most notable feature of the progress of the epoch we are considering. axes, and the machine could prmt about 12,000 smgle 
the world during the past half century, and the one The press shown in the engraving is what is known sheets on one side in an hour. In the Hoe machine the 
most vitally con- type cylinder re-
tributing to the volved on a hori-
success of all our zontal axis. This 
great industries
the perfection and 
i n  t I' 0 d u ction of 
m o s t  o f  t h e  
world's great in
v e n t i o n  s. The 
printing press 'bas 
been the great dis
s e m i n  a t o r  of 
k n o w  l e d  ge, the 
cheap educator of 
the people. As a 
p r o m o t  e I' of its 
efficiency the elec
tric telegraph has 
performed m o s t  
splendid service, 
finding therein its 
earliest efficient 
support, and an 
array of inventors 
have found a pro
fitable field in the 
numerous devices 
which contribute 
to the perfection 
of the printing 
press of to-day or 
add to its ability 
to most promptly 
and cheaply serve 
the largest num
\IeI' of readers. In 
t'he development 
of the printing art 
in the U n i t  e d 
States the name of 
Franklin will ever 
be memorable, so 
that it is most fit
t i n g  t h a t w e  
should illustrate 
Franklin's 0 w n 
press before re
viewing the great 
inventions which 

c o n t r i b u ted so 
largely to t h e  
dissemination of 

EIGHT CYLINDER HOE PRESS OF 1850 USED IN PRINTING THE NEW YORK SUN 
Capacity, 20,000 per bour. Reproduced from an early print in the SCIENTIFIO AMERICAN. 

arrangement f o r  
feeding the sheets 
was more simple, 
and the capacity 
of the press varied 
according to the 
number of impres
sion cylinders ar
ranged around the 
type c y l i n d e r ,  
these presses be
i n  g successively 
made with foul', 
six, eight, and ten 
impression cylin
ders, respectively. 
A f 0 u r-cylinder 
press of this kind 
was built for the 
Philadelphia Led
ger in 1845. The 
fi r s  t eight-cylin
der p r e  s s w a ;, 
built for the New 
York Sun in 1850, 
and the first ten
cylinder press for 
the New Y o  I' k 
Herald in 11357. 
O u r engravillg' 
shows the eight
cylinder Hoe press 
of 1850 as furnish
ed to the New 
York Sun office. 
The average ca
p a c i t  y of the 
presses was 2,000 
single sheets pel' 
bour per cylinder, 
or 20,000 sheets pel' 
hour, on one side, 
on the I a l' g e s t  
press, the ten-cyl 
i n d e r .  T h e s e  
p r e  s s e  s were 37 
feet long, 18 feet 
high, and 21 fect 
wide, and were 
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beautiful pieces of mechanism to look at in full opera
tion, as all their working parts could be seen to ad
vantage, the ten feeders, five on each side, supplying 
the sheets, which traveled on tapes to and around an 
impression cylinder, the latter pressing the paper 
against the inked type, which was held on the large 
central revolving cylinder. Between each two impres
:,;ion cylinders the type passed under inking rollers, and 
the paper printed upon was passed back by tapes t;) 
delivery boards, each revolution of the main cylinder 
of the ten-cylinder press thus printing ten separate 
sheets of paper. 

The great advance thus effected upon all previous 
llleans of fast newspaper printing was deemed one of 
the highest triumphs of mechanical genius during the 
decade from 1850 to 1860, but this success was entirely 
along the lines established by the presses at work in 
1845. Still faster work was, however, imperatively de
manded, to meet the enormous increase in the public 
demand for newspapers, which publishers were enabled 

J eitutific �mtti,au. 
passing through the press. In its largest size, the octu
pIe machine, of which but one has yet been placed in 
opel'ation, this press prints, folds, and counts 96, 000 
complete eight-page papers per hour, or 48, 000 sixteen
page papers, the size of the page being that of the ordi
nary daily newspaper. The press has eight plate or 
impression cylinders, there being eight stereotype plates 
or pages on each cylinder, and the paper of double 
width is fed from four independent rolls, 73 inches wide, 
one side being printed upon as the paper passes ovel' 
the set of stereotype pages on one cylinder and the 
other side being printed npon as it passes over the 
plates of another cylinder. The paper rushes through 
the cylinders at a speed of thirty-two and one-half 
miles an hour, the several sheets being separated and 
folded, and passed out of the press with accuracy and 
precision. The entire work is automatically performed, 
aftel' the press is once started, but it requires the active 
labor of ten men and boys to operate it and to remove 
the folded sheets as fast as they are printed. 

8 1  
Adams press was, until a much later period, considered 
the most excellent of all presses for book work. It had 
a flat bed and platen, the impression was even and the 
distribution of the ink most perfect, but its speed was 
only about 1, 000 impressions an hour. There are now 
less than ten manufacturers of printing presses in 
the United States, making the presses cOlllltlonly used 
in book and job printing offices, and for newspapers 
having but a limited circulation. In these presses the 
type forms are placed on a flat bed which reciprocates 
under a cylinder around which the paper is carried to 
receive its impression, this style of press allowing for 
the most even inking of the forms as they pass un
der horizontally arranged rollers. Among presses of 
this description which were early in the field, and have 
attained a wide use, have been, besides the presses made 
by R. Hoe & Company, the A. B. Taylor, the Campbell, 
the Cottrell, the Potter and the Babcock. An objec
tion to the use of these presses for book work was at 
first found in the fact that the stereotype plates were 

THE HOE OCTUPLE PRESS OF THE NEW YORK WORLD. 

Capacity, 96,000 per hour, or 1,600 every minute. The paper travels through the press at the rate of 3272' miles an hour. The paper is printed, pasted, cut, folded, 
and counted automatically, 

more easily to furnish at reduced prices, when the sub
stitution of wood pulp for rags had greatly lessened the 
cost of paper. But it is of primary importance to note, in 
connection with the next great advance in fast printing, 
that all promptly issued editions of newspapers, prior 
to 1860, were printed from the type forms direct. To 
make stereotype plates with sufficient expedition for 
the requirements of newspaper work had not, before 
that time, been considered practicable, but this diffi
culty was removed in 1861 by the employment of a 
steam bed to dry a novel style of papier mache matrix, 
or mould, which could be conveniently used for making 
stereotype reproductions of the type pages, in the form 
of plates to fit around cylinders. At first it required 
half an hour to make a single plate, but now a plate is 
made in about seven minutes, and half a dozen dupli
cates of the same plate can be made in fifteen minutes. 
This made possible the modern " perfecting )) press, so 
called because both sides of the paper are printed in 

We illustrate one of these presses, which is now in 
operation in the printing room of the New York World. 
The two others will also be placed in position as soon as 
completed. The presses are 14 feet high and 25 feet 
long. The machine delivers the papers counted out in 
bundles of twenty-five. When all three presses are in
stalled, they will be able to print each hour 748,000 
eight-page sheets, or an equivalent of an output of 
over 42 tons of printed matter per hour. 

Besides, however, the improvements which have been 
made to facilitate the printing of the daily newspaper, 
there has been equally marked progress during the past 
fifty years in bettering the appliances for the printing 
of books, magazines, and illustrated newspapers. In 
1837, Messrs. Harper & Brother, the great New York 
publishers, had in use thirty-seven hand presses and 
but one machine press, and between 1840 and 1855 two 
kinds of presses had almost the exclusive sale in the 
American market, the Adams and the Hoe. The 

liable to be broken by the great pressure brought to 
bear upon them by the impression cylinder, but this 
objection was overcome by the introduction, about 
1850, of electrotyping, whereby much better and 
stronger plates could be made. 

In noting the great size of the newspaper of the 
present day, the large amount of reading lllatter daily 
presented, one other agency has also had a most im
portant influence, namely, the typesetting machine. 
It is probable that in no other line of effort have so 
many inventors labored as in that of making an effi
cient typesetting machine, and so far has success been 
attained that in most of the large newspaper offices of 
the country typesetting machines are now employed. 
Among such machines may be mentioned the Alden, 
the Thorne, the Paige, the McMillan, the Rogers, and 
the Mergenthaler. 'l'he latter set.s and casts type lines, 
and was fully illustrated and described in the SCIE�. 

TIFIC AMERICAN of January 13, 1894. 
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M U N N  & co . . Editors and Propriet.ors. 
PUBLISHED WEEKLY AT 

No. 36 1 BU,OAD WAY, NEW YORK. 
THE PRIZE ESSAY OF OUR SEMI-CEN TENNIAL 

ANNIVERSARY NUMBER. 
We take much pleasure in announcing that the win

ning essay in our prize competition on the subject of the 
progress of invention during the past fifty years was 
written by Mr. Edward W. Byrn, of ·Wasnington, D. C. 

The names of the writers of the five next best essays, 
to be published in subsequent issues of the SCIENTIFIC 
AMERICAN SUPPLE:\IKNT, are as follows : Edmund 
Becker, Washington, D. C. ; George M. Hopkins, 
Brooklyn, N. Y. ; Gardner D. Hiscox, New York City ; 
Frederic de Garis, Patchogue, Long Island, and A. M. 
Farlow, Barlow, Ohio. 

When our readers learn that the successful essay 
was closely pressed for first place by many of its com
petitors, they will understand t hat the competition, 
taken as a whole, was of an exceptionally high order. 
As compared with the half dozen essays which head 
the list, the balance of the manuscripts are rated by the 
judges at a high standard, and we may say that there 
are few that lapse into mere mediocrity. 

This result is part icularly creditable to the competi
tors, and especially so, when we bear in mind the 
great breadth of the subject and the amount of care
ful research that was necessary to its ample but dis
criminating treatment. 'Ve were guided in our selec
tion of this subject as much by the fact that to handle 
it successfully would involve many hours of careful 
preliminary reading, as by the fact that it was specially 
appropriate to a semi-centennial number. The result 
has fully justified our expectations, and our readers 
will find that the winning essay, which we publish 
in the adjoining columns, and those which will follow 
in consecutive numbers of the SCIENTIFIC AMERICA N 
S UPPLEl\1ENT, bear the internal evidence of careful and 
systematic research. 

The presence of college students among the competi
tors calls for mention of the fact that the proximity of 
the summer examinations has shut out many college 
men from this competition ; and the efforts of those who 
did send in their essays call for a word of special re
cognition. 

It is an interesting fact, worthy of record here, that 
the interest in the competition was not confined to 
America, but that it brought some excellent MSS. to 
this office from different quarters of the globe. Any 
further discussion of the merits of the essays can best 
be given in the words of .Judge A. P. Greeley, of the Pa· 
tent Office, Washington, who, in forwarding his report, 
says : .. Many of those which I have placed somewhat 
low on the list are of decided merit, and only fail of 
higher rating because of failure to cover the broad field 
of invention. Some of them show a remarkably full 
and accurate knowledge on particular lines, without 
the broad grasp of the whole field. 

. " I  have ueen much interested in these essays. 
They evidence a widespread knowledge and ap
preciation of the progress that has been made in the 
last fifty years. It has been by no means easy to deter
mine the best one of the half dozen or more at the top 
of the list ; but the selection I have made is the result 
of careful consideration, and is my best j udgment in 
the matter. " 

rhe result of the vote on the question as to what in
vention introduced during the past fifty years has con
ferred the greatest benefit upon mankind places 
Bessemer Steel in the place of honor. Then come the 
Telephone and the 'l'elegraph-though we think the 
relative order of these two should more j ustly be in
verted. Following these come the Sewing Machine, 
the Reaper, the Electric Light, the Electric Motor, 
the Bicycle, the Grain Binder and the Westinghouse 
Air Brake. There were several miscellaneous votes, 
which we cannot give in detail ; but our readers will 
pardon our mentioning with all modesty that not a 
few correspondents wrote that the SCIENTIFIC AMERI
CAN has conferred the greatest benefit upon mankind. 
While we cannot agree with this opinion, we appreciate 
highly the kind feeling which prompts the sentiment. 

In the course of the past fifty years expressions of 
good will like this have been by no means infrequent ; 
and we enter upon the second half century of our 
journalistic life with the confidence that these cordial 
relations between ourselves and our subscribers wiII 
strengthen as the years go by. 

Our cordial thanks are due to .Judge A. P. Greeley, 
of the Patent Office, Washington ; Prof. R. H. Thurs
ton, of Cornell University ; and Prof. R. S. Wood
ward, of Columbia University, for the valuable ser
vice they have rendered in acting as a j ury in the 
above competition. It would be difficult to find three 
gentlemen whose time is more fully occupied ; and 
that they should have taken in hand j ust now a mat
ter involving so much careful attention places both 
ourselves and our readers under a debt of obligation 
which we take this opportunity to acknowledge. 

J t itutifit  jlUtfitau. 
12110 PRIZE ESSAY COMPETITION. 

THE AWARD. 
Editor SCIENTIFIC AMERICAN : 

Dear Sir : Having completed our examination of the 
essays on the subject of " The Progress of Invention 
During the Past Fifty Years, " we beg to announce that 
the essay receiving the highest average rating was writ
ten by " Beta, " who, on opening the sealed envelope 
accompanying the manuscript, was found to be Mr. 
Edward W. Byrn, of Washington, D. C. To him, 
therefore, the prize of $250 should be awarded. The 
names and addresses of the five authors receiving the 
next highest average ratings are given in order below. 
It remains only to add that each member of the com
mittee examined the essays independently, marking 
them on a scale of 100, and that the average of the three 
independent ratings was taken in each case for the final 
rating of an essay. 
" Liberty," Edmund Becker, office of Lighthouse 

Board, Treasury Department, Washington, D. C. 
" Investigator, " George M. Hopkins, Brooklyn, N. Y. 
• •  Semper Fidelis, " Gardner D. Hiscox, N. Y. City. 
" Verbum Sap. III ,"  Frederic de Garis, Patchogue, 

Long Island, N. Y. 
" A. Malcom, "  A. M. Farlow, Barlow, O. 

Very truly yours, 
R. H. THURSTON, Cornell University. 
A. P. GREELEY, U. S. Patent Office. 
R. S. WOODWARD, Columbia Univ. 

Committee. 
• I . ,  • 

THE PROGRESS OF INVENTION DURIlfS THE PAST 
FIFTY YEARS. 

PRIZE ESSAY BY " BETA , .  (EDWARD w .  BYRI!!, A ••• ) 
If the life of man be threescore years and ten, fifty 

years will about mark the span of ripe manhood's busy 
labor, and the sage of to-day, turning back the pages 
of memory, may, as the times pass in review, enjoy the 
rare privilege of personal observation of, direct contact 
with, and positive knowledge concerning the events of 
this prolific period. To him what a vista it must pre
sent ; what a convergence of the perspective ;  for the 
past fifty years represents an epoch of invention and 
progress unique in the history of the world. It is some
thing more than a merely normal growth or natural de
velopment. It has been a gigantic tidal wave of human 
ingenuity and resource, so stupendous in its magnitude, 
so complex in its divel'sity, so profound in its thought, 
so fruitful in its wealth, so beneficent in its results, that 
the mind is strained and embarrassed in its effort to ex
pand to a full appreciation of it. Indeed, the period 
seems a grand climax of discovery, rather than an in
crement of growth. It has been a splendid, brilliant 
campaign of brains and energy, rising to the highest 
achievement amid the most fertile resources, and con
ducted by the strongest and best equipment of modern 
thought and modern strength. 

The great works of the ancients are in the main mere 
monuments of the patient manual labor of myriads of 
workers, and can only rank with the buildings of 
the diatom and coral insect. Not so with modern 
achievement. This last half century has been pecu
liarly an age of ideas and conservation of energy, ma
terialized in practical embodiment as labor-saving 
inventions, often the product of a single mind, and 
partaking of the sacred quality of creation. 

The old word of creation is, that God breathed into 
the clay the breath of life. In the new world of in
vention mind has breathed into maUer, and a new and 
expanding creation unfolds itself. The speculative 
philosophy of the past is but a too empty consolation 
for short-lived, busy man, and, seeing with the eye of 
science the possibilities of matter, he JJ8,S touched it 
with the divine breath of thought and made a new 
world. 

It is so easy to lose sight of the wonderful, when once 
familiar with it, that we usually fail to give the full 
measure of positive appreciation to the great things of 
this great age. They burst upon our vision at first like 
flashing meteors ; we marvel at them for a little while, 
and then we accept them as facts, which soon become 
so commonplace and so fused into the common life as 
to be only noticed by their omission. 

Perhaps, then, it will serve a better purpose to con
trast the present conditions with those existing fifty 
years ago. Reverst' the engine of progress, and let us 
run fifty years into the past, and practically we have 
taken from us the telegraph, the sewing machine, the 
bicycle, the reaper and vulcanized rubber goods. We 
see no telephone, no cable nor electric railways, no elec
tric light., no photo-engraving, no photo-lithographing 
nor snapshot camera, no gas engine, no web perfecting 
printing press , no practical woodworking machinery 
nor great furniture stores, no passenger elevator, no as
phalt pavement. no st.eam fire engine, no triple expan
sion steam engine, no Giffard injector, no celluloid, no 
barbed wire fence, no time lock for safes, no self-bind
ing harvester, no oil nor gas wells, no ice machines nor 
cold storage. We lose the phonograph and graphophone.
air engines, stem winding watches, cash registers and 
cash carriers, the great suspension bridges, iron frame 
buildings, monitors and heavy ironclads, revolvers, 
torpedoes, magazine guns and Gatling guns, linotype 
machines, all practical typewriters, all pasteurizing, 

knowledge of microbes or disease germs, and sanitary 
plumbing, water gas, soda water fountains, air brakes, 
coal tar dyes and medicines, nitro-glycerine, dynamite 
and guncotton, dynamo electric machines, aluminum 
ware, electric locomotives, Bessemer steel, with its won
derful dev�lopments, ocean cables, etc, The negative 
conditions of that period extend into such an appalling 
void that we stop short, shrinking from the thought of 
what it would mean to modern civilization to eliminate 
from its life these potent factors of its existence. 

As the issue of patents in this country is based upon 
novelty, it will aid us in the effort to appreciate this 
great movement to note the increase of United States 
patents in the past fifty ye,ars. Beginning in 1846, and 
dividing the time into periods of five years, the increase 
is shown most graphically in the scaled diagram No. 1 .  

If the growth of United States patents and the pro· 
gress of the last half century can be taken as fairly cor
related, what an insignificant thing is the little atten
uated triangle back of 1846 compared with the swelling 
curves of the later period ! It is probably safe to say 
that fully n ine-tenths of all the material riches and 
physical comforts of to-day have grown into existence 
in the past fifty years. 

It is interesting to observe how closely the grant of 
patents and the prosperity of the country are related. 
Referring to scaled diagram No. 2, the zigzag line marks 
the increase or decrease in the patents issued from year 
to year. We note the depression of the civil war, fol
lowed by the rapid reaction and growth of reconstruc
tion. Again, the depression caused by the financial 
panic of 1873, and again in 1876, the unsettled and dan
gerous condition of politics incident to the contested 
presidential election. This was followed by another 
wave of prosperity, indented with depressions in the 
presidential election years, while the stringency of the 
times from 1890 to 1894 shows a marked influence in the 
corresponding depression in the line, all of which indi o 
cates a most sympathetic relation. 

Passing now to the chronological development of the 
period, Morse had j ust harnessed the most elusive steed 
of all Nature's forces, and put it in the permanent ser
vice of man ; when nitro-glycerine, discovered by So
brero, in 1846, for the first time lent its terrible empha· 
sis, and seemed to bring an awakening of the dormant 
genius of man. 

Within the first decade (1846-1856) came the sewing 
machine, Bain's chemical telegraph, the Suez Canal, 
the House printing telegraph, the McCormick reaper, 
the discovery of the planet Neptune, the Corliss engine, 
the collodion and dry plate processes in photography, 
the Ruhmkorff coil, the Bass time lock for safes, the 
electric fire alarm of Channing & Farmer, Gintle's du
plex telegraph, the sleeping car of Woodruff, Wilson's 
four-motioned feed for the sewing machine, Ericsson's 
hot air engine, the Niagara suspension bridge, and the 
building of the Great Eastern. 

The next decade (1856-1866) brought with it the At
lantic cable, the discovery of the aniline dyes by Per
kin, the making of paper pulp from wood, the discovery 
of coal oil in the United States, the invention of the 
circular knitting machine, the Giffard injector, for sup
plying feed water to steam boilers ; the discovery of 
caesium, rubidium, indium and thallium ; the McKay 
shoe sewing machine, Ericsson's ironclad monitor, No
bel's explosive gelatine, the Whitehead torpedo, and 
the first embodiment of the fundamental principles of 
the dynamo electric generator by Hjorth, of Den
mark. 

The next decade (1866-1876) marks the beginning of 
the most remarkable period of activity and develop
ment in the history of the world. The perfection of 
the dynamo, and its twin brother the electric motor, by 
Wilde, Siemens, 'Vheatstone, Varley, Farmer, Granlme, 
Brush, Weston, Edison, Thomson, and others, soon 
brought the great development of the electric light and 
electric railways. Then appeared the Bessemer process 
of making steel ; dynamite ; the St. Louis bridge ; the 
Westinghouse air brake ; and the middlings purifying 
and roller processes in milling. That great chemist and 
probably greatest public benefactor, Louis Pasteur, 
added his work to this period ; the Gatling gun ap
peared ; great developments were made in ice machines 
and cold storage equipments ;  machines for making 
barbed wire fences ; compressed air rock drills and the 
Mont Cenis tunnel ; pressed glassware ; Stearns duplex 
telegraph, and Edison's quadruplex ; the cable car sys
tem of Hallidie, and the .Janney car coupler ; the self
binding reaper and harvester ; the tempering of steel 
wire and springs by electricity ; the Lowe process for 
making water gas ; cash carriers for stores ; and ma
chines for making tin cans. 

With the next decade (1876-1886) there arose a star of 
the first magnitude in the constellation of inventions. 
The railway and telegraph had already made all people 
near neighbors, but it remained for the Bell telephone 
to establish the close kinship of one great talkative 
family, in constant intercourse, the tiny wire, sentient 
and responsive to the familiar voice, transmitting the 
message with tone and accent unchanged by the thou
sands of miles of distance between. Then come in or
der the hydraulic dredges, and Mississippi jetties of 
Eads ; the .J ablochkoff electric candle ; photography by 
electric light ; the cigarette machine ; the Otto gas en· 
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gine ; the great improvement and development o f  the the web perfecting printing press, the typewriter, the 
typewriter ; the casting of chilled car wheels ; the Birk- modern bicycle, and the cash register is beyond enu
en head and Rabbeth spinning spindles ; and enameled meration or adequate comment. 
sheet iron ware for the kitchen. Next the phonograph Looking at this campaign of progress from an an
of Edison appears, literally speaking for itself, and re- I thropological and geographical standpoint, it is inter
producing human speech and all sounds with startling ' esting to note who are its agents and what its scene of 
fidelity. 'Vho can tell what stores of interesting and action. It will be found that almost entirely the field 
instructive knowledge would be in our possession if the lies in a little belt of the c i vilized world between the 
phonograph had appeared in t he ages of the past, and 30th and 50th parallels of latitude of the western hem i
itH records had been pl'esel·ved. sphere and between the 40th and 60th parallels of the 

The voices of our dead ancestors, of Demosthenes western part of the eastern hemisphere, and the work 
and Cicero, and e\'en of Christ himself speaking as of a relatively small number of the Caucasian race 
he spake unto the Jllultitude, would be an enduring under the benign influences of a Christian civilization. 
realit.y and a precious legacy. In  this decade we also Remembering, furthermore, that most of this great 
find the first electric railway operated in Berlin ; the development is of American authorship, does it not 
development of the storage battery ; welding metals by app ear plain that all this marvelous growth has some 
electricity ; passenger elevators ; the construction of the correlation that teaches an important lesson ? 'Vhy 
Brooklyn bridge ; the synthetic production of many should this mighty wave of civilization set in -at such a 
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useful medicines, dyes, and antiseptics, from the coal
tar products ; and the Cowles process for manufactur-. 
ing aluminum. 

In the last decade (1886-1896) inventions in such great 
numbers and yet of such importance have appeared 
that selection seems impossible without doing injustice 
to the others. The graphophone ; the Pullman and 
'Wagner railway cars and vestibuled trains ; the Harvey 
process of annealing armor plates ; art ificial silk from 
pyroxyline ; automobile or horseless carriages ; the 
Zalinski dynamite gun ; the Mergenthaler linotype 
machine, moulding and setting its own type, a whole 
line at a time, and doing the work of four compositors ; 
the Welsbach gas burner ; the Krag-Jorgensen rifle ; 
Prof. Langley's aerodrome ; the manufacture of acety
lene gas from calcium carbide ; the discovery of argon ; 
the application of the cathode rays in photography by 
Roentgen ; Edison's fluoroscope for seeing with the 
cathode rays : Tesla's discoverie;; in  electricity, and the 
kinetoscope, are some of the modern inventions which 
still interest and engage the attention of the world, 
while the great development in photography, and of 
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recent period, and more notably in our own land, 
when there ha\'e been so many nat ions far in advance 
of us in point of age ? '.rhe answer is to be found in 
the beneficent institutions of our comparat ively new 

and free country, whose laws have been made to j ustly 

regard the inventor as a public benefactor, and the 
wisdom of which policy is demonstrated by the growth 
of this period, amply proving that invention and civ
i lization stand correlated-invention the cause and 
ci vilization t he effect. 

This retrospect, necessari l y  cursory and superficial, 
brings to view sufficient of the great inventions as 
milestones on the great road way of progress to inspire 
us with emotions of wonder and admiration at the 

resourceful and dominant spirit of man_ Delving into 

the secret recesses of the earth, he has tapped the hid

den supplies of Nature's fuel, has invaded her treasu re 

house of gold and silver, robbed Mother Earth of her 

hoarded stores, and possessed himself of her family 

record, finding on the pages of geology sixty millions 

of years existence. Peering into the invisible little 

world. the infinite secrets of microcosm have yielded 

their fruitful and potent knowledge of bacteria and 
cell growth. With telescope and spectroscope he has 
climbed into limitless space above, and defined the size, 
distance and constitution of a star millions of miles 
away. The lightning is made his swift messenger, and 
thought flashes in submarine depths around the world, 
the voice travels faster than the wind, dead matter is 
made to speak, the invisible has been revealed, the 
powers of Niagara are harnessed to do his will, and 
all of Nature's forces have been made his constant ser
vants in attendance. We witness a new heaven and a 
new earth, contemplation of which becomes oppressive 
with the magnitude and grandeur of the spectacle, 
and involuntarily we find ourselves asking the ques
tion, " Is it all done ? Is the work finished ? Is the 
field of invention exhausted ?" I t  does seem that it is 
quite impossible to again equal the great inventions of 
this wonderfully prolific epoch ; but as these great in
ventions, which now seem cOIll lllonplace to us, would 
have seemed quite impossible to our ancestors, we may 
indulge the hope of future possibilities beyond any 
present conception, but onward and upward in the 
great evolution of human destiny. 

Rejoicing in our strength and capabilities, the new 
light of man's power and destiny breaks more clearly 
over us, and content with the infinite quality of mind 
and matter, the teachings of philosophy, and the facts 
of evolution, we rest in the assurance of positive know
ledge that all that has been done in the past is merely 
preliminary, that human ingenuity knows no limit, and 
1'0 long as man himself remains hedged about with the 
limitations 'If mortality and the conditions of growth. 
so long will his strivings and attainments be infinite. 

BETA . 
. . .  ' . 

STEEL. 

The term steel signifies iron containing a small per
centage of carbon, and in modern times the term has 
become extended so as to indicate iron containing an 
almost infinitesimal amount of carbon, provided the 
metal is produced by the open hearth or Bessemer pro
cess. In the early ages of the world meteoric iron, a 
close representative of modern nickel steel, was used by 
the ancients. The art of  producing iron in the  primitive 
fining hearth,  analogous to a blacksmith's forge, goes 
back to an early date. Then the blast furnace was in
vented. anc' "ast iron, containing a larger percentage of 
carbon than steel contains, was produced. In the in
tense heat of the blast furnace, with its prolonged con
tact with the fuel and gases of combustion, the iron 
absorbed over two per cent of carbon. Such iron is 
terUled cast iron. 

'Vith the exception of some special processes, the 
majority of steel in early days was produced from 
wrought iron. The laHer was made from cast iron by 
the puddling process. 'I'he cast iron in the form of 
pigs was melted on the hearth of a reverberatory fur
nace in contact with iron cinder and iron ore, accom
panied by constant stirring of the melted metaL The 
carbon was gradually oxidized, and wrought iron quite 
free from carbon was produced. This, after being 
worked down into shape by hammers and rolls, was 
inclosed in cases with shavings of horn and similar 
lllaterial and heated to a high heat for many hours. 
The metal absorbed carbon for the second time, and 
when removed from the boxes showed a blistered sur
face, and was termed blister steel. It was worked over 
to produce spring steel and shear steel, or was broken 
into pieces and melted in crucibles to produce cast steel, 
the crucibles holding from thirty to fifty pounds of steeL 

Puddling involved a constant stirring and working of 
the metal with a pokerlike tool termed a rabble. This 
seemed to involve much labor, and many attempts 
were made to get rid of it. Various forms of mp.chani
cal puddling machines were manufactured, ana about 
1870 a great deal of attent ion was attracted by the 

American Danks rotal'y puddling furnace, the proof of 

which is given in the fact that it was elaborately exam

ined in 1871 by a committee of English iron masters, who 

actually imported 40 tons of pig iron from England to 

test it with. 'l'his is cited to show the illlPortance at

tached at so late a period to the old puddling process. 

It seemed obvious that, by puddling cast i ron to a point 

when a portion of the carbon only was removed, steel 

might be directly produced ; and the iron and steel world 

of the later sixties was intensely interested in the 

production of puddled steel, which then offered the 

only prospect of producing steel in large units. Many 

lllinor inventions were made in the production of steel 

until the world was ready to receive the monumental 

one, tenned the " Bessemer process. " 

Sir Henry Bessemer early vegan his experiments on 

the production of steel from pig iron by the use of an 

air blast . His work was done principally in the fifties, 

and as evolved and developed by constant experiment, 

it took the shape of the following steps : Cast iron was 

melted in a cupola 01' a reverberatory furnace, and then 

was run into a vessel near whose bottom or in whose 

bottom were a number of blow holes, and through 

which before the introduction of the metal, a blast 

under
' 

heavy pressure was maintained. '.rhe hot iron 

was run in, and as the blast was forced thl'Oug'h it, it:; 

carbon and silicon were burnel out and its tempera

ture ro�e enorrnGudy, the C(l,'bon and silicon of the 
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iron forming the fuel. The original idea was to with
draw the metal when the carbon was sufficiently re
duced. This, however, proved impracticable, except 
with exceedingly pure iron, although this process has 
been successfully carried on for many years in Sweden. 
The least trace of phosphorus impaired the quality of 
the steel very greatly, and eventually the system was 
adopted of blowing the metal to the complete exhaus
tion of the carbon and of then adding a weighed quan
tity of ferro-manganese or of spiegeleisen, which were 
practically cast irons containing a large portion of 
manganese and carbon. By varying the proportions of 
these materials added, steel of any required percentage 
of carbon could be produced. As the Bessemer pro
cess gradually carne into use, it was seen that the 
manufacture of steel was revolutionized. It was intro
uuced into this country, and Holley, newspaper report
er, mechanical engineer, and metallurgist, found it a 
fertile subject for his genius, and developed the mechan
ical features of the process by the introduction of the 
most perfect hydraulic machinery for operating it. 
The converter in which the metal is treated is now an 
egg-shaped vessel, mounted on trunnions, and of size to 
treat at once from one to fifteen tons of melted iron. 
Its bottom is full of holes for the blast. It is turned 
down on its side to receive the charge, the blast is 
turned on, and it is brought into an upright position 
for the blow. As the air passes through the melted 
iron contained in it, a vivid flame issues from its 
mouth, and the carbon and silicon are burned out of 
the iron. It is next turned down to receive the 
carbonizing charge of ferro-manganese or spiegeleisen, 
and the effect of any phosphorus present is partly 
overcome by the manganese thus added. The steel, 
which is as Hquid as water under the intense heat, 
is poured iUlo moulds, and by hammer and roll is 
worked into any desired shape. The old steel pro
cesses treated steel in units of a few pounds weight. 
The Bessemer process increased the units to many tons. 

Something still was wanting ; very pure iron had to 
be used, phosphorus being ruinous. In 1878, only 
seven years after the visit of the English metallurgists 
to America to examine the Danks puddling furnace, an 
announcement was made by a young man, Mr. Sidney 
Gilchrist Thomas, who stated that by the use of lime 
he had succeeded in reducing the phosphorus in the 
Bessemer steel process. After exhaustive experiments 
the following basic Bessemer process, as it is termed, was 
evolved, Thomas being associated in the work with his 
cousin Gilchrist. The Bessemer converter was lined 
with special bricks consisting largely of lime and of 
magnesia. After being heated up by a coke fire, a 
quantity of lime was thrown into the converter and was 
further heated. 

The charge of iron was then introduced and the blow 
given with a period of some minutes of after-blow or of 
blast aft.er the carbon was all gone. Spiegeleisen or 
ferro-manganese was added to give the carbon and the 
metal was poured. The effect of the after-blow in the 
presence of the basic material removed the phosphorus 
almost entirely and proved the greatest advance yet 
made in the Bessemer process. This brings us down to 
recent times. Incidentally it may be mentioned that 
the slag produced in this process is so rich in phos
phoric acid that it is used to an enormous extent as a 
fertilizer. 

In 1856 Sir William Siemens explained a steam engine 
of his invention to the Royal Institution, an invention 
representing ten years of experimental researches. It 
was an attempt to apply the regenerative system for 
saving heat. It was found to be without practical 
utility, because the high heat destroyed the machinery. 
A year later his brother Frederick suggested the em
ployment of the system in a furnace. '1'he hint was 
sufficient. Extensive experiments were at once begun 
and the Siemens regenerative furnace was the result. 
It was practically perfected about 1860, and Michael 
Faraday's last lecture in 1862 was devoted to it. In 
the Siemens furnace the fuel is burned in a gas pro
ducer. By the admission of insufficient air for com
plete combustion, a combustible gas, termed producer 
gas, is produced. 'The gas is admitted to the hearth 
of the furnace and burned there with heated air, the 
gas also being heated on the way to the furnace. 

The essence of the Siemens invention lies in the way 
in which this heating is effected. The gas from the 
producer and the air for its combustion are caused to 
pass through chambers filled with intensely heated fire 
brick piled up loosely. The products of combustion be
fore they lea\'e the furnace pass through two other 
such chambers, thereby heating them. At short inter
vals, by the manipulation of valves, the course of the 
gas and of the air is changed, so that the products of 
combustion go through the chambers which have just 
been utilized for heating, thereby bringing them up again 
to a higher temperature, while the chambers already 
heated are used for the passage of the gas and air. By 
this process a sort of cumulative effect is produced. A 
most intense heat can be developed, and the economy 
effected is very large. Applications of the Siemens or 
open hearth furnace to making steel at once became ob
vious. By the Martin process, pig iron and wrought iron 
were melted together on the hearth, producing a steel of 
any desired percentage of carbon; by the Siemens process 
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pig iron and iron oxide are used t o  produce steel o n  the 
open hearth, and in the Siemens-Martin process both 
methods are combined. The product of this operation 
is the famous open hearth steel. 

The tenden�y of the present day is to produce open 
hearth and Bessemer steel of low carbon percentage, 
the metal from the chemist's standpoint being rather 
wrought iron than steel. It is produced in enormous 
quantities and the great ships .and buildings of our days, 
the age of steel, are due to four great inventions of which 
three belong to the last half century. The hot blast 
for blast furnaces, invented in 1828 by James Neilson, 
doubled the output of the blast furnace without any 
extra fuel ; in 1855 the Bessemer process was announced 
and the second of the inventions began to be applied ; 
seven years later, or 1862, may be taken as giving the 
date of the third invention, the Siemens furnace ; and 
the fourth invention, which we have placed in 1880, is 
the Gilchrist-Thomas or basic process of making steel 
from iron containing phosphorus. All other inventions 
in the metallurgy of iron and steel, ingenious as they 
were, :practical as they were thought to be, with all 
their promise of great usefulness, sink into comparative 
obscurity when compared with these four epoch-mak
ing inventions which have so inconceivably modified 
our everyday life. 

. ' . . . 
DISTINGUISHED INVENTORS. 

was engaged in the construction of canals. He after 
ward entered the army and rose to be a captain at 
seventeen. During this time he made a small heat en · 
gine, which was the precursor of the hot air engine 
which he afterward successfully developed. His in
ventions in relation to locomotives were also import 
ant. Capt. Ericsson early began to make experiments 
on the screw propulsion of vessels, especially for war 
vessels, with the arrangement of the screw and all the 
machinery under the water line. He came to the 
United States in 1839, and in 1841 he became engaged 
with Commodore Stockton in building the United 
States frigate Princeton, said to be the first successful 
propeller war vessel with all its machinery under the 
water line. In 1833 he brought out the first practical 
hot air engine. He was also among the earliest con
structors of steam fire engines. During the thirteen 
years that 9apt. Ericsson lived in England he is said to 
have made forty new inventions. In 1828 he applied on 
the Victory the principle of condensing steam and re
turning the water to the boiler, and in 1832 he gave to 
the Corsair the centrifugal fan blowers, now generally 
used in American steam vessels. In 1830 he introduced 
the link motion for reversing stearn engines on the lo
comotives King William and Adelaide, and in 1834 he 
superheated stearn in an engine on the Regent's Canal 
Basin. Undoubtedly, the greatest of Capt. Ericsson's 
achievements was the building of the Monitor in 

Samuel Finley Breese Morse, the American artist, 1861. This little iron gunboat, with revolving tur. 
and the inventor of the electric telegraph, was the son rets, was so successful in the historic naval engage
of an American geographer ; he was born at Charles- ment at Hampton Roads in 1862 that it changed the 
town, Mass . ,  in 1791, and died in New York, April 2, whole course of naval construction throughout the 
1872. In 1810 he graduated from Yale College, and in world. Among his later inventions were torpedo boats 
1811 went to England with Washington Allston to and sun motors. 
study art under Benjamin West. In 1815 he returned Elias Howe, the inventor of the sewing machine, was 
to the United States, and in 1826 he was chosen as the born at Spencer, Mass. , in 1819, and died in Brooklyn, 
first president of the National Academy of Design, in 1867. He spent his time until 1835 on his father's farm 
which he was instrumental in founding. He was very and mill. He then went to Lowell and was employed 
fond of discussing electrical matters with his friend in a manufactory of cotton machinery. He afterward 
Prof. J. Freeman Dana ; and while on a voyage from worked in a machine shop in Boston. Here he de vel
Havre to the United States in 1832, Morse conceived oped his invention of the sewing machine. The first of 
the idea of making not only an electric telegraph, but his machines was made in May, 1845. He patented it  
also an electro-magnetic and chemical recording tele- September 10,  1846. After constructing four machines, 
graph, substantially as it now exists. Morse made some he visited England in 1847, and remained there two 
drawings on the steamer, which he afterward elabo- years. From his return until 1854 he was invol ved in 
rated, but it was not until 1835 that he first exhibited a tedious lawsuits, but at last his rights were acknow
telegraph in operation, when he put a half mile of wire ledged and the former infringers paid him handsome 
in coils around a room. In 1837 he filed a caveat in the royalties. He is said to have realized $2,000, 000 from 
Patent Office and also exhibited his new system in the his invention. 
University of New York. He asked Congress for aid to Nikola Tesla was born at Smiljan, a small place on 
build a line from Baltimore to Washington, but noth- the Austrian border, and he is now 39 years of age. His 
ing resulted. He went to England, where a patent was education was received at Carlstadt in Croatia ; he, too, 
refused him. His French patent was worthless. It showed the experimental bent and eventually entered 
was not until March 4, 1843, that Congress finally the polytechnic school in Gratz, Austria. Here he 
granted $30,000 for his trial line. In 1844 the work was studied engineering and devoted his spare time to 
completed and Morse was able to show the practica- studying electricity ; on graduation he entered the 
bility of his system of electro-magnetic telegraph. His engineering department of the telegraph at Buda
patents were promptly infringed, and he was quickly Pesth, and in 1881 took up the electric l ight and the 
engaged in an interminable succession of patent suits. construction of dynamo machines as his eHpecial work. 
At last these were decided in his favor, and he was He is said to have been greatly impressed by the draw
able to reap the j ust reward from his great invention. backs incident to the employment of the commutator 
Honors without number poured in upon him. Foreign and collecting brushes on dynamos and motors. HiH 
nations vied with one another to give him medals or to efforts resulted in the production of an alternatillg 
confer decorations, �nd in 1858 the representatives of system of power transmission, in which these draw
France, Russia. Sweden, Delgium, Holland, Austria backs were done away with, and which is flOW univer
and other countries met at Paris to decide on a collect- sally introduced· under the name of the " polyphase 
ive testimonial, and $80,000 was voted to him. It is system. " This work was presented in a lecture before 
believed that he had the original idea of submarine the American Institute of Electrical Engineers, i l l  
telegraphy ; h e  also made the first daguerreotype i n  May, 1888. But his recent work a n d  that which has 
the United States. brought his name more prominently before the worl d 

Elihu Thomson was born in Manchester, England, than ever before has been with alternating currents. 
1853, and at the age of five came to this country with Employing a dynamo giving 20, 000 alternations in a 
his parents, who settled in Philadelphia, where he was single second, he has produced what may be properly 
educated, graduating from the Central H igh School in termed the most remarkable experimental results re-
1870. He experimented a great deal during his boy- cently attained by electricity. ·With these alternations 
hood in electricity and chemistry, photography and used in the production of the most beautiful l ighting 
similar SUbjects. Graduating at the age of seventeen, effects, he succeeded in showing or at least in indicat
he spent six months as an analytical chemist in a labor- ing the possibility of producing light by means of a 
atory, and was then appointed assistant professor of single or without any conductor whatever. I:-!everal 
chemistry and physics in the high school, and was pro- striking features were brought out in his experiments 
moted to the chair of professor of chemistry and me- in this line. He showed the nature of the brush dis
chanics in 1876. He frequently lectured and continu- charge and demonstrated the necessity of excluding air 
ally experimented during this period, in the Artisans' and gas in general from induction coils and condensers. 
Night Schools, Franklin Institute and elsewhere. He Many other effects of high frequency currents were 
was associated with Prof. Edwin J. Houston in some pointed out, which have thrown novel l ight upon elec
patents relating to dynamos, and upon these and other trical phenomena. In recent years he has devoted his 
inventions based the American Electric Company, since attention to the perfection of a method of lighting and 
called the Thomson-Houston Electric Company, organ- other inventions, notably a method of conversion to 
ized in 1880, and became chief electrician of the com- currents of high frequency and the mechanical oscilla
pany. His invention of electric welding and brazing tors, which were first shown in an experimental Jecture 
has been ful ly described in the columns of the SCIEN- before the Scientific Congress at the World's Fair, Chi
TIFIC AMERICAN and SUPPLEMENT. His remarkable cago, in August, 1893. 
experiments in alternating current induction have done Alexander Graham Bell was born in Edinburgh, 
much to win for him an international renown. The air Scotland, March 3, 1847, being, therefore, almost the 
blast applied to switches and commutators for blowing same age as Edison. He was educated at the Edin
away destructive arcs is a type of his practical way of burgh High School and University. He came to the 
reaching results. Like Edison, he holds a great num- United States in 1872. H is father and grandfather 
bel' of patents. were both language teachers, and the young Bell's 

Capt. John Ericsson was born in the province of attention was directed to language by the course 
Wermland, Sweden, in 1803, and died in New York in of studies prescribed by his father. The synthesis of 
1889. His father was a mining proprietor, so in his artificial speech, by Helmholtz's method, is said to have 
youth he had ample opportunities to watch the opera- early engaged his attention, and he resolved to pursue 
tion of machinery. He learned to draw, and entered the one of tbe outcomes of his studies, multiple telegraphy, 
corps of Swedish engineers, and at twelve years of age ' to a practical conclusion. It has been said that all this 
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t ime the idea of speech transmission was an undercurrent in Mr. Garfield, but their attempts proved . futile. machinery ; but he afterward devoted his energies to 
of thought with him, and he has testified that, before Hayward A. Harvey, the inventor of the Harveyized metallurgical processes, and in 1888 he took out his first 
1870, he avowed his belief that we would one day speak steel armor plate process, passed away August 29, 1893, patent on a process for treating steel. This invention 
by telegraph. Going through all sorts of experiments, at his home in Orange N. J. Hayward A. Harvey was has now made his name familiar all over the civilized 
he succeeded in inventing the telephone. He lectured born in Jamestown, N. Y. , January 17, 1824. His world, and has added another word to our language. 
on it before the Society of Arts, in Boston, May 25, 1876, father was General Harvey, the inventor of the gimlet The new process is, briefly, a method of hardening steel 
exhibited it at the Centennial in Philadelphia, and in pointed screw, the cam motion, and the toggle joint. on the surface, or carbonizing it, and raising steel of a 
August of the same year speech, it was said, was trans- Young Harvey entered the office of the New York Screw low grade to a higher one. 'The first armor plate 
mitted over a telegraph line. He has received numel"OUS Company as draughtsman in 1844, he took charge of a treated by the Harvey process was made in 1890. The 
honors, and has written numbers of papers on his other wire mill at Somerville, N. J . ,  in 1850, and in 1852 he be- Harvey Steel Company was organized in 1889, and 
scientific work, such as the photophone. He has also came connected with the Harvey Steel and Iron Com- works were established at Brill's Station, near Newark, 
for years studied the subject of speech for the deaf and pany, of which his father was president. In 1865 Mr. on the Pennsylvania Railroad. Various improvements 
dumb. After the shooting of President Garfield, Harvey founded the Continental Screw Com pany, of were introduced in the manufacture of armor plates, 
Mr. Bell and Mr. Sumner Taintet· experimented with Jersey City. The inventions of .\1 1". Harvey, up to this and to-day Harveyized steel armor plates stand with
the Hughes induction balance to find the bullet time, had nearly all been in the directioll of automatic out a rival. The many tests prove conclusively 

SOME DISTINGUISHED INVENTORS OF THE LAST HALF OENTURY. 
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that Harveyized steel plates are th� best in the world. 
The construction of battleships has been modified by 
the introduction of Harveyized armor, and the new 
process is being adopted by the principal manufactur
ers of Europe. Mr. Harvey, in the course of a long and 
eventful life, had 125 patents granted to him. 

Samuel Colt, whose name will ever be identified with 
the prod uction of the revolver, was born at Hartford, 
Conn. , in 1814, and died there in 1862. In his fourteenth 
year he ran away from school and went to sea. 'Vhile 
on his East India voyage he made a model in wood of 
a revolving pistol. This was the germ of the great inven
tion. After his return from Calcutta, he studied chem
istry in the dye house of his father, and afterward trav
eled extensively in the United States and Canada, giv
ing lectures on chemistry. He thus gained the m6ans 
nec.essary to prosecute his invention of the revolver. In 
1835 he visited England and France, taking out patents, 
and on his return he took out his United States pat
ents. He established a factory at Paterson for the manu
facture of his arms. There was, however, little demand 
for the new weapon, and the company became insolvent. 
During the Mexican war, in 1847, the manufacture of 
the revolvers was resumed-first at ·Whitneyville, Conn. , 
and finally at Hartford. This last establishment was 
built on a very large scale, and made not only revolvers, 
but machinery for constructing the · same, cartridges, 
etc. Mr. Colt also invented a submarine. battery for the 
defense of harbors, and also a method of insulating sub 
marine cables. In 1843 he laid a cable from Coney and 
Fire Islands to the city of New York, which was ope
rated with success. 

George Henry Corliss was born at Easton, New York, 
in 1817, and died in Providence, R. I . ,  in - 1888. He at
tended school until he was fourteen, and then became 
a clerk in a cotton factory ; later he spent three years in 
Castleton Academy, Vt. , and finally opened a cou ntry 
store at Greenwich, N. Y. He early showed a leaning 
toward mechanical pursuits, and in 1844 he moved to 
Providence, R. I . ,  where, in 1846, he began to make im
provem8nts in steam engines. He patented what is 
now universally known as the " Corliss " engine in 1849. 
These improvements have revolutionized the construc
tion of the steam engine. By the new devices the gov
ernor was connected with the cut-off, preventing waste 
of steam, and insured uniform speed under the most va
rying loads. A company was formed in 1856, and they 
adopted the novel plan of taking the saving in fuel for 
a given time as their pay. '.rhe large Corliss engine was 
one of the wonders of the Centennial Exposition, and 
is still in use, driving one of the largest manufacturing 
plants in the country. Mr. Corliss received many 
honors and decorations, and amassed a large fortune. 
He made many other minor inventions. 

Thomas Alva Edison was born at Milan, Ohio, in 1847. 
He began life as a train boy, soon advancing to a news
dealer with assistants. He studied telegraphy and ob
tained a position as operator at Port Huron. He soon 
became noted for his speed and accuracy, his messages 
being taken down in handwriting like copperplate. 
He soon began to invent, and in 1864 he moved to Mem
phis and had one of his inventions, an automatic re
peater, put into service. He struggled along, inventing 
and working at his profession, until he went to Boston 
in 1868, where he was able to open a workshop for de
veloping his inventions. Shortly afterward he was re
tained by the Western Union Telegraph Company, and 
started an electrical laboratory at Newark, where he em
ployed 300 men. In 1876 he moved to Menlo Park, New 
Jersey, and in 1887 left Menlo Park and erected in 
Orange, New Jersey, what is supposed to be the largest 
experimental laboratory of its kind in the world. His 
inventions, which are numbered by hundreds, center 
largely on electricity, although one of the most wonder
ful of his achievements is the phonograph. They in
clude inventions in duplex and quadruplex telegraphy, 
the carbon transmitter telephone, the incandescent 
lamp, the electric railroad, the electrophone, the moto
graph for accelerating speed in ocean cabling, the micro
tasimeter, the odoroscope, the megaphone, the phono
plex telegraph, the pyro-magnetic motor and generator, 
the magnetic bridge, the electric pen, dynamos and mo 
tors, the kinetograph, the magnetic ore separator, and 
last of all the fluoroscope and the new vacuum light. 
Taken all in all, the inventions, both from quantity and 
value, place Mr. Edison in the very front ranks of the 
inventors of all ages, and it is gratifying to note that he 
has reaped both honors and rich rewards for his dis
coveries. 

Cyrus Hall McCormick, the inventor of the reaping 
machine, was born at Walnut Grove, Va. , in 1809. He 
died in Chicago, in 1884. His education was obtained 
in the common schools ; he also helped his father in 
farm work, and at the age of fifteen had constructed a 
cradle used in harvesting in the field. At the age of 
twenty-one he invented two new and valuable plows. 
As far back as 1816 his father made attempts to con
struct a reaper, but these attempts only ended in failure, 
but in 1831 young Cyrus proceeded on a new line, and 
succeeded in making a suceess of the new grain har
vesting machine which was to bring him fame and for
tune. He patented his reaper in 1834, and improve
ments on it in 1845--47 and in 1858. In 1847 he moved to 
Chicago, where he built a large plant. He received 

numerous awards for his invention, which also obtained 
for him a large fortune. He . was elected a correspond
ing member of the l!'rench Academy of Sciences, " as 
having done mo�·e for the cause of agriculture than any 
other living man. " It was estimated in 1859 that his 
invention saved the country at least $55, 000, 000 per 
annum. Of course, with the growth of improvement, this 
sum has been largely augmented. 

... I e  . ..  

AMERICAN SHIPBUILDING. 

Though the history of American shipbuilding has 
been marked by lllany fluctuations, there had never 
been a time, from the colonial days of the seventeenth 
century down to the sudden decline of the middle of 
the nineteenth century, when it had not been in a 
more or less healthy condition. The records show that 
fifty years ago we had entered upon the last and most 
brilliant era of shipbuilding which the country has 
ever seen. In the three years, 1843 to 1846, the total 
yearly tonnage built in the United States had risen 
from 63, 888 to 108, 203 tons. In 1850, 279, 255 tons were 
built, and in 1855 the total rose to 583, 450 tons. So 
rapid was the growth that by the year 1860 there was a 
total of 5, 353,868 tons in the merchant marine, 2, 379, 396 
tons of which were engaged in the foreign trade. At 
this time the total tonnage of the British empire was 
only slightly greater-5, 71O,968 tons. 

It was inevitable that an enterprising country, with 
a 3,000 mile Atlantic seaboard flanked by great forests 
of timber that was excellently adapted to shipbuilding, 
should create a powerful merchant fleet ; and the rapid 
decline which took place at this time is primarily to be 
ascribed, not to any decadence of the maritime spirit, 
but to the substitution of iron for wood in the construc
tion of ships ; though the collapse was undoubtedly 
hastened by the outbreak and course of the civil war. 

As long as wood was the material of construction the 
American shipwright more than held his own against 
the world ; but the change from wood to iron came a 
little too early for the undeveloped condition of the 
mineral resources of the United States, and we suf
fered accordingly. In 1855 there were built 381 ships 
and barks and 126 brigs ; in 1870, only 73 ships and 
barks and 27 brigs ; in 1880, but 23 ships and barks and 
2 brigs ; and in 1895, 1 ship. Of steam vessels we built 
in 1846 some· 46, 359 tons ; 147,499 tons in 1864, and 
69, 753 tons in 1895. The above figures, it is true, do not 
include schooners and sloops, nor the large fleet of  
canal boats and barges, of which there were 445 built 
in 1895, with a total tonnage of about 41,000 tons. 

In addition to the two causes of decline above men
tioned, it must be remembered that the past thirty 
years has been a period of unparalleled agricultural, 
mining and manufacturing activity. If the nation has 
neglected its merchant marine, it has been largely for 
the reason that it was fully occupied with the develop
ment of the internal resources of the country. The 
discovery of the gold fields of California ; the rapid ex
tension of the railroads, and the opening up of the un
occupied farming laRds of the West ; the development 
of the mineral wealth of the country, and the rapid 
growth of the iron industries, have proved a strong 
counter attraction that has temporarily weaned the 
heart of the nation away from its old-time love of the 
sea. Now that the tide 01 emigration has touched the 
remotest bounds of the country, and the extent of its 
resources has been well ascertained, we may look for 
something of a reaction in the direction of maritime 
enterprise-indeed, the reaction has already begun. 

The teachings of history regarding the relation of the 
navy to the merchant marine have frequently shown 
how intimately the interests of the two are associated. 
A large merchant fleet requires a strong navy for its 
protection, and a strong navy can never exist without 
a large merchant marine, from which, in the sudden 
emergency of war, it can recruit its seamen. 

We think that, when the history of American ship
building comes to be written, it will be agreed that two 
of its red letter days occurred on July 23 and 26, 1883, 
when the celebrated firm of John Roach & Sons, of 

Chester, Pa. , sigued the contract for the construction 

of the Atlanta, the Boston and the Chicago, and the 

Dolphin, ships which were to prove the forerunners of 

a completely new and up-to-date navy. The policy 

which was thus commenced has encouraged our ship

builders and engineering firms to lay down extensive 
and costly modern plants, suitable for the building of 
the most approved modern ships and engines. So ut

terly stagnant was the shipbuilding industry that it 
needed some powerful stimulant to arouse it. The 
prospect of securing contracts for warships, as they 
shall from time to time be built, has not only encouraged 

the existing yards to enlarge their plants, but has called 
others iuto existence ; until to-day we have several 
firms whicll are qualified to undertake the construc

tion of the largest merchant steamers, and, as the per

formance of the St. Paul and St. Louis has clearly 

shown, to rival the best work of the European builders. 
The last census showed that there were in all 1,000 

shipbuilding plants in the United States, though, of 
course, many of these are comparatively insignificant. 

The important yards are located on the seaboard and 
on the great lakes, the latter locality having witnessed 
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of late years the growth of a really magnificent steam 
fleet. 

The history of the Pacific fleet dates from the year 
1849, when the Union Iron Works had its beginning in a 
small forge at San Francisco. In 1865 the name of the 
firm was changed to Prescott Scott & Company, and 
in 1885, when the fine yard in South San Francisco 
was opened, the firm became known as the Union 
Iron Works. This new yard and works is one of 
the most complete of its kind in the world. The build
ings, which are of brick, cover an al·ea of four acres, the 
total area of the covered works being nine acres. One 
of the most notable features is the hydraulic dry dock, 
with an area of 30,450 square feet, which we hope to 
iliustrate in a later issue. The works are underlaid 
throughout with hydraulic mains, which supply the · 
various lifting, forging, shearing and riveting machines. 
The Union Iron Works give employment to 1, 500 
men, and they have turned out some of the most 
successful ships of the new navy, including the Charles
ton, San Francisco, Monterey, Olympia and Or('gon, in 
addition to many fine ships for the merchant service. 
To this firm, aided by the various smaller yards scat
tered along the coast, must be given the credit of a 
fleet on the Pacific Ocean which comprises some 1 , 520 
American vessels, aggregating 456, 359 tons. 

Coming aCt·oss to the Atlantic seaboard, we should 
take note in passing of the Iowa Iron Works, Dubuque, 
Iowa, where the steel torpedo boat Ericsson, of 120 tons 
and 24 knots speed, was built. There is a world of sugges
tiveness in the fact that this destructive little craft was 
built and engined thousands of miles up the Mississippi, 
and dispatched to the Atlantic by way of New 
Orleans. 

Turning northward to the great lakes, we find that 
American shipbuilding has advanced by leaps and 
bounds, and that here, in its inland seas, it has to re
cord a growth of which it may justly be proud. In 
1895 our lake shipping comprised 3, 342 vessels, with a 
total tonnage of 1 , 24 1 , 459 tons, two-thirds of this tonnage 
consisting of stealll ves�els. The Commissioner of Navi ·  
gation estimates that the carrying power of this fleet 
is 2, 666, 26 1 tons, in which case our merchant fleet on 
the lakes alone is larger than that of France, and 
second only to England and Germany. It only re
quires a full-sized ship canal to enable the splendid 
shipyards that fringe the lakes to lend their aid to 
building up a deep sea fleet that shall be second to 
none in the world. 

Passing on to the New England coast, renowned for 
its famous yards in the days of the wooden sailing 
ships, we find a compact and very complete plant at 
the Bath Iron Works, Bath, Maine. It covers a large 
area on the banks of the Kennebec River, twelve miles 
from its mouth. Several vessels for the new navy, in
cluding the ram Katahdin, have been launched from 
its slips. City Point Works, Boston, Mass. , and the 
Herreshoff Manufacturing Company, of Bristol, R. I . ,  
have contributed to the list o f  o u r  merchant and naval 
fleets, and the latter firm have immortalized them
selves in the international yachting world by the 
production of such craft as Vigilant and Defender. 
Mention must be made also of the Columbian Iron 
Works, Baltimore, Md. , N. F. Palmer & Company, of 
Chester, Pa. , of Harlan & Hollingsworth, of Wilming. 
ton, Del. , and many other yards that are contributing 
to our increasing fleet of deep sea and river craft. 

One of the clearest evidences of the faith of American 
capitalists in the revival of our maritime interests is to 
be found in the extensive and costly plant of the N ew
port News Shipbuilding and Dry Dock Company. This 
concern, like the town from which it is named, has 
been built up within a very few years. Its extensive 
shops, dry docks, and building ways have been carefully 
laid out after a thorough inspection of the great ship
building yards of the world. It has turned out some 
fine ships for the merchant service, and taken an active 
share in the construction of the new navy, the gun
boats Wilmington, Nashville and Helena, which have 
been constructed in this yard, being just about to be 
turned over to the government. Here also are being 
built the Kentucky and Kearsarge, first-class battle
ships of 11,525 tons, an illustration of which, as they 
will appear when completed, will be found on another 

page. 
The plant comprises sixteen buildings, which include 

four shops 100 by 300 feet, and a blacksmith's shop 120 
by 208 feet in size. There are four piers ranging from 
60 by 350 feet to 60 by 900 feet in size. The plant includes 
eight ship ways from 400 to 500 feet long, and an outfit
ting basin 500 feet by 900 feet. There is also a dry dock 
600 feet long, with a depth of 25 feet over the sill. Over 
3,000 men find employment in the various departments. 

There is no shipbuilding concern in America that 
has contributed so largely to the upbuilding of our 
modern navy al�d the merchant marine as the William 
Cramp & Sons Ship and Engine Building C0mpany, 
of Philadelphia, Pa. The foundation of this justly 
famous concern dates from the year 1830, when Mr. 
William Cramp, then a young man of 23 years, opened 
a small shipyard at the foot of Otis Street, Philadel
phia. That was the age of wood and canvas, and for 
forty years William Cramp continued to build sailing 
ships for home and foreign service. In 1871-72 the as-
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88 
tablishment Was enlarged to include a water front of 
about half the length occupied by the present yard, 
and from that date to the present the growth has been 
a steady one, the present yard covering a little over 31 
acres, and employing an army of 5,600 men, whose 
wages alone amount to $54,000 a week. 

Au excellent idea of this large establishment, and of 
some of the notable ships to which it has 
given birth, may be gathered from the 
accompanying bird's eye view. The build-
ings are mainly of brick, or of steel frames 
covered with corrugated iron. The most 
notable structure is a large building 1,164 
feet long by 72 feet wide, and from two to 
three stories high, in which are included 
joiner and pattern shops, machine and erect-
ing shops and two mould lofts. The iron 
foundry is 415 feet long by 264 feet wide, and 
the boiler shop-the largest of its kind in 
America-is 387 feet long by 112 feet wide, 
and it is furnished with two electric trav
eling cranes capable of handling 70 and 90 
ton boilers with ease. There are five large 
building slips 600 feet long by 75 feet wide, 
and five wet docks from 600 to 1 ,000 feet in 
length, together with a dry dock 462 feet by 
70 feet, with a sill depth of 22 feet. In the 
center of the picture, alongside of the ar
mored cruiser New York, is seen the cele
brated floating derrick, known a8 the Atla8, 
the largest of its kind in the world. It has a 
lift of 60 feet, and a radius of 35 feet, for a 
load of 125 tons. 

The yard has a complete pneumatic, hy
draulic and electric plant, and in addition to 
its ship and engine building facilities, it 
boasts of an ordnance plant for the manufac
ture of rapid-fire guns up to 4 inches caliber. 

' The total output of ships from this yard 
to date is nearly 300, and includes the Morn· 
ing Light of the days of the clipper ; the 
New Ironsides, an early broadside ironclad ; 
the four fine ships Indiana, Illinois, Penn
sylvania and Ohio, built for the American 
Steamship Company in 1872 ; and a veritable 
fleet of ships for the new navy, in which is 
included such famous Cl'eations a8 the ar-
mored cruisers New York and Brooklyn, the 

J .  
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commerce destroyers Minneapolis and Columbia, and 
the battleships Indiana, Ma8sachusetts and Iowa. 

Last, and perhaps most brilliant achievement of all, 
Was the construction of the two great transatlantic 
steamships, St. Louis and St. Paul, of 11,629 tons dis
placement. and 20 to 21 knots sustained sea speed. The 
advent of these twin ships to the transatlantic route 
may be taken as an earnest of the fact that the United 
States are determined to win back something of the 
old time prestige, which Was hers wheu her 
clipper ships were the fleetest that crossed 
the sea8. 

• • • • •  
DEVELOPMENT OF THE ASTRONOMICAL 

TELESCOPE IN FIFTY YEARS. 

Like almost every great invention dating 
back a century or more, it is very difficult to 
obtain data of a positive character regard
ing its early history. It will be useless in an 
article of this nature to speculate on the indi
rect evidence that may be gathered from the 
writings of Greek and Latin authors, but 
from such writers a8 Roger Bacon we are 
able to obtain information of a very satis
factory nature regarding the properties of 
lenses. 

Mention is made of the use of lenses in 
.. Pantometria," by Thoma8 Diggs, in the 
sixteenth century. Dee's preface to an edi
tion of Euclid, published by him in 1570, has 
some remarkable passages on the use of 
lenses. Batista Porta, in a work published 
by him in 1561, describes a combination of 
concave and convex lenses. Henry Lipper
shey, about 1607, seems to have the best 
evidence on his side as the inventor of the 
telescope. In 1609 Harriot made observa
tions on celestial phenomena with an instru
ment probably made in England, and Sir 
William Low�r, a Welshman, asked Harriot 
to procure a cylinder (telescope) for him. 
Galileo, in the same year, learning that the 
telescope had been invented, made one. 
Afterward he made a larger one, with which 
the greatest a8tronomical discoveries ever 
recorded were made. Kepler improved the 
i nstrument by substituting a convex for a 
concave eye lens. H uygens made a telescope 
in 1655 having a focal length of 12 feet, with 
which he discovered Titan, Saturn's largest 
moon. His brother made telescopes 107 and 
210 feet focal length. About the same time 
Campani, at Bologna, and Divini, at Rome, 
were making fine lenses of 90 to 130 feet focal 
length. 

The reflecting telescope was invented b y  Gregory, in 
the middle of the seventeenth century. Newton invent
ed his telescope in 1666, and in 1672 Cassegra improved 
the Gregorian telescope by making the secondary or 
small mirror with a convex surface, so as to intl'lrcept the 
rays from the great mirror before they came to a focus. 

In 1732 James Short, a young Scotchman, made glass 
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HUYGENS' AERIAL TELESCOPE, 1655. 

reflectors, silvered on the back ; but he soon substituted 
speculum metal for glass. About forty years later Sir 
William Herschel commenced his wonderful career as 
an astronomical telescope maker, producing beautiful 
mirrors of speculum metal from 6 to 48 inches in diame
ter. Contemporaneously Schroeter, in Germany, made 
some excellent reflecting telescopes, and, like Herschel, 
made many interesting observations with instruments 
of his own construction. 

REFLECTING TELESCOPE. 

Having done thus much in the way of a hasty review 
of the early history of the telescope, we will state a lit· 
tIe more in detail what has been done in the way of de
velopment of the a8tronomical telescope within the last 
fifty years. 

From 1840 to 1845 Lord Rosse designed and con-
structed several large and powerful reflecting tele

scopes, one of which was six feet diameter 
and fifty-four feet focal length. The work of 
this telescope upon nebulre ana- star clusters 
has become historic. 

.. r 
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In 1861 Lassell erected his iITeat reflecting 
telescope on the island of Malta, and Dr. De 
la Rue constructed several fine reflecting 
telescopes which he used in photographing 
the moon, etc. 

In 1868 Mr. Thomas Grubb finished the 
great Melbourne reflecting telescope. For 
this telescope two 48 inch mirrors of specu
lum metal were furnished. In almost all 
reflecting telescopes used up to 1854 speculum 
metal was employed. This is composed of 
sixteen parts pure copper, fifty-eight parts 
pure tin, with slight modifications by various 
makers. 

About the year 1850 Liebeg discovered a 
method of depositing pure silver on a glass 
surface. In 1856 Steinheil took advantage of 
this fact and was perhaps the first to make 
the now well known silver on glass specula, 
in which the silver is deposited on the first 
surface, which has been accurately polished 
and corrected before the silver is deposited 
upon it. A year later Leon Foucault de· 
scribed his method of making silver on glass 
mirrors, and made with his own hands many 
beautiful surfaces. By this method M. 
Eichens made the 48 inch mirror for the 
Paris Observatory, and a few years later Dr. 
Henry Draper made the 15 inch silver on 
glass telescope with which be obtained such 
beautiful results in lunar photography. 
Later on he constructed a silver on glass 
telescope of 28 inch aperture, by which he 
photographed the spectra of stars for the first 
time. These telescopes are now mounted at 
Harvard College Observatory. Dr. Draper 
published a most valuable monograph on 

the silvered gla8s telescope in 1864, and by its aid hun
dreds of amateurs have made very creditable reflecting 
telescopes. 

But we must go back to the middle of last century to 
record what proved to be the greatest invention of the 
age in the way of developing the refracting telescope. 
Notwithstanding Newton's dictum that it was useless 
to try to improve it, owing to the impossibility of pro
ducing refraction without dispersion, Euler read a 

paper before the Berlin Academy in 1747 
proving mathematically the possibility of 
correcting both the spherical..and chromatic 
aberration of an object glass ; and curious 
to say, the very man who published an ad
verse criticism of Euler's paper was no less 
a person than the celebrated John Dollond, 
who is recognized as the father of the achro
matic telescope, for upon reading Klin
genstierna's paper corroborating Euler's 
views, Dollond made a series of most valua
ble experiments which led him to the solu
tion of th� problem of the achromatic object 
glass ; namely; that by properly combining 
two kinds of glass, flint and crown, he could 
unite the colored rays fairly well and still 
have refraction to unite the incident rays to 
form an image. Here we could fill a column 
with many interesting items of Dollond's 
work, but lack of space forbids. It is true 
that when Dollond applied for a patent to 
protect his discovery, it was claimed that 
Chester Hall had invented the achromatic 
objective as far back as 1829 ; but Lord 
Mansfield, who tried the case, remarked, " It 
was not the person who locked 4is inven
tion in his scrutoire that ought to profit 
for such invention, but he who brought it 
forth for the benefit of the public. " 

Dollond's work soon became famous. He 
was surely master of it and had a clear field 
for many years, but he labored under great 
difficulties in procuring glass suitable for 
telescopes of any diameter. The writer has 
read an original letter from Dollond to Prof. 
Loomis, of Yale, in which he a8ked three 
years for the completion of a five inch tele
scope. Fortunately a genius had taken hold 
of this problem in the person of Guinand, a 
Swiss watchmaker, the story of whose life 
work is as charming as that of Palissy the 
Potter. After long experimenting, Guinand 
solved the problem of making fine disks of 
optical glass, and having associated himself 
with the celebrated Fraunhofer, in 1805 SUC" 
cessfully made optical glass disks up t<> fifteen 
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inches aperture. To Fraunhofer we owe many of the 
most important discoveries in the theory of the achro
matic objective, and it is sad to record that his brilliant 
career was cut off by his death at the age of thirty
nine. Foucault died at the same age, but both men 
during their short lives added to the world's records an 
immense fund of invaluable data in mathematical and 
practical optics. 

The then great telescopes of Cambridge, Mass. , and 
Pulkova, Russia, were made by Merz and Mahler, the 
successors of Fraunhofer. Contemporary with the pro
gress of practical optics, mathematicians were develop
ing theories of a critical nature, and the names of 
Gauss, Littrow and others must always be associated 
with this great work. In France Lerebours and Cau

J r itutitir �uttrirau. 
ing, the 40 inch o f  the Yerkes Observatory, and many of 
the larger telescopes that have been constructed of late 
years. Constant efforts have been made to lessen the 
work of the observer in handling the " magic tube, " and 
perhaps no better type has yet been constructed than 
the new mounting for the 26 inch equatorial of the 
United States Naval Observatory, an illustration of 
which is here given. This mounting is what the engi
neer would call " clean," as it has no useless append
ages, but has everything needed for use of the observer. 
This mounting has been constructed recently by Messrs. 
Warner & Swasey, of Cleveland, O. 

A new type of telescope has of late years come into 
prominence as an " astronomical weapon," i. e. , the 
photographic telescope. '1'here are two general forms ; 

purposes, and the instrument made by his own hands 
is typical of al l that have followed in this line. The re
flector had already been used for photography and still 
holds an important place for this kind of astronomical 
work. 

The spectroscopic discoveries of Wollaston and 
Fraunhofer, as well as those of Herschel, Fox-Talbot 
and Brewster, were made several years previous to the 
period we have under consideration. After 1849, how
ever, through the efforts of Foucault, Kirchhoff and 
others, the coincidence of the absorption bands and 
bright lines of the spectrum was established, and upon 
this discovery was based the star spectroscope, by 
means of which so many brilliant astronomical discov
ries have been made. This instrument, as ill.proved by 

Kirchhoff, Bunsen, Huggins and others, has 
been the means not only of revealing the 
constitution of the sun, stars, comets and 
nebulre, but the condition of matter of which 
these bodies are composed. 

choix were making excellent achromatic ob
jectives. In England, S imms ; in Ireland, 
Thomas Grubb, were taking an active part 
in the charming work ; while in America, 
the Clarks had commenced their great work; 
first on reflecting and afterward on refracting 
telescopes. Every American has a personal 
pride in the work of the Clarks, and their 
objectives soon became famous in every 
part of the world for their accuracy of figure 
and fine definition. But one of this firm is 
now living, Mr. Alvan G. Clark, who has 
recently finished the great objective of the 
Yerkes Observatory, the largest objective yet 
constructed. There are but two firms in the 

ASTRONOMICAL PHOTOGRAPHIC CAMERA, WITH DOUBLE OBJECTIVE, 
FOR WIDE FIELD PHOTOGRAPHY. 

Spectroscopic observations of the motions 
of the stars in the line of sight yield results 
of the highest importance. By a single ob
servation it can be determined whether the 
star is approaching or receding, and with 
what velocity. By the union of this method 
with the ordinary telescopic method, even 
though the path of the stars should cross 
the field of vision at any angle, the velocity 

world who have attempted to furnish the glass disks 
for these great telescopes-Mr. Mantois; or Paris, suc
cessor to M. Feil, and Dr. Schott & Company, of J ena, 
in Germany ; but Macbeth & Company, of Pittsburg, 
Pa. , have lately succeeded in making optical glass up to 

20 inches diameter, of very excellent quality. To-day we 

have in France the eminent opticians the Henry Bro

thers, who have made many large and fine objectives ; 

Secreton & Bardou, who have constructed many excel

.lent telescopes of smaller size. In Germany Merz still 

sends out some good objectives, while Steinheil & Son 

are making objectives of the highest type. In England 

Messrs. Cooke & Company are doing splendid work, 

while in Ireland Sir Howard Grubb is turning out 

many fine telescopes of large size. In America Mr. 

Alvan G. Clark, of Cambridge, Mass. , is the successor of 

the firm of Alvan Clark & Sons. Mr. Henry Fitz made 

a large number of the older glasses and the Spencers 

have contributed several large objectives to American 

observatories. Mr. Clacey, of W &'shington, has also made 

a few excellent objectives of good size. Indeed, there have 

been quite a number of objec-
tives made by American ama
teur workers that have proved 
to be worthy of the makers. 
In Allegheny, Pa. , John A. 
Brashear has been engaged 
in the development of the 
achromatic objective f r o  m 
new and valuable formula 
devised by Dr. Charles S. 
Hastings, of Yale University. 

of the star and the direction of its movement 
one as adopted by the Photographic Congress for small can be determined, provided the [distance of the star is 
but accurate fields of stars, which is to be used to ob- known. The spectroscopic method of measuring the ve
tain a photographic chart of the entire sky, the other for locity of stars has only recently been put in practice. 
wide field " picture " photography. The eye at the tele- By the usc of the photographic plate in connection 
scope receives an impression from the light coming from with the spectroscope, extremely close binary systems 
a star and dismisses it, so that by long gazing we see no have been discovered which would certainly never 
more stars than by a brief glance. Not so with the pho- have been known if the ordinary telescope alone were 
tographic plate. Every tiny ray sticks to the plate, and I available. 
if the astronomical camera is held long enough upon But the half has not been told. When we compare 
the stars in the field, the images become imprinted by the little telescope of Galileo with the majestic 36 inch 
thousands-images of stars no telescope will ever show of the Lick Observatory, we think of the mighty step 
to the eye. '1'he writer has seen on a plate 14 X 17 from l):le to the other, but it has all come along slowly 
inches not far from fifty thousand stars photographed through the years of the past until further progress 
by Dr. Gill, of the Cape Observatory. Prof. Barnard, would seem to be limited by our environment. The 
when at the Lick Observatory, used the photographic writer is not willing to say that we have reached this 
telescope in most valuable studies of comets and star limit, either in optical or engineering problems, as mas
clusters, while Dr. Max Wolf, of the Heidelberg Ob- tel' minds still look and hope, and are now working for 
servatory, has discovered many new asteroids by the aid new discoveries in the realms of optical science. 
of this wonderful tool of the modern astronomer. .. • •  , • 

To Dr. Lewis Rutherfurd we owe the principle of the THE TELEPHONE. 

refracting telescope as applied to purely photographic In the early days of the telephone no one seems to 
have conceived of the possi

In the mounting of great 
telescopes, engineering pro
blems of a difficult nature 
have had to be met, and to 
the mechanician we must ac
cord a place of honor in the 
development of the telescope ; 
for, when it is taken into con
sideration that such a tele
scope as the 36 inch at the Lick 
Observatory weighs forty-five 
tons, and the 40 inch of the 
Yerkes Observatory weighs 
nearly seventy-five tons, and 
that the great tubes of these 
instruments must move with 
the utmost precision, aye 
.. keep tinle with the stars," 
it is easy to comprehend that 
the engineering problems are 
intricate and difficult of solu
tion. But our astronomical 
engineers have been equal to 
the task, and have brought 
the mounting of the telescope 
to the highest perfection. In  
France we have Gautier ; in  
Germany, the Repsolds ; in 
England, Cooke ; in Ireland, 
Sir Howard Grubb ; in Ameri
ca, 1vIessrs. Warner & Swasey, 
of Cleveland, 0 . ,  and Mr. 
Saegmuller, of Washington. 
The largest i n s  t r  u m e n  t 
mounted by Mr. Saegmuller is 
the 20 inch of the Denver 
University. Messrs. Warner 
& Swasey constructed the 36 
inch (an illustration of which 
appeared in our issue of June 
16, 1888) Lick telescope mount- �WENTY-SI.x. INCR EQUATORIAL REFRACTOR UNITED STATES NAVAL OBSERVA.TORY. 

bility of transmitting speech 
by electricity. Natural as the 
idea might seem, it appar
ently transcended any one's 
imagination up to a compara
tively recent period. Page 
had discovered, in 1837, that 
an iron bar magnetized and 
demagnetized emitted sounds, 
and he went no further. Over 
twenty years later, about 1860, 
Philip Reis, a German school 
teacher, was experimenting 
on a telephone which, in his 
hands, took various shapes, 
always, however, having a 
different construction of the 
receiver and of the trans
mitter. His receiver had a 
diaphragm bearing at the 
center a contact piece. The 
diaphragm was caused to vi
brate when acted on by the 
voice, and Reis relied on the 
effect on the contact to cause 
vibrations in the current, the 
latter being produced by a 
battery. In the same circuit 
was placed his receiver, one 
typical form being a knitting 
needle wound with a coil of 
wire and mounted on a sound
ing box. The apparatus was 
first shown at a seance of the 
Physical Society of Frank
furt, in 1861. Reis believed 
that his instrument could 
transmit words, and he is re
ported to have said that he 
had shown the world a road 
to a great discovery, but left 
it to others to follow it up. 
He died in 1874. All that was 
wanted to make his tele
phone a success was the sub
stitution of carbon for one or 
both of the metallic contact 
points which he employed. 
Numerous variations of his 
construction may be found, 
but what has been said about 
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wg 
it gives the general idea. Many other 
investigators experimented with hit! tele
phone. 

About 1868 Royal C. HouBe, an Ameri
can inventor whose printing telegraph 
had awakened universal interest, invented 
what he termed an electro-phonetic re
ceiver for his telegraph. His idea was to 
produce an instrument which, precisely 
like the modern telephone, would produce 
an audible sound upon receiving a weak 
current of electricity_ It consisted of a 
box closed with a diaphragm, against 
which two rods were pressed endwise by the rocking or 
pivoted armature of an electromagnet, so that in its 
motions the armature would alternately push against 
one or the other rod. The electromagnet was actuated 

J t itutifit  �lUtritau. 

BELL'S EARLY TELEPHONE. 

tical in their essential features, each consisting of an 
ear or mouth piece. over whose end a diaphragm 
is stretched, which diaphragm is made of gold beat
er's skin. By means of a little rod it is connected 

THE HOUSE TELEPHONE. 

ments could -be used for receiving and 
sending, each consisting of a permanent 
magnet wound with a coil of wire, near 
the poles of which magnet a thin dia
phragm of iron was held. By speaking 
against one of the diaphragms it was 
caused to vibrate, thereby inducing cur
rents in the line connecting the two coils 
and causing the second diaphragm to re
peat the sound uttered in the first. Al
most at the same time with Bell, Gray had 
worked upon the telephone system, using 
a varying liquid contact, made to vary 

by the vibrations of a diaphragm and thereby pro
ducing the speaking current. 

In 1856, Du Moncel had discovered that ' when two 
conductors are in contact the electrical conductivity of 
their contact varies with the change of pressure therein. 
The Bell telephone, in which the gold beater's skin for 

MODERN CARBON OR MICROPHONE TRANSMITTER. 

by weak currents, and an ear placed opposite an ear to the oscillating armature of an electromagnet, and a a diaphragm was early abandoned, and a plate of iron 
piece leading to the diaphragm received the sound. battery is included in the circuit. The assumption was substituted therefor, was astonishingly sensitive to mi
This instrument is a telephone far superior to Bell's that if one of these instruments was spoken into the nute variations in sc und when used as a receiver ; 
original invention, although its inventor had not the diaphragm would vibrate, causing the armature of the when used as a transmitter, the agitation of the plate 
least idea of its capabilities for the trans
mission of articulate speech. 

Eight years later, Elisha Gray, of Chi
cago, and Graham Bell, of Boston, were 
working on the pro blem of the transmis
sion of sound by electri('ity, and on the 
14th of January, 1876, Bell took out his 
patent for his first instrument. The 
receiver and transmitter in it are iden-

BElS' TELEPHONE RECEIVER. 

EDISON'S CHEMICAL RECEIVER ABD CARBON TRANSMITTER. 

magnet also to vibrate, 
thereby introducing vari 
tions in the current so as 
to reproduce the vibrations 
from the diaphragm into 
the receiving instrument. 
In the summer of 1876 Bell 
exhibited his telephone at 
the Centennial Exposition 
in Philadelphia. It varied 
somewhat from the instru
ment of" his patent. The 
transmitter was a vertical 
electromagnet with a plate 
armature, which was spok
en against by the person 
sending the message. It 
worked with the utmost 
difficulty, but speech was 
transmitted. The next im
provement took the shape 
of omitting the battery and 
substituting p e r m a n e n t  
magnets therefor. I t  was 
,found that identical instru-

REIS' TELEPHONE TRAN SMITTER. 

by the voice produced such minute changes that the 
system embracing a Bell telephone at each end was 
vklry imperfect and was regarded as not much better 
than a scientific curiosity. The Du Moncel principle 
was now applied to telephony, Edison and Hughes 
being among the earliest expcrimenters. The tele
phone system took a new shape. A transmitter based 
upon the use of a carbon contact was used. The re
ceiver was a Bell telephone. As a carbon contact, 
llOwever, much agitated, generated no current, a bat
tery was also put into the circuit and at once the tele
phone system was completed ; talking in an ordinary 
tone of voice into the microphone, the telephone miles 

distant repeated the sound. The rest was detail. The 

most extraordinary results were produced by some of 

the early transmitters. Edison adopted a carbon but

ton which was held against a contact piece by a dia

phragm. This proved astonishingly sensitive to the 

voice. It was only one of a whole series of changes 

which were rung upon the microphone. Carbon balls, 

powder, and rods in every conceivable relation were 

adopted. The microphone made the telephone a 
success. 

It was rapidly introduced in commerce. One of tfte 
curiosities of the telephone was Edison's loud-speaking 
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or chemical telephone. This receiver was based on a 
chemical principle. Directly back of a. micro-dill.
phragm was a cylinder of plaster of Paris moistened with 
a chemical solution. A strip of platinum bore, spring 
fashion, against the surface of the cylinder, the other 
end being attached firmly to the center of the dia
phragm. The instrument was placed in a circuit, one 
wire connecting with the spring and the other with 
the cylinder. 'When the cylinder was turned, it pulled 
upon the diaphragm evenly and no sound was pro
duced. If a current from the transmitter were passing, 
its action on the chemical 
solution caused the me
chanical resistance or the 
friction between the cyl
inder and the spring to 
vary, and thereby the dia
phragm was vibrated in 
exact accordance with the 
original motions of the dia
phragm of the transmitter. 
In this way the message 
was very loud and could 
be heard over the whole 
room. The telephone at 
once went into extensive 
use and was introduced 
everywhere. Enormously 
expensive law suits were 
instituted to determine the 
proprietorship in the basic 
inventions, which were de
cided in favor of the own
ers of the Bell patent, who 
have succeeded in main
taining a monopoly of the 
business for many years. 

, t itutifit  �lUtritau. 
o f  the paper at its inception, and w e  give below lOme 
account of its peculiaritiea and charaoteristiOli. 

The size of the paper was more like that of the pre.
ent daily newspaper. It had four pages. All the matter 
was printed on both sides of one large sheet and folded 
in the center so as to make a folio 19 X 13 � inches. 

Across the engraved heading, on which were shown 
steamboats, waterfalls, windmills, factories and a tem
ple, as may be seen by examining the facsimiles of these 
early issues published on the front page, was printed 
the name, " SCIENTIFIC AMERICAN, " in large letters. 

As now used, the tele
phone operating with a 
microphone t r a n  s m i tter 
and a Bell telephone re
ceiver uses the secondary 
or induced current. To 
put subscribers in commu
nication with each other 
what are known as switch 
boards are operated in the 
central exchanges. Some 
of these switch boards are 
enormous pieces of work 
representing thousands of 
dollars in value and em-

PATENT DEPARTMENT OF MUNN & COMPANY, 

bodying in their construc-
tion hundreds of miles of wire. Gradually the instru
ments have taken a single type of construction and the 
telephone industry has become one of the greatest elec
trical interests of the day. By the use of more perfect 
instruments and heavy copper wire the area covered 
by the telephone has been greatly extended and long 
distance lines have been estublished between the lead
ing cities of the world. 

STATISTICS OF THE TELEPHONE BUSINESS OF THE 
UNITED STATES FOR 1895. 

Number of exchanges . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . • •  927 
" U branch offices . . . . . . . . . . . •  _ . . . . . . . . . . . .  ' • .  � . .  686 

.. instruments in hands of subscribers. . . . . . . . . . .  674,976 
Miles of wire on poles. . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  -200,324 

. .  huildings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12,861 
" underground . . . . . . . . • . . . . . . . . . . . . . . 184,515 
.. submarine . . . . .  • . . . . . • .  . . . . . . . . . . .  . . . • . .  172 

Total employes . . . .  . . . . . . . . . . . • • • • . . . . . . . . . . . . . . . . . . . . . . . 11 ,930 
Total stations . . . . . . . . . . . . . . . . . . . .  . . . . .  . . . . . . . . . . . . . . . . .  281.695 
Estimated daily exchange connections . . . . . . . . . . .  . . . . . . 2,351,420 

t! Average cost of connection to the subscriber, from 1 cent to l0il> cents. 
Miles of underground wire in New york. . . . . . . . . . .  . . . . . . 38,Q86 

" "  U Chicago . . . . . . . . . . . . . . . . . . . .  20,352 
" Boston . . . . . . . .  . . . .  . . . . . . . 15,687 
" Philadelphia . . . . . . . . . . . . . . . .  10,999 

. . . � .. 
FIFTY YEARC OF THE SCIENTIFIC AMERICAN. 

The present issue is published in the form of an his
torical review of the progress of science and mechani
cal industries during the 

From a contemporary print. 

To those interested in stUdying the progress of sci
ence in this country, the first volume is instructive in 
showing the gradual, yet rapid development that has 
taken place. The proprietor, then, Mr. Rufus Porter, 
was a versatile genius. Finding the world of science too 
small, he branched out in several directions ; included 
poetry, temperance and religion among the subjects for 
discussions and essays. Temperance combined with 
science was uppermost in his mind, and gave the jour
nal a high moral tone. 

An examination of the business columns of the new 
paper will reveal many curious advertisements, and in 
them will .be found some names well known to-day. 
There appears the advertisement of Daniel Davis' jour
nal .. Electrical Apparatus," a review of his famous 
book, " Manual of Magnetism,"  ranking as the modern 
" Gilbertus de Magnete. " Adams & Company's Ex
press advertise largely, stating that it sends daily iron 
chests to Pittsburg for the transportation of valuables. 
" The Pioneer and Express Line " takes goods to Phila
delphia in three and a half days, in perfect order. Ad
vertisements of daguerreotypes and supplies show the 
extent and interest in the new art, at that time, of pho
tography. Another interesting advertisement is that 
announcing the Eighteenth Annual Fair of the Ameri
can Institute, at Niblo's Garden, October 6, 1845, with 
its cattle show out of town on the present site of the 

Fifth A venue Hotel, opposite to what is now Madison 
Square Park. In the issue of October 9 is a short de
leription of the fair. Among the 1 , 300 entries is Hoe's 
printing press, Colt's repeating pistol, and Gurney's 
daguerreotypes, all of them time honored. 

It was quite difficult to get up good illustrations then. 
The engravings were crude, yet they enhanced the 
popularity of the paper in the eyes of subscribers 
and readers. The illustrations covered several differ
ent subjects. On the front page of the second issue is 
shown a self-regulating w indmill ; in the next number 

1849. 

is a rotary steam engine, 
and in the succeeding nmn
bel' appears a picture of a 
traveling balloon, which 
may be accounted for by 
the fact that Mr. Rufus 
Porter was a strong be· 
liever in the possibilities of 
aerial navigation. In later 
issues may be found as 
front page embellishments 
illustrations of a sema
phoric telegraph, a steam 
carriage for common roads, 
Brown's dovetailing ma
chine, a c o m  b i n  a t i o n  
trunk lock, a 'ld an im
proved tubular boiler. 

On October 20, 1845, the 
office was destroyed by fire, 
which caused an omission 
of two issues of the publi· 
cation .. In the November 
13 issue, the first published 
after the fire, is a very 
characteristic editorial giv
ing interesting details. The 
loss is placed at seven hun
dred dollars j- not insured. 
In the same number as 
many as eight vessels are 
spoken of as being engaged 
in commerce on Lake Su
perior, while more vessels 
are building. It also men
tions that a line of tele
graph is being laid from 
New York to Pittsburg 
and that one between New 
York, Philadelphia and 
Baltimore will soon be COIll
pleted. 

Another item describes the steamship Great Bri
tain, one of the earliest screw vessels, and attacks 
the practicability of screw propulsion. Railroad pro
gress is given a prominent place. One item tells its own 
story : " Norris, of Philadelphia, has sent two more of 
his splendid locomotives to Russia. " It demonstrates 
at how early a date the American locomotive was appre
ciated abroad, and is prophetic as regards the adoption 
of American machinery by Russia. It has been recently 
stated that an immense locomotive plant will be estab
lished in Russia, based on American ideas, as carried 
out by the Baldwin Locomotive Works, of Philadelphia, 
for the equipment of the great Siberian Trans-Conti
nental Railway, which was at that time projected, but 
which is not yet completed. Another item alludes to a 
great work that is being done in the grading of thirty 
miles of roadbed, expecting it would be completed dur
ing the winter. The Baltimore and Ohio road has 
177 miles finished. Most extraordinary of all, in the 
issue of December 11 ,  1845, is found the statement 
that " the last project we have heard on this subject is 
that for the construction of railroads elevated on rows 
of permanent columns to be erected in the principal 
streets of this city. We believe this project to be not 
the most visionary, however, and shall probably give 
an illustration in a future number. " Quite a remark
able suggestion in view of the fact that it was not actu-

ally carried out until twen
ty or more years later, and 
may be said to be the fore
s h a d o w i n g  of our pre
sent elevated railroad sys
tem. 

past fifty years, and as it is 
commemorative of the fifti
eth anniversary of the pub
lication of the SCIENTIFIC 
AMERICAN by the present 
owners, it will, we feel sure, 
not be considered amiss if 
we give some account of 
the early beginnings and 
struggles through which 
the journal passed before it 
had made for itself a posi
tion of authority in the 
particular field to which it 
is devoted. The early num
bers of the paper are rarely 
attainable, and cannot gen
erally be reached even in 
our large public libraries. 
We have reproduced some 
pages of the first issues, in 
order to give our readers 
some idea of the character 

THE FIRST WASHINGTON OFFICES OF MUNN & COMPANY. 

Captain Eads' proposed 
ship railroad, across the 
Isthmus of Panama, at
tracted considerable atten
tion, because of the ingeni
ous application of hydrau
lic power to sustaining the 
strains on ships. But in 
the first volume of the SCI
E NTIFIC AMERICAN is to 
be found a ship railroad 
which solves the problem 
at once. It is proposed to 
mount a great tank upon 
wheels, to float the ships 
into it, then to close its 
ends like a lock, and carry 

U nited States Patent Office at left. the whole across the lan9. 
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J c itufific jtUttiClU. 
the vessel quietly floating in the tank o r  moviug I which Mr. Porter was a strong believer, are less fre- I engravings o f  new inveJ)tions and a resident correspond
lock. quently noticed in its columns. It will be noticed also ent at Washington is to keep the readers informed 

Other featu res of the paper include a series of article� that less space is devoted to a discussion of religious about what is going on at the Patent Office. Chemis
on the Science of Mechanics, really excellent and worthy ' problems and temperance. However much the new try, architecture, gardening and mechanics are among 
of reproduction, on account of the simplicity and apt- p.roprietors believed in the value of these virtues as the subjects promised. It is with regret that we turn 
ness of the experimental illustrations. The subject of tOtilching private character, they did not think that a away from the first volume, but in opening the second 
patents also begins to be noticed, a list of the patents discNssion of such problems formed proper subject mat- volume, September 26, 1846, we find the promises well 
issued in May and June, fulfilled. 
1845, occupying less than In 1847 the Mechanics' 
a column. Journal, published at 

H o w e v e r  attractive Albany, by Joel Mun-
and interesting the early sell, was purchased, and 
numbers of the SCIEN- its editor, Mr. Robert 
TIFIC AMERICAN may McFarlane, succeeded 
be from a retrospective Mr. Porter as editor of 
point of view, it did not the SCIEN TIFIC AM'l:RI ' 

possess the elements of CAN. 

success, and, after a In 1849 Mr. Salem H. 
brief existence of ten Wales. now one of the 
months, Mr. Porter de- cOIIlJl1 i�sioners of the 
cided to part with all new East River bridge, 
his interest in the paper, purchased an interest 
and in the early part in the SCI E 1\TIFIC AME-

of July, 1846 (according RICAN. and was very 
to the text of the bill actively interested in 

, of sale), all right, title the editorial depart-
and interest in the pa- ment till 1871 ,  when he 
per, including good will retired from the fi rm 
of the business, all and became actively en-
types, cuts, engravings, gaged in polit ics. Soon 
composition cases and after this he was nomi-
the various parapher- nated by the Republi-
nalia of a publishing ('an party for Mayor of 
office, including the su b- New York City, but was 
scription list, the most defeated at the polls by 
important of all, were the Democratic nom i-
transferred to the firm nee. 
of Munn & Company, The changes gradually 
which was founded for introduced in the paper 
the purpose of acquir- began to p roduce the 
ing the publication. The anticipated results, and 
value at which the the journal slowly but 
SCIENTIFIC AMERICAN surely increased in influ-
was at that time held, ence and circulation. 
may be judged from the The young proprietors 
fact that the purchase were at this early date 
price was eight hundred bl'Ought into contact 
dollars. The new firm with inventors. some of 
consisted of Orson D. '",hom were successful. 
Munn and his friend the great majority of 
and schoolmate, Alfred whom were struggling. 
E. Beach. The latter A Mr. Elias Howe was 
had been brought up in 
the office of the New 
York Sun, of which 
his father, Moses Y. 
Beach, was at that 
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one of the latter, who 
frequently called with 
reference to a wonder
ful m a c  h i n  e of his 

time the proprietor, and the young men with the en
thusiasm of youth saw a great future, under proper 
management, for the feeble and struggling little journal. 
An office was secured in the old Sun building, on the 
corner of Fulton and Nassau Streets. The knowledge 
and experience acquired by being in such close relation
ship with the great daily was of great service to the 
young publishers. The interior of this office, as it ap
peared some three or four years later, is shown in one 
of the cuts reproduced from an early print published 
at the time. 'Ye regret 
to say we have not been 
able to procure a pic
ture of the exterior of 
the Sun building of that 
day. 

which would sew by 
tel' for the columns of a scientific journal. In like simply turning a crank. His name was soon des
manner the Muses began to be neglected, and it will be tined to be known all over this continent and all 
seen that the department of poetry is gradually cur- through Europe as well. Needy and discouraged 
tailed until it finally disappears. The most noticeable like the typical inventor, he could not find anyone 
change, however, was in the form and size of the paper. who was willing to risk his capital in this curious ma-

Near the close of the first volume the important an- chine. A. B. Wilson, the inventor of the 'Yheeler & 
noun cement is made that it is proposed to enlarge the Wilson sewing machine, was also a frequent caller at the 
SCIENTIFIC AMERICAN, to print it from new type on office, and it was through the agency of Munn & Com 
fine paper, and to make it of quarto instead of folio size. pany that he procured his patents. He was much in the 
Every number is to contain from three to six original same condition financially as the great Howe. He was 

fortunate in associating 
himself at an early date, 
however, with a man of 
means, great foresight 
and g o o  d judgment, 
Mr. Nathaniel Wheeler. 
The great Wheeler & 
W i  I s o  n establishment 
was the result of the 
uniting of their talents. 
Mr. M u n n a n d Mr. 
Beach were in this way 
at an em'ly date brought 
into contact with the 
inventors of the coun
try, and they decided to 
establish a patent de
partment in connection 
with the pUblication of 
the SCIENTIFIC AlI'IERI

CAN, which had now 
been in existence sev
eral years, and which 
was this time a suc
cessful and influential 
paper. 

'1'he first issue pub
lished by Munn & Com
\}any made its appear
ance on July 23, 1846. 
A facsimile of this num
ber will be found upon 
the front page of the 
present issue. It will be 
seen that Mr. Porter was 
retained by the young 
proprietors as editor and 
for a few months his 
name still appears in 
conjunction with theirs 
upon-the title page, but 
very soon a change is 
'tloticeable, and a new 
spirit is infused into the 
p a p e r .  'What was a 
gain to the general read
er at that time is a loss 
to us to-day, however, 
for we find t.he paper 
begins to lose something 
of its eccentricities and 
picturesqueness. It will 
be observed that articles 
on the Millerites and the 
millennium, which was 
expected in 1846, and in INTERIOR OF SCIENTIFIC AMERICAN OFFICES AT No. 37 PARK ROW, 1859-1882. 

T h i s  announcement 
had hardly been made 
before the office was be
sieged with inventors, 
who engaged Munn & 
Company to p r e p a r e  
their specifications and 
drawings and attend to 
their interests before the 
Patent Office at Wash-
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ington. Affairs now moved rapidly and it 
was found necessary to establish a branch 
office at 'Vashington. A view of these first 
offices as they appeared at that time has been 
reproduced from a print of early date. These 
offices were opposite the Patent Office. 

Judge 1\1ason, when he retired as Com
missioner of Patents, became associated with 
Munn & Company in their patent depart
ment. He was an able man, very popular 
with inventors, and was most successful in 
fighting to a successful issue the extension 
of the Morse telegraph patent. This noted 
inventor was at this time a constant visitor 
at the office of the SCIENTIFIC AMERICAN, 

in consultation with Judge Mason. 
Captain John Ericsson Commodore Edwin 

A. Stevens, and Captain James B. Eads were 
among the other celebrit ies of those days who 
were constant visitors at the office. 

In 1859 the offices in the old Sun build
ing were found to be too contracted, and 
new quarters were secured at 37 Park Row 
(now the Potter building) ,  opposite the City 
Hall and the New York Post Office. These 
offices were in a central and convenient 
location and were large and commodious, 
and admirably adapted to the work of 
the office. Several views of the exterior and interior 
are shown reproduced from contemporary prints. 

On January 31, 1882, the Park Row office was de
stroyed by fire, the second conflagration the business 
had to pass through. The old building was a great 
center for patent lawyers, and a large quantity of irre
placeable models and valuable papers were destroyed. 
'l'emporary quarters at 261 Broadway, corner of 'Var
ren Street, were secured on the same day and were 
opened for business the next morning. In the fire was 
destroyed the type plant used for printing the subscrip
tion lists. To avoid writing wrappers and not delay 
the issue of the paper, photographic copies of the sub
scription lists that had been saved were made, and 
these photographic prints were attached to the regular 
wrappers in the usual way-an illustration of the 

SCI E N T I F I C  A M  R tCAN  
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MODEL ROOM A T  No. 37 PARK ROW. 

utility of the science of photography in an emergency. 
The temporary quarters being too contracted for 

the business, the present commodious and well 
lighted offices at 361 Broadway, corner of Franklin 
Street, were secured, where two spacious floors are re
quired to accommodate this large business. The en
gravings published on another page show the various 
departments of the patent business. 

It was decided at the time of the Centennial Expo
sition in 1876 to publish a supplementary weekly paper, 
which could be devoted to the many objects of inter
est shown at the exhibition, and in which articles re
lating to the progress of the arts and sciences in foreign 
countries could be published, as well as abstracts of 
lectures and papers read before the various scientific 
and technical societies at home and abroad. 'rhis 

93 
publication is known as the SCIENTIFIC 
AMERICAN SUPPI,EMENT. No further men
tion of this journal is necessary, as this paper 
is well known to our readers. About the 
same time the Export Edition of the S CIEN

TIFIC AMERICAN made its appearance for 
circulation abroad. It was practically a 
monthly reissue of the SCIENTIFIC AMERI
CAN. During the past few years the trade 
relations between the United States and the 
South American republics, Cuba and Mexi
co, had become so extensive that it was de
cided to publish an edition of the SCIEN
TIFIC AMERICAN in Spanish. This journal 
is extensively read in all the Spanish-speak
ing countries. In 1885 the Building Edition 
of the SCIENTIFIC AMERICAN was estab
lished, and it at once met with public favor, 
and has acquired a very large circulation. 
It is a monthly publication and is well known 
to most of our readers, so it needs no com
ment here. 

The copartnership which had lasted so 
many years was terminated by the sudden 
death of Mr. Beach, on January 1 of this 
year, thus rendering necessary the conver
sion of the business into a corporation under 
the laws of the State of New York. 

The following sonnet in honor of the golden anniver
sary of the SCIENTIFIC AMERICAN was contributed by 
Mr. George A. Avery, one of our oldest employes : 

TO THE SCIENTIFIC AMERICAN. 
A laurel garland.through thy name we string, 
Since half a century thy work hath grown ; 
For at thy birth-time arts were little known, 
And sciences were meagre chronicl ing, 
Till great invention gave us everything 
Which fosters thrift or soothes the Bufferer's moan. 

Those fifty years are long, Thou art alonet' 
In lapse of years and glories time doth bring. 

And still the senior of the youthful twain 
That started thee aright in thought and deed 
Directs the lamps of knowledge, truth and peace 
Upon thy columns with a loving pain 
For him who died o'er consciolls of thy need 
Of the life work he gave for thy increase. 

t 

t� f ti� '! 
J I PAT E N T  O F F I C E i: 

THIRTY YEARS AGO-STAFF OF MUNN & COMPANY IN 1866. 

Group desigued by Gustav Dieterich, one of the draughtsmen at that time. 
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FEED TH E LAWN AND YOU CAN ALMOST 

• ,See the Grass G.row 
[yon's • • 

Jlutomatic 
f¢rti l izing 
[awn • • 

f¢¢d¢r • 
.- 'ODORLESS) 

is a neat, l i ght, little device, attached between the end of the hose and the nc:J'Zzle, w hich auto
matically dissulves a stick of 

LYO N ' S  O O N O E N TRATE D LAWN FOOD, 
diffusing i t  through a s  much water as will pass through an ordinary garden hose i n  about one 
h our. It is  clean, odorless, non-poisonous, and w i l l  give perceptible rtsults after one week's use 
on your lawn. It produces a dark-green fOliage and a healthy growth. 

From the July Issue of AMERICAN HOMES, Knoxville, Tenn .  
None but th o ·  e w ho h a v e  h ad tho e x nerience k n o w  h o w  d ifficult i t  i s  n o t  o n l y  t o  bring the 

lawn up to a condition of uniform vigor but t o  keep it there as well. 
N othing adds more to the beauty of a home than a rich greensward on the lawn, but If 

marred by bare or �cant pla ces and alternate luxuriant tufts, the evidence is painfu lly I . p paren t 
tHat something is lacking, a n d  the ownl'r is apt to rl'el a g u i lty knowledge. of laek of proper 
n utrition or care, no matter how earnestly he has sought for a remedy for the scrawny 
appearance. 

If but a sma ll . . patch " of grass can be obtained. Ir t i t  have the thrifty, wel l-cared-for I Jok 
which commends it to all,  and shows the care and intel ligence o f  the occupant of I he premi;e�. 

It  is not e very one who can tel l  j ust what to do and when to do it, w h ich will  make and keep 
the lawn in ap ple-pie 01 del', and many who have striven hard for the desired r"sults have ended 
in failure and disa ppointmen t. 

To such, Lyon's Automatic Fertilizing Lawn Feeder comes as a boon. Its use is so simple, 
and the 1(00<1 resul t s  so positiv e  that it i s  like many another valuable invention, one wunders 
why it was not thought of long ago. I f  th IS is used with regularity, the change<1 Ilppeara nee of 
the lawn will be man'elous, a nd it will only remain forthe lawn mower to do its duty, to produce 
that evpn, velvety app<'arance so universally written about and so seldom seen. 

The editor of AMERICAN HOMES h H s  "iven this Fe rtilizer a test and is convinced that its pur
chase will prove one of the best i nvestment� a home-owner can make. 

For sale at Seed and Hardware Storrs, and by dealers generally, or a complete outfit, consist
ing of one holder and twelve sticks of the food, prepaid to any adtlress on receipt of $ 1 .00. 

W e  w a n t  a bright m an i n  every city i n  t h e  UnPed t'tlltes containing a system of water works 
to do special work for us. Pleasant work, sp lendid pay. Small  capital req uired. Apply at once. 

THE W. W. SPRAG UE CO., U N ION STocPlY!R�S, CHICAGO. 
SATISFACTION GUARANTEED or Money Cheerfully Refunded. 

J. H. M ICHENER,  JR . ,  General Eastern Agent, 
956 Front Street. Ph i lade lph ia, Pa. 

Valuable Books Free. 
Woman's World and Jenness n iller nonthly 

is a mammoth il lustrated magazine, every 
number consisting o f  n inety-six t o  one hun
dred and twelve long columns, with a colored 
cover i n  handsome d esigns. Its twenty-four to 
twenty·eight pages each month are filled with 
charming serial and short stories, poems, useful 
and instru c t i v e  m i scellaneous departments, 
fan cy work, hou sehold and children de part
ments. It i s  a popular ladies' and family maga
zine. The subscription price is $,.00 per year. 
The publishers deSire to Intro d u c e  it into thou
san d s  of new homes where i t  i s  not n o w  taken, 
and make the following unprecedented offer : 
On receipt of IS t wo-cent stamps, we will  enter 
your name for a trial subscription, and send you 
any selection of three books from the I st below. 
Just think of it 1 A trial subscriptIon to a $ 1 .00 
nagazlne, and a selection of th ree books from 
the leading authors of the day (the three books 
alone retailing for 75 cents), for only 3'1 cents 
stamr.' noney refunded if you are not entirelf. 
i::: �h�'

titT�e number of pages in each book to • 

SELECTED LIST Of BOOKS. 
so. NOTE.-Order the books wanted bf! number. PAGES 

1 A Yellow Aster. " Iota. " 1 9 2  
2 Esth e r  \Vaters. George Moore. 336 
3 The Man i n  Black. !;tanley j .  Weyman. 1 28 
4 Dodo. E. F. Benson. 224 
5 Ships that Pass in the Night. B. Harraden. 1 7 6  

� *h�oJ3���e;��e, ( I  f�i!k�u���!��;' �;: 
8 Called Back. H u g h  Conway. 160 
9 A \Vi c k e d  Girl.  M ary Cecil Hay. 1 7 6  

1 1  \Vedded a n d  Part e d .  C harlotte M .  Braeme. 1 I 2  
J 2  T h e  Bag o f  Diamonds.  George Manville Fenn.  ] 7 6  
1 3  T h e  O c toroon. M i s s  J\1. E .  llraddon. 1 60 
14 A Study in Scarlet .  A. Conan Doyle.  1 7 6  
1 5  Forging t h e  FeHers.  Mrs. Alexander. 160 
2 2  Maid, 'Vife o r  'Vi dow. .l\lrs. Alexander.  9 6  
23 Black Beauty. A n n a  Sewe ll .  1 7 6  
24 Ideala.  Sara h G r ;:t n d .  1 9 2  
2 5  C a m i l l e .  Alexander Dumas. l Oa 
26 Her La!;t Throw. " Th e  D u c h e s s . "  1 60 
z7 T h ree M e n  in a Boat. Jerome K. Jerome. 2 :14 
28 T h e  Honorab le Mrs.  Vereker. " T h e  D u c h e s s . " 208 
29 The House o f  t h e  Wolf. S .  J .  \Veyman. 1 9 2  
39 T h e  Earl ' s  Error. C h arlotte M. Braeme. 1 6 0  
40 A Golden Heart. C h arlotte M. Braeme. ]92 
4 1  Her Only Sin. C h arlotte :\L Braeme. 1 28 
42 T h e  Idle  Th ollghts o f a n I d l e Fellow. Jerome. ] I Z  
4 3  In Dura nce Vile. " T h e  D u c h e s s . "  l I Z  
4 4  A Little RebeL l i T h e  D u c h e s s . "  1 28 
45 A Little I r i s h  Girl.  " Th e  Duchess." 1 60 
46 Loys, Lord Berresford. " The D u c h e s s . "  96 
48 A Marriage at Sea. \V. Clark Russel l .  1 7 6  
5 0  T h e  O t h er M a n ' s  \Vife. J o h n  St range \Vinter.  1 92 
51 On Her Wedding Morn. C b arlott e M .  Braeme. 1 9 2  

�; �tfh�LG�e�n l�����. KB�I����den.  � �� 
60 Singu l arly Deluded. Sara h Grand. 1 28 
61 T h e  Hired Baby. 

.
Mari� C�relli .  96 

6;, The Tour of t h e  \\'orld In EIghty Days. Verne. 1 92 
70 Rose Fleming. Dora Russell.  128 
7 1 Reveries of a Bach elor. I k. Marvel. 144 
72 Under t h e  Red Flag. .l\-liss ;\1. E. Braddon. 160 
73 The Lit t l e  Schoolmaster :\lark. J . H . Shorthouse.  160 
7 5 Diamond Cut Dia mond. T. Adolp h u s  Trollope. 1 28 
76 Monica, and A Rose Disti l l 'd .  " T h e  Duchess." 1 1 2  
7 7  Afternoon, and olher Sketches.  " Ouida. " 128 

SPECIAL OFFER.-Upon receipt o f  only $r .oo 
we will enter four t r i a l  subscriptions, and s e n d  
f r e e  and postpaid any twelve books desi red 
selected from the above l i st.  The books may b� 
sent to one address, or d i v ided and sent to each 
of the four addresses. One extra book sent to 
the one sen dinf{ the order for four subscriptions. 
Address, J. H .  PLUMMER, Publisher, 905 

Temple Court Building, New Yor k ,  N.  Y. 
W e  refer to any mercantile agency as to our 

responsibility. This ad vertisement would not 
appear in thIS publication If  it  were not genuine. 

AUTOMATIC LAWN FEEDER WORKS, 
Bloom ington ,  I I I . ,  

Special Agts. I l l inois , M Issour i ,  Kansas, Nebraska. 

F IGURES ADDED  
WITH OUT WORK. 

No mistakes-no head work-no chance to blun· 
der. The U niversal Addin g  Machine saves m i nd ·I lahor .and money. You push the slides, and you; 
work IS done. No cog wheels or mechanism to get 

. out o f  order. Regular price $8.00. BUT THE FIRST 
H U NDRED TH.AT ORDER GET 'EM AT $5.00 
( deltvered free 10 U. S. ) ,  because times are hard 
an� we want to advertise the Adders. Every rna: 
chtne gua ranteed. Book about it free. 

E.  J .  H U SS E Y  &. CO. 
82� JOHN ST" NEW YORK. 

" WOLVER INE " GAS AND GASO L I N E  

We will send on receipt 
of IOc. a sample to 
any address. Prices 
of GOLDEN SCEPTRE, l ib. SI.30, �Ib. 40 cts. 
postage paid. &'talo"ue Iree 

SllR8RUG 37 D;ireet 
NEW YORK CITY 

WBarc l ay S tr. .  38  Co:tu'( Sqr..  156Adams Ste,  
.NB W YORK. n a S T aA': CHL/J.J@tl 

'B18Wyandotte S tr . . .K4NSAS CITY. hfo. 

S E N T  O N  A P P L I C A T I O N . THE KLIP-BI 
8timple Leaves of for pamphlets, magazin es, and 

Queen" Bui lder's Transit 
$ 1 00 

I MPROVED TRANSITS AND LEVELS 
Graduated entirely on our large dlvld-

, ���r�nl{l�rSkh�e�tl �����e�n':.°Sl�;� veyin� and Drafl ln'l Instruments and Materials. 220 p. I llustrated CataJogue 
mailed free only if this ad. is mentioned 

(l U E �; N  & C O . •  l oc.,  1 0 1 1  V la e . t u u t  St.,  P h i l n d e l phla 

THE  BEST IS  THE  " BOSS" 
No Horse Shoes i n  the WOrld eq ua l t h e  n u � s  for J ightnesfi. perfection ot shape and s t r e n g t h. Made of Iron. Aluminum soet Stee1, in sizes from 00 to 8. in weigh ts frf)1ll l� 

oz. to 56 ozs. each, a n d  
at a factory turninL!' out 
the greatest varieLy ot Ahoes in t h e wor1d. Our 
Hacing Plates a r e  u�erl 
on every first - dass 
course i n  t h i s  country. 
a n d  on the Newm flrket 
R n d  Ep�om courses in I�� n lZ I II n d .  Send tor Ca ta log u es 0 and P. 
T H E  BRYDEN 
H O RS E SHOE CO. 

Catasau q ua, Pa. 

In any form wanted, for all 

ELECTRICAL A N D  M ECHAN ICAL  PURPOSES. 
W r i t e for sam ples and q u otations. 

A. O. S C H O O N M A K E R, 
160 W I L L I A M  STREET, N E W  Y ORK. 

YO U R  I NVENTI O N  If " s peelalty of merit. 
, wlll be I n t r o d u c e d  Ihnrou�hly I f  _you contract WIth us. H U N  T E R CURRY COMB CO. ( I nc.), RaCine. Wi •• 

���Bfi�etilan�!�(!�h('�O�����:! 
letters, bills, etc. No boles to punch. no wires to bend, no strlnu to 
g�Vt����te�) b1ead'):g libraries. rr- Send fOT and price list. 
H. H .  BALLARD,  Box 1 88, PITTSFIELD, MASS· 

��II�' I 1 2  Broad St 

Sole Agent .  NEW Y O R K .  

NEW ADVERTISING NOVELTY 
Something absolutely new for Advertisers wbo Intend to give their CUBtomers a Souvenir wbich will be use-
�?;, 8�dll�fl?11o af.Wf�\�G � �n1Jn;�-;,:� for sam_ 

Advertising Novelties, P.AT�RSON, N. J. 

VOLNEY W, MASON & GO" PrOVidence, R. I., U. S. A. 
Manufacturers of Pnr,. Frietlnn P u l l evs Rnd Hobl 
i n g  l\.lac.hln ery. N e \v Pat. W h i p-H oists, for rapid hOlst Ill !! In 'Varehotlse�, M i l l � .  e t c., bv power. 61 in w'" e 
at t he Hay Depot of t h e  N. Y. C. & iI. R. R. R. Co . . 3 d Street, .!"few York, on one I t n e  shaft i n g  560 ft. long ( I  h e  
lonce8t I n  the worl d ) .  5 0  i l l  usc at Lowell  M, Palmer's Dock Depot. KC'nt Ave., Broold vn. N. Y. A Iso at Con
sti t u tion Wharf and A t hl �  Sioreh ( lu�es, u n d  (. ther�, Boston, Mass . •  nod the PrOvidence ''' fi rehouse « \., 
����:��r�IS�\��;;���rA���itAN?Ver SO ycar& advcr-

PROJ ECTION of L IGHT 
By R eflectors, Prisms, Lenses, etc. 

FROM THE S UN , ELECTR I C I T Y .  CALC I U M .  H YDROGEN 
AND OIL,  FOR SCIENTISTS . PH OTO·ENGRAVERS, 

THEATERS, LECTURES A N D  S P E C I A L  EFFECTS. 

W . U T E  OR C A L L  ro,. N rO ft M A T I O N .  

J. B. CO LT &. CO. , 
1 1 5 ... 1 1 7  Nassau St. and 69 6 t h  Ave. ,  NEW YORK 
1 89 La Sal l e  St . •  C h icago. 1 3 1  Post 51., San FrancIsco 

Factory. 1 46 to 1 6 0 Cente r St., } New York Photo Studio,  16 Beekman St., • 
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A HALF C E N T URY OF MINING. 

Some fifty years ago one James Wilson Marshall, a 
earpentel', was at work deepening the tail race of Sut
ter's mill, in El Dorado County, California, when he no
ticed the glitter of gold in the gravel which he had 
thrown up in his exeavation of the night before. That 
was on the morning of January 19, 1848. When Mar
Hhall picked up the yellow fragments, he little dreamed 
that he was holding in his hand the key to one of the 
richest natural treasure vaults that has yet unlocked its 
wealth for the enriching of a nation. 

At the time of the discovery of gold in California the 
mineral industry of the United States was in its very 
infancy, as may be j udged from the fact that the annual 
output of coal, whieh in 1895 reached the enormous 
total of 196,442,451 tons, in 1848 amounted only to 5,000, -
000 tons, and that the total output of pig iron was but 
a quarter of a million tons, as against nine and a half 
million tons in 1895. Lead was mined to the modest ex
tent of 10,000 tons, and it was but two years previous 
to the discovery of gold, or in 1846, that copper mining 
had its small beginning with a total output of 150 tons. 

The effect of the Sutter's mill discovery was simply 
magical. I ts  announcement was received with un
bounded enthusiasm, and it drew a vast and motley 
army of adventurers to the Pacific eoast in search of 
the precious metal. "\Vhen we consider how crude were 
the methods of recovery, the yield of gold was truly 
phenomenal. In the first year about $10,000,000 worth 
was taken out ; this rose to 
$40,000, 000 in 1849 ; $50,000,-
000 in 1850 ; $55,000,000 in 
1851 ; $60,000, 000 in 1852 ; 
and it reaehed its highest 
point in 1853, when a total 
value of $65,000,000 was re
covered. 

During t h e  s e first six 
years the methods of ex
tracting the gold were very 
erude, and therefore very 
wasteful. The mining was 
carried on in what were 
known as placer deposits 
and the favorite appara.
tus of the " forty-niner " 
consisted of the pan, the 
rocker, the Long Tom and 
the slu ice box. 

J titutifit �mtritJu. 
perience in the practical routine of Americal mining, 
opens up the way to responsible and highly lucrative 
positions in any of the great mining centers of the world. 

The development of copper mining in the United 
States has been no less remarkable than that of gold. 
It had its commencement a year or two p'revious to the 
discovery of gold, and the progress of

' 
this industry, 

especially in the last decade and a half, has been with
out a parallel. From a small beginning of 150 tons in 
1848 the output grew steadily to 27,000 tons in 1880, when 
it began to increase at an astonishing rate, reaching a 
total of 1 19,000 tons in 1890, and 1 72, 522 tons in 1895-an 
amount which is greater than the total production of 
all the other countries of the world combined. This 
rapid increase in production has taken place in spite of 
the fact that the market price of coppel' has been stea
dily declining. Although it is worth to-day only one
half what it was twenty-fiye years ago, the output is 
over thil·teen times as great, and the copper mines of 
Michigan and Montana are reckoned as among the best 
paying investments of the day. 

This success has been achieved by the introduction of 
improved machinery, and by the administration of the 
mines with a stl'icl regard to economy of labor. Some 
idea of what skillful engineering, combined with well 
directed economy, can do may be gathered from the 
fact that the great Calumet and Hecla mine in l\fichi
gan is paying a yearly dividend of 1 50 per cent on a 
paid-up capital of $1,250,000, and this, although the 

ment of wealth to the nation than the production of 
gold, silver, and copper combi9-ed, has been the devel
opment of our vast natural resources of coal and iron. 

We have shown that the past half century practically 
includes the history of the development of coal and 
iron mining on a scale of any magnitude. Five million 
tons of coal and less than half a million tons of' pig iron 
will cover the output in 1846 ; and although the earliest 
records of the iron industry take us back to the early 
years of the seventeenth century, when iron ore was 
shipped from Virginia to England, the commencement 
of the era of its modern growth may justly be assigned 
to the decade 1840 to 1850. This period saw the rapid 
development of the two great means of transportation
the locomotive and the steamship-whose manufacture 
and propulsion created an immediate and growing de
mand for iron and coal. Increased facilities of trans
portation extended the market for manufactured arti
cles ; and, as the factories multiplied, the demand for 
iron machinery and coal fuel increased rapidly. The 
industrial development of the country thus necessarily 
involved a corresponding increase in the output of coal 
and iron ; and the story of our commercial prosperity is 
faithfully chronicled in the tables of our production of 
these minerals. This has risen in 50 years from 5,000, -
000 tons of coal to 196,442,451 tons ; and from 500,000 
tons of iron to 9,446, 300 tons in 1895. 

The European mine owner is puzzled to understand 
how we can sell our coal for 30 to 40 per cent less per 

ton than he can afford to 
do, when we are paying 
the miner over twice as 
high a wage. 

The answer is simple, 
and with it we will close 
this brief review : Better 
paid labor produces a more 
intelligent workman and a 
larger output of work ; it 
stimulates the introduction 
of labor-saving machinery, 
and renders economy of 
administration an impera
tive necessity. 

THE GREAT SEAL ON 
BRITISH PATENTS. 

The letters patent for
merly issued by the British 
government w e  r e very 
formidable affairs, and in 
the accompanying illustra
tions we publish a repro
duction of the great seal 
whieh was affixed to each 
document. The patent it
self was a large folio in 
size aud pl"inted only on 
one side upon heavy pardl
ment. The seal was affixed 
by means of a red cord to 
the lower border. This 
was a very beautiful affair, 
and measured 6X inches in 
d iameter. On one side of 
the seal is a representation 
of Queen Victoria in coro
nation robes, supported on 
either side by female fig
ures, presumably Justice 
and Science. On the ob-

In the course of timc, as 
the rich alluvial deposits 
became worked out, the 
l lliner turnea his attention 
to the gold-bearing rock, 
and the recovery of the gold 
l Jecallle It more difficult and 
(·ost l y  matter. There was 
a eail for science, skill, and 
('apital,  and the gold min
ing  industry passed into 
t he hands of the engineer 
and the capi talist . The 
pan, the rocker, and the 
sluice gave place to the 
highly organized s t a III p 
mill, with i ts costly plant 
consistinli" of stamp batter
ies, amalgamating p a n  s 
and eoneentra c i n g  tables. 
Chemistry was called in to 
determine t he COlli position 
of the various ores, and the 
expert metallurgist became 

GREAT SEAL FORMERLY ISSUED WITH BRITISH PATENTS. verse side her Majesty ap
pears mounted on a charger 

an in (l ispensahle  member of the staff of the mine. In 
(l ue time the rebellious oros came to be treated by 
roasting, and last, and most brilliant feat of  all, was the 
introduetion of the various leaching processes, by 
which in some cases practically the last trace of the 
gold has been recovered from the tailings. 

Mention should also be made of the remarkable 
development of hydraulic mining, whereby enormous 
deposits of gravel, whieh contain only a few cents' 
worth of gold to the cubic yard, can be worked at a 
profit. As i ts  name indicates, the mining is done by 
the action of water, whieh is discharged under enor
mous pressure against the wall of gravel and bowlders, 
tearing it down and thoroughly segregating the material 
whieh is t.hen earried through sluices, where the gold 
is deposited. 

It was natural that, in the first rush for gold, the less 
valuab le metal, silver, should have received but little 
attention. 'rhere were about two and a half million 
ounces of gold taken out in 1850, whereas the total out
put of s i lver for that year was only between thirty
eight and thirty-nine thousand ounces. It rose to 12,375,-
360 ounces in 1870, and reached the maximum in 1890, 
when it amounted to 54, 517, 440 ounces. Last year there 
was a decline of about eight million ounces, the total 
being 46,331,235 ounces. 

There is no country in the world where the mining 
and metallurgy of gold and silver has been subjected to 
such searching and successful experimental work as 
in the United States. To have graduated from an 
American School of Mines, and to have gained his ex-

value of copper has decreased 50 per cent in the past 

twenty-five years. The above figures are a tribute to 
machinery and good management, which, in the last 
twenty years, have reduced the cost of labor in getting 
out the ore more than 400 per cent. 

TOTAL OUTPUT OF J,E ADING MINERALS IN THE 
UNITED STATES, 1895. 

Pig iron, long tons . . . .  . . . . .  . .  . .  . .  . . . .  9,446,308 
Gold, ounces. . . .  . . . . . . . . . . . . . . . . . . . . . . .  2,2fi5,612 

Copper, pounds . . . • . • • . • . . • • . . . . • • . . . . . .  886,453,8,';() 
Sil ver, ounces. . . . • • • •  . . . . .  . . . . . . . .  46,831,285 

Lead, short ton s . . . . . . . . . .  . . . . . . . . . . . . • . .  156,8M 

Zinc short tons . . . . . . . . . . . . . . . . . . . _ . .  . . . 81 ,838 
Quicksilver, flasks . . . . . . • • • • • • . .  , . . • • _ . .  83.978 
Aluminum. pounds . . . . . . . .  . . . .  . . . . . . . . . . 900,000 
Antimony, short tons . . . • • . . . . . . . . . • . . .  433 
Bituminous coal, short tons . . . . . . . . . . . . . .  13�,079,466 
Anthracite coal . short tons . .  . .  58,862,985 
Crude petroleum, barrels, 42 gallons . . . . . . . 50,652,025 

Buildinr; stone . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Lime, barrels, 200 pounds . . . . . . . . . . . . . . . .  60,000,000 
Iron ore, long tons . • • • . . •  _ . . • . • . • . . . . . . . .  16,950,000 
Coke, short tons . . . . . . . . . . .  . . •  . . . . • . • •  9,927,348 
Natural gas . . , .  . . .  • . . . . . . . . . . . . . . . . . . . .  . 

White lead paint, short tons . . . . • • _ . . • . . . . 
Salt, barrels, 280 pounds . . . . . . . . . . . . . . .  , . 

Hydraulic cement, barrels, 300 pounds . • . .  

Clay, refractory. short tons . . . . . . . . •  _ • . • .  

Marble, cubic feet . . .  . . . . . . . . . . . . . . . . . . . 
Phosphate rock. long tons . . . . . . . . . . . . .  . 

Alum, short tons . . . . . . . . . . . . . _ . . . . . . . . . .  . 
Roofing siate, squares . . • . • • • • • • • • . . . . . • • . 

Portland cement, barrels, 400 pounds • • • • •  

92,000 
12,521,498 

7,694,053 

8,750,OUO 
6,�,538 

831,498 
75,000 

645,861 

749,059 

Value. 
$108,632,542 

46,830,200 
86,944,988 

30,254,296 
10.132,768 

5,942,890 

1,313,589 
495,000 

68,847 
125,489.488 

89,948,699 
42,547,701 
83.000,000 

30,000,000 

29,662,500 
15,258,935 
12,000,000 

8.740,000 
5,844,848 

4,597,285 

4,500,000 
4,086,261 

2.577,643 

2,225,000 
2,062,239 

1,480,089 
Value of total mineraI output . . . . . . . . . . . . . . . . . . .  $678.88l,l505 

More extensive, and bringing even a greater incre-

led by an esquire, who 
at his royal mistress. 

casts his eyes over his shoulder 

The joy and pride of the inventor upon receiving 
this imposing document must have been very great. 
The seal usually was protected by a tin box, which, to
gether with the patent papers, were inclosed in an 
outer case of leather, the whole weighing about four 
pounds. The practice of affixing the seal to patents 
continued until 1877, when the old act was repealed. 
The government fees alone, at this time, were £25-
$125. These fees remained in force until 1883, when 
the act was again amended. Although the old seal 
added dignity to the papers, the public parted with it 
without regret, and the paper seal used now on British 
patents is found to be cheaper, more durable and less 
likely to get out of order. 
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From Ex-J udge NOAH DAVIS, 
March 1 2 , 1 896 : 

t��l\:::::��U.r':r��� I�i�!o�!r��e ����:: qualities ft adds a fund of encyclopmdlc knowledge wbicb I have never before seen In sucb a work_ I feel at liberty to give It my hearty commendation." DO IT NOW I The phenomenal sale of The EncycloPIIl.l ic Dictionary h"" puzzled the world and reduced someOfourWOuld_ l 
From the SCIENTIFIC AMERICAN, 

August 3, 1 896  : 
.. It forme In Itself a library for tbe busy 

man of daire, the mechanic ambitious to 
advance hlJ"self In his line, or the student 
or apprentice just making a beginning." 

COST $7 50 , 0 00  r:g����:��r�!�::'���{;�ll��1��8p�rr���?j'ty �h�i��Cir��� t�� }lr:v����o8�C�U
.
d c��s: i���d�OJo�; t�

.
l�e:,n!�n Jrt� each advance our sales were doubled ruany times over. Why ?' Because each delighted buyer became at once a livinR' advel'tisement, and by his willing aDd hearty commendation intluenced additional orders : otherwise the $200,000 we have spent in advertising might have been thrown away. A l'\ I<; W ,  REV I SED A N D  5 C E NTS A DAY 

B UYS IT 

'I'M l(fUr mn.ui ,'"  vol...,..". �Lwta n t iallV 001,,14. """lain f>86!I _". 16 000 e!>l .. " ..... of elM r two "!<ttl"" 260,000 word.<. 50,000 \.mporlan.t <nC]IG/op<odic topi ... Eaeh ""I""", 9 I"<:hu wWt, ll� Inc/o.u 1""1/ . 3 inch .. thick. W<1i/ht 01 Mt, about 4O ".,..,.,u. THEY LOOK.  

MAGNIFICENTLY ILLUSTRATED EDITION 
of this unrivalled self-instructor is now rea.dy. thoroughly revised to June 1, 1896, and printed from new plates 
r�:iri�e!?�f(�1 :rl�ts;t(��!� t ��bu�dl�ioa�s�s �o:e��\�: ��r�':::� 1�ele:I'!tl:celtwc��ttti�:e

81�nu;��ee�e��e :O��� phrases and definitions in use to-day ' also, more than 100 supel'b new i l l u su'ations, in sev.'lI te.' 1I eo lt u' s  and in monotone. comprising 154 elegant single and double pages of engravings-the most attractive and expensive art work ever made for any reference book ; tog-ether with oUier speCial new features of the utlliost importance and educational value These extensive lmprovements have added thousands upon thousands of dolJars to an original mvestment of dll'ee-qUa,I 'ters of n I .. i I l i on ; Lence it is not to be expected that we can furnish our beautiful new edition for less than regular prices-$4-2 to $' "  a �et. GREAT SPECIAL OFFER 
Nevertbeless, In accordance with our well-, known and popull.�r methods.of in�roduction, we have determlned to gIve SCIENTIFIC 
AMERICAN readers one grand opportunity to secure this great pract.icnl s, df-educato .. at less than half price, and upon terms so easy as to place it, for 

!1�::�:��I ��i��I'�j!����,�heel �����cY�;,V�;'b�:r.; l s��if11�f'���r.��rtn�n�;�e��fc!� bU::�ftl�:���inb�� t���!��� this latest and greatest of all home libraries will be supplied to early  applicants on payment of 

$ 1 .00 W ITH ORDER , $ 1 .50 A MONTH FOR 1 YEAR. 

Total Cost (Cloth style) ,  $ 1 9 .00 j Regular Price, $42.00. 
IT IS T H E  LATEST Dictionary in exist-ence, and contains 
thousands of word� not found in any other reference 
book, Among these are such very recent coinages as 
., vitascope," " aseptolin," .. Roentgen rays," " skia
graph," U fluoroscope " and scores of othertermBrec�ntly 
called into existence by the progress of modem SCIence 
and now fO l'm ing a nece�sal'Y part of every 
�cholnl" � vocabu l ary.  It gives the history. deriva
tion. spelling, pronunciation and varied meanings of 
each legitimate English word. past and' present. Com
pared with this thoro1l llh l y  up-to-date publication, 
even the latest of other reference works is yea1's 
behi nd the aile. 

IT IS TH E BEST of all Encyclopmdlas, be-cause the most pI'sctical ly nsefu l ,  as well as the latest and higbest in scholarsblp. Ju.t think of It I The wbole range of human knowl�dge condensed for your convenient 11 !!Ie by sucb world-famous Bcientists as Huxley, Proctor, Morris, Estoclet and a bundred other educators of bard_ ly less renown. A time_8Rvel' forthe busy mechaniC, engineer, electrician or inventor :  8 bl'a ln develope .. for the plodding student : a technical education for the ambitious apprentice ; an inexhaustible treasure house of knowledge for each member of the family ; a helpful companion for the most profound and IInlshed scholar. 
Nothinll can fi l i Us place. U N I VERSALLY ACK N OWLEDCED T�SE O N E  STAN DA R D  AUT� OR lrY. _ 

We earnestly desire compal'ison witb any and all of tbe best reference books puhlished. This great work easily takes th,:, pl,,:ce of any balf-doze� others that coul'! be named. It IS truly a famIly necesSIty. Investigate t horoughly before you purchase. Note that our terms give you teu dn),"  in whicb to make a thorougb exammatlOn. Could anythlDlr be mo,'e fair " 

How to Get Thl' s  Great Work 
Send $1.00, and th� entire four handsome volumes, bound In cloth, WIll be forwarded. Every month 80 Specimen Pages, Beautifully lllustrated, Free for 10c, to pay Postage, 

• thereafter send $1.50 for twelve months. making a total payment of $19.00 (regular price of this style, $42.(0). If Half-Russia style !s desired. the montbly payments are $2.00 until $25.00 is paid (regular price of this style. '-52.50). If Full Sheep s�yle lS wante,!, montbly payments are $2.50 until $31'(Xl is paid (regular price of this style. $6(t.OO). The first pa¥ lII ent �n  all y cnse 1 8 o l l.l y  nn e Dol lnr. Any one wisbing to pay all cash may deduct 10 per cent. This allowance ls_practIcally .cost . of !<eepmg the account If purchased on monthly payment plan. We nlwa VS recommend the Hnlf- ltusliua blnd l ll lC  li S the most sel'Vlet;able. ('V hen ordering, be sure to mention style binding wanted.) Understand, t�e complete set of .four volumes IS sent after the IIrst payment of $1 00 which gives you the use of them for a year whlle  paymg tbe remamder at tbe rate of only a. few cents a day. A l l  f�e1ght or eXPI'eliuil . .chtt.rges lnu lilt be pn id  by purchase .' .  That you wtll be entirely satlslled Is shown by our willingness to send_yon a-valuable set of books upon rayment of only $1.00. We 

R E M E M B E R  I This great special olfer is made to readers of tbis Issue  on ly. 
adequate return j and w��a�ri;t�;��J. ���e���i�Sv��l�fu: :��J:���l��rlu��t���� sets of our expensiv� new edItion for less than regulal prtces-- $42 to 170. This annou ncement wi l l  not appear Rl'n in ; therefore, act now, or you may lose the chance. When ordering please mention this paper. 

.. efer to Rny lIank .  any  Newspaper, or any Commel'c Agency in Philade phia. SYND I CATE PU BLISH I NG  CO . ,  
Books guaranteed as represented or money refunded if returned within 1 0  days. 234 and 236 South Eighth Street, PHILADELPHIA. 

UNIT TRANSPORTATION REVOLUTIONIZED. 

Taking it the world over, there is no doubt but that 
the present is the age of the bicycle. The number now 

in daily use is legion_ Yet we are 
confident that this incretl,se in their 
use is but the beginning ; the first 
awaking into a realization of the part 
the modern bicycle will yet play in 
the lrlstory of the world. 

The growth of cities can even now 
be partially accounted for by the 
vast increase in the use of cycles 
from a utilitarian point of view-why 
not, then, the future growth of em
pires ? 

Even at the present time, in foreign 
countries where mountains 
must first be overcome be
fore fertile plateaus and 
populous cities are reach
ed, bicycles are 

other modes of transportation. 
countries, where imports must first be 

ported. in small cases on mule back, bicycles with 
wheels and fittings removed. are easily and cheaply 
transf�rred. In some countries where machinery is un
obtainable and it is impossible to make roads of suf
ficient width for carriages, paths suitable for bicycle 
riding are being cOIlStructed with comparative ease. 

Statistics show that the export shipments 
of bicycles from the United States have in
creused wonderfully during the past year 
and-what is more remarkable-into coun
tries, where many suppose bicycle riding to ' 
be y et an unheard of mode of travel. There \ 
is always a cause and an effect. One cause 
not to be overlooked is the pinnacle to which 
a few Amer
ican mak
ers h a v e  
raised the 
quality and 
conseque n t 
s p e e d  and 
durab i l  i t y� 

, 

of their cycles. Certain 
American bicycles are 
now in greater demand 
in foreign countries and 
even in England than 
home productions. 

One of the most ll(wel, 
yet popular and satis
factory machines, is ma
nufactured by the Eagle 
Bicycle Mfg. Co. , Tor
rington, Conn. ,  U. S. A. 
While in the main their 

machines are similar in outline to other standard bi
cycles, extreme fineness in detail construction is notice
able ; and, furthermore, Eagle Bicycles may be obtain
ed, when ordered, fitted with their patented Aluminum 
Rims. These rims are especially adapted for inner 
tube tires which are easily detached and repaired. The 

rims, while very light, 
are extremely rigid. 
They do not corrode 
and are not affected 
either by moisture or 
heat. 

All tubing used in 
the construction of 
their highest priced 
m a c h i n e s  is cold 

swaged, tapered and reinforced at the joints. This 
is an innovation and illustrates the high point of excel
lence to which American machines have lately been 
brought. The success of the Eagle Bicycle Mfg. Co. 
has been remarkable. Some of their machines are now 
being used by the mounted police of New York, and 

shipments of Eagle Bicycles with A luminum Rims and 
Cold Swaged Frames are being made to all parts of the 
world. Their immense factory at Torrington, Conn. 
devoted exclusively to the manufacture of high grad� 
bicycles, is wonderful, in view of its special adaptation to 
the purpose, and the costly machinery employed.-Adv. 
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For Latest Improved Meteorological Apparatus, Self-recording 
Anemometers, Automatic Rain and Sn ow Gages, Barometers , 

Wind Vane Registers, Sunshine Recorders , U. S. Army Signal
ing Heliographs, etc. , etc. , write to 

J U LI E N  P. F R I E Z ,  
1 09 CE R MAN STR E ET ,  BALT I M OR E ,  M D . , U .  S .  A .  

Phot01}iaphic (Special U. S. Government Contractor.) 
Sunshine ecorder. STANDARD Instruments and Apparatus for Schools. Culleges, Observatories 

State Signal Corps. National Guard and E X PORT. (Catalogue and l'rice Lists Free.) • 

Remember : The Best are the Cheapest. alwars. 
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E. B. KOOP MAN , SOLE MANUFACTURER .  
35 S .  WILLIAM ST. , NEW YORK. 

THE NEW DRIS"'OL CJO U-N-"-'E-n-

Regtsters an accurate account of work done on printing 
presses, grain taUies, weighing, measuring and other 
automatic machines. Counts up to 1.000.000 and repeats 
automatically. Simple, accurate. durable. Special count .. ers to order. rw- Send for circular. C. S. ROOT, Bri8tol.  Conn •• U. S. A .  
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M I LWAUKEE CAM ERA CO . ,  M ilwaukee, Wis. 

made to attach to an" 
size or make or pump-

. ann a-rlnd a l l  kinds of 
A wonderful machine. Also 

manufacturer of Steel Wind Mill •. 
E. B. WINGER, Station R. CHICAGO. 

ODD MaChiner� ORKING Foot and Hand Power. 

L.F. P A RK��2GASc�:r�1:���. ���6I��U:':l:O. 
BALL !!�,�I�.! Of��!! &:'i"�� 

�� ;:i;
h 
f��;��.�<lI�a��!�I�HaE�le!!���I'� qUITU no tRort. The hand rolb acrOSS thl P" t without lridion. Thousands SOld. Pnct 'St. Sfnd 2 �,mes and S Ie sumps. AddreSS. 

SPECllL" .FI. co.. 4OOio '«._.� 1lJ ... GIll. Moo 

ROBIBSOB 
PATEBT 
GRIRDIKG 
MILL. 
B EST I N  T H E 
WO R L D.  

Well Drilling Machines . .  OHIO " SELF·CLEANINO TOOLS. 
Drills 100 to 500 feet deep. 

"ADVANCE " Mounted Steam RIg, 
uses rope tools. 1 250 ft. 

"DRILLER KIN� " Drills Wells 1 , 000 U to 2 . 000 feet deep. 

" CLIPPER " MOUNTED, STEAM, 
Rope tools 50 to JOo ft. 

" TI FFIN "  B�RES WI�H AlJOERS 5 10. to 44 10. dIameter. 
LOO M IS &. N Y M A N ,  T I F F I N ,  O H IO. 

Chicago School of Science For
a�"j:'��t�es 

National Medical Col lege Ii t· J�a����n 
Ch '  L S h I Street Icago aw C 00 CH ICAG'O .  

• • • WE ARE BU I L D I N C • • • 
The Celebrated-----

uHORNSBY -AKROYD' 
--___ O I L  E N G I N E  

The De La Vergne Refrigerating Machine Co. 
FOOT E. 1 3BTH STREET. N EW YORK • 

H A H N ' S  I M l'RO V ED 

Watchman's T ime Detector 
This Clock Is adapted for 6 or 12 stations. 
tn�e

f���st��6g
a�Sd

dfr� PI n��b
c����r:r�: 

A. Nan. & Co .• 111% Cbambe .... ·St . •  N. Y. 
TO I NVENTO R S  I W:anted. a mailable specialty tbat 
TO C H E M ISTS 

WIll r(;;0,.a3.ve��:Vell.  IH I I 88. 
U ePlttr Bicycles for It Livi llll'.-Your boy's bohby .ec:::;;et .proii 
:r

e
i;o\� ;�

i
�li!,'{;.

e
'F
a
:�d���:S��'3��7M'·J��.:'�\�,I�y: 

For Grinding Corn, Corn 
and Cob, Oats, Spices, 
Oi l Cake, Glue, Sugar, 

Corn Hul ls, etc. 
Capacity 3000 to 5000 pounds 

of feed meal per hour. 

--- M A N U F A CTURED BY ---

NI U NSON BROS., 
ESTABLISHED 1 825. U T I CA, N. Y., U. S. A. 

" a  •• l e " a l , d  A d d l'f':NM must accompany all letters 
or no attentiou will be paid thereto. This is for om 
information aud not for publication. 

U . C f(, l· t� I l (' e f!'  to former articles or answers should 
give date of paper and pa!,e or number of question. 

I n q l l i l· i (� .  not answered ill reasonable tilIle should 
be repeated ; correspondents will 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. 

11 11 )' e 1'" wish lllg to purchase any article not advertised 
in our columns will be furmshed with addresses of 
houses manufacturing or carrying the same. 

S I) C {' i a l  " · ,' l l l t' .. l .. fuJ'U' :l t l u l l on matters of 
personal rather than general interest cannot be 
expected without remuneration. 

Sci e nt i f i C'  A IIH' l· i t' u n  � 1 I 1 ) 1) 1 (" lIl e n l .  referred 
to may he had at the office. Pnce 10 cents each. 

!lo o k "  referred to promptly supplied on receipt of 
price. 

.11 1 "  .. .. . ' I" sent tor examination should be distinctly 
marked or labeled. 

(6899) H. H. B. ask s : 1. How many 
feet of No. 30 German silver resistance wire wonld it 
take to reduce a current of 20 cells Mesco dry battery (in 
series-about 6 amperes with a potential of about 30 
volts) to nrh. of an ampere. and about what would it 
cost ? A. Approximately . 220,000 fect. You would do 
much better if you would employ 80me other type of reo 
sistance, or if you would use finer wire. Thus one fourtb 
of the above length of No. 3� wire would answer. 2. 
What is t,he best mixture with which to launder col
lars and cuffs and shirts ? A . It is more a matter of 
manipulation tban of starch. You may add a little 
paraffine wax. A sad iron with an Irrei:ularly roughened 
surface IS used. 3. What would be a good colorless 
enamel or lacquer ? A. Celluloid vamlRh is probably the 
best colorless lacquer, although white shellac answers 
very well . The formula for colorless lacquer would de
pend upon the metal, etc . to which it is to be applied; 
no general formula. 4. How can we get rid of those 
small red spiders that stay in the woodwork of a house ? 
A. Try using borax around the cracks; it is doubtful if 
anything will be very efficacious. 5. How must I charge 
the induction coil described in ,. Experimental Acience " 
to get a 5 inch spark ? A. Make it twice as large in its 
lineal dimensions, and wind secondary in six or more 
sectionfl.. 

(6900) G. C. W. writps : I have 25 cel ls  
of storage battery " hieh I wish t o  charge and use about 
10 hours a day. I also have a 110 volt dlrcct current 
line at my disposal. Is it the best to connect the rells all 
in series. and then in serirs with a 110 volt lamp. and let 
it charge while using, or would it be better to put a 50 
volt lamp In series? The reason I wish to use the storage 
battery is to get a steady current; the charging current 
varies at times. If neither of the ways is correct, please 
advise wbat is best. A. The lamp will cut down your 
current a good deal, leaving you about half of an am· 
pere of chargiug current when connected wltb the bat· 
tery. This will make the charging very slow. Other
wise the arrangement wlll work. Always charge in 
series. 

(6901) H. B. L. sa ys : Will you kind l y  
advise m e  tbrough the columns o f  tbe SCIENTIFIC 

A"l<mCAN as to the best paste to use for attaching paper 
labels to tin ? I am now uSlDg a paste, tbe basis of 
which is dextrine. but it leaves the edges sticky, and a 
preliminary application of acid is necessary. A. 1. 4 

parts shellac, 2 parts borax; water, 30 parts ; boil until 
the shellac is dissolved. 2. A dd 4 ounces dammar var
uisb to 1 pound of tragacanth mucilage. 3. Balsam of 
fir, 1 part ; turpentine, 3 parts ; use only for varnished 
labels. 4. Butter of antimony is I:ood to prepare the tin 
for the label. 5. Venice turpentine added to good starch 
paste makes an excellent mounting medium. 6. Use 
liquid glue or glue dissolved in acetic acid. 7. Add 1 

ounce of tartaric acid to each pound of flour used in 
making flour pastc. 8. Add 10 per cent flour to traga
canth mucilage. 9. Corrosive sublimate. 125 parts ; 
wheaten flour. 1 000 parts ; absmthe. 500 parts ; tansy. 500 
parts ; water. 15.000 parts. Tbis cement is useful for 
vessels which are kept in a damp place. 10. Starch. 100 
parts ; strong glue, 50 parts ; turpentine, 50 parts ; the 
whole boiled in water. This cement dries quickly. 

(6902) G. J. O. wri tes : I wou l d  be 
pleased to have you inform me of the method or process 
of amalgamating ziuc properly. A. If you will rub on 
mercury with a strip of zinc used as the mbbing tool 
having scraped your zinc surfaces and dipped them in 
weak acid. you should have no trouble in uniformly 
amalgamating them. You may try dipping in an acid 
solution of mercury, nitrate or chloride (corrosive sub· 
limate), or simply mb the clean zinc wet witb acid with a 
lump of corrosive SUblimate. 'rbe latter is a most dan· 
gerous poison. and rubber gloves should be worn in using 
it. and if there is any cut ou the hand, do not attempt the 
process described. 

(6903) J . H .  G. asks (1) how to make a 
good cement for barii rubber. A. Dissolve bleached 
gutta percba in carbon bisulphide. Cement. and when 
dry brush over carbon blsulphide in which sulphur has 
been dissolved, or take equal parts of pitch and guttli 
percha melted together. and linseed oil is added, which 
contains litharge. Melt until all are well mixed ; nse no 

more of the linseed oil than necessary. Apply wann. 2. 
If the voltagc of an induction coil Is known. how can 
the length of spark be found ? A. As an approxima· 
tion allow 10,000 volts to one-tenth inch. 3. How can I 
make a heavy white smoke which is not poisonous? A .  

Mix hydrochloric aCId vapor with vapor of ammonia, or 
use steam. The lattet, except for Its dampness. Is the 
most satisfactory on 'he large scale. 

(6904) H. S. H .  say� : W i l l you please 
inform me where I can get information in regard to var
nishing maps and drawings or. rather, preparing for var
nlsh ? A. Stretch your muslin (ordinary cotton stuff) on 
a wooden stretcher by means of tacks. cover your map on 
tbe back with an eveu and thin coat of good bolled 
starch or flour paste or other sticking materbls. no mat· 
t.er what, if it only st.icks. Lay the map on the cloth, 
only takin!: care to do thill IImoothly and to avoid 

wrinkles ; mb it evenly down after temporarily covering 
the place you rub with a piece of clean paper, so as to 
avoid friction over tbe map it"elf. Let it dry, and the 
work is done. In order to avoid wrinkles, it is quite es· 
sential to let your paper map. after being covered with 
the starcb paste, soak for a few minutes, so as to give 
the paper a chance to expand from the moisture. It wlll 
then, while contracting from the drying. obtain a very 
smoothly stretched surface. Bookbinders always care. 
fully observe this wheu pasting papers on book covers. 
etc. When dry, size with a weak solution of gela
tine " ld then varnish. A good varnish for paper and 
maps is made wIth gum mastic, 6 parts ; sandarac, 3 
parts ; dissolved in a mixture of 3 parts turpeutine and 
82 parts of alcohol. These ingredients. with the excep. 
tion of the turpentine, are placed in a tinned copper ves. 
sel. in a bath of hot water, and are stirred for several 
hours until the gums are dissolved; the turpentine is 
then added and the stirring continued an hour longer. 
after which strain the varnish and set it aside for use. 

(6905) J. H. G. says : I wish you would 
give a receipt through your valuable paper to make an 
amber oil varnish. same as the best violin makers use. 
Also how to apply "Rme. A. The true Cremona varnish 
is of unknown formula; its preparation is a lost art. 

Amber. fused . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 oz. 
Oil of turpeutine . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Drying linseed oil . . . .  . .  . . . . . . . . . . . . . . . . .  5 

The following is for a spirit vamish : 
Mastic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 dr. 
Sandarac . . . .  . . . . . . . .  . .  . . . . . . . . . . . . . . 1 
Lac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6).2 " 
Alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 fI, oz. 

'1'0 tinge with yellow. annatto. aloes, gamboge, or tur· 
meric may be used ; for red, dragon's blood or red san 
dcrs wood. By mixmg the above. intermediate sbades 
may be obtained. The formula is only half tbe art; 
much depends on the application. treatment between 
coats. etc. It should be done by an expert. 

(6906) S. F. !lays : Can you g-i ve TIle a 
table which will show how far a safety bicycle will roll in 
feet with each revolution of the cranks ? 

Gear. Distance. Gear. Distance. 
Incbes. Ft. Inches. Ft. 
40 . . . . . . . . . . . . . . .  10 47 66 . . . . . . . . . . . . . . .  .1 7 27 
42 . . . . . . . . . . . . . . . . 10 911 68 . . .  _ . . . . . . . . . . . . 17 80 
44 . . . . . . . . . . . . . . . . 1 1  51 70 . . . . . . . . . . . . . . . 18 32 
46 . . . . . . . . . . . . . . 1 2  04 � . . . . . . . . . . . . . . .  18  84 
48 . . . . . . . . . . . . . . . . 12 56 74 . . . . . . . . . . . . . . . .  19 37 
50 . . . . . . . . . . . . . . . . 1 3  09 1 75 . . . . . . . . . . . . . . 19 H3 
5� . . . . . . . . . . . . . .  13 61 76 . . . . . . . . . . . . . . 19 89 

gt::::::: . . ..... .  : : U  �� �: : : : : : : : : : : : : : : :� � 
58 . . . . . . . . . . . . . .  . 15  18 1 82 . . . . . . . . . . . . . . . 21 46 
59 . . . . . . . . . . . . . . .  15 44 84 . . . . . . . . . . . . . . . . 21 99 
60 . . . . . . . . . . . . . . . 15 70 86 . . . . . . . . . . . . . . . . 22 51 
62 . . . _ . . . . . . . . . . . . 16 23

j
PA . . . . . . . . . . . . . . . . 'l3 03 

63 . . . . . . . . . . . . . . . 1 6  44 90 . . . . . . . . . . . . . . . � 56 
04 . . . . . . . . . . . . . . . 1 6  75 

(6907) J. L. Q. says : Will you kin u ] y  
inform m e  how t o  make and wbat different articles to 
use to make carton pierre sucb as is used In tbe manu
facture of ornaments for picture frames? A. The fol 
lowing is  t\ formula for such a composition : Glue, pre· 
viously dissolved in water. 13 parts ; pulverized litharge. 
4 part.. ; white lead, 8 parts ; pla.ter of Paris. 1 part ; 
very fine sawdust. 10 parts. Oil the moulds in which il 
is cast to prevent adhesion. 

1Iu. charge for lnseTiitm unlit,. this head is one Dollar a iine 

jar eacn imer[ion : aonur eiQiu wards w a linea AUt'CT_ 
tise11ltn[B must be recei1Jed at publication office a3 eariv as 

Tnursaav morninQ to apvear in tite. foilowino week's issue 

Marine Iron Works, Chicago. Cata}oJrue free. 
Cheap 2d band lathes & planers. S. M. York. Clev'd. O. 
Concrete ContractoTs� Make more money by extend-

ing- your busine�s. lnvestiazate Ransome's .Concrete 
Construction. Liberal term8 for exclusive rlgbts. Ran� 
some & Smith Co., 758 Monadnock Block, Chica�o. 

., C. S." metal polifth. fnc'hanapolis. 8amples free. 
Presses & Dies. Ferracut.f> .MaCh ,  Co., BrtdJleton. �. J .  
Handle & SpOke Mchy. Ober Latbe Co.,Chagrln Falls.O. 
Cheap 2d hd engines & hoilers. S. M. York, Clev'd. O. 
Carpenters - Make more money. lnvesthrate Ran-

St lrue's Concrete Construction, Easily learned. Liberal 
terms for exclusive riJrbts. Ransome & Smith Co., 758 
Monadnock Block. Cblcallo. 

Screw machines, milling macntne::o\. and drill presses. 
'rb e  Garvin �lacb. Co .. f .R\lZ'ht and Canal Sts . . �ew York. 

The celebrated " Hornsby-AkroJ d " Patent Safety Oil 
Engine I. built by tbe De La \'ergne ltefrigeratinll Ma
chlne Company. Foot of East 138th Street, New York. 

More profitable t.han your business. Investigate Ran
E!lome's Concrete Construction. Easily learned. T iberal 
term A for exclusive rig-hts. Ransome & Smitb Co., 758 
Monadnock Block. Chical'u. 

'fhe best book for e lectr1ClanS and beginners in elec
tricity Is " F,xperimental Science," by G(>o ... )l. Hopkins. 
By mai l. '4 , ljunn & (;0 .. puhlishers. 361 Broadway. )1. Yo 

Engineers - Go tnto tbe profitable busi!less of Concrete 
Constr·uction, I:tansome's �ystern. Easily learned. Lib
eral terms for exclusive rigbts. Ransome & Rmltb Co., 
758 Monadnock Block. Chicago. 

Stay wltb your job, and with yuur wagps pay install
ments for a profitable oJ i ve orchard. Booklet free. 
Wbiting's Olive Colony. Byrne Building. Los Angp 1es. 
Cal. 

A Wall Street lawyer gives advice 01:' patents. obtains 
cepit aI, ar.d tncorporates companies. taking stock of 
company In payment. Box 168. Equitable Bulldin". N. 
Y. Cay. 

Young Men seeking a profitable business should In 
vesthlote Ransome's Concrete CODstructiun. EosUy 
learned. Liberal terms for exclusive rights. Ransome 
& Smltb Co., 758 Monadnock Block. Cblcago. 

MANUFACTURING INVITED.-Partles with payinll ar
Ucles for manufacture ne('dtDJt additional capital and 
location. write Secretary Board of Trade, Tidewater, 
Pa. No boomers ; no experiment.!J i only practical busi
ness now paytng, or whicb can be made to pay, a rea
sonable per cent. on investment desired. 

General Contractors-Make more money. Investhlate 
Ransome's Concrete Construction. Easil y  learncd. Lib
eral terms for exclusive rilzhts . Ransome & �mltb Co., 
758 Monadnock Block. Chicago. 

iR'-�end for new ann complete cat,q.lO/Iue ot 8cientiHc 
and ot.her Books for sale by Munn & Co .. 361 Broadway. 
;lJ'ew York. Free on appl\patton. 
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J .  A .  F A Y  & CO . ,  
549=5 69 W. Front St. , Cincinnati, O. 

MANUFACTURERS OF 

Wood Working Machinery 
O F  EVER.Y DESCR.IPTION . 

HIGHEST CLASS. LARGEST LINE. 

CAR SHOP TOOLS 
A LEADING SPECIALTY. 

American Agents for 
Perin's French Band Saw Blades. 

No.  20 ,  Rapid·Act ing Flush Vise for Woodworkers. 

10 INCH JAWS. OPENS 12 INCHES. 

WEIGHT 35 LBS. 
Write for prices and discounts. 

Rapid-Acting VISES 
AND S P E C I A L  M AC H I N E R Y. 

,v. C .  T O LES & C O . ,  ... 

90-9� I l l i n ois Street, Chicago, III. 

GEAR CUTTIBG • • • 
GEARS AND SPECIAL MACH INERY MADE TO ORDER. 

TO INVENTORS. 
An experIence of nearly !lfty years. and tbe preparation 

of more tbaD one bundred thousand applications for pa
tent8 at bome and abroad, enable us to understand the 
laws and practice on both continents, and to possess UD
equaled facilities for procuring patents everywbere. A 
synop.is of tbe patent laws of the United St.ates and all 
foreign countries may be bad on u.pp1icat,ion, and persons contemplating t he securing of vatents, either at bome or 
abroad.. are Invited to wrIte t.o this office for prices, wbich are low, in accordance witb tbe times and our ex
tensive facilitiee for conductinfjl the business. Address MUNN & CO., olllce SCIJ<NTIlrIC AMERICAN. 361 Broad
way. New York. 

INDEX OF INVENTIONS 
POl' whlcb Letten Palent oC th e 

V n l ted State. were Granted 

July 7. 1896, 

[See note a t  end of list /ibout copies o f  these patents.l 

Acid K. amldonaphtboldl8ulfo. Krecke & Rosen-berlZ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563,382 
Addlnt>: machine. F. Wendt . . . . . . . . . . . . . . . . . . . . . . . . . . 563.485 
Air brake. W. K. Omlck . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563,612 
Air compressor. J. C. Gitbens . . . . . . . . . . . . . . . . . . . . . . . 563,477 
Alarm. Hee Burglar alarm. Fire alarm. 
Amalc8mator, E. S. Bennett . . . . . . . . . . . . . . . . . . . . . . . • 663,'7D5 
Animal trap. C. L. Parker . . . . . . . . . . . . . . . . . . . . . . . . . . .  563,682 
Annealing metal •. H. K. Jones . . . . . . . . . . . . . . . . . . . . .. 563,3S0 
AnnunCiator and Ore alarm. combined. M. Garl . . .  563,269 
Apron clamp and wblp socket. combina<l. H .  

Ebert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • i563.363 
Army !lccouterment. W. 8. Oliver . . . . . . . . . . . . . . . . . . . 563,404 

;ti�!:'t�rl'l,'!,��r���rA�c�F����o�ii::::::::::::::: fl:m;� 
Axle boxes and apparatua therefor, manufacture 

of. S. FOJ" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i563.470 
��I�N;.n�·J:
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BalinII' pres •• J.  M. Bishop . . . . . . . . . . . . . . . . . . . . . . . . . . 563.4f1 
Baling press. A. L. Cox . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563,451 
Bark ros.lnlZ device. A. M. Foster . . . . . . . . . . . . . . . . . . • 563.584 
�:�l�;.:.t

c
S:a��or��b�r�::: . . . . . . . . . . . . . . . . . . . . . •  663,672 

Bearlnll. rol ler, Bender & Mueller . . . . . . . . . . . . . . . . . .  . 
Be .. rlnt>: .tep. ball, W. H. Rook. Jr . . . . . . . . . . . . . . . .  . . 
�:a·:I���i���<IJ�:lc� ���

e
atrli;��ii��rl I ·  & 'untier: 

Bedstead brace and mattre •• support. J. D. Wilt-
fonll' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Bells. bridlZirlZ. C. E. Scribner . . . . . . . . . . . . . . . . . . . . . .  . 

Bib. A. J. Birney . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Bicycle, O. lC. Martin . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . .  
Bicycle bearinll cleaner, J .  M. Lewis . . . . . . . . . . . . . . . . 
Bicycle brake, S. F. Wilcox . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Bicycle lock. C. G. Morgner . . . . . . . . . . . . . . . . . . . . . . .  . 
Bicycle rest, H. H. Covert. . . . . . . . . .  . . . . . .  . .  . . . . . .  . .  
Bicycle tool box and seat. F. Wbitney . . . . . . . . . . . . . •  
BIlliard chalk bolder. F .  V .  Noye . . . . . . . . . . . . . . . . . .  . Billiard cue tip fastener, W. \Voeble . . . . . . . . . . . . . .  . 
Binder. temporary, J. W. Wood . . . . . . . . . . . . . . . . . . .  . 
Bindinl{ implement. C. E. Al1shouse . . . . . . . . . . . . . . . •  

Blower. carbuteter, G .  H. Burrows . . . . . . . . . . . . . .  . 

Boat. W. H. Mullins. . .  . . . . . . . .  . . . . . . . . . . . . . .  . . .  . . . .  . 
Boiler. Se .. Steam boiler. 
Boner flue cleaner, G. C. Brookl!!l . . . . . . . . . . . . . . . . . . . 
Boiler !lue cleaner. C. B. Calder . . . . . . . . . . . . . . . . . . . . . 
Book. cherk. W. W. Wbite . . . . . . . . . . . . . . . . . . . . . . . .  . . 
Book leaf bolder. N. A. Judd . .  . . . . . . . . . . . . . . . . . . .  . 
Book, memorandum, F. J .  Wende . . . . . . . . . . . . . . . . . .  . 
Boot or shoe stretcber • •  J. C. Green . . . . . . . . . . . . . . . .  . 
Ig��I��'W.������:;.I�:::::::::::::::::::::::::::: 
Bottle Oller. W. H. Fahrney . . . . . . . . . . . . . . . . . . . . . . . .  . 
Bottle. mucilllll'e. D. S. Jones . . . . . . . . . . . . . . . . . . . . . . . 
Bottle, non-refi llabJe, A. Friedman . . . . . . . . . . . . . . . . •  

Bottle, non·refillable. R. J. Watts. . .  . . . . . . . . . . . . . . 
Bottle stopper. W. E. Cook . . . . . . . . . . . . . . . . . . . . . . . . . . 
Bottle stopper. W. M. Fowler . . . . . . . . . . . . . . . . . . . . . .  . 
Bowling alley, �'. G. DOkkenw!ldeJ . .  . . . . . . . . . . . . . . .  . 
Box. See Knockdown box. 
Bracket. See Stage bracket. 
Brake. See Air brake. Car brake. Fluid pres.ure 

brake. Wbeel brake. 
Brake beam. F. L. Lamkey . . . . . . . . . . . . . . . . . . . . . . . .  . . 
Brake sboe, W. A. McGuire . . . . . . . . . . . . . . . . . . . . . . . . . . 
Brick or building block. Woods & Ruebsam . . . . . . .  
Brick or tile cutting mach tne, J .  Bensing . . . . . . . 
Bulllng wbeel. W. H. Divine . . . . . . . . . . . . . . . . . . . . . . .  . . 

Buildlnll' construction. T. Jones . . . . . . . . . . . . . . . . . . .  . :III Buildings. con.tructlon of. J. T. Wilson . . .  li63.529. 
� B����
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.. Butter worker. W. F. Water •. . . . . . . . . . . . . . . . . . . . . . . . 563.698 
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Button. collar. E. W. Creecy . . . . . . . . . . . . . . . . . . . . . . . . 563,452 

! 8:�1: �:r�g;./.;t�;.3!,'i,�ni;:�.:·T:w.;ii.;.: : : : : : : : : :  �:� 
l; 8:1����r 
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We Carry a Complete Line of llicycle FIUln,o. 

i 8:£:A��:j::�8�:lg�IT��:�h�:·:�·:���������:·: m;� 
�:�. cl:::e�.

e
tI�!t���:n���: . . . . . . . . • • . . . . . . . . . . . . . . .  563,005 

Can cover. milk. '1'. W. �'orster . . . . . . . . . . . . . . . . . . . . . .  66H.659 
WRITE F O R  P RICES. 

JOHN GRANT CO. ,  39·43 �H�8:�18
.
gton St. , 

Wood Working 
matbin¢ry. = II == 

FOR 
Planing Mills, C arpenter .. , 
Buildero, FurnIture, Chair, 
Vehicle, Wheel and Spoke 

Makers, etc. 
Correspondence SoZiciUd. 

Illustrated 812 pall'e Catalogue 
free to manufacturers and fore ... 
men. 

THE EGAN CO. ,  
441 t o  4 6 1  W .  Frent Street, 

Cincinnati. Ohio. 

AM ERIOAN STEAM GAUGE OOMPANY 
(ORIG INAL STEAM GAUGE CO.), 

Sole MBnnfacturers of the 

ThomDSon Imnroved Indicator, 
:r..oJ'J:�d?

y 
n:o ����u::r:�� 

BO URDON STEAM G A U G ES 
With Lane's Impro",ement. 

t}=�nJ�c�:,U�:v:rit\�� G�::t 
ers, Clocks. etc. Also American 
Pop Safely and Water Rel ief Valves 

New York Branch : 
Beekman St., N. Y. City. 

West'nBranch: 1 6 N.Canal St., Chlcago 
Home Olllce and Factory : 

34, 36, �S Chardon �treet. B08ton, Maos. 

Skinner Chucks 
Independent and Univerf!al C h II C k s, Combination Lat he 

Chucks, with patent reverRible 
jaws. Drill Chucks,Planer Chucks 
and Face Plate J aws. 

Send tor Catalouue " S. A." 
SKINNER CHUCK CO.,  

New Britain, Conn. 
91 Reade Street. New York. 

Can beads, die for makinII'. A. F. Remy . . . . . . . . . . . . 563,688 
can
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. .  
�: . � 563,375 

Cap, J. Kornfeld . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563.280 
Car brake. street. C. W. Carter . . . . . . . . . . . . . . . . . . . . . . .  563,446 CM construction. C. W. M. Smith . . . . . . . . . . . . . . . . . . . 003,(23 
Car COUplinlZ. J. C. Look . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563.SSS 
Car coupling. L. L. Moore . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.607 
Ca. coupling. C. Perkins . . . . . . . . . . . . . . . . . . . . . . . . . . .. 563.406 
Car coupllnlZ. D. J. Schulte (reissue . . . . . . . . . . . . . . . .  11.556 
g:� %��:�,\i�g8.i�o::��';.�� � .�: . �:. ����.�:: : : :  : ::: =:� 
Car feuder and brake. J. Mat.lnger . . . . . . . . . . . . . . . . . 563,006 
Car fender, automatic, D. Bentley . • • • . . . . . . . . . . . . . .  663,64-:1 
Car fender • •  afety, W. H. Bell . . . . . . . . . . . . . . . . . . . .  563.(39 
Oar roof. L. C. Marsball . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  563,718 
Cars, combined fender, brake mecbanlsm and . 
car���I�';;e��'::�r:�
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Cards. playing. C. B. Ro.enberger . . . . . . . . . . . . . . . . .  . 

Carpet beater, Kent &; Clari< . . . . . . . . . . . . . . . . . . . . . . . . . 
Carpet sweeper. F. C. Curry . . . . . . . . . . . . . . . . . . . . . . . . . 
g:m���:"��R��. CG��oH;urn:::::::::::::::: '::.':: 
Case. E. J. Fletcher . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 

Cattle guard. J. W. Winget . . . . . . . . . . . . . . . . . . . . . . . . .  . 
��r!���

e
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Cbuck for bit stock •• tool h olding. A. D. Goodell .. 
g�:::-p�'1�g�nJlrl�� �.������ .�.���.

I
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e
� .�:. ��?;:�:.�: 

Clamp. See Apron clamp. Rope clamn. 
Cleaner. See BOi ler fiue c1eaner. Can cleaner. 
Clock pendulum. C. M. Rhodes . . . . . . . . . . . . . . . . . . . . . .  563,618 
Closure. Lambert &; Holfman . . . . . . . . . . . . . . . . . . . . . . . .  563,667 
Clothesline prop. R. W. Anderson . . . . . . . . . . . . . . . . . .  li63,Wl 
Clutcb. friction. A. Harvey . . . . . . . . . . . . . . . . . . . . . . . . . .  563.275 

8��a�?f:�r aMp�����p.fr��';?s �o��b�::;(iiiig; ' T: J :  563.655 

Cope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 563,360 
Confectionery macblne. J. Smltb . . . . . . . . . . . . . . . . . . 563,330 Cordage and braiding macbine .pool carrier. J. 

McCahey. . . . .  . . . . . . . .  . . . .  . . . .  . . . .  . . . . . . . . . . . . . . . . . 563,200 Cord8lle and braiding maohlne stop motion, J. 
McCahey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.295 

Cotton cleaning and bat forming apparat"". W. A .  Patterson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.719 COUCh, folding, J. L. Firm . . . . . . . . . . . . . . . . . . . . . . . . .  " 563,580 
Coupling. See Car coupling. Locomotive pilot 
cra��� ��'�nn,,'finet . . . . . . . . . . . . . . . . . . . . . . . . . . . 563.258, 
g��b�rlft�.n 1::Jl�:� .�:. ��.?�����: : : : : : : : : : : : : : : :  
g:ml�;tg,��?�.I� ?�loT,:.�: .�����th.

a
���: : : : : : : : :  ooa:� Curtain pole and hanO'er. J. H. Hilliker . . . . . . . . . . . .  563,592 

Curtains. etc., device for r8i8inl{ or lowering, J .  H. Nltzscbe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563,299 
Cut out. circuit re.estabI1shlng. Tucker & Love· 

ridRe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 563.835 
(lutter. See Potato cutter. 
Dental spittoon . .... Hurlbut . . . . . . . . . . . . . . . . . . . . . . .  . 
Desk, echooJ, Z. Baber. . . . . . . . . . .  . . . . . . . . . . .  . .  . . . . . 
Rl:g"J��I���.\��J��
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Dock bente. etc., device for use In erecting, M. J. Peppard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563,405 
Door, combination ecreen and storm. J. Branca . . . �6(9 
&�

a
!;: b�:G�b��a��r� . . . . . . . . . . . . .

.
. . . • . . .
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.
.. 563.400 

Drier. F. J. WlnlZ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1i63,34i D17 kiliI, ... T. B_1 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . b&O,Mlf 

markS' pat�ut }lrtindal [nubS 
Have been indorsed by the Scientific American 
from 1853 to 1896, as illustrated below . . • . • •  

Marks' Patent Artificial Limbs with 
Rubber Hands and Feet are Natural in 
Action, Noiseless In Motion, and the Most Durable in Construction. 

The USI) of rubber hands and feet on 
artific1al limbs simplifies the construc
tion. so tbat limbs can be worn for many 
years without requiring repairs. Per
sons engaged In every concei vable occu
pation operate with them to great ad· vantage. 

They have stood the tests of 
nearly half a century . 

They are to=day pre=eminent 
throughout the world. 

�E_W PAIE N TS OF 1 895 A N D  

I M P O R TA N T  I M PROVE M E N TS. 

Over 1'7,000 in Use, scattered in all 
parta of the world. Eminent surgeons 
and competent j udges commend the 
Rubber Foot and Hand for their many 
advantages. At every industrial exhi
bition where exhibited they have re
ceived the highest Rwards. T h ey Rre 
indorsed Rnd purchased by the United State! and Foreign Governments. A treatise. con t aining 430 
pages, with over SOO lIlustrations, sent free. .Also a formula for taking measurements by which limbs 
can be made and sent to all parts of the world, with fit guaranteed. Address 

A. A. MARKS, 700 BROADWAY, NEW YORK CITY. 

S-TAR FOOT 
POWER LATHES 

9 and I I  inch Swing. 
Complete 

Screw Cutting 
Engine Lathes 

With Automatic Cross Feed. 
Contain New and OrigInal Features, especially 

adapted for 

Tool �oom, Bicycle, Electrical and Accurate 

Machine Shop Service. 

IF" SEND FOR CATALOGUE B. 

SEN ECA FALLS M FC.  CO.,  
695 WATER ST. , S E N ECA FA LLS, N .  Y. 

i n  short , to work Wood ill a�y m a n n er, 
.110""':�'1 We build, with the best obtaiuable fac i l ities. an 

exten ive line of Machinery for the Wood· 
Worker who employs Foot and Hand POlver. 
SENECA FALLS M 'F'O CO. , 

69s Water Street, 
Seneca Falls, N. Y., U. S. A. 

All of ou r tools are thoroughly moderc , e m 
bodyillg ill their construction numerous i to
n .. ,v" m ent.. ,.,.hich are t h e  o u t come of long 

ex·pel,elnce and constant  experime;.' c l .  
t h i n k  O l l r  Catalogue A would 
repay your investigation . 

S b a l l  we mail it ? 

© 1896 SCIENTIFIC AMERICAN, INC.



1 00 $ citutifie !tuttitau. 

On receipt of $1.25 we will send by Mail or Ex· 
press prepaid our No. 1 Hand Drill. The nickel 
plated steel chuck has three jaws and will hold 
round drills of all sizes up to .... inch. '.rhu head 
and handle are polished Cocotiola. The head is 
hollow and contains six drills of various sizes. 
The cut geal'S are speeded 4 to 1. Lengtb elevpn 
inches. weight twenty ounces. We guarantee this to be the handsomest and best Hand Drill ever put on any market. 

M I L L E R S  FALLS CO. , 
93 Reade Street. NEW YO R K .  

STAR * SAWS 
We supply the greater part of all the Hack Saws. 

which are used in all Countries. One saw which costs 
six cents. will cut 011 an inch square bar of i ron two 
hundred times without filing. All hardware and supply 
stores will furnish these Star Saws on request. 

M I L L E R S  FALLS CO. , 
93 Ueade Street,  • • NEW YORK. 

T H E  WAL K E R  U N IV E RSAL 
T O O L  a n d  C U T T E R  

GO U LD & EBER HARDT, �.��U�:.�: 
SHAPERS 

EBERHARDT'S PATENT. 

N EW EXTENSION BASE A N D  E X T RA S UPPORT 
12 In., 14 In .• 16 In., 18 In., 2O in., 24 In., 26 In . •  28 In., 32 In. 

JOHN LANG & SONS. JOHNSTONE. SCOTLAND, 
Sole Agents on Gear Cutters for Great Britain. 

Genera,l Agen1.s : 
Schnchardt & Schntte Hie��.:lt����e�'Vienna, Austria. 

G R I N D E R Tho PiUsbnr[h Rodnction·Go. 

� Send for Catalogue. 

NORTON EMBRY WHEEL CO. 
Worcester, Mass. 

PlnSBURGH OFFICE, 70 1 FERGUSON BLOCK, 
1 1 9 THIRD AVE., PITTSBURGH ,  PA, 

NEW YORK STORE, 1 0  & 1 1  HAVEMEYER 
BUILDING. 2 6  CORTLANDT ST. , N .  Y 

Chicago Store. 1 32 Lake Street. 

AL U M I N U M 
Ingots.  Plates, Bars, Sheets, 

Wire, Tubes and 
Castings. 

Boiler Oil and Compound I njectors. 
Feeds constantly by the drop. Oil or 

Compound. into feedwater while boilers 
are in operation, positlvely removing and 

E prevent ing Bcale  in  steam boilers. 'j'he 
only machine upon the market used in SUl'sr ltetineries, Breweries, Steam ships. 
where steam is used for cooking:, etc. 

Patentee and Manufactu rer, 
W I L L I A M  B R A M E L D  

Paterson. N. J., U. 8. A. 
The Perfect Milk TEST Is a boon to 
farmers, dairymen and house
holders. Particu larly useful for tebting 
the value of each cow. YO U R child 
can operate the te�t� and t e l  I accurately the quality of the m ilk. All 
those who are interested in M I LK should have one. Only 40 ceot8 
hy mal

� l
e
T"JAiL"n�"ld.gem)

�
anted, 

712 lUnrket St., WllmlnKton, Del. 

STA N DA R D  '!'OOL CO" CI.EVELAND, 0., U.  S. A. -� T C ����- � __ TWIST DRILLS OF ALL STYLES. -� � "-- __ __ --.0.- Use nothing but S'l'ANDARD. Ask dealers or write us. 

p) I � 
SILAS HOWlJ&. ENOCH PETERSON, 

� � t Th@��i.ij!�j t .... T � fI! 1!f. -� I �}���L�NG INE AND VALVE 1 S P HI N G S ft. � '-liii lii( )IIi' ELECTRJCAL MACH INERY J 
and big salaries depend on a man's abili-

AGR I;p���a��:��:sC:o�N!�!urposes made to order. � ties. They depend on what he knows. .. The men who work the longest hours and 
get the smallest pay are those who put 
their brains to  the least use. 

There are three pursuits in which the � 
wages and salaries are liberal to bright � people. These people are skilled mechan
ICS, engineers and machinists. The more 
they know , the more pay they get. 

Lord ' s  Power and Machinery Magazine � 
will teach ambitious w orkmen the most � valuable lessons. It will be worth more 
to them in one month than it costs for five 
years. It covers most thoroughly the en· 
tire field of mechanics, engineering and 
machinery. Published monthly for $t a year. Send to cents for a sample copy. 

GUILD & LORD 
618 Atlantic Ave., Boston, Mass. " Huston Patent Boiler Brace 

t . .. . . ' IS 
pressed from a solid piece of hest Fr.ANGE Boiler STEEL. No .. elds. stronger. stllfer and ligbter tban 
iron. I.ukens Iroll "" Ste 01 Co • •  Coatesville. Pa. 
Phila. office. 4 ,2 Bullitt Bldg. N. Y. otlllce, 2.9 B·way. WHITE FOR CIRCULA R. 

Mechanical experts requiring Springs would do well to 
correspond with us. 1 2 " 1 4  SOUTH JEFFERSON ST., CH ICAGO,  ILL. 

The Best Metal Polish E�er Offered to the Pnbll c. 
BECA U;oE-lt will hold 

Its l uster lon�er thaD any 
other. I t  wil l polish !lny 
metal that will take a flnish. 

It will polish hot metal as 
wel l as cold. It wi l l  work tn 
J nnuary as welJ a8 in July. It contains  nothing in. jurious to metal or hands. It works quicker and easier than any other. It takes less of it to produce a polish than with n u y  other. MaDufactured by 

J. I •• ROBIN",ON "" CO.. Pitt.bu rg, Po. 

Emerson Power Scale 
Determines the amount of power that an engine 

or water wheel is capable of developing. Determines 
the amount of power transmitted by belt or other· 
wise from engine to shaft, or from one shaft to an· 
other, or the amount of power required to drive 
any o n e  or more machines. 

The force of power transmitted is actually WEIGHED by 
this Scale, the same as a load of coal or a barrel of sugar is 
weighed by the ordinary platform scale, 
A Regular Compound Lever Scale. No Springs or Friction Attachments. 

SEND FOR CATALOG UE. 
THE FLORENCE MACHINE CO. ,  Florence, Mass. ,  U. S. A. 

Drylnll kilns, beatlllll system for, A. T. Berni's . . . .. 563.6{1 
Drvlng rack, J. Marshall . . • . . • • • • • • • • • • • • . • . • • . . • • • • . 563,605 
g�i�k��gm:iB����H�.B�u:r��.�: : : : : : : : : : : : : : : : : : : : : :  

563,045 

Dust collector, J .  M. Case . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Dye. azo, Krecke & Rosenberv . . . . . . . . . . • • . . . . • • . . . .  

Dye, blue tetrazo. Krecke I'< Rosenberg . . . . . . . . . .  . . 

Dye, disazo. Krecke & RosenbeffiL . . . . . . . . . • . . . . . . . .  

Dye, �reenlBb blue tetrazo, Krecke & Rosenberg . .  
Dyemg apparatus. C. Corron . . . . . . . . . . . . . . . . . . . . . . . . 

�fe��rig :��?�l'�&·ur.je��:e���: : : : : : : :  : : : : : : : : : : : : :  563,274 
Electric generator, magneto. A. G • .Leonard . . . . . . •  563.599 
Electric heater. T. Grutting . . . . . . . . . . . . . . . . . . . . . . . . .  563.115 
Electric machine. magneto. Crouse & Mibz:ate� . . . 663,453 
Electric machines. automatic current regulatton 

of dynamo, �'. H. Loveridge . . . . . . . . . . . . . . . . . . . . 563.200 
Electric motor. E. J. Berg . . . . . . . . . . . . . . . . . . . . . . . . . . 563.440 
Electric motors. reversing controller for, A. C. 

Dinkey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . .  563.575 
Electric switcb, C. G. Perkins . . . . . . . . . . . . . . . . . . . . . . . . 563,40'! 
Klectrical connector. B. L. Toquet . . . . . . . . . . . . . . . . • .  563.695 
Electrical distribution oystem, C. P. Steinmetz . . . 563.426 
Ele-�trH:-a1 instruments. contact point for. C. E. 

Scribner . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 563,a26 
Electrical production of chemical reactions, W .  

Lobach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.288 
Wlectrical .elector, S. S. BOllart . . . . . . . . . . . . . . . . . . . . .  563.443 
Elevator. 8ee Water elevator. 
Elevator controlliUIl vlllvc. W. W. Doolittle . . . . . . .  563.266 
Elevator .toP. W. W. Doolittle . . . . . . . . . . . . . . . . . . . . .. 563,267 
Engine. See Gas enlline. Gas, oU or vapor en-

gine. Gas or oil eDl!'ine. 
Fare reJllster, C. L. Logan . . . . . . . . • • . • • • • • • • • • • • • • • • •  
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Fence. portahle. J .  Wolf . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  
Fence. wire. H. P .  Ssndoe . . . • • • • • • • . . • • • • . . • . • • • . • • • 

Fender. See Car fender. 
Ifender and automatic brake mechantsm, R. Mar-
Fi l���\,j: i,iii"cii.ig up'carbon: F': s: iiriii'tti : : : : :  : : :  �.� 
File. prescription. W. H. Stoffregen . . . . . . . . . . . . . . .  563,517 
Filter. L. J. & A. L. Barthelemy . . . . . . . . . . . . . . . . . . . .  563.639 
�il�:�: r'lf: �'J;;� .. .

. :.::: ........... .. . : .
..... :.: .. ..... ::: ....... '.':::: �:� 

�'ire alarm. automatic. J. W. Frost . . . . . . . . . . . . . . . . .  563.474 
Fish trap, Broekelmann & Buck.l�r . . . . . . . . . . . . . . . . . 563.356 
Fluid pressure brake, automatic, A. H. Moye •. . . .  563.673 
Fly screen, '1'. H.  Scbuetz . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.314 
Furnace. See (:lIMS tan K furnace. 
Furnace for hot water heating systemo. C. S . 

Faurot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563.365 
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· 563.394 
Game apparatu'!,. R. M. Nachmias . . . . . . . . . . . . . . . . . . .  563,507 
Game count.er .. �. Hayden . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.662 
Oame device. w. B. Seward . . . . . . . . . . . . . . . . . . . . . . . . . 663,419 
Garbage drier or carhonizer, Taylor & McLauth-

lin . . . . . . . . . • • • • • . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . • • • . • .  
Garment hook. self locklnll. E. F. & F. A .  Smith . .  
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(:las �enerator. F. H. Shelton . . . . . . . . . . . . . . . . . . . . . . .  . 
Gas. manufacturin� hyc1rocarbon, T. L. WUlson • •  

Gas, oil o r  vapor engine, F. S. Mead . . . . . . . . . . . . . . .  . 

(Jas or oi l engine, A. W. Bodell . . . . . . . . . . . . . . . . . . . . .  563.548 
Gas or oil enjiZine. P. A. N. Winand . . . . . . . . . . . . . . . . . 663,535 
g:: �:��fa���, 'W�tt!��,J1·11fa�������.��:::::::::: �:� 
Gate. See Swinging JZst.e. 
Gear cuttin" machl l'e. 1£. J. O'Connor . . . . . . . . . . . . . . 563.301 
Generator. See Gas �enerator. Maanet�lec-

tric generator. Steam generator. 
G lass tank furnace, Modes & Ullel . . . . . . . . . . . . . . . . . .  563.293 
Governor. D. C. Tower . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563.433 
Grinding macblne. P. J. Hoenscheld . . . . . . . . . . . . . . . 563.593 
Gun. machine, E. Wilder . . . . . . . . . . . . . . . . . . . . . . . . . . . a 563,701 
Halter and weaning muzzle, combined, O. E. & J .  

E .  !Schow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563,721 
Hammer. drop. F. Lombard .. . . . . . . . . . . . . . . . . . . . . . . . .  563,603 
Hammer. tack, A. C. Ntckloy . . . . . . . . . . . . . . . . . . . . . . .  563,W2 
Hammock. 'J'. J. WOOdcock . . . . . . . . . . . . . . . . • • • . • • • . • •  563,538 
Handle. tsee Saw handle. 
Harvester, corn, Reeves & Boman . . . . . . . . . . . . . . . . . 663,411 
Harvester. corn. C . .,. Waters . . . . . . . . . . . . . . . . . . . . . . . 563.522 
Harvesting machinel'Y cutter bar, R. Evans . • • . • . . 663,463 
Hasp fastener, G. B. Webb . . . . . . . . . . . . . . . . . . . . . . . . . . 563.434 
Hasp lock, C. N. Lippitt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563,600 
Heater. See ElectriC beater. 
Heating and v�ntilatillg system. C. P. Noble . . . . . .  

563,677 to 563.679 
Heatinll apparatus. N. E. Frost . . . . . . . . . . . . . . . . . . . . .  563.368 
Binge, rritus & Knapp . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. 563.432 

Ii:�::.s;.�1i��::'�Po'ri"����r�{,'!�t:�.I�:.� •. �: .����I.� : �:Wl 
:��'fr�, '!,"et:bba�':!�nrb:k�ott . . . . . . . . . . . . . . . . . . . . .. 563.600 

Hook and eye. J. H. Akers . . . . . . . . . . . . . . . . . . . . . . . . . . 563.637 
Hop picker. Moore & Weller . . . . . . . . . . . . . . . . . . . . . . . . 563,5Ot 
Horseshoe calk. removable. A. Weilland . . . . . . . . . . . OC3,341 
Hydrocarbon burner. E. G. Mummery . . . . . . . . • • . . • 563.398 
Ice cusbion, A. A. Stol l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.429 
In and out indicator, J. P. Milhourne . . . . . . . . . . . . . .  563,501 
Incandescent lighting substance, C. A. von Wels-

hac b . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  563,524 
IndIcator. Ree In and out Indi�ator. Pool pocket 

indICator. Rai l way time and station indica-
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. . . . . . . . . . . . . . .  . . . . . . . . . . • 563.615 

insulating electriC conductors, means for, T .  
Guilleaume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.273 

Insulating magnet wire, apparatus for, E. F.  
Cabezola . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '"  . . . . .  663,564 

Insulatine- Sheet. electrical, C. W. Jefferson . . . . . . . 563.716 
Insulatinll sheet. flextble mica, C. W. J�ff"r.on . . •  563,379 
Insulating support for electriC railway ralls, P. 

Haley . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563.482 
Iron. See Curltng Iron. 
Jack. See Screw jack. Staging jaCk. 
Japanning, A. H. Sabin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563,417 
Jomt. !See Fusible Joint. 
Joint for parts of machinery. O. Cullmann (re-

isBue) . . . . . . . . . . " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11,557 
Journal box. G. F. Godley . . . . . . . . . . . . . . . . . . . . . . . . . . 563.270 

��i.�p��!Dtir�
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. F. Remy . . . . . . . . . . . . . .  563.686. b63.fJ87 

Kneader, dOUllh. L. K. Stranll . . . . . . . . . . . . . . . . . . . . . .  583.(31 
Knee pad, W. P. lfergusson . . . . . . . . . . . . . . . . . . . . . . . . .. 563.4fJ8 
Knife. See Pocket knife. 
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Knuckle pad. H. B. FrazIer . . . . . " . . . . . . . . . . . . . . . . . . . 563.586 
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Lam p. electric arc. C. E. Scribner . . . . .  < . . . . . . . . . . . . .  563.3lb 
Lamp flllinil device. N. L. Bradley . . . . . . . . . . . . . . . . . . 563.551 
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Lathe. E. Childs (reissue). . . . . . . . . . . . . . .  . . . . . . . . . . . . 11.554 
Latbe steady rest. Schnebelin & !Strlellel . . . . . . . . . .  563,418 
Lead, manufacture of white, A. R. Browne . . . . . • .  563,556 
Lead. marmfacLuriilg white, Browne & Chaplin . . . 568,553 
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Leatber. converting hides into. F. E. Burllnllame. Le!'. artificial ... W. Andrews . . . . . . . . . . . . . . . . . . . . . . . .  . .  
Letler, BifID, tlodwell & Gargare . . . . . . . . . . . . . . . . . . . .  . 
Ligbting device, automatic, F. Rhind . . . . . . . . . . . . . . 
Lig-btning arrester and automatic fuse block, T. I ,. Carl f,ton . . . . . . . . . . . . . . . . • • • . • • . . • • . . . . . . . . . • • . .  

Limb. artificial, R. Bowman . . . . . . . . . . . . . . . . . . . . . . .  . . 

Linotype machine, Bertram & Sanders . . . . . . . . . . . . 

LiqUId distributing device, L. W. Blttinll . . . . . . . . .. Lock. �ee Hasp lOCk. Time lock. 
Lock for sliding closures, F. W. MIx . . . . . . . . . . . . • . • . 563,671 
Locomotive pilot bar coupllnll, W. P. Shelly . . . . . .  563.690 
Loom. J. H. Nortbrop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563.611 
Loom beam clamp or lock. J. H. Nort hrop . . . . . . . . . 563.6]0 
Loom J acquarrt mecbanism. O. W. Schaum . . . . . . . .  5ti3.313 
Loom 8heddiD� mechanism. Wicks & Roy . . . . . . . .  563,346 
Loom shuttle. J .  B. Daudelin . . . . . . .. . . . . . . . . . . . . . . . .  563.(55 
Loom shuttle actuatinJl mecbamsm, Wicks & 

Roy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •  563,345 
Lumber piling or stacklnll apparatus. A. Stendahl 563.626 
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Mechan i cal  motor. A. D. Rryce . . . . . . . . . . . . . . . . . . . . . . 5Ii3,a56 
Mecbanical movement, W. T. Hanson� . . . • . . . . . . . .  563.690 
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Meter. See Water meter. Water or other fluid 
mel er. 

Mi l l .  See Windmill. 
Milling machine. monitor. O. P. Brll1llo . . . . . . . . . . .  . 
Mintng mach ine. J. M. McHugh . . . . . . . . . . . . . . . . . .  . . 
Mining mach,nery. hvdraullc, T. B. Ludlum, . . .  . 

Mortel holder. 11. A. Wbtte . . . . . . . . . . . . . . . . . . . . . . . .  . 
Mole trap. J. W. Reller et al . .  . . . . . . . . . . . . . . . . . . . . . .  . 
1\-1otion, device for cOt:.vertin�. A. Boucbarat . • . . . .  
:\lotor. See Wlectric motor. Mechamea1 motor. 
Motor. locomotive. or car wheel, J. Ctutstiansen 

et al . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.447 
Multlphase generator. compound wound. C. P. 

Steinmetz .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563,(27 
Mustcal l!lstrument, mechanical. W. H. Homns . . .  563.41" 
Mu,lcal tnstrument sonndtng post. A. Renner, Jr. 568.689 
Natlin" machine. L. Hoddu . . . . . . . . . . . . . . . . . . . . . . . . . . 563,(78 
Naphtha from 011. process of and apparatus for 

extracting. G. F. Metzller . . . . . . . . . . . .  . . . . . . . . . .  563.391 
Napkin bolder, N. F. Clarkson . . . . . . . . . a . . . . . . . . . . . . 563,566 
Net. Ush and crab. D. H. Hibbert . . . . . . . . . . . . . . . . . 563.486 
Nozzle. D. W. Web.ter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.630 
Nozzle. shield, W. F. Cunningham . . . . . . . . . . . . . . . . . .  563,454 
Nut cracking and feedtng machine, comhlned. H. 0. P.rcift'er.. . . . . . . . . . . . . . . . . . . . . . . . . .  . • . . . . . . . . . . . .  563,808 
Nut lock, H. R. Rowlan<1 . . . . . . . . . . . . . . . .  , . . . . . . . . . . . .  563,4J.6 

Tho I I  
Crystal Fonntain" Filtnr 

The only 
one 

that can 
be 

Cleaned 
easily 

and 
perfectly. 

GERM
PROOF 

The only Filter having an 

Automatic Cleaner. 
Filters For Household Use. 

Filters for LARGE SUPPLY. 

THE GEO. L. SQUIER MFG. CO. 
Address R t Fi lter Dept. • J Buffalo, N. Y. , U . S . A . 

THE WHITNEY MFG. 00.  
p ,  O .  1 I 0 x  1 094. 

H A RT F O RD, C O � N  ••  U. S. A. 

Presto . 
Drill  Chucks 
and Collets. 
Drills, Reamers, 
Counterbores, etc. ,  
Can b e  chang�d withon' stopping the 
DRI LL SPINDLE. 

THE ONLY AUTOMATIC 
A IR·FED RAM, • , • • 

Pnmplng capacities up to 150,000 
gallons per day. 

HIGH MECHANICAL EFFICIENCY, 
W ATER S U PPLIED 

R I F E  
E N G I N E  
CO ., 
t 26 
Liberty Street, 
New York. 

MIN ING MACH INERY. 
D iamond Prospect ing Core Dri l l s .  

MINING DRILLS AND AIR COMPRESSORS. 

Central Valve Engines. 
M.  C .  BULLOCK M FG.  CO. 

1175 W. Lake St., OHIOAGO, U. S .  A. 
DO YOU WORK WOOD ? 

We make aU 
the machi
nery needed 
in tt planinll 

mlll or furn i. 
ture factory � A big cata� 
logue, snow
ing our full 
bne for the 

ask ing. 

IRON AND BRASS fOUNDERS. 
Iron. BrRss, Bronze aAd Aluminum Castings made to 
order. Iron and Metal Patterns and Lisht Machine 
Work. 

H A I G HT & CLA R K, ALBANY, N.  Y. 

Special Machinery, Dies and Tools ,. 
Sub Press D;es � 
FrYr punc1Wnl1 a'Ild !rnmiru; shut metat 

A S P E C IALTY. � 
OEO. M. O�ISWOLD, ft�@ � 1 83 St. John St., ��� J� NEW DAVEN CONN. � 

© 1896 SCIENTIFIC AMERICAN, INC.
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NOVEL TY CUTLERY 00.. 2 Bar St., 

P A D D LE YO U R  OW N CA N O E ! 
Of all contrivances ever invented for the use and comfort of Sportsmen, 

T H E  LAY M A N  P N E U MATIC BOAT'_'-C� 
is tbe best. Weighs only 00 lbs., made of easIly·inflated and perfectly water· 
tigbt rubber. Can be propelled by the feet with occupant in comfortable Bitting 
position. Best thing in the world for bunting and fishing in marshy places. 
Can be also used as a pleasure boat and life preserver. For free illustrat ed 
Catalogue, write to LAYMAN PNEUMATIC BOAT & SPORTING GOODS CO., 32 West 
2 9th Street, New York City. 

T E N TS. 

OEO. B. CARPENTER & CO. 
201 =3-5 -7 So. Water St. ,  CHICAGO. 

Latest Improved 
ANDE RSON AUTOMATIC 
- -[tttn £opltr - -

Copies a letter in 1� seconds. 
QUiCk'l"��t�

iW'����d. Best. 

ANDERSON 
COPYING MACHINE CO., 

43 Leonard Street, 
Room 007. NEW YORK. 

HOW IS YOUR MUSCLE ? 
FLEER'S Gl1RU-KOL.& GU M  is a muscle 
builder. brightens the brain. Gives zest to the ap· 
petite and puts the bicyclist in fine trim for long 
runs. It is an ideal tonic for athletes and bram 
workers. It is not a "  guesswork " remedy, .but is 
a scientific certainty. Six packages by nlai1, 25c. 

FR.&NK H. FLEER & CO. 
1 0 '2'- 1 09 (lhe.tnu' S,., PhiladelphIa, Pa. 

Do You WantTHE BEST 
Telephon e mnde for the least 

�:'!v�fi 1m�l�n�0�nlr�':0 o��
n
��t��:�� Hand- llook and price list ot Phones 

and Materials. (Mention Scunt;ftc Amer. 
",an). STONE CITY TELEPHONE 

MFG, AND CONSTRUCTION CO. 
J oliet, Illinois. 

I'F'We guarantee our Phones to be nOli · 
Infringing. 

ALCO/.....-.-.. ...... 
VAPOR. LAUNCH. 

PRESIDENT CLEVELAND'S 30 FOOT ALCO VAPOR LAUNCH , 7 HORSE POWER MOTOR ; 

SPEED, 9� MILES PER HOUR. 

No dangerous Naphtha or Gasoline used. No disagreeabl e  vibration. Motor and Helm control led from bl'w. 

2 , 3 , 5 , 7 , 1 2, 1 4  and 20 Horse Power. Send 1Oc. ln stamps for catalogue. 

MARINE VAPOR ENGINE 00. ,  Foot of Jersey Avenue, Jersey Oity, N .  J .  

The Best Casting 
REEL ON EARTH, 
With automatic de
vice for the perfect 
winding of the line. 

Send for circular. 
WHEELER

McGREGOR 

REEL C O . , 

Milwankee, Wis. 

T H E  BEST OILER IN THE WORLD ! 
Price 
2 6c . 

� size. 
\V HY T il E " BEI'iT " � 1. It has won every test in 
competition with other oilers. 2. Doe. not leak. 3. Reg. 
ulates the supply of oil to a nicety. 4. The ne!"teBt and 
tigiltest oiler ever made. 5. Although many OIlers were 
.hown at Chlcal<o. tbe PERFECT only received the medal. 
CUSHMAN & DENISON, 1 7 3 N inth Ave . , New York, N.Y. 

CYC L I ST S Wonderful and Just Out Is 
• the AJ AX Burner Attach. 

ment for oil Bicycl e  Lamps, whicb abso l ntel y pre· 
vente the li�ht from being' put out by willd, jar or fnl l .  
and i n creases the light fully 3 0 p e r  cent. With tbe 
orlttachrnenL a � in. wick gives & squnl'e lopped fla.me 
<not " peaked fiame)" in. wide by !J( in. hi"h. with o u t  
smokiufjt. One sent to any club fre�. to prove what we 
say. Price, 25 cents. Sent upon recelpt of price. Gtve 
size of wick. rr Agents wanted. 

The J . A. Wilson, Jr"  Manufacturing Company 
P. o. Box 986. !!IT. JOSEPH, MICH. 

*=: ![E��nEL.��rot�i�:. 
Punctured tires can be ridden . Pat.189S ;;'i��o��i:';gWc;:
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safe without them. Strongettt for tbelrweight and save 

:�g;.
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e{l ��n�fr���:: wheel " sbould 

S. N. BROWN & CO. , 
140 Ell st 4th Street, • D AYTO N ,  O . } � i UP TO DATE 

Q. " 

Q. § PRICES. :I E til § 

ELECTRICAL, 
BICYCLE, 
PHOTOGRAPHIC 

Wholesale and Retail. Pamphlet.. 64 page •• free. 
MANHATTAN ELECTRICA L SUPPl,Y CO., 

30 Cortlandt Street, N e w  Y o rk. 

D U RABlE-CH EAP-800 D .  . 
We are selling a firot-class Black G rapbite Paint, 

suitable for Iron Buildings. Roofs, f?tructural Iron, etc� 
Superior in every way to the ordmary black pamts. 
Bome of which are com posed of Coal '1'sr P1tch. Asphal· 
tum or Petroleum Pitcb. II LACK G R A PHITE 

PAiN T is elaelle and does not scale or crack. 
Price, �5 cts.  per gnllon. 

EAGLE PAINT AND VARNISH WORKS, 
P. O. Box 1 1 66. PITTSBURG, PA. 11 tflWlKUN S.MILES:t� 

MA.NUFACTURER OF . 
Brass, l ron.Steel & German Sliver 

BOB ClD .. rr� Street I S C R E W S Phlladelp la, PR. 

500 ,000 PAIRS OF ____ _ 

Ophtbalmo.cope, F. Knauer . . . . . . . . . . . . . . . . . . . . . . . 663,717 
Ore crushing and pulverizing machine, J. C. WIs-

well . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563,702 
Oven sbelf. F. O. Farwell . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.467 
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Pack1ng piston rods. tool for, W. R. Drum . . . • • • • •  663,577 
Pad. See Knee pad. Knuckle pad. 
�:irySi:ce,aJ�ifl W�nB . . . . . . . . . . . . . . . . . . . . . . . . . . . • •  563,562 
Penci J sharpener and eraE'er, W. C. McDougall . . . .  563,400 
Pessary and womb battery. combined, M. E. 

Keller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 663,387 
��c'l::0W�frgc�t�����::?�:? �����'.�: .�: .���.��
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Picker. Se� Hop picker. 
Pin. See Safety pin. 
Pipe and nut wrencb. combined, R. J. Tbompson 563,519 
Pipe stem cleaners. macbine for making, l!'. A. 

Frick . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.387 Plant protector. G. William . . . . . . . . . . . . . . . . . . . . . . . . . 563.532 PJanter, E. Moon •. . . . . . . . . . . . .  , . . . . . . . . . . . • • . . . . . . . . . .  

Plow. combination. W .  H .  Sutton . . . . . . . . . . . . . . . . . .  , 
Plow. rotary , tlpaldlng iii; Robbins. . . . . . . . . . . . . . . . . .  5 
�lg:':c��':ilr ��.

k
t�S��.::fn� .����i

.�� : : : : : : : : : : : : : 563,a7� 
Plow. wbeeled. Spaldlnll iii; Robbins . . . . . . . . . . . . . . . .  563.516 
Pneumatic di.patcb tubes, terminal for, A. B. 

Campbell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563,359 
Pocket knife. G. PaO'ratb . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563.305 
Pool pocket indicator • •  T. J. Sullivan .. . . . . . . . . . . . . . . 563.628 
Potato cutter. N. G. Bliss . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563,"7 
Potato cutter, O. A. Bulette . . . . . . . . . . . . . . . . . . . . . . . . . 563.652 
Power shovel, J. Kiesler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563.492 
��r��er.��';J:;:nl. w.e

:t�ln�
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: . . . . . . . . . 563.495 

Printer'. rol\er. tubular interchangeable. B. Day 563.572 
PrtDtinlZ macbine, Slane & Bobinskl . . . . . . . . . . . , . . . .  663,422 Printin� macbines, bed motion for cylinder, W. 

Scott . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.511 
Printinll. press, C. Stevens . . . . . . . . . . . . . . . . . . . . . . . . . .  663,627 
��W:���i:::igg:�� �u���:�e' : :  : : : : : : : : : : : : : : : : : =:� 
Pump pitman. oil. It. M. Frey . .  . . . . . . . . . . . . . . . . . .  563,473 
RaCk. See Dryinll rack. Pa.try rack. 
Rack, G. H. 'l·homas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Radiator. W. F. Bryant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Rai lway brake mecbanism. J. M. Austin . . . . . . . • • • .  
Railway , electriC, H.  Brandenburg . . . . . . • . . .  , . . . • • .  

Rai lway, el ectric. E .  Lachmann . . . . • . . . . . . . . . . . . . . • .  66a.282 
Railway nut lock. J. L. Brady . . . . . . . . . . . . . . . . . . . . . . .  563.253 
Railway tIme and station indicator. F. G. Weeks 563,3«) 
Raising snd movinj;{ material, traveler for ap.-

paratus for. W. F. Clare . . . . . . . . . . . . . . . . . . . . . . . . . .  563.448 
Rake, C. W. Kueb!. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563,281 
Rai lways, automat.ic block signal and Rntioo1l1sion 

appilance for. H. W. Harris . . . . . . . . . . . . . . . . . . . . 1;63,374 
Reclining cbalr. swing and fan. E. D. Sbaver . . . . . . 563,rn 
Re�tster. See Fare teRlster. 
Regulator. See Gas regulator. Speed regulator. 
Repeater. automatic. J. W. Frost . . . . . . . . . . . . . . . . . . . 663,586 
Revolving stand for writers or others, J. M. M.e. 

Leod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  663,298 
Rbeostat for electriC motors, H. W. Leonard . . . . .  563,600 
Roll pinion attachment. J. R. Davies . . . . . . . . . . . . . . 563.281 
Rope clamp. D. Z. McGinnis et ai . . . . . . . . . . . . . . . . . . .  563.676 
RoviD�;drawing and concentrating machines, stop 

motion for. E. Welty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563,343 
Ruler. W. Savidge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.510 
Ruler. extensible. C. E. iii; M. R. Jewell .. . . . . . . . . . . .  563,277 
Safe attacbment. A. Oberndorf, Jr . . . . . • • . . . . . . . . . .  b63.681 
Safety pin. J. M. Guilbert . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.272 
Salt packer. K W. Cooper . . • •  ; . . . . . . . . . . . . . . . . . . . . . . .  563,200 
Sasb fastener, H. M. Priest . . . . . . . . . . . . . . . . . . . . . . . . . . 063,616 
Sasb guide. D. IV. Bromley . . . . . . . . . . . . . . . . . . . . . . . . . .  563.650 
Saw, crosscut, R. H.. Lewis . . . . . . . . . . . . . . . . . . . . . . . . . . .. 563.60"9 Saw. b and. E. F. Walter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563.521 
Saw bandle. "N. �1. Sln.er .. . . . . . . . . . . . . . . . . . . . . . . . . . .  563.512 
Saw jointer. A. R. Landers . . . . . . . . . . . . . . . . . . . . . . . . . . 563.286 
Sawmil l carri�e offset, H. Gawley .. . . . . . . . . . . . . . . . . 663..476 
Sawmi l l  carriage piston rod connection, H. G. 

Dittbenner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563.265 
Sawing machine. concave band, T. W. Cain . . . . . . . . 6&J,6M 
8cenic effects. apparatus for producing, A. L. 

Tucker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563,334 
Scenic tbeater apparatus for producing cloud 

elfect •. Oebring iii; Tucker . . . . . . . . . . . . . . . . . . . . . . . .  563.303 
Scenic theater apparatus for producing moon 
sce�r;�t�a���:;��: ��c1i��aii.ei.;oii.: : : : : : : : : : : : .  �:� 
Screen. See Fly screen. 
"crew jack. A. H. Moyes . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.608 
Sealin/ll machine. bottle. R. Brass . . . . . . u . . . . . . . . . . . 563.552 
�:��nd:�nat��inc�t!gre. �·r�c�

O
l
d
Meyer::::.663t(7i: �:�� 

Shade attacbment, window, J. W. Duncan . . . . . . . .  563,658 
Sbarpener. lawn mower knife, J .  J. Burk.e . . . . . . . . . 563,558 
Shears. H. F. Di llenbacb . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.458 
Sbeet metal tube making machine. automatic. O. 

P. Briggs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . .  , . 563,255 
Shelf. adjustable book. J. Koestler . . . . . . . . . . . . . . . .  563.279 
Sb oe. D. D. Toal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563,629 
Shoe holder. A. B. ('rocco . . . . . . . . . . . . . . . . . . . . . . . . . . . 063,071 
Sbove1. See Power sbovel. 
Sifting apparatus. E. R. Draver (reIBsue) . . . . . . . . . .  11.555 
�i"wal system. electriC police, C. E. Scribner . . . . . .  663,324 Si�nal systems. apparatus for selective, F. R. 

l1cBerty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Shmalin� apparatus, electriC, Turner & Chapman 
Sij{naling apparatuf\, electrical, S. S. Bogart . . . . . .  . 
Skein holder. L. O. Smith . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Smoke consumer, Hamann & V oe�eli . . . . . . . . . . . . .  . 
Soap tablet banger. S. J. Wiseman .. . . . . . . . . . . . . . .  . . 
�gl: Pe;.a:u�:� �!c�ri:.
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Speed indicator, T .  O.  Bateman . . . . . . . . . . . . . . . . . . . .  . 
Speed regulator. dynamo. C. E. tlcribner . . . . 563.316. 
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SportllllZ and atbletic outfits, receptacle for, 11'. 
Kruedelb.cb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.493 

Spring. bee Wagon bolster Bprin�. 
Square. lZarment cutter's. W. H. Goldsberry . . . . . .  563.370 
Square. try. E. S. Farley . . . . . . . . . . . . . . . . . . . . . . . . . .  " 663,4ffi 
Sta .. e bracket • • winlZinll, H. Witzgall. . . . . . . . . . . . . . . 563,536 
Staging jack. M. W. Reeves .. . . . . . . . . . . . . . . . . . . . . . . . . 563,300 

��:��·te���r!;
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Steam Doi ler. H. C. Jones . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
Steam generator. tubular. J. Buckley . . . . . . . . . . . . .  . 

Steering apparatus. el�ctrical ly controlled boat, 
C. E. OnlZley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Stencils. apparatus for producing. J. Brodrick . . .  . 
Stetbu.cope, O. H. Sheppard . . . . . . . . . . . . . . . . . . . .  . . 
Stone dressin� machine, Flindall & Mally . . . . . . . • .  

Stone dressing machine. R. Marquart . . • • • . • • • . • • . .  

Stopper. See Bottle stopper. 
�������i��y�V.·D�j,�Y�.�i.I: : : : : : : : : : : : : : : : : : : : : : : : : : :  �:� 
Stoves. safety tank for gasolene, A. Mldllley . . . . . . 563.500 
��i�.Jr1'IIB�·I!;: . . E����� . : : : : : : : : : : : : : : : : : : : : : : : : :  �:� 
SwinlZ'iug gate, W. D. Miller . . . . . . . . . . . . . . . . . . . . . . . . .  563,393 
SWitch. See Dispatch tube switch. Electric 

switch. 
Switcb. F. Herman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 663,376 
Switch and mate. D. F. Carver . . . . . . . . . . . . . . . . . . . . . . 563,65'1 
Swltcbboards, test in .. apparatus for multiple. C. ffi. �(:ri bner . . . . . . . . . . . . . . . . . • . . . . . • • • • . . . . . • . . . . • .  66a Swltcb stand. A. E. Fllckin�er . . . . . . . . . . . . . . . . . . . . . . 563 
SyrlnlZe. hypoderm ic. G. R. Schimmel . . . . . . . . . . . . .  . 
1.'abJe. M. Lesser . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Tannin and making it , albumen, R. Gottlieb . . . . .  . 
f'JanDlng J iquor. F. E. BurliuU'ame . . . . . . . . . . . . . . . . . . 
Tapping anG connect ing device. pipe. S. G. Howe 
�:r::���:�i
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J�:��:r. ���.����� . . �.����.������: . .  �������� . . � 563.327 

Telepbone excban .. e •• multiple switchboard .ys· 
tern for. O. A. Bell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.250 

Telepbone excbanlZes. multiple switchboard sys· 
tern for. C. E. Scribner . . . . . . . . . . . . . . . . . . . . . . . . . .  563, 

Telephone signaling circuit. J. S. Stone . . . . . . . . . . . . 563. 
Telepbone .witcb board spring jack. H. B. Tbayer 
Telephone system. J. Piel . . . . . . . . . . . . . . . . . . . . . . . . . . . . Telephone transmitter. W. A. Moore . . . . . . . . . . . . .  . . 
Telephones, system of p-_rrent distribution for 

substat ion. C. E. 8�r'bner . . . . . . . . . . . . . . . . . . . . . . . .  563,325 
Thermopiles. aprdrat�s tor heating, .Eo N. 
Tbe�:;;�:[:���ci c'irc'uii 't'berefor: 'j; \V: 'Frost: : : : :  �:�J� 
Tbreshing cy linder, D. S. Geiser . . . . . . . . . . . . . . . . . . . .  563.661 
Tie. See Bag tie. 
Time lock. C. D. Dean. . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . .  456 
Tire. puncture proof pneumatic. A. L. Smith.. . . .  691 
11obacco leaf spreader, J. T. Carter . . . . . . . . . . . . . . . .  . 
���f'tgi:
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'-Niagara Pedals 
Toy. A. Blum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
��;·:;,:I�ci��'L':.;;;; & 'Coooey : : : : : : : : :  : : : : : : : : : : : : : : :  563 287 
Trace fastener. V. J. Head . . . . . . . . . . . . . . . . . . . . . . . . .  563,485 
���fley Sc"a�c1,�� ��� V.'W'il:O�

b 
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���: . . :':'-.�I.� .����:. 563.531 
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Are In dally use under o u r  nveeping 

• • •  C U A R A N T E E  • • •  

See that you make , handle or 
ride no wheel without them. 

NIAGARA CYCLE F ITTINGS 00 .  
B U FFALO , N .  Y .  

Oycle Manufacturers' Supplies of Every DescrIption 

Truck. car, E. Peckbam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.685 
Trunk, dresser. P. H. Smitb . . . . . . . . . . . . . . . . . . . . . . . . . 563.624 
Truss. C. Clut.be . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563.449 
���;!\fD���h?,;:el:�:r��ii: ·ii: Keitbiey·.: : : : :  �:�l 
Turntable. C. A. Greenleaf . . . . . . . . . . . . . . . . . . . . . . . . . . 563.480 
Tvoewriter cabinet. W. Horrock! . . . . . . . . . . . . . . . . . 663,663 
Undertaker's pedestal . A. C. Dillman . . . . . . . . . . . . . .  563,264 
Valve and seat grinding device, combined, A. R. 

Spaulding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563,331 

ALL classes of people are studying 
Jaw with us BY M A I L .  Some are 
preparing for practice. Borne for ad· 
vanced standing io regular law 
schools, Borne for general culture. 
Borne in preparation for general busi· 
ness. Also, many Lawyers are study· 
ing for review. You need a knowledge 
of the law whatever your plan of life. 
From the hundreds of testimonials we 
will send you, you can find many 
cases similar to your own. Tuition 
witbln the reach of all. Methods ap· 
proved. Instructors competent. Six 
years old. Three thousand 
students. You can begin at 
any time. 

Handsome catalogue and a 
unique book ot testimonials 
FREE. Address 

The Sprague 
Correspondence School of Law. 
18 Telephone Bldg. DETROIT. MICH. 

l o t  

A Chance for Mechanics 
To Obtain a Cycle FREE. 

The Perfection o f  the Bicycle Is called the 

RACYC LE N A R ROW T R E A D  
built by tbe 

Miami Cycle and Mfg .  Co . ,  Midd letown,  O .  

W:a��l Ia Plf&enfJ.Bl��V6fk)' r�f�·W'x���s
AN.e. 

to tbe mechanic or party wbo Is the first to send 
ns the correct solutiOn of the following : 

I( - - -- - -- - - .  4S/8' T R tA O  - - - - - � I , �;r.� - ' - . -- ' - . ' '3 3/+" - - . - ' - - /If ' .) 1 �'6 1 ' '¥le I  � ' �8"� �cle : : 
'lIt -r - J aC : : 
I I , , 
, I , ' 
I 

: C RANK HANG E R  
I 

I 
:Jf-

, 
I 

- 2i _ _ _ _  '''III_. IS/I�_� 
4 'l's T R. E A D  - - - ->I-J3ic]cle 

C R A N K H A N G E R .  
Cnt No. l is a sectional view of tbe RACYCLE Crank 

Hanger. 

Cnt No. 2. a sectional view of the Crank Hanger 
generally used in Cycles throughout the world. 

The distance from outside to ontside of crank In the 
�����i�'c�t�;' f('1tXcV�t'r.� ��;�:Stb��t�f�/t'i�! 
cranks, making said bearings 1� Inche. farther apart 
than In cut No. 2 (Bicycle) . 

Tbe Sprocket in the RACYCLE hanger 's hetween 
tbe bearing'. but In tbe Bicycle hanger, the Sprocket 
?i6���
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hanger. 
1rZ�J'.:-g��:tt� s�J:II�lh�!�����nt f?�t 

tt';,"m:[s�r� 
tions above, whaf advantage bas Fig. No. 1 over Ifig. 
No. 2 ?  

Cut the drawings out. o r  make exact copy, and mark 
�ad���,:lft1g��:W:i'ri:

r 
b.,sp';.�':��� lnh��:.::rg:�� 

and Mfg. Co .• Middletown, O. Each solntlon will be an· 
swered and winner's Dame and answer will be published. 

CHARLES F. H U B B S  &, CO., 

PAPER AND TWINE, 
3 6  BEEKMAN ST" N .  y, CITY. 

Parchment. Detail Draftln� Paper, 

" P R ACTICALLY 
U N B R E AKA B LE " 

Is the World's Fair verdict on 

,- B O M M E R 
S P R I N G  H I N G ES 

Of Wrougbt Steel, Bronle and Brass. 
310JaySt. ,Brooklyn,N.Y.,u .S.A. 

© 1896 SCIENTIFIC AMERICAN, INC.
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PH ILADELPH IA, 

Manufacturers of Tin Plates . .  . . 

THE PANCOAST VENTILATOR . TH E 

" Taylor O ld Style "  Guaranteed to 
exhaust more 
cubic feet of air 
per minute than 
any other Storm
proof Ventilator 
made. 

M a d e  w i th 
Patent Edge-
wise Brace. 

Insures 
c u r a c y  
Strength. 

Ac
a n d 

Made of Black 
Sheet Iron and 
then galvanized. 

EJ::El.4ND 
The only Roofing Tin made exactly 

the same as in lsao. 66 years ago. 

The Heaviest Coated Plate Made. 
The Only Warranted Roofing Tin Sold . 

Eve� sheet stamped with 
Brand, Thickness and Name of 

N.  & G. TAYLOR CO. 
Manufacturers, 
Established IS10, 

PHILADELPHIA. 

It is absolutely Storm and Cinder Proof. Indorsed by the U. S. Government. 

AR M ST R O N C  PAT E N T  TOO L  H O L D E R S  
Over 50,000 Now i n  Use. : 

For Turni ng, Planing and Boring Metals. 
Saves all b lacksm ith work. � Tool Steel, '101 

Grinding. 25 sizes. suitable for all kinds of work. 

CHAS. C H U R C H I LL & CO., Ltd • • London, England, 
Agents for Great Britain. 

'l'he following Is one of the many testimonial letters we 
have received from practical moonanic .. 

OFFiCIO 011' 
D. H. BURNHAM. DIRIOCTOR 011' WOBKS, 

World's Columbian Exposition, 
Jackson Park. Chicago. ARMSTRONG BROS. TOOL CO .. CHICAGO. lJ.L.. September 29, 1800-G:):I:NTLEMEN :-¥OUfs of tlie 21tb at hand . concerning 

t�::���}[Oy���':.':.11 rg.lg::. \�tOh! {\P,:'r����I�farraIt�c���: 
Shop for several months, and flnd the Bame to be very con
veDient, as well 8.8 economical ; and [ would recommend 
the use of this tool holder to all those desirlnll to reduce 
their bUls for tool steel. grindstones and emery wheels. 

Yours very respectfu lly, J .  M. 'l'HOMAS, 
Supt. Wor ld 's Fair MachlDe Shop. 

_____ J"_c_k_s_on_park. Chicago. · 
&tid tar Catalouue to 

A R M STRO N C  B ROS. TOO L CO. 
96 W. Washington St. , Chicago. 

SOHUOHARDT & SCHUTTE, Borlin, Germany, 
Agents for Germany. 

THREE GROOVE CHUCKING REAMERS. 
For Borlnll and Beamlnll Cored Holes. STANDARD TOOL CO .. CLE VELAND. 0., U. 8. A. 

SHEET ·.· STEEL •
•

• STAMPING 
ALL T H E  F R A M E C O N N ECTIO N S  FOR BICYCLES. -

_ S P ECIAL D I ES AN D PARTS TO ORDER.  
P l> D A LS, ll A I.LS, W O O D  R l lll ,,", WOOD HA l'i D LE B A R S ,  WOOD GUARDS, CORK 

GRB'S, NI P PLES, C H A I N S, SAD DLES, 'l' U llING, WRENCHES, FORK. SIDEIiI, etc. 
CROSBY & MAYER CO.,  • BUFFALO, N. Y. 

WORLD'S FAIR AWARD. 
We are the only Steel Rooflnll Company awarded Medal 

and Diploma for PATENT CAP ROOFING at World's 
Columbian Exposition. We are also large manufacturen of 
all style8 of Metal Roofing, Siding. Cellinlr. etc. Send 
for Catalogue and Price List. 

Mention tMs pApw. 

SYKES IRON AND STEEL ROOFING CO., • • Chicago and Niles, O. 

The Model Dynamo 
Direct and Alternating Currents. 

P01' Schools, Colleges, Experimenters, and Amateur 
ELECTROPLATERS. 

The MI DGET 
DYNAMO & MOTOR 

TIlE "MIJ)OET." 
Weighs 4Ji pounds. Lights an 8 C. P. Lamp. 

$4.00. IT Send 2c. stamp IfW ctrc'Ular 

Elbridge Electrical Mfg. Co. 
THE " MO DEL." E L BRI D C E ,  N. Y. , 

The Forbes Patent Die Stock. Pipe Cutting and Threading MachiJIery. 

THE CURTIS PATENT PIPE THREADING ATTACHMENT 
FOR LATHES 

RatcltetDriJ ls, Ratchet Die Stock and Pipe Vises 
Send for Illustrated Catalogue. 

C U RTI S & C U RTI S, 
40 Garden St., Bridgeport, CODn. 

Valve, safety. E. 1D,. 601d . . . . . . . . . . . . . . . . . . . . ....... . 
Valve. steam engine, U. W. Branch . . . . . . . . . . . . .  ; . .  
Valv

�
tank, A. Ri�ler . . . • . .  : . . . . . . . . . . . . . . . . .. . . .  . . 

�:E1'�I:�
r
·r��1I 

e
J':��:n�·a�t:c�::::�i; D..' Barber::: 

Veblcle w�eel. J. N. "'It"'an • . . . . . . . . . . . • • . . . . . . . • • .  
Venlcle wbeel. BOII'&hner & Smith .. . . . . . . . . . . • . . • • .  Velocipede u r  other veblcle llann &; Bromley . . . . 

Vessel construction, U. 1<'. WU\ii�ms . . . . . . . . .. . . . . . .  . Vessel. submarine, L. Uathm"'nn . . . . . . . . . . . . . . . . .  . 

Ve8se]s. apparatull for raising sunken, 1. 10. Chap-
man et al . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563.565 

V .. �lng apparatus, C. F. Darnell. . . . . . . . . . . . . . . . . . . . . 563,361. WllI(on bolster sprin". T. G. Mandt . . . . . . . . . . . . . . . .  563,497 
WSjlon reaches. anti friction rl) l Ier for, P. Dirol l . .  563,576 
Wasnboller attach ment. 1. H. Winget . . . . . . . . . . . . . 563,3f9 
Washing macnine. x,. Grondab l . . . . . . . . . . . . . . . . . . . . .  563,3'13 
Wa8hing macb lne. ll. M. llamilton . . . . . . . . . . . . . . . . .  563.484 
Watch bolder for conductors, motormen, etc., Wile. &; Uroull' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  563,534 
Water oloseh ". G. Morr I80n . . . . . . . . . . . . . . . . . . . . . . 563,397 
Water elevlltor and carrier, J. W .  Eckerd . . . . . . . . .  563,(61 
Water meter, J. E. A. \lel . . . . . . . . . . . . . . . . . . . . . . . . . . .  563.138 Water or otber fiuid meter. E. W. iObedd . . . . . . . . . . 593.623 
Water purifyiOjJ apparatus. P. a. A. Gaillet . . . . . .  563.660 
Wells. filter for quicksand. T. A. Ev\lns . . . , . . . . . . . .  563.112 
Wheel. See Bumng wheel. Vebicle whel'l. W beel brake. Sanford &; Barnard . . . . . . . . . . . . . . . . . . .  563.620 
, I �dmill. S. Jobnson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563,096 
Wire fabriC, loom for weaving. W. Orr . . . . . . . . . . . . . 563,613 
Wire, method of and apparatus for drawing. T. 

A. Edison . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51:ll.462 
Wire sp.iciDIZ' to()l� L. L. �eck . . . . . . . . . . • . • • • • • • • . . .  563,68' W ire stretcber. T. M. Guest . . . . . . . . . . . . . . . . . . . . • . . .  563,481 
Wire stretcber and ti�htener. W. Pickford . . • . • • • •  1itl3,409 
Wooden vessel. T. K. Pllrrisb • . . . . . . . •  : . . . . . . . . . . . . .  563,688 
Wrench. See Pipe and nut wrencb. 

D ESIGNS. 
Badge • .\. B. E1lI80n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2Ii, 762 
Cement kettle. F. W. Mor"an . . . . . . . . . . . . . , . . . . . . . . .  2li,76:1 
��:e'i �f�;3� ����'r:�e�:.�����.��.�: : : : : : : : : : : : : : :  ��}l 
Flftn .. neel. H. C. 8wan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25.100 
Hllndkercbief. etc.. G. R. Bowen . . . . . . . . . . . . . .  25,7(1;1, 26.'i54 
Paper holders and cutters, frame for rol l, E. B . 

. Weston . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25.761 
Saw. T. L. Wallace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25,763 
801e. tap. W. Kurzenknabe . . . . . . . . . . . . . . . . . . . . . . . . . . . 26,757 
�ro'::TI��fit�r.�: ��2��'!iiy::: : : : : · : : : : : : : :: : : : : :  ��� Tag fastener. A. Terbnne . . . . . . . . . . . . . . . . . . . . . . . . . . . 26,766 
'fe't.'t��'b'::8,.��' .. 'liJro�£??�:::: : : : : : : : : : : : : : : : : :  ��� 

TRADE MAaI{S. 
Ammonia, cat8UP. and sauce. E. Prltcbard • . . . . . . • .  28,564. Beer. lager, Lelblnger /I; Oehm JJrewlng Company 28.566 
Beer, IllI(er. Rocbester Brewlnll Company . • . . • • • . . .  28.667 
Bicycles. J, Long's Sons . . . . . . . . . . . . . . . . . . . . . • • . . • • . . .  28.538 
Bicycles and part8 tnereof, W. E. Davis . . . . . . . . . . . .  28,575 
Blood purifier and liver rellnlator. L. W. E8te8 . . . .  28,646 
Canned hulled corn. Western New York Preserv-

In" and Manufacturing Company . . . . . . . . . . . . . . . . 28,fi61 
Cement. Portland, Aisen'sche Portland Cement 

�'abrJken . . . . . . . . .  : . . . . . . . . . . . . . . . . . . • . . • . . • . . . . . .  :. 28.M3 
Colo"ne and pertume

M
' R. Hudnut • . . • . • • . . . . . . . . . .  �.561 

�r.:;.�·i��:g����'h�ti G��!"��';;r8::: : : : : : : : : : :�·.�· 28;� 
Elastic fabrics and boots and sboes. Hub Gore 

Makers . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . • • . . . . . . . 28.027. 28.528 
Flour. Spanogle &; Yeaver . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28.56"l 
Flour and meal. Lexin�ton Roller Mills Company 28.563 

a:�;.i. ;R�:l'd':���r:���Il"a':i·& coiDii.iiii: : : : : : : : : : :  �:g� 
g��Fo�[:" :y�fal

a
���Il:�I�� �����ny::: ·:.28·�: �:� 

Grocers' supplies, certain named, F. Acker & Com-
pany . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28.569. 28.560 

Bats, 80ft and sUO'. men's Bnd bOYS' fur felt, F. 
Scboble & Company . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28,525 BOil products. provisions. extracts, and com-
��::'H C���1�
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pany . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28,556 
Insects. cbemical substance for protection a�atnfZt 

mOs
�
uitoe8 and olber, J. lteepmaker • . . . . . . . . . . .  28,64:9 

La�g:t el�l
��r�' �IT�.;���·t�g�. 

a
�rel��:l��
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SWAn United ElectriC LI"ht Company . . . . . . . • • • .  28,571 
Medicated tablets. J. R. Gordon . . . . . . . . . . . . . . . . . . . . .  28,56' 
Medicinal tablet8. Marie Antoinette Company • . . . .  28,556 
Oil clotbs. Atha &; Hu"bes . • • • . . . . . . . . . . . . . . . . . . . . . . . .  28.531 
Paper blll(s. G. West . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28,530 
Paper. toilet. M. E. Manaban. . . . . . . .  . . . . . . . . . . . . . . .  28,MI 
Pencils, penbolders. and Ink well •• Moser & Lyon 

Company . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2'l.539 
�J':d���:��·eilii!�?��l.1f,':,'i?� .�. ������.�: : : : : : :  �:� 
powders. cblcken. S .. C. Sedwick . . . . . . . . . . . . . . . . . . . . .  28.507 
��f.i �.?:�t��e .::rc�����li�'b���m�������::: : :  �� 
Remedies for dyspepeia aDd kmdred aft'ectlone, L. 
Re:e�iet

d
i�� r.,

e
����

n
�o�;:l�I'o'i�: 'tonlc,;: iilbioii.; 28.M
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a
.��� . ��� . .  ���.�.���:�: .�: . .t:-.: 28.646 

Remedy, hog cholera, L. Barnes . . . . . . . . . . . . . . . . . . . . .  28,556 
Roofing. composItion felt and �ravel, Eastern 

Granite Rootln2 Company . . . . . . . . . . . . . . . . . . . . . . . .  28.M2 
Rope and twine. Standard Rope and Twine Com-pany . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28.533. 28.534 
��Pr�sf�I'ii2c�'i;n<Ji lfn�'::":8� tC��&"e'lTei:.: : : : : : : : : : :  �:g� 
Soap for toilet use. powdered, D. H. Greene . . . . . . .. 28.562 
Tea. colfee. claret-wine and sirup. T. Martindale . .  28.0e5 
'.fires. yieldinJl or pJleumatic. Boston Woven HOHa and Rubber Company . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28.674 
TOI�r�J':.eBl'::��o�o,::�'i.':}:. �����.���. 

a��. �����.:� 28.550 
Wines, Germanla Wine Cellars . . . . . . . . . . . . . . . . . . . . . .  28.568 WI���a?'::e�; �t:�i. ��s:{e. W�r�:�'t;II'C,

n
���:� 

Company . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . • •  28,Ii69 

PRINTS. 
.. Cando Sliver Polish," Colony & OsgOOd . . . . . . . . . . . . . . 21 

A Pl'i ntpd c o p -r  of tbe specitlcattOD and drawinJl of 
any patent In the foregoing 1i8t. or any patent In print 
Issued since 1863. will be furnisned from this office for 
�� '1'�!Spa!�n�
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Broadway, New York. Special rates will be given wbere 
a larlle number of copies are des1red at one time. 

( !un n d i a n  p a r p. n u i may now be obtained by tne in ' 
ventor. for any of the Inventions named In tbe fore
going list. provided they are simple, a ta  cost of f40 each .  
If compllcated the cost will be a little more . .  For full lDstructions address Munn & Co., 361 Rroadway, New 
York. Other forel"n patents may also be obtalned. 

POWER . .. .. . HAMMERS 
For Every Ilescription of Forg· 

ing. Late Improvements. 

BEAUDRY & co. 
4 6  Oliver Street, 

liJoston, Mass., U. S.' A. 

Wator for Conntry US8 
Tbo DOHlostic Pnmn. 

wtt:.::m�'lr!ul wlI��'iml,tor G ��� EST RlV AIJ. For Country Homes, Ho
tel. and Summer Resorts. Cal l and see It in pract!oal operation. Send for Catalogue and testi moni Sl le of w�lI.known 
tf���tf� pt:l�SHfN\M:R�� H3i '"� .... ,,"w&al'" 

E L  PIANO 
Ivers & Pond 
O(l'ec!, Ventajas Especiales a. loa 

Compradores e n  e l  Extranjero. 
Construidos especialmente para resistir los � 
cambios atmosfericos. Los pianos de Ivers 
& Pond no tlp-nen igual para climas perj u. 
diclales a causa de nuestro sistema de secar 
a\ horno. Estos pianos representan 10 mas 
perfecto en el arte de fabricar pianos en 
cuanto a calidad de tono. durabilidad, en
cajonamiento artistico. Invitamos a los 
TRAFICANTES que nos escriban a cerca de 
precios especiales y territorio exclusivo. A 
los compradores AL POR MENOR suminis
tramos pianos directamente de nuestra 
fAbrica Ii cualquiera parte del mundo don
de no tengamos representante. Se expe

dirAn catalogos, preciOs especiales y todo 
informs libre Ii quien los pida. 

IVERS & POND 
1 1 4 BOY LSTON ST. , 

BOSTON , M ASS. , U. S. A.  

Oolwmbla Washer. 

er 
tured 
Wilson Laundry 
Machinery Co ., 
Columbia. Pa. 
Send Jar Oat 'g. S. A. 

Grinding,Elevating,MixingandSiftingMachinery 
for materials of every descr i p. 
��nG�����d��go:Oi�t�'. �ah��t cals. Drugs. Minerals. etc. 

Special machinery designed. 
Blue print8 and estimates fur
nished. Established 40 years. Up to date. Write us. 
HOLMES & BLANCHARD CO .  36.39 Charlestown " t .  

Dt"INTEGRATOR. B08ton, Ma •••• V. S. A .  

WATER WH EEL 
Adapted to all Heads From 

3 FEET TO 2000 FEET� A THIRTY - F O U R  years' experience e n a hles us to guarantee satisfaction undf1l' every c o n d i t io n .  

s:I!To� �:m�tr!tu� t�'!"!!�i�t Y!l��I���: Fa1l8. 

JAM ES LEFFEL &. CO. ,Springfield,O. ,U .S. A. 
Established 181i4. 

S H E R I FFS MAN U FACTURINC CO. , 

Manuf��turers MARINE ENG INES ,  
lUILW A U K E E, WI8., U .  8 .  ,\ . 

Don't D isca rd t your old tanks, roofs, gutters, store 
fronts, etc. , before writing for par
ticulars for preserving and extend
ing their use for years, to 

Detroit Graphite Mfg. CO' I Detroit, M ich . ,  U. S. A. 
B. C .  Standard E lectric 

Motors and Dynamos. 
MARINE LIGHT PLANTS· 

E q u i p m e n t  Complete nu d U n s u l'pass ed. 
Engines. M otors. ) )vnu. 

mos for every serv ice. ll'or particulars , address 
BELKNAP MOTOR CO. ,  

,. 44 F o r e  St.,  
l'ortland . Me . . U. S.A . 

C U LVER 'S 
PR O G R E S S I V E  

S'I' E A M  S J<; l' A U A 'l' O R  
Insures dry steam by carryin/l llway 
at rhzht angles the water of con den � 
sntion from the path of st eam cur
rent. The Deflector plates i n  cut are 
separately cast an d placed in pORi
tior. i n  body of Separator. insurinJ;! a 
perfect casting. Has a series of 
alternately ci isposed d eflectors nnd 
a discharge from each, whereby t h e  
mo isture is condensed and removed 
from the path of the �team. Cul
ver's Progressive Stearn Separator 
is for the above reasons the best 
thing ever invented for all steam 
users and those who know the i mportance of having dry steam for 
their Engines, Pumps. etc.. Send 
tor i l lustrated catalolrue. 
THE C U LV E R  M FC. CO. 

ao:E .I. SCluJrlON. P"" 

© 1896 SCIENTIFIC AMERICAN, INC.
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I� A PIANO \� l BY MAIL. 

f You can buy an IVERS &1 
I P O N D Piano just as cheaply, as � i 

. ' safely, and as satisfactorily of us '1' " >  by mail as in person at our ware-l 
rooms. How ?  \Vr ite and we'll 
tell you. I . We send our pi anos on trial at 
our expense to any part of the ' 
U nited States where they are not I 
sold by a local dealer. Send us a t 
postal card and receive FREE our

. 
j 

CA T ALOe U� and prices for cash , 
and on EASY PAYMENTS.  I 

If you want a Piano, a postal �\ 
card may save you $75 to $100. �.' 
Send it to-day. " , ([t, Ivers & Pond Piano Co., � ' .  " 114 Boylston Street, Boston. � 
_��1'�� 

� t itut ifit �mtritau+ 
You've never had a Comfortable Ride 

Unless you have ridden lu a vehicle lilted with 

Ru��er Tires 
The Only Sucessful Rubber Tire. 

NO JARS ! NO JOLTS ! 
Easily put on Old or New Wheels. 

At small expense. Guaranteed not to come otf. Espe
cially desirable for rough or unevenly paved streets. 

pr Handsome Catalogue and Te8ti'l/lOnials Free • 

R UB B E R  T I R E  WH E E L  CO. , 2 1 8 W. Main  St. , S P R I N C F I E L D , O. 

1784 Br='Bliv�t� I�
r
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.. ��va����������������1V��" 
nON'T STOOP TO SWEEP YOU � HOUSE. 

There Is no necessity tor stooping if you use 
t

h
e FOOTHOLD DUST PAN. 

No stoOPi:::h�T:h,::r�1 ���� �'ri�e8t�E' �g rush of blood to the head. 
rl'he dust pan is carried by the 

aid of the left fo� UOld the broom. rl'he pressure of the foot 
brings the frout of the pan close to the floor to receive the d I rt. 
Sweepin� can thus be done 
quickly and cleanly while the sweeper is in an erect posture. 

Agents wanted for house-to
house sales. Every lady will 
want one. 

The Monmouth Mfg. Co., 
1 89 B'way, Long Branch. N. J .  

Mt MURRAY 
VEH ICLES and HARNESS 
Time Tried and Tested and Endorsed the  world 

over as tbe Best and ()heapest on Earth. 
Slnlrle Buny Hames_. . 1i.91i 
Double BuglrY Harnes_, 11S.70 
Singh, Far ... H.rne.... 17.67 
Double Fa ..... Harne.... 2111.9" 
Top Buggie., . - .  - M.91i 
Road Ua..... 1".90 
Road Wavon., - . 31.71i 
1P.!!:�'!."!::12 bOrS;) :::gg 

Fine 160 page Catalogue. free. 
WHiter H. Dnrray nCg. Uo., <:Incinnatl, 0. 

Wm. Swindel l & Bros. 

103 

Improved 

Se lf-C losing 
BASIN COCK 
AdOPted for Use i n  

N e,v ilh lubn ttan H o t e l,  
lS ew Y O l'k, N .  Y. 

Its Sanitary Features 
Unsurnassed. 

NO D IRT RETAIN ING 
PO INTS OF ANY KIND 

Every P l umber wi l l  appreciate that. This celebrated Self-Closing work bas been used for 
years, and 18 unsurpassed for durability. 

E V E RY O N E  W A R R AN T E D .  
Write for Clrcnlars and Price Lists, and addres8. 

To all users of lias. whether 
housekeeping, boarding or 
traveling. Have you seen the 

THE " BOKER" 
GAS COCK, 

NO M ORE B U R N E D  FOOD ! h���1f- 400 - 40 I E. STEBBINS MFG .  CO. , 

wife who has tried it recognizes the great value of German Nat. Bank Bldg. Drawer 14, BRIGHTWOOD, MASS. 

a�o�r�;�e��: t����fn� Patented Feb. 26, 1895. 
�eating. or other pur. . . 
poses. :�f: �t�g;trc�::b�lr��,:�jbrfi 

.A.UGX�� 
" The WOln an's Fri end Stove Mat." (TRADE MARK) 

Food of any kind, when cooked on this Mat, on stove 
or open grate, does not require stirring' and will not 
scorch or burn. It is made of the best Asbestos, the 
only genuine stove Mat. Beware of imitations. Sent by muiJ, 1:ic. in stamps. or two for 2�c. Special attention 
Ji!:iven to export orders. Price list on appJ ication. 
Tne J .  L. BROWN CO. ,Brookvi l le ,Pa.(iorm ' ly Pittsburg.) for all who haves r.)om where 

there is but ODe �a.s bracket. 
and yon wunt both lil!ht and 
beat at the same time. '£he at-

F' T i d T I S t tent ion of all honse keepers, Ins  00 s an 00 e S .  boarders, cooks, nu rses, 
:�t;�����is �Y,��i��gr8 :g:l For Shop. Office or llome Use : Jewel Glass Cutter. 10c. ; 
useful article. Adju&t it your- �1!��8Sa�1��� *�t;�r o�n�e���?60�.�e��re�uj)lr���?c��ei . . self, no gasfitter or pl umber � n �  1 PI " '" B Givmg two 111l:hts from needed. POrtab le. U,e ll in any and

l 
Awlt Bea """. ;  New Smoot l ane. u In .. ""c. y 

one bracket. t��� y��rtl?:h�08:r".t �\��:i' � mal ,  POB f��w SCRE'V CU TTIN,G LATH�S. 

PITTSBURG. PA • Continuous Water Seal Gas Producer,., Swindell's Recuperative l:iystem. Regenerative Gas Furnaces for all purposes. 
INCANDESCENT LAMP SUPPORTERS. 

, Instant flxt�re of lamp in any desired position.  Forms. SIzes and thush udapted to every requirement, from li brary to workshop. Send for cata.logue S. 'i'HE O. C. WHITE CO • •  Worcestel', Mas •• to any address in the United I Mansfield Tool Wo .. ks, Box 1217, New H.,ven. Conn. 
States on receipt of � O cent •• , ------------------------------------------------------------------------------------__ __ 

Used with small gas stove 
for heating swaH quanti ... 
ties of water. food, etc. 

The Boker 
Manufacturin! 00., 

P. O. Box 235, 
Brooklyn, N .  Y. 

I'IPECUL ""'LE OP POilltlveJ,. Boch a good Telescope .u never sold tor 
thl. price before. IHBIX TELJl:SCOPES 
ARK MADE BY ONB 
OW TU_ L ..l B G li S T  
M A N U FACTURERS 01' EUROPB, MBAS
UIlK VLObBD I "  

ACHRO."'T1C 'l'ELli:SCOPEIIo ' 

IRCHES AND OPJ:N OVBR B nET bonnd, brass sarety �ap on each end to exebde etc. with p�'."r�er.rull l'��'.e_' •. �.':O"":.�� ... " .,_.�� and adjusted. Guaranteed by tbe maker. 
i:�g����.�:�l��;�.���l�'�.����-����;���.���I;�'�;f��J'��f}';f�; Every sojourner in the country or at aeuide should be witbout one. Objects miles away are Bafely packed. prepaid fol' only 99 �t8. Our Dew and you should not mls8 1t. We warrant eaeb 

The only tool required to Mend your Hose with the 

Simplex Hose Mender 
1.� or 3-4 i n c h ,  hy mai l ,  I Oc. eac h .  

Catalogue N o .  31  ready for the trade. 

KING &. KNIGHT, 
31 WENDELL ST. , BOSTON. 

THE SECRET. 

FOST_ �- -- , , - -
S e e  that £. That', what makes it work. ' "� 
THE BENED ICT COLLAR BUTTON. 

MAKE JPPoUseP!lJ JJV�!ks read�Ud 
Little eGiantClde

ttMm:"- - $7.50 - ;'i�r:��;o'"u �:c!�:!��
o

� ;�Fb�.�.Ni.�·H��1:T��;;G��::'d er, Expres8 Honey Order. or Bank Draft payable to our order For sale everywhere. 

:rvTi�:11i"I:vu;:niVl-==:S=.A�·T
E."�c;el;s;'o;r;B;u;';ld;';D;g,;�;.e;W;;I;.o;r;";();';tJ';';B;;O,,;.;i;8;a..·;t I EN 0 S RI C HARD SO N & CO.,  It i s  strong, serviceable, bandy! 

It be operated by boy or 

FIX THE TIME EXACTLY ' I 21 MAIDEN LA NE, N. Y • 
• ...--... -...... � OUR BOOKS, COVERING A PERIOD OF 2 Sole Mannfacturers. Send for Circulars. 

new process of 
��': •• �::::;�::�:':: ftr��s�':t� equal. 

hasn't it, send 
. Delivered .... ""Jll .. �,,�,,". of price. $7.50. 
Leaflet. 

TH!! LITTLE OIANT CIDER MILL CO .,  
209 No. FRONT STRElIlT, NASHVILLE. TENN. 

Agents wanted in everu cownt]/. 

--------------------------- 1 
.!lllIlllllllIllIll,IIIIIII,IIIIIII'IIIIIIIIIIIIIIIIIIIILIIIIIII11111111111'11111111111111111111111111111111116 i • t 

Every office. hotel. club. banking THE " PRACTICAL" house.etc . ,should bave tbe best time YRA RS. SHOWTH AT recorder in the world--the TROUSERS HANGER AND PRESS 

"S. TAN DAR D "  T I M E  STAM P HAS SATISFIED 1 4H9 OUT ali' EVERY 1 5 00 
PURCHASE RS. It keel). Trou.er. 
' " Slllooth a. IC Ironed" anel Is .0 
easy to use that It's .. quicker than 
(Jarelessnesll." SATISFACTION GUARAN-

���¥?lfD�<:;�m���i-':r.;:��!iZ:ei���� 
talns Corceful telltllllollY and Cac·silll
lie reproductions oC duplicate orders. 
Free on request • 

PRACTICAL NOVELTY co . .... 25 WALNUT ST. , PHILA, PA i S M I T H  eYe. W E SSO N r ��f�r 
§ M O D E L  1 896 R EVOLVER. i1 toregs'pla'oLrniarSilbl'IOOe __ o�",_ .. ,.c.-"it,l:.;�2!.�es,�!:iI)!�,:.�cJr�ular. � s T H E  ISTA ., Centennial Be l l  Foundry. • e 

I ��gi���::.' . n d  I i 
..... 

: 

.
. 

:.: 

Rebou n d i n g  Lock. � 
Exceptio nal Strength, Accuracy, Penetration and § 

Workmanship are featu res 0 this Revolver. i1 
Send for Illustrated Catalogue. § 

SMITH " WESSON 300 Stockbrldgl!. § GIl , Springfield. Mass. § �1I1111I111I'llIlIlIlIlllIlllnlllllllllll'III'I'lIlulIIl'llnlll'llIIlll1IIIIIIIIIIIIIIIIUIIIIIILlII lllillii 

DRAP E R ' S  
Registering Anemometer. 

th�
h
�el��'ft.�

e
ol��e

cewfi��ir: 
dial divided so as to show velo
cities from one hundredth of a 
mile to ten thousand m iles, then 

it repeats, commencing at zero. 
Standal'dized a n d  \V n l'rnnted .. 

Price complete, ready for use '12. Write for particulars. Weight � lb .. 
The Draper Mfg . Co. , 1 52 Front St., N .Y .  

• •  D R A P E R ' S  • •  
Record ing Thermometer 
Gives a correct and continuous record 

in ink on a weekly chart. It is of eRpecial vnlue in Observa
tories. Dwellings. HOf�pitals, Clubs, Schools, Greenhouses. and in manu
facturin/l indus tries where tempera-ture is an important factor. I Wnw for particular •• DRAPER MFG. CO., 

15t., New 11'0 .. 11.. 

C R E A M  I N  30 S ECON DS ! -Uome-made lee Cream 18 the 
best and purest - also the 
�

h
b
e
t'be:' a 1)�1:1��:::er�� 

stant Freezer has the best 
facilities on earth for making 

Makes from all milk. and to 
Does of 

drier 
scrape the 

ar Freezer 

Is the most Durable and Reliable Lubricant 
on the face of the Globe, as a HOllf O i n t
m e n t  it bas no equal.  Samples 5 cents. 
A "ench�s wanted in every town and coun
try at once. T h e  World U,t'fin iulr ( � o . ,  
E a s t o u .  I ' n .  I:T Fore'ign Agents Wanted. 

Manufacturers of Church, School, 
Fire Alarm, Tower and other Beils 

. . . ' 
. . 

of genuine bell metal. Chimes. PeilIs 
_ .,. or any harmonious arrangement of 

Bel Is. -- GARDINER CAMPBELL & SONS, 
� . 2iJO ��r���r��;t�� St., 

. Milwaukee, Wis, V. S. A. 
POC KET POSTAGE STA M P  BOX. 10 J. B. Kittredge, Westfield, Mass. Cents. 

G���rl����!tl���t�� 
Is a unique, meritor
ious Advertising Medi
um, entirely new ; ad
vertising soliCitors who 
mean business, write 
for particulars. 
Automatic G u ideMfgCo 

31-35 S. 8th St . •  READING, PA. 

THE ...... ...,. FOX AUTOMATIC TAPE BANDI 
For the tiling of Papers, etc. 
Better and Cheaper than Rubber. 

Per Gross, (18 inches) ,1.50 • 
�fn�f�s��r�, �o c����· 

IRVING P. FOX, 8 Oliver St., Booton 

A perfect device for dating letters. 
�Hl�b�t���1�!�ve���O}��� i�§6 t�rl� figures to 99 inc]usive ; and the words Rec'd. Ans'u, Ent'd, Acp'd, Paid. Sent 
b)' mall, one, 46c. ; two, SOc. 

Band II U m b t'! ro H  (made on same Erin .. �=)�76;,�'§el:m(��l.k�'?'c. ; 6 w eels 

S PATULA P U B L I S H I N G  Co. , 
a OLIVER ST. , BOSTO N ,  M ASS. 

FO� B.A.z..E. Engine Lathes, containing- all the latest and best im .. 
provements of the day. Capable of turning out 25 per 
cent. more good work than most tools on the market. 
Sold responsible parties on trial. 20 per cent. below price 
charged for inferior tools. Send tor circulars and dis .. 
counts. JOSEPH B. REED. <;airo, Ill. 

FOR SALE A gilt edged patent. merits of wbich 
° . I!I stand absolutely proven ; field un .. l imited. We sugge8t a corporation to push it. David Harkins( ID & (:0., 315 North Second St.,  Philadelphia. Pa. 

QLlNENOID WHEELERS 
SEAMLESS, WATERPROOF. 

CATALO G U E  r R t E .  e'RAN E BROS., WfSTfiEbD, MASS. 
UNENOIO 5£A/'1L&5S SP&CIAJ.TlES. 

CYCLO N E  CORN S H ELL E R. 
Will shell a 

Bushel of Com 
in 

4Minutes 
BEST 

SHELLER 
in the world. 

For 
EXPORT 

Trade. 
Sample 

Sheller, 

$3 . 
.All Machines Ci�c��/�nd 

WaTTanted. Price. 
GARRY IRON C O  ..  

&01. IUra. and Own.n. (Jlaveland, Oklo. U. S. A. 

© 1896 SCIENTIFIC AMERICAN, INC.



104 J ( itutifi( 
R EAC H E D AT LAST! 

THE CHEAPEST 
EVER PUBLISHED 

LEE'S 

THE TOP 
MOST VALUABLE 

IN THE WORLD 

LEE'S 

Ultti(au. 

ECLI PSE B I CYCLES " THEY STAND THE TEST." 
PONY REFERENCE PONY REFERENCE 2,448 Pounds on our Regular Stock, Road Wheel . 

L I BRARY l e MOS. L I BRARY 
New. - Original. - Copyrighted. 

2095 P&&,es. 282 Illustrations. 57 Maps. 
For Home. School, Shop and Office. 

BOUND IN MOROCCO, full 
gilt, in a neat paper box. 
The Set of Five Books 
sent postpaid to any 
address in U. S., Can

ada and Mexico, on 

TIThE S :  
I .  Modem Webster Dictionary. 

2. Lee's Encyclopedia B�taAnica. 
3. Conklin's Handy Manual. 

R.evlsed and Enlarged. 

BOUND IN SILK CLOTH, 
marbled edges, in a neat 
paper box. The Set of 

Five Books sent post
paid to any address in 

4. Lee's Priceless Recipes. 
U. S. , Canada or Mex-

receipt $5 00 of . . . .  . . . • • 

SOLID BINDINGS. 

A Gift that 
will never lose 
its 
Sterling 
value. 

5. Lee's Home and Business Instructor. 
EACH VOLU M E  COVERS A WIDE. DISTINCT FIELD. 

A Complete Education Condensed. 

OTH ER STA N DARD WORKS. 
S O L D  I N  S I N G L I!  V O LU M E S .  

Mechanic's Complete Library. 576 pages. 
Cloth, $1.00. Morocco, $1 .50. 

The Mechanical Arts Simplified. 480 page •• 
Cloth, gold stamped, $2.50. 

ico, on $3 00 receipt of • • 
STRONG PAPER. 

Good all the 
year round, 

everywhere, 
and for 

all times. 

Covers 
all 

This library 
cost the 
publishers 
$25 ,000 Zwicker's Practical Instructor for Machinists, Firemen, etc. 
to pro
duce. 

Flexible Binding, $1 .00 

Stephenson's Ready Reference Book for Stationary, Locomo 
tive and Marine Engineers. $1.00. 

Practical Application of Dynamo-Electric Machinery. A standard 
Work. Silk Cloth, $1. 00. 

Edison's Handy Encyclopedia and World Atlas. Limp Cloth, 25 cents. 
Stiff Cloth, gold stamped , 50 cents. 

VestoPocket Webster Dictionary. The fi11it and best. Silk cloth, 25 cents. 
Full Morocco, full gilt, 50 cents. Both indexed. 

AGENTS I-The Harvest is Here, the Opportunity is Yours I 
Terms and Samples on Receipt of Price. Prospectus with full Descriptions, SOc. 

LAI RD & LEE, 263-266 WABASH AVE., CH ICAGO 

This is an exact reproduction of a photograph taken in front of our factory, and 
shows the most wonderful test ever made of the strength of a bicycle.- The entire 
weight of sixteen men and plank, aggregating 2,448 pounds, rests on the bicycle. The 
stand was grooved to hold wheels in place, and the man at end and guy wires only 
served to keep plank from twisting. 

Strong Light Running Perfect Workmanship 

Six years' experience, an immense ne w  factory, fitted only with up-to-date 
machinery and the best materials obtainable at any price, have enabled us to 
build a wheel that, for accuracy of adjustment, rigidity, speed, ability to "get 
there" and KEEP AWAY FROM THE REPAIR SHOP, stands unequaled. 

A Full Line for Men and Women. 
SEND FOR. CATALOGUE, WITH PAR.TICULAR.S OF OTHER. R.EMAR.KABLE TESTS. 

Eclipse Bicycle Co. ,  Drawer X, ELMIRA, N. Y. 
------BRANCHES : ------

Boston,  New York, Philadelphia,  Washington, Indianapolis, and Hamilton, Onto $1  75 rr��t��iBf�v
e
cl�'£!:������.� CYC L E  C EM E N TS. The Wheeler Reform Saddle entirely o f  PolIshed A I Q.I1l 1 -

�'B�� num. W ill Ot I Iny hracket. Scientifica l ly :. • Burns eIther 011 "r Taper. .,.n E 8 0 r t  Constructed 
:;8

h 
c��

p
�� �����d3 i�\O�l'l� , ..... that stays .

• 

tool bal{. Sent to any address. Expressage Paid, upon receipt of New w h e r e you A SADDLE 
York Draft. Postal or !l:xpres. Order. st ick It. AI- THAT ' S  A �'m»l"F:':C:3 LAMP TO BURN OIL, $ 1 .75 each ways r e a d y  SEAT 
LAMP TO BURN OIL AND TAPER, 2.00 .. far use. Ea,

lIy applied . Which inc)udes 1 doz. Tapers. Extra Tapers. 30 cents per doz. If not S8  
represented, we wil l return your money. 

THE BUFFALO SEAL & PRESS CO. ,  
S p e c i a l  

g r a d e s  I ('r 
"""'i-_.L-__ � ""' __ �� J m e t  a I lind 

w o o d  rims. 

There Is 
nothing 
which 
bears. 

Seventh and Hudson Streets, BUFFALO, N. Y., U. S. A. Al l  sorts of Special Cements for Bicycles. Get 
our Booklet describina- them. 

�haped and proportioned to 
afford the rider a natural support 
End overcom.es the ills and dan
ger of ordinary saddles. 

THE GARVIR MACH IRE CO. 
MAKERS OF AND DEALERS IN 

Metal Work ing Mach inery 
• • • OF E V E R Y  KIN D • • •  

Bicycle Machinery 
• • • A S P E C IALTY • • • 

We equip complete plants for making Bicycles, Firearms. Hardware, Electrical Apparatus. etc, 
Large Stock of New aDa Secondhand Machinery. or catalogues, Photos and Estimates Gladly Furnished. 

SPRING AND VARICK STREETS, NEW YORK, N. Y . ,  U. S. A. 

The Motocycle Send One Dolhlr and Twenty-five Cents. and you 
will receive " THE MOTOCYCLE , .  one year and lin 
llx!! half-tone picture u1 the 'l'imes·Herald Race. 

EDWAR D E. GOFF, Manager, 
MONAD NOCK BLOCK, CHICAGO. 

GEO .  W .  REEVES, 1 7  N .  Front St. ,  Phi ladelphia, Pa. 

WE UNDERSELL ALL ! 
Bicycle Electric Lillhts . . $3.00 
Necktie I£lectriC Li�bts •• 1.50 
Edison ElectriC Motors • •  1.00 
Battery iI'an Motors . . . . . .  {) .OO 
$8 Medical Batteries . . . . .  3.00 
Induction Coi l s . . . . . . . . . . . 1.75 

Specially recommended for ladles. Indorsed by emi
nent doctors. A prnctical saddle for all riders. Write 
for catalogue and be convinced. If your dealer hasn't the 
Wheeler Saddle, write us. or Local Agents Wanted. 
The Wheeler Saddle Co . , 7 1  Buh l  B l ock, Detroit . Mich 

ElectriC Bells, tlneRt . . . . . .  .25 
Dry Batteried, best . . . . . . . .25 I 

fiandl� Bars 
Adjustable and rigid. 

Discou nt to Dealers. 
Our Bicvcle ElectriC Light is the best thin� that ev�r 

happened. Catalogue free. 

Our capacity HID bars a day • 
Catalogue free, 30 different styles. 

ChicRII'O Hnndle Bar Co. 

30.3� iUarket S t l'eet,  
Chicall'o, III. · 

OH IO  ELECTRIC WORKS. 
C leveland, Ohio. 

HANDLE BAR.'-........ --e ....... 
Patented Dec. 10, 1895. 

THE BAR THAT'S BUILT TO SUIT. 

The only Handle Bar on the market that can 
be tnrned on a line with the wheel, removed 
without a wrench, adjusted while riding. : : 

tbm 6rtat ftaturt$ · ntat, Slmplt, Durablt. 
Price, $3.50. We will refund the money if 
not satisfactory upon examination. : : : : 

STONE MFG. CO. , 
200 nain St. ,  Bridgeport, Conn. , U.S.A. 

X Ray Outfits. 
Fleming Dynamo Brushes. 
Incandescent Lamps. 
Medical Batteries. 

----SEN D FOR P R ICES.----

STA N L E Y  & PATT E RSO N ,  
C E N E R A L E L E C T R I C A L E Q U I P M E N T  S U P P L I E S , 

3 2  and 34 Frankfort St., New York. 

© 1896 SCIENTIFIC AMERICAN, INC.
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This system includes The American Oil Gas Machine for the generation of 

....... ---..�A PERFECT FUEL GAS 
.;t. .;I- .;I- from Naphtha and Dry Air by Automatic Process. 

GAS BLAST FURNACES, Ovens, Retorts, Kilns, Forges in great variety FOR ANY KIND OF GAS IN USE, and for all 
kinds of work requiring a Systematic Application of Heat to insure uniform results. This system requires the use of our 

HIGH PRESSURE BLOWERS 
regardless of the kind of gas used. Hundreds of first-class references. Indorsed and recommended by Franklin Institute and 

In�urance Underwriters. Please address 

AMERICAN GAS FURNACE CO. ,  80 Nassau Street, New York. 

�!I!!� WEBER 8Asq�������nr��:�I��� 
I n  a l l  s i zes and shapes Especially adapteJ'for farm use. Only a • few minutes' a.ttention required each 
("edar Tanks, Vats and Tubs . . day. Guaranteed cost of operation is 
for almost all uses are the 1 c�nr per hnl"�e power per h ou r. 
best by reason of their l ight- THE SIMPLEST, MOST ECON I I 1U ICA I. A N D  B E!'ST P O W ER. 
ness. durability and cheap- Address 431 Southwest Boul evard. Jr" Send for Cataloo 
r�::' Ti���gi� w';;a,::;

n
�f�; Weber Gas and Gasol ine Engine Go •• K61rs"sbtlU�Y. woods, we recommend Cedar 

for the above reasons. Hav
ing one of the ]ar�eBt plants 
in America, on wblch we em ... 
plOY a considerable force of 
skilled workmeu. we can 
furnish in the shortest pos
sible time any size of any 
kind of Tank or other vessel 
�a��h�d

i
�:N.�:;'t:e"J: '10�� 

men and machinery in our 
establishment are the best 
tbat can be obtained. Work
men sent anywhere to erect 
Tanks, etc., although our 
work, being done In sections 
and numbered. can be set 
up by any ordinary mechanic Cl' -e� Geo. J. Bu rkhardt's Sons. ,v Hill 

Broad and Cam brla Sts., 
Philadelphia, Pa. 

!!!! Victor Vapor Engine ,  � 20th Century Gas Eng i ne 
The New Victor Vapor Ena i n e  is the re�ult of more than ]0 rears of 

experience and prOllre�� in this l ine. It is a combinatlon of excellencies, 
each one the subject of, Dot months. but yeaTS of te�tlDlil. Kvery posPoible 
weakDe�� and fHu l t  �o common in m08t Ilas en�ines have been eltminnted. A FEW A DV A N TA G E � : Utilizes the double spark invention. With 
snme tue l . power increased from 50 to 100%. Electrodes remark'ibly durable. 
Economical both of fuel and battery, us governor regu lates both. One only 
valve regulates the supply of fuel and atr. Imposs ib le to flood either vapor
izer or enlZine with fuel. No gravity feed. Shzh!. feed of gasol ine. No wa!'te. 
Starts easy. Easy to ndjust. A ll parts accessible. 'rwo methods of i/lnttion-
:f'H\)\n

s
X';j"�'A��&;C'(j:, �4�6�

a
W':���h

t
AI�����hl��;�:III�,u��,'1: 

Perfect Sa. tisfa.ction. 
The reBnlt of BeientiOe development In 

����:,����
o
��P�gfd: �m ��{t�ll��

e
���e�

y 
l�

s !t� 
high. 10.000 feet of Cedar and over 4,000 pounds Of steel 

bands were used in the construction of this Tank. 

C A S  E N C I N E S  
Construction strictly o t  the highest "rade. Suitable for Independent electric Ii"ht plants and 

K E E P C O O L ! For Uesk, Home. and 
Sick Room. Six. eigbt, 
and ten inch fans. Prac
tical outfits. Thousands 
in use. Also Toy 

$ 1  MOTOR OUTFIT 
with fan, battery, and 
pulley for running tOYs. 
etc. Send stamp Jor cir
culars. K " A PP ELECTRIC & NOVELTY Co., 45 
Warren St., New 10rk. 

CATALOG U E  f R E E  TO ANY A D D RE S S  
__ y> p..f\T S O!>' � 

MODEiSArn GEARS t " . � EB:;I 
E LE CT R I C ' S U P  P L I  E S .  , � EXPE R I M ENTAL I' .� I M O D E L  W O R K  ,. � 

U N I O N  M O D E L W O R KS ,  19 1 & 1 93 CLAR K S T .  C H  I CAG O . 

THE H .  B.  

J. H. Sternbergh & Son, 
Reading, Pa. , U .  S, A., 

MANUFACTURE THE HIGHEST 
GRADE OF 

BOLTS, NUTS, BOILER RIVETS, 
LAG SCREWS, TURNBUCKL�, 

FORGINGS, 
lerchant Bar Iron and Steel, Iltc. , Iltc. 

At Most Favorable Prices. 
SEND FOR NEW CATALOGUE. 

SM ITH CO.  cenM!Jst�i. Y. 
MANrFACTUItERS OF STEAM and WATER H EATI N G  APPARATUS. 

G E N ERAL P O W E R .  
I t s  economy i� wonderful. Send for catalogue and 
state size wanted, nnd purpose t.o be used for. 

TH E J .  W.  R U G E R  M FG .  CO .l) 
2 2 2  CH ICAGO STREET, BUFFALO, N. Y, 

THIS BEATS WIND ,  S TEAM , or  HORSE POWER. �e
a����lt��rBe'po��; 

WEBSTER CAS ENGINE 
for • � B <>, lass 1.0% dIscount for cash. Built on interchanl'eable plan. Built of best ll> at<;rIH I .  M"de m lots of 11:0, t herel ore we !,an make the p rice, Hoxed for sbip. mont ,  weIgh t  800 pounds. Made for Gas or Gasoline. i2Jr' Write for SpeCial Catal()gue. 
WEBSTER MFG. CO. 1 074 WEST 1 5th ST�EET, 

C:E3[XC.A G-<>. 

THE EVOLUTION -

OF - MECHANICS 
as set forth in " THE SCIENCE OF MECHANICS." by Prof. Ernst MaCh. Translated from • the Second German Edition by Thomas J. McCormack. 250 cuts, 534 pages. Half Morocco. Gilt • • top. Price $2 50. Indorsed by the leading professors of physiCS and engineering, and by scl- • 

• entitle and mechanical papers the world over. Send for descriptive Circular. and for free sample C) 
copies of I i The Open Court " and h The Monist." Also catalogue of other l"ublications. 

T H E  O P E N  CO U R T P U B L I S H I N C  CO. , D r awe r F, C H I C A C O  

Extra Length Wood Boring Brace D ri l ls . For Bpl l  •••••••••••• m.!III •• � Hangel's. 'I 'elephone l ind 'relegraph Work. Go 4 _ thrOllJ,!h pla�tertng, nai ls and even bri('k walls. and can bf'! shfl.rpelled. 
STANDARD TOOL CO . •  CLEVELAND, O .. U.S.A. 

F. W. L U SCO M B  M C H . CO. , N ew Bedford ,  M ass. 
• • •  M A N U FACT U R E R S  OF • • •  

A ST R A I C H T E N I N C M A C H I N E  
T HAT W I L L  STRA I C H T E N  

finished drills, taps, reamers, shafts or spindles which have become crooked 
by hardening, key-seating or accident. Always ready to use and will save its 
cost in a short time. Three sizes. Write us for descriptive circular and prices 

MlTll lND lllCTR IC SPlClllTI lS CLOCK MOVE M E NTS 
A N D  TOOLS.  

TUERK BROS. ,  Manufacturers, 39-45 W. Randolph St . ,  Ch icago. 

DON'T BURN YOUR HANDS 
I t  uf{ed t o  b e  difficult. t o  handle the 

}���j�l,
r
:oTI�ddr�:��i,

D
:nf{��i'l le�nf�l�i� 

was Di len th� case before the event of 
the 

BOSS JAR HOLDER . 
AND TOP WRENCH .  

With these the jars can 
be filled. handled anct 
moved about easi Iy and 
rapidl y. Try them and 
be convinced. Sample 
by mai l , �oc. Agent8 
wanted everyw here. 
For descri ptive 
c i r cu l a r s  and 
terms. add ress 

KLINE & CO .•  
4 River �t •• 

Flonn, Pa., U.S.A.  

SMALL MOTORS FOR ALL PURPOSES 
l'I';ces from $1 to $1 IJ.  

The B
:�

t fg��W::;}8!"'i,� 
I�'l,\

c����
dapt-

Our new No. 1 Motor and Battery OutOt 
complete. price, II. No dangerous 
chemicals used as In otber makes. 
l ' lU i l  Sept. l :\ a 4  i n . A l u m l n u m  
F a n  FI'e" "'; I h  Moto ... Prlce of 
Fan, 250. No. 3 Motor, 110 volts. with 
6 in. Aluminum Fan, 15. Nos, 4, 5 and 

6 Motors have a Drum A.rmature,
not a 3 pole, as in other cheaper 

makes. Send stamp for circular. 

X Rav Outfit, $ 1 8  ��g�kesC��he?3a�e,���rc�: 
for prOdUCing Cathode Phot.ograpbs lOx12 tn., llu8-ranteed 
Ed . son's Fluoroscope •. $6. X Ray book. 250 .• cloth cover. 
5Oc., g1V!�of:l�d::�;!Pti��, ��:��o�I�la

a
fl.�

r
u!s: A. 

11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 11111Imllllll1lnllflIIlIIIlIIUI1IIIIIITIlI.11111 III !l  I Lunkenheimer's Regrinding Valves I 
� ��e�:��t��r�

S
fr,°8. i 

; Cruisers. Lake and River " 
;: Boats, Locomotives ; in � 
" Power Plants, Roiling ; � Mills, Refineries. }i'acto- � ; rt. _ " ;: THh l R  SUPERIOR MER- � � IT and intrinsic value � � can only be appreCiated � 
;; by actual use. :; 
" O,,"CE USED - always � � used. Specify U Lunken- ;: 
;; beimer " make and see ;: 
;; that you !fet It. None � 
� Ileouine WIthout name. ;: ; 0 u r Pocket Catalogue ; 
;: gratis-Have you one ? ;: 
� The Lu nkenhelmer Co .• § 
� Factories . CINCINNATI. O. !._ 

New York Store. 5 1  John Street. 
li:uropean Store : The Lunken Valve Co.. � 

_ 35 Gt. Dover St., London, S. E. � 'l . . u r l l l r l l l l l l � l I I l 1 l 1 l l ' " I I I I I I I I U l l l l l l l l l l l f l l l l l l r l l l r l l l n l l l l 1 I 1 I 1 1 1 1 1 1 1 1 11 1II" I'IIIIIIIIIIIIJlllllfi 

F. W E B E R  & CO.  
ENGINEERS' AND  D RAUGHTSMENS' 

S U P P L I E S  . ' . 
- BOLE AGENTS FOR -

RIEFLER'S PATENT DRAWING INSTRUMENTS 
- AND -

A. OTT'S PANTOGRAPHS AND PLANIMETERS, 
and other I nst ruments of Precision .  

Large Assortment of Mathematical Instruments and 
Materials for SchOOl. and Colleges. :: 

y .  ___ _ • •  or-.} ......... @--. _=:-- ___ _ t_ '""' 
�::::ie::-:--��;..,�-_. � 

: ',��=���. _-:,- I 
�--- ��.� � - � )1��-... "-- --�(i � __ �_._ 

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

l 1 IJ2 CHEST N U T  ST., PHI L A D ELPHIA 
SraDcb H o u ses . St. I.oais and IJ l1 l timore. 

pr- Send tor catalogue Vol. lIf • 
.,.; 
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� Uprigbt � Drills � 
Complete line, ranging from Light Friction 

Disk Drill to 42 in. Back Geared Self-Feed. 

lW'" .send for New Catalogue. • 

W. F. & J O H N  BA R N ES CO. 
1 9 9 9  Ruby Street. ROCKFORD, I LL, 

24-4.0 inch swing-that's why the 
PAT E N T  D O U B L E  S P I N D L E  LAT H E  

I s  s o  popnlar I n  up-to-<late sho
�

. Adapted for I�ht, 
�e���'t' :.,n

2 s���?I�g��· 'T.�or j���rg��e.
on-

J .  J. M cCA B E ,  
Iron Working Machinery. 1 4  DEY aT . .  N .  Y. 
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The Carnegie Steel Company, Limited, 
MAN UFAC T URER O F  

BESSEMER AND OPEN HEARTH 
BASIC STEEL OF ALL GRADES. 

O W N S  A N D  O P E RAT ES T H E  FOLLO W I N G  W O RKS I N  P E N N S Y LVAN I A : 

Edgar Thomson Furnaces, Bessemer. Keystone Bridge Works, Pi t tsburg. 
Duquesne Fu rnaces, Duquesne. U pper U nion M ills,  Pittsburg. 

Lucy Furnaces, Pittsburg. Lower U nion M ills ,  Pittsburg. 
Edgar Thomson Steel Works, Bessemer. Larimer Coke Works, Larimer. 

D uquesne Steel Works, Duquesne.  Y oughiogheny Coke Works, Douglass. 
H omestead Steel Works, M unhall .  Scotia Ore M ines, Benore. 

AT W H I C H  ARE PRO D U C E D : 

A rmor Plate. Billets ( I �  in. up), Blooms, Slabs, Coke. Ferro- M anganese, Spiegeleise n ,  Pig I ron.  Forgings, such as Axles, Arch 
Bars, Links, Pins and other Car Forgings, Connecting Rods, Crank S hafts, Locomotive F rames, Eye Bars. Plates for Boilers, 
B ridges, Ships and Tanks. R ails,  Steel, 16 to 1 00 lbs. per yd. Steel Splice Bars (plain and angle) for all section s  of R ails. Rolled 
Stru ctural Shapes, such as Angles, Rounds, Flats, Squares, Ovals, I -Beams, Channels, Bulb Angles, Deck Beams, Tees, Zees, etc. 
Structural Work, such as B ridges, Buildings, Elevated Railroads, Girders, Columns, etc. 

GENERAL OFFICES : 
CARNEGIE BU ILDIN G, PITTSBU RG. 

SALES OFFICES : 
B U FFALO, C H I CAGO ,  ATLAN ['A ,  B O S T O N , 

l\l I N N E A P O L I S ,  

C I N C I N NAT I ,  CLE V E LAN D ,  D E N V E R ,  D E T R O I T, 

N EW Y O RK, P H I LA D E L P H IA, S T .  L O U I S, SAN FRAN C I S C O .  

HAL L'S IMPROVED 
PIPE WRENCH 

I t  i s  stro n g  as well as l ight i n  we ight. 
It i s  d rop'fo rged from tool steel .  
It w i l l  gri p gal van ized as wel l  as othe r  p i pe. 
I t  w i l l  o p e n  a m al leable  fitt i n g  w ith out 

c r u sh i n g  t h e  p i pe .  
I t  c a n n ot l o c k  o r  w e d ge o n  the p i pe.  
It can be sharpe n ed o n  a gri n d sto n e  o r  em

ery w heel  without tak i ng apart. 

As A SCREW WRENCH IT HA. No EQUAL. 
Any part of this wrench broken with fair uS8ge 

will be replaced without charge. 

IliiiiilliJiII •• iIi. STAN DARD TOO L C O . ,  C LEVELAN D ,  0 . ,  U .  S . A. • : Solid Shank Bit Stock D r i l l s .  I ' i t  a n y  brace, and bore i ron 
st ee l or wood.  A sk for ST A N DARD nIt Stock Drills. 

SCOTT Safety Valves 
Gate Valves 

Check Valves 
Water Gates 

Fire Hydrants . Brass Castings a Spe cialty. 

ROE STEPHENS MFG. CO. 49 Jefferson Ave . ,  D etro it , MICh .  

THE  P E LTON WATER  WH E E L  
Embracing in its variations of construction and application 

THE PELTON SYSTEM OF POWER. 
I n  simpliCity of construction, absence o f  wearing parts, high efficiency and facility of adaptation 

to varying conditions of scrvice, the PEL'rON meets more fully all requirements than ,my other 
wheel mtlde. Propositions given for the development C' f water powers based upon direct application, or 
ELEC'rRI C  TRA N SllI I S S I O N  under any head and any requiremel l t  li S to capacity. 
Correspondence Invited. Catal ogue enrni8hed upon appli cation. AddreS8 

P E LTO N W AT E R  W H E E L  CO., 
1 2 1 -23 M a i n  Street, San FranCisco, Cal . ,  o r  1 43 L i berty Street, N ew York. 

SA M U E L H A L L' S  SO N ,  S T E E L  S T.A. � P S  N a�e Stamps for 
N 229 W t T th St Mark i n g  Tools� Etc· o. es en . ,  N ew York. 1-32 in. to 1-16 In. 15c., 1-16 to 3-16 12C.

i 
1-4 in. 20c. ppr l ett er. Fi�ure Sets 1-32 to 1-16 $1,25. 1-16 to 1-8 $1, 5· 32 to 1-4, $1.25 

A l phabet Sets 1-32 to 1-16 $3.50, 1- 6 to :t.16 $3, 3-16 to 1-4 $:1.50. Made from best steel, all warranted. Send for 
CIrcular. S C H WA A B  STA 'I P A N I) S EA L  C O . ,  lll i 1 waukee, Wis. D U N H A M ,  CAR RICAN & HAY D E N  CO. 

SAN FRANCISCO, CAL. 
Distributing Al(ellts f o r  t h e  Pacific Coast. 

1'hread on jaw an d nut wil l  not strip or burr. Does not 
lock. No wooden lIandle to t reak. 

T � I M O  P I P E  CUTTER . 
Th� best worki n g. 1'be ea�leBt 

repaired. ,]' he btronl!est. 

It is  convert Ible 
�heel with i nto a three_wh:�?�lt�e:.\jyIZS�

e
bstitut .. tD� r he two extra �utt in� W h eels that accompany ett ch 

c�, ter. and to be found In the hand l e. that is provided wlth tI. receptacle fOI" Sa m e (see cut). Send for Cataloa ue A .  Sold by all Jobbers. . '1'RIMIIN'l' MFG. CO., RoxburY, tUass. 

" C>-u.r :Baby " � o1;or 
and FA N ,  postpaid, $ 1 .50 

Scientific.-Inside Front View. Scien l i li c . � l n s ! ct e  Side V iew. 
Showing Drop-water Chamber.-a New l-1'eature-adding one.third to Boiler 

capacity o ver an y similar Boiler ever mad�. 

lARGEST AND MOST COMPLETE 
L LINE OF BOILERS EVER MADE 
For Steam and Hot Water Heating. 

Rapid £irculator t IS Siz�s. 
Sci�ntific and £olumbians. 

Special Motors for Special l'ntented in the United ;o;tates. Can nda , Great P " rp' Sf'8. Stamp for circulars Britain and otber Foreign Countrie�. 
of the Premier Products. 
M. R. RODRIGUES,  sec�gJ'��B�;\���111r:;�es. WARNER SAFETY BOILER CO.  Rapi d C irculator. 

Station A, Brooklyn, N. Y. i:ta� ���r�SBotY:;:'. f��: ON E I DA . N EW YOR K U. S. A. 8howinJl; ����r Circula-

B ETH LEH E M  
ROTARY SH EAR 

Wil l c u t  S h e  e t Metal and 
Plates 7.( inch thick or les�. in 
Circles, curves or straight
away, any length. any width 
up to 31 inches. 

BETHLEHEM FOUNDRY AND 
MACHINE V01llPAN\ .  

Sou t h  Bethle h e m .  I'a . 

r"""""""'
'
' ' ' 'F'o'R''' ' 'T'iG'H'T'' ' ' ' 'FAST''E'N'i 'NG'S''

' ' '
'
' '� 

I�:==== �!oE���:�tld��P�:. �i?� �:!e!nt � 
sty l es.  Write for Cat a l ogue. � 

STEWARD &. ROM A I N E  M F G .  CO. , � 

�ole �lfrs. 121 N. 6th St .• Philadel phia, Pa. � F.ll l l l l ll r l l l l l l l l l l l l l J l l l l l l l l l l l J l l lnrl ll l l l l l l l l ll l l l l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1» 

OUR  1 0th AN N IVERSARY 
And over 30,000 people congratulate us 

for bringing to their notice 

THE D O U G LAS & A C M E  
I N STANTA N E O U S  WATER H EATERS 

Become furtb er 3Dlightened if you thin� 
life worth living as it should be by address .. 

ing tbe makers, 

The I nstantaneous Water Heater Co . 
Ohio &; lUarket Sh., ChIcago. 

New York, Phi lade lph ia ,  
I e 3 8  Broadway. 7 1 6  Walnut St. 
New Orleans, San Francisco 

45 1 Camp Street. 7 1 9  McAltlster St. 
E W  ART & SON , 346 EUSTON ROA D ,  LON DON ,  

Exclusive Agents for tbe U nite<l Kingdom. ---
THE NADIG S INGLE-ACTING S T EAM ENG INE .  

Self adjusting and 
s e lf lubricating. 
Specially adapte<1 
for d y namus, mills 
factories and all 
reqUirements. 

P o r t a b l e  and 
semi-portable. Ex
cellently adapted 
f o r  agricultural 
and dairy purposes 

I:T Send for cat
alogue S. A.  

Co . ,  A l lentown, Pa . ,  U . S .  A. DUI BB�tD· CopyinJl Cloth s. Very hest for copying let

I� . g, tel's. 2 letter size for trial, 15c. 12 in a box, . 1u , I �� ct;����s wanted.  R. Spurgin, Mfr., Stll. 
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J titutifit �mtritau. 
OA K ,r--------::::=----------r An 

International 
Episode. 

To Europe and return, 

in a 2O·foot open boat, the" SOZO· 
DO NT." Assomething never before 
attempted with so small a boat, this 
remarkable voyage recalls what 
.Mme. Bernhardt said of Sozodont 
last February, in a letter to a friend. 
She wrote: "It islhe only dentifrice of 
international reputation." 

Tlte •• SOZOPONT, " Captain Chari· 
sen anll 'brother, sailed from New ��!jfi����,j York June �I, 1896, for Europe. Site 

::s is a twenty-foot open boat, built 
'expressly for the purpose. Promin· 

,.._"""."." ent seaports in nortltern Europe will 

The Leather 
�;������;�����, be visited, and in tlte summer of 1891 
! tlte .. SOZODONT" will return to 

New York. 

men1ig�
l
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known preparatiuns. 
Has no superior i n  the markets of the world. 

Received highest award and gold medal at 

the World's Columbian Exposition, 1893. 

nOONEY Leather has greatest tensile strength. 
nOONEY Leather is most durable. 

nOONEY Leather is most pliable. 
nOONEY Leather has a beautiful finish. 

No Wheel Stuffing Process to Add Extra Weight 

THADE MAFilr PURE 
OAK-TANNED, 

HAND-STUFFED 
NO. I 

TArtNAGE 
AND 

FINISH 
GUARANTEED! 

REIN, 
BRIDLE & STRAP, 
BICYCLE SADDLE, 

CASE AND 
BAG LEATHER, 

ALL 
SHADES. 

No use trying!-It's mended with SPALDING'S. 
This celebrated Glue holds like a v'se, and saves its cost over and over 
again. Always ready for use. Does not freeze or sour. Price, 20 
cents. Sample by mail for the price if you mention this paper. HALL & RUCKEL, Proprietors, NEW YORK. 

ACENTS WANTED 

THE BEST! 

HARNESS ESTABLISHED 1837. LEATHERI 

To sell the new Patent 
Combination Cookin� and 
Preserving Kettle, Food 
Cooker, Steamer und Cui .. 
lender combined,in which 
Hny and every food in ex
istence Can be cooked, 
&teamed a n d  slrained. 
Burning or wa 8tin� of 
food or scalding hands is 
Ilbsolutely p r even  te d. 
'l'hey are manufactured 
of steel and best enamel 
in the market. and war
ranted in every respect. 

SEND FOR PRICE LISTS. 

SEE HOW EASY IT IS 
TO MAKE YOUR WARDROBE A POEM 

Its capacity is then double the prosy sort. Every 
�:;t����

n
w"�gr.

t, 
���ly

O
Ua���v�un&.�t�;t o�(\f����� 

as tbougb .. just from li:e tailorr.." The refonn fixtures 
all you need. 

Perfection Vokes, garment ban
�
erB, - 750. doz. 

���;!�ir
a
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e
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a
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Sent by express (and sold by dealers). On $3 worth 
or more, we prepay express charges. Circulars free. 

Address, 
CUZIER EROS., 

126 STATE ST., CHICAGO. 
Wholesale Agents. 

MARS HALL FI E LD & CO., CHICAGO. 
Crude PetroleuOJ Burnero, for Steam Boilers. The 
hes.t hnrner in eXiste llce. I nclnse stamp for particulars. 
Bradford Burner Co., Bradford, P ••. , U. s. A. 

RACINE YACHT & BOAT WORKS. 
The Original Racine Builders. 

Row, Sail, Steam ,Gaso l i ne & Vapor Launches 
Send lOc. for 64 page catalogue. 

1"""1. A. ,..� � I Sample r,'ee. and territory se
. 
c"

.
red. Address "-J��.&:.II A. W. OBERMANN, 601 West �roadway, New York. 

l>r��\�g. ��J:�t�on ������ 
quire no greasing. Round, DECOY ROACH AND square and ob]o�g. 2 round 

- .  . . . �Jt�1.
t���y 

A���� �
e
:�:;'d. 

. WATER BUG TRAP RICHA�80N MFr.. cu., 9th St., �ath. N. Y. 
, 

. TeLE'tlQNE SERVICE. ���l��i:�a�(n::! . NO PoisonouB C01Upounds. divlduals de.sirmg elticient rrt;!lephone Service at moder- • ate rates. The Callender Telephone Exchange Co. , of Cleanest Safest and QUickest Brantford. Canada, will shortly establish a u. S. factory ' • 

�m\!:''i,1�����
i
gtep��e�t10t���f.����m�P.:'�'J���'e i��� GET IT. TRY IT, 

tracts for TelephoD� service. 'J'he Callender system has 
several advant.uJles over the systems now in use, and it 
can be installed and maintained at a lower cost. Correspondence invited. Sati�f8ctory service Iluaranteed. 
THE CALLENDER TELEPHONE EXCHANGE CO., Ltd. B"ulltford, Can'adn. 

Are Print your own cards, .. . labels. etc. Saves you 

Y m<,ney. $18 Press for OU circulars or a s m a ll' l(per. Old or young A- ma k e money. wa e Type s e t tlul< 
ABOUT OUR sa �':,

s
les�

r l:r:�� NTiNG PRESS 1 stamp for cata· 
P�J�'b'6., A��'I'ii':u, Coun. 

BVY A. 

, Young Engineer's Guide AND BE 
A Practical Engineer. 

Best and latest book of Instruc
tions publlsbed. 242 pages. 58 II. 
lustrations. Leather Bound, $ •. 25; (J)oth, $1.00. 

Published by 
J. V. ROHAN, Racine, Wis. 

(f you cannot obtain one from your dealer, send ,US 36c. and we will send ODe prepaid to your addreSB. 
D ECOY FLY PAPER CO,. LIMITED. 

DETROIT, MICH. 

THE HATMAKER-----.. �. 
MORTGAGE aEGISTEa. 

Compact, Complete. Convenient. Ask for a copy to 
examine. CapaCity. 100 mortgages. Price. 81.60. 

n. J. HATiUAIiER. Box"S," ALllIO�. N. Y. 

P

AT.ENTED 
ERFECT $ 
ISTON � 
ACKINC 

�'or all purposes w here Perfect Packing is required 
'l'he two wedge shaped pieces slide on each other. 

This prevents binding and insures a perfect joint. 'I.'be 
absorbent oil cushions keep the rod well lubricated and 
reduce friction to the minimum. Adjusts itself to all 
irregularities of rod and box. 

Points that make it perfect 
The most ela.stic packing made. It is impervious to 

the actlOn of steam. oils, aCids, alkalies and sulphurous 
water. lnsures perfect lubricatiun, most economical
requiring less frequent packing. Works equally well on 
heavy and light machinery. 

"P. P. P. Packing gave us better results than any 
other packing we ever used." 

EdMon Electric Jl!wnVnating Co. 
Made in lengths of 20 feet In all sizes up to and includ

Ing � inch. All sizes above � inch made in 12 toot 
lengths. Try it. If it does not suit you, you need not 
pay for it. That's fair, isn't it? Let us mall you a batch 
of facts about ali Its good p Oints. 

C. A. DANIEL, Sole Mfr. 

PHILADELPHIA, PA. 
Rac i n e  June., Racine , Wis., Station "A." Electrical Supplies and ApparattJs ES'I'ABI,ISHEIl 1:S IS .. ". 

FOREE BAIN, 
C<>_SVLT:J:NC3r :El�<3r:J:NEE�, 

ELECTRIClTY - MECHANWS 
Suite 16il".16�9, Monaduock Block, Cblcngo. 

Of Everv Descl'iption at Manufacturers' Price •• Marston's 
We make a Specialty of Work for Amateurs. 

We Solicit CLYMER & HEILMAN, Correspondence. REAJ)ING. PA. 

DURANT'S COUNTI NG MACH I N ES ';��O�d
e�¥t��a�g����f 

work performed by your automatic machinery. ('orrect. and Preven&s 
Inlstakes. Counters received highest award at the World's Fair. 

• • •  8ENJ) FOR CATALOGUE • • • •  
W. N. DURANT, 233 Twenty·second Street, MILWAUKEE, WIS. 

AGERTS WARTED . 
- for the only complete -

Carpet Stretcher and Tacker 
It ��a�;' y��: ����r ;ii�trIi!C!���er.°

r
�� <:a�n�

n
��:�b�i"dt ����m�� 

Hand, Foot and Steam power Machinery. 

_(HE oldest established manufacturers of 
. Hand and Foot Power Machinery in 

the United States. 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111I1 

_OUR machines are very strong, accurate· 
ly made and of best material, and are 

guaranteed in every respect. All shafts are 
of turned steel, gears are automatic machine· 
cut from solid iron, boxes are genuine babbitt. 

111[1[1[111111111111111111111111111111111111111111111111111111111!J111111111I1111111I111I1111111111111111111111II11I 

_SEND for our illustrated Circular and 

// Price List. . . • •  • • • • • 

fingers, or getting down on the knees. Operator stands in an upright po
sition to stretch and tack carpet. Can fold carpet under and stretch two 
thicknesses as easy as one. The tacking device is simple and wUl drive 
60 tacks per minute. Tucks can be driven tn corner closer than with a. 
hammer. Every machine �uaranteed. Good commission. Splendid 
seller. One agent took 38 orders in two days. Sample sent express pre· 
paid in the U. S., on receipt of $l.�O (retail price) with rebate on first 
order. Write for tenns and cartoon Circular A. Sample ('01 urn bi a Tack 
Puller. postpal'!n��c. We also handle several other specialties. C>r,!""r,1'ree. · ... ·HE GODDAR.f) & ALLEN CO., Beloit, WI I, M. MARSTON CO., 2'!4 RUGGI.E8 8TREE'l',1 

BOSTON, MASS. 
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THE DUNCAN COMPANY 
MANUFAGIURERS OF 

High Grade Book Paper 
llACHINE FINISHED AND SUPER. == CALENDER.ED 

Product, 40 Tons Finished Paper Per Day 

GENERAL VIEW OF THE DUNOAN OOM PANY'S PLANT ON THE HUDSON RIVER AT MEOHANIOVILLE, N. Y. 

Chemical and Sulphite Fibre 
CHEMICAL FIBRE, 40 TONS PRODUCT PER DAY 
SULPHITE FIBRE, 25 TONS PRODUCT PER DAY 

Our exceptional facilities enable us to handle the largest contracts with promptness and satisfaction 

GENERAL OFFICE, 
HARTFORD, CONN. 

SALES OFFICE FOR PAPER, 
101 TiMES BUILDING, NEW YORK 
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Spring· .·Seat·.· Post 
(Bellrdsley's Patent.) FITS ANY WHEEL. 

THE SPRING IN THE RIGHT PLACE AT LAST. 
Takes up all vibration. �����;;;�� 
Makes riding easy. Ad-
justable to all weights of riders, 

and to the resi
lience desired. 
Tightly blown 
a c d therefore 
fast tires can be 
ridden with comfort. 
No parts to get out 
of order. Adjust
ment always acces
sible. A hard. light 
saddle on this post gives 
greater ease in riding than 
any spring or pneumatic 
saddle on an ordinary post. 

Price $2.50 each, any size. 

ALUMINUM KING SADDLE 
o o 
It) -
Q 
<C 0. III g: 0. 

Has two strong pOints 
COOLNESS AND COMFORT. Correct form 
and construction. Perfectly adapted for both 
sexes. The frame is made of Aluminumanll Silver. 
which makes a strong and elastio metal. The body 
of the Saddle is covered with cane seating, which 
is both durable and comfortable. Every Saddle 
guaranteed. Br Circulars free. 

CHICAGO TIP AND TIRE CO., 
15 to 21 La Salle Street, Chicago, III. 

H�WT� REPAIR DI�Y�tE�. -$-
An Illustrated Treatbe, covering the entire 
subject. by a practical authority. showing nece1\
sary tools Rnd material required. Mailed. post
paid, for 15 c.ents ill stamps. 

THE FRASSE CO., 

J titutifit �tutritall. 
THE UPTON 

Arc Lamp 
FOR ALL CIRCUITS. 

Cheapest to Buy, Use, and Maintain. 

Thermometers and 
Pressure Indicators 

For Oentral Stations, Steam Plants, and Water Works. 

IStandard Thermometer & Electric Co. 
39 CORTLANDT STREET, NEW YORK. 

John Hancor.k Bldg. , Boston. 26 Lunig Bldg., San Francisco. Appliance Co.,Cbicago 

FACTORIES: PEABODY, MASS. 

Guaranteed for one lO,'lOO mile (not I,(JOO) year. Over l,(JOO,(JOO Lil{atest-welj,bsl9( of these w a t c h e s  ounces. Smallesthave been sold I n diameter I� inches. the last three years The most accurate 
at '1.50 each. meter on tbe market 

Holder for attach- Fit. on fork. not Ing to Bip-ycle 250. a x I e. Guaranteed extra. to be perfect. 
Watch or Cyclometer mailed. postpaid. for $1.00 

ar Circulars free on applicatWn. 
R. H. INGER�OLL & BRII •• Dept. 14. 6� Cortlllndt St .. New York Sl Warren Street, NEW YORK, N. Y'I 

Ota� b:�!�!p��v�rln- • CEM ECC BEATER. 
vented. ���===����5:�� Invention of a. Bo�ton woman. Adopted by up .. to-dat.e CookinR' 

BUCK'S PATENT C � f:!chool.. SamPIl'v by mail. liic.; two.25c. Special eXl,0rt price •. 
Flexible Hand Stamp . ���M:';;:.�land ovelty Mfg. Co .• 24 F Portland treet. Bos-

It prints on any surface, either plain convex, concave 
or yielding, being formed of rubber type. mounted on a F '1 I M h· I i f i t flO d F'Jt ,125 d Co k 11 S It t rubber pneumatic cushion. A few first-class general amI y ce ac me tgep�;a.e

n
o�e�:S�f

n;;l d".:''wat:' $,�� ,cid �':· L.D�n
RM��Ny.

o��.25th
e

St��J."�� ailents wanted, to whom special territory will be given. 
Bewure of imitations and infrinllements. 1. S. BUCK, Inventor and Sole Manufacturer, 121 Worth Street, N. Y. City. 

Let us tell you how to 
get big r e t u r n s  for a 
small investment in a 

�TBRE�PTI��N. 
We make them. supply 
accessories. and h a v e 
100.000 pictures in stock. W rite for Catalogue A.M. 

McIntosh 
:'=�'""""� Battery & Optical Co., 

CHICAGO. 

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

I C E MACHINES, CORLISS & SLIDE VALVE ENGINES. BOILERS (ALL SIZES), BREWERS' AND BOTTLERS' MACHINERY. 
899 CLI:VTON STREET. THE VIL TER MFG. CO., llIilwlluke e. Wis., U.S.A. 

" Monitor" Automatio For ����:!:�c�:�ps, " MAR S " 
Acetylene Generators. Z!����G�V�:;les, Physical, Ohemical and 

The only perfect Generlltor. Safe. fi��":���C':.'�':�he8. Electrical Apparatus. 
�g��. �-L��1�rI8c��g���l1l��d

F����:g�; Ba1l8, Gardens. i!��els8�::���trc'!.cl���er�!h!c��y; 
a Iigbt cheape .. th.m city gas. V 1IIIliles Dnd Tow n8. complete science factory in the West. 

WALMSLEY. FULLER & CO .• 134·136 Wabash Avenue, Chicago. 
ManufRcturerl!l. Send for CIrculars. 

WllchmlD'a II'IIFo,e4 Time Deleclo! ��� :tt�!st 
'l'his Instrument I 

I!!LHARTFORD 
No.2. 

iIr=iiB i. supplied witb Grade Best u �d 24 k e y. ' 
covering e I t h e  r Mad e 12 or 24 station •• 
Contains all mo- Macht·ne der!l 1 m p r ove-
ments. Ever Offered. 

New and important features: 
Type-bar made wide, with 

side guide. Alignment perfeot. 
Ribbon moves crosswise and 
lengthwise automatically. Key 
action the lightest made. 

Everything guaranteed. Cir· 
cular free. Send for 

Circular. THE HARTFOR D TYPEWR IT E R  CO., 1 LA U REL ST., HARTFORD. CONN., U. S. A. 

Bicycle Spring Seat Post. 
Avoids all Jolt and Jar. 

"Hygienic Improvement to Bicycles." 

HOLE. 
CAN USE ANY SADDLE. 
AVOIDS 
PUNCTURED TIRES. SAVES 75 
PER CENT. 
IN WEAR 

OF WHEEL. 

Recommended 
by physicians, 

who claim that 
the constant sud

den jar to the 
body causes injuri

ous effects. 
Raised and lowered 

same as any seat post. 
and adjusted to any 

weivht. 
Makes your bicycle 

run easier. b<>cause you can blow up your tires 
solid without fear of punc

ture. 

PR ICE, 

$a.oo 
C. O. D. with privilelre of two 

days' trial. 
(In ordering give exact size of 

seat post hole.) 

Agents wanted, 
ladies or gentlemen. 
liberal commission. 

BROOKS SPRING SEAT POST CO., 
1540 D MARQUETTE BLDC., 

CHICACO, ILL., U. S. A. 

Cypress Lasts Longer 
than any other wood. It is !Jest for Tanks. Tubs and 
Vats. What size tank do 
you want? Tell usand we 
will touch bottom on price. 
Spot cash. 

CYPRESS CISTERN CO. 
Bridgeport, Fla. 

We manufacture all kInds and sizes or 
CYPRESS TANKS. 

G. M. DAVIS & SON, 316 Lemon St ., 
Palatka. Fla. 

High -Grade Row Boats 
U feet long, Mllnches wide. Square stern. Cedar $ 3 5 
planked, Oak trimmed, and Copper fastened .. 

i8 :��s
in 8::::ra,r�����. �e

u
('
n

o";:!le�)��3 e �o��:�s:fg: 
All bouts hand-made, after Pelerson model. War

ranted. �tellln, !Sail, Vapor. and Gasoline 
A';e�h'�l��ll��:d

e
e:.

o
b�I;::,�.c. 

�.flcatlOD8 furnished. 

THE ST. Jot<: RIVER BOAT WORKS, 
Box 485. St. Joe. lUlcblll'lln 

NO FIRE, SMOKE OR HEAT. ABSOLUTELY SAFE. 

�gi 
$250 and up. r::u-Send for Catalogue. 

Truscott Boat Mfg. Co., Drawer 9. St. Joseph, Mich. 

E. IlUHAUSER. �06 Broadway, New York. 

��l�� SPECIALTIES 1ft WATCHES!I ODOR. 
<?OMPANY 

GRAND I\APIDS. MICHIGAN. 

IN' .�;Z�� P-UBLIC'FA y-QJt "AIR CUSHION " 
RUBBER STAMPS 

(Metal Mount and Flexible 
Cushion) "'!�irV,.ietiY"��A�n��1 Make a Gnod I mpressIon 

on Any Surface. 
DURABLE, 

NOISELESS. 
INEXPENSIVE. 

Special prices to introduce 
- - 25c. 

Additional line. - - l5c. 
Indelible Marking Outfit - 5Ot. 
F.ndorsement Stamp _ 750. 
���\ir���.�lr ;ood-cnt. 'l:� 
Pocket Stamps - - - 1.00 

Mailed on receipt of price. 
SatillfactWn guaranteed. 

U Booklet" for the Bsking. 
176 P8l!e Catalol(Ue for 10 cents 

In postage. 
Address Betaa Dept .• 

The R. H. Smith Mfg. CO. 
SPRINGF'IELD. MASS. 

Headquarter. fot Stamp., Seals and Stencils. 

Our Manufactures Comprise 

Men's and Ladies' Watches_ 

. . . 

THE TRUMP, the cheap nickel watch. 

THE TUXEDO, the fine watch. 

THE ELFIN, the smallest watch. 
PATTERNS AND STYLES FOR ALL COUNTRIES ON THIS GLOBE. 

"'. " 

The Trump 
Cyclometer 

The Perfect W�eel Recorder. 

Catalogues of all our Specialties sent on application. 

THE WATERBURY WATCH CDc 
DOVER STREET, WATERBURY, OONN. 

Registers 
10.(JOO Miles. 

Weighs 
less than two 

ounces. 

� ,..\." 

E'��TEB" OUIC£ •. lUDUlW .sT�TION. yONKER!.. N.V. '''TjolQ6Ue y.U. 

ON ANY T'Y'�E�R.:J:TER. 

I 8� , 

.. 1r� :::.�� mw'::::':! 
in perfect order or money 
refunded. Sent anywbere 

SAVED :H�n.
privllege of examln-.. TYPEWRITERS 

2. Sold, Ut"Dted, Exehanced. 
Write u. before buying. 

Send for illustrated cata
�'h��:s�f new and old rna

National Typewriter Exchange, 214 LaSal le St.,Chicago. 

Shorthand by Mail. 
Quick: and thorough inE'tructton by experienced re .. 

porters. 'l'be best system of stenogru.pby tauRbt. 
Students tltted for responsible office and reportorial 
positions. A speedy and economical way of acqulrtnll an 
important stenoflraphic education. Stenography is the 
one profession the rank8 of which are not overcrowded. 
8core� of important �overDment situations now waitinll 
to be filled for want of eligible candidutes. Beilin and 
learn shorthand DOW. It wiH be of incalculable benefit 
to you in the future. Have your 80n8 learn Hlso. Write 
for beautiful prospectus and first lesson mailed free. 

Potts' Shorthand College, Williamsport, Pa. 
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The World Renowned 

~ 
AUTOMATIC INJECTOR 

:1.00,000 
(30 eAR LOADS) 

In Actual Daily Operation with a Total 
Capacity of 30,000,000 Gallons per Hour. 

WHAT THEY D O : 
START LOW-

--20 to 23 lbs. steam on 4 ft. 11ft. 
WORK HICH--

--145 to 155 lbs. of steam. 

L 1FT W ATE R----20 ft. o n  60 t o  80 lbs. steam. 
HAN D L E HOT W A TE R--

--120" to 1250 a t  80 lbs. stea m . 
112' .. 1150 .. 100 " .. 
950 u 100° "12f) h 

SPECIAL INJECTORS 
Made to do special work. 

Work high to 250 lbs. eteam If desired. 

� Send JO'I' owr catalog oj specia!Ue. 
PENBERTHY INJECTOR CO. 

116 Seventh St., Detroit, Mich.,  U. S. A. 
Agents wanted In all parts of the world. 

I 

�U8'fto· Copying Clotbs make sharp . clean·cut let-

r ter copies, Suited to Ilny bath or wrtnger. 11' 2 for trial, 150. postpaid. Agents wanted. 
• R. Spurp:int 8t8. 0, Chicago. . 

SALE, 
Second-hand (extra quality) "nd new 

Engines, Boilers. Steam Hammers, Shears, Punches. 
Cranes, Shop Machinery. Rol ling Mil l and 

Blast Furnace Equipment. 
J. .. ocomotives and Cars second-hand. New Locomotives 

all sizes. gau$Zes and st\""jes. 
B. M. EVERS"�. 301 Smithtleld St .• Pittsburg. Pa. 

Sal .. .taent, B.4LDWIN LOCO.1IOTlVE lrORKS. 

Harr.ison Long Distance Telephone. 
Thi!l iI1ustrates our improved 

standard loDl.! distance tele
phone. The transmitter 1M con
structed of material that is non
packing and reQuire� only one 
(-e l l  of battery. Induction coil 
is pspeciaH y wound. 'l'he receiv
er is a compound magnet bell re
ceiver. The Ilenerator is made of 
the best magnet steel and rinp:s 
clearly and distinctly t.hrough 
JO,CKXJ ohms re81�tance. All con
nections are soldered. The mag
neto is equipped with a �ravity 
swttch. and In plnce of a push 
bUlton to shunt the eenerator, 
the mere pressure of turning the 
crank cuts in the �eDerator. 
Caretnl attention Is ",iven to the 
inspection of all parts of the in
struments by competen t electri
c ians bp.fore they are aflisembJed. 
to Hvoid any possibility of faulty 
mechllnl�m. \Ve Aleo m8nufHc
ture the most complete Rnd per
fect workinll switchboard made. 
For prospectus and jlenenll in • 
formation , write to the 
Harrison International 
Telephone Construction Co. 

ROOMS SUS .. 8'S 
MARQUETTE BUILDING. 
CHICAGO. ILL. 

RUBBER COODS 
• • •  OF' • • •  

S'(JPEKIOn qIJA.LI'rr 
FOR ALL 

MECHANICAL & MANUFACTURING PURPOSES 

BELTING, 

HOSE, 
PACKING, 
GASKETS, 

VALVES, 

TUBING, 
MATS and 

MATTING. 

MANUFACTURED BY 

BOSTON BEL TINe CO. 
Jas. Bennett Forsyth, Mfg. Agt. and Gen. Man. 

354 DEVONSHIRE ST., BOSTON. 

100 and 103 READE ST., NEW YORK. 

THE SIMONDS SAWS AND KNIVES LIGHT FOR STREET 
o BAND�lW� 

CIRCULAR 
CROSSCUT 

COLD MEDALS AND HIGHEST 
AWARDS EVERYWHERE. 

Machine Knives of all 
ADDRESS: SIM O N DS M AN UFACT U R IN C  CO., Box 716, FITCHB U R C, M ASS. 

THEO. AL T E N E D E R  &. S O N S, I WH EN HE OAM E AN D WHEN HE LEFT. DRAWiNG • • • • • 
947 R IDCE AVE., PHILAD ELPHIA. 

INSTRUMENTS 
I2ir S EN D  FOR CATALOGUE. 

Stark No.4 Bench Lathe 
with Automatic 

Turret Head 

JOHN STARK 
WALTHA!U, MASS. 

Chas. Churchill &: Co. 

Graduated Beam Oalipers. UJ;JJID���ij For all Trade and ScientiHc pUT
POses. Vernier Hnd Met.ric S ystem . All too1s 

.arranted accurate. rrSendJoT circu'ar flna price. 
Address 1£. G. SMITH, Box A, Columbia. Pa. 

The Detroit Sight Feed Lubricators 
are our specialty. We were pioneers in the Industry, 
having been the first firm in the world to equip a ioco= 
motive with a sight feed lubricator, and for over twenty 
years we have been manufacturing, experimenting with, 
and improving our devices. As a result, our present per
fected lubricators for Locomotive Engines, Stationary 
Engines, Portable, Traction and Hoisting Engines, Gas 
Engines , Air Compressors, Steam Pumps, etc. , are univer
sally esteemed the best and most reliable articles of their 
kinds. They are i n  very general use on the leading railroads 
of the United States, the Pennsylvania System alone hav= 
ing about 5 ,000 of our locomotive styles, and on several 
foreign railway lines; they are being specified for nearly all 
the high-grade engines being built and for Government ves= 
sels and plants; and they were awarded the Gold Medal and 

Highest Premium at the World's Columbian Exposition i n  competition with all other 
existing makes. Fully 300,000 engines i n  all parts of the world are equipped with 
the Detroit Sight Feed Lubricators, and the demand for them is constantly increas
ing. We issue three catalogues; one descriptive of our Locomotive Lubricators; 
one for our Stationary and other Engine Lubricators, Brass and Glass Oilers; and 
one for our full line of Steam and Hot Water Radiator Valves and Globe Valves, of 
both quick opening and screw stem styles. Any or all of these catalogues will be 
sent on application. Every one of our Lubricators is guaranteed to give satisfactory 
service. 

. 

D�trolt [ubrl�ator £ompany, 
OFFICES, HODCES B U IL D IN C, D E T R OIT, M ICH., U. S. A. 

No otller Sasll Lock Itas 8S ),arKe a Sale. 

Cb¢ Pbotograpbi� Prim¢r �_ ByJ. C. WORTHINGTON andJ .  C. MILLEN, M.D. 
THE PRIMER i. II . a simplified, ftccnrnte 
book on photogrRphy, 

I and e.hOllld be read by 
' . _ every amateur. 

Pre.s and Pu bIle indorse tbe book UP the first real 
helper offered the worker in photoJ(raphy. 

The Photographic Primer is bound in Art Vellum and 
for sale by all booksellers, or will he .ent post

paid on receipt of One Dollar. 

FREE! Prospectus of Primer and an intere,ting 
hook on 

FR E N CH SATIN ,  JR ' j J C M IL L E N  THE STANDARD • •  , 
BLUE P R I N T  PAPER, 923 Arch St .• 

Also sample pr int and price list. Philadel phia, Pa. 

Copy Your Letters and Telegrams on the New Improved 

� �liigt�£!ttt',�:.������JI!t!� � arSerlt1jorJree circular. J. HENRY ANDERSON, 911lUouadnock, CHICAGO 

CLEAN HANDS. 
Every IndY buys a STOVE POLlSHING MITTEN 

at sijlht . Polishes the stove betler Rnd qllicker than 
a brush. Sample by mail, 25 ctf'l.. a set; 6 setrt. ,1.00. 
�f;!Il�o��2r� 1;;�1�8nd �t�:et,\���g-�(k!�.vehY 

AND DRIVEWAY. 
TUBULAR STREET LAMPS 

The No. 3 Tubular Globe 
Street Lamp gives more light 
with less oil and less care than 

any other pattern of oil street 

lamp in the market, burns 
fout hours for one cent. and 

can be regulated to burn from 
four to sixteen hours. 

Tubular Lanterns, 

Tubular Station Lamps, 

Locomotive Head lights, 

Railroad Lanterns. 

STEAM GAUGE & LANTERN CO., 

SYRACUSE, N. Y. 

$ Pattern Maker's Gouges Wood-

BUCK BR OS workers' Chisels, Gouges. 'rurnlnl/: 
'. . Tools. orElend for Price List. CAST STEEL BUCK BROS., Millbury, MASS. 

ADVANCED SCIENCE! 
The late,t revelations In modern photol{raphy fully 

illustrated. 

Mounted "X -RAD I OG RA PH S" Life Size 
Being Untouched Reproductions of Nellatives, repre

senting th� m ost careful Hnd finished work of the lead
ing Professors in our colleges. by s pecial arrangement 
with whom I RID enab l ed to (lff(�r 1\ �erie8 of pictures 
showing the r esu lts of their experiments. 

A COLLECTION OF WONDERFUL PHOTOGRAPHS. 
Curious revelations in human n nd �nimul anatomy. 
Mounted Photographs, llxll, 50 cents each ;  22x27, $2.50 

ea;:��t�r�n�lid:S�
e

S!��n��gF�;e,
S

$�� Sets of Twenty. t25.oo. 
WILLIAM BEVERLEY HARRISON, 39 Fifth Ave., N.Y. C ity 

SHUTS UP LIKE A TRUNK, 
Bakes bread and 

r o ast s mea.ts. 
Things cooked III 
It keep their full 
flavor and Dutrt
t l o u 8 qualities. 
Browns to a turn, 
but never burns. 
It is called the 
Excelsio}' Pall, 
and you'll say it's 
rightly named 
wben you see it 
tested . As k for 

our batch of cir
culars. 
Barber-Koenig 

Mfg. CO. 
BOI5, 

HAZELTON PA, 

are the ideal tire menders-cannot slip or be punctured 
anew. Send five 2 cent stamps/or assorted samples. 
BICYCLE APPLIANCE CO., t004 Walnut St� 

Mention this paper. Philadelphia. 

........... D ePd5 ePtb.ton the 
� rop 

In nine cases out often, a good shave 

depends on a good razor strop. An 
Infallible guide to the purchase of the 

finest strops that the longest experience 

and highest ski ll  can produce, Is the 

name TORREY. Your shaving dim
cultles are over when you get a. 

Torrey 
RAZOR. STROP 

Are made in all styles. 

Complete catalogue free. 
Tells how to use a strop. 

P. O. Box 1047. Worcester, Mass., U. S. A. 

© 1896 SCIENTIFIC AMERICAN, INC.



, E U R E KA" TY P E W R I TER 
R I B BO N S  • • • Strictly non-type-filling, superior, laafing arid copying. 

" E  U R E KA" TY P �W R IT E R  
Sharp, strong Writ.f"�t'i�£t\� equai 

-",,_i'="If'!!I_� If your stationer cannot 
��gtIY {Vb:v:hfrB��d <!!i 
coce, postpaid, 
Ribbons, $1 .00 each, 

S9.00 doz. 
('nrbons, - fiOe. dozo 

!114. 1I0 J>er box. 
(Nine dozen In box.) 

It we cannot plesse yon, 
have your money return. 
f�telY :;;.:;�r��3. abso-

MITTAG & VOLGER, 
Park Ridge, N. J. , U.S.A. 

Mfg. for the Trade. 

TO I NVENTORS.  Fu�e�gtWi8��';t�!':f�':.� 
and Illodf�18, o:ffers �peciR I  Fac i l ities to I n v e n t -
!�d8anGU������,���tWrt!tO�; ��;

a
:t
i
� ��t

i
�o�

t 
����

e
rle 

work. �housands of men have crude t)iough real1y val
uable ideas, which they lack mechanical training to de
velop. Novelties and patented articles manufactured 
by contract. 1 S 1 � l� tl eC a  �t •• C l e v e l and. Ohio. 

The Backus Gas Engine. 
Simplest and best. Has 
fewer parts than any 
Gas Engine built. Can 
refer to customers who 
flrst tried other makes 
that were failures and 
then purchased the 
BackUS. 

Send ft)r Catalogue. 
Ch Icago Water Motor&Fan Co. 1 7 1  & 1 7 3  Lake St" 
C H I CAGO, ILL.  

Can be used safely anywhere on land o r  sea, d , IY or nig h t  
R A Z O R  COM PLETE, $2.00. 

Stropper and Stro p.  $ I . ,, � .  Both in one case, 83." I) .  
E .  LOTHAR SCH MITZ, Manufacturer, 

92 and 94 Reade Street , New York. N. Y. 

TOWERS AND TANKS 
PATENT SECTIONAL 

ALL I RON TOWE�S 
o f  4 a nd 1 2  Col u m ns.  

for 'Vll�d �����ac��;i:s. 
Towns. 

PLAI N ,  ALL WOOD TOWERS 
E LEVAT E D  TANKS 

for Automatic Fire Sprink1er Plal1t� 
Manufacturers of 

IRON and STE U. TA N H. S. 
Lo u i siana Red Cypress Wood Tanks 

a Specialty. 

W. E. CALDW ELL CO . ,  
2 1 9 E .  M a i n  Street , 

L O U I SV I L L E ,  K Y . ,  U .  S. A. 

MATCH 

iversal Bench Lathe 
A Lathe, Millinjl MachIne. Screw Cutler and U Diversal 
Grinder In one tool. The 
best tool made for all kinds 
of small work. Made by Waltham Watch Tool 00., SPRINGFIEJ,J). MASS. prSend. Jqr Catalogue, 

MACHINERY. 
Latest Improved. Complete plants furnished. JOS. C 
])ONNELLY. I209 Buttonwood Street, Philadelphia, Pa 

N .  Y .  CAMERA EXCHANGE.  
50% Saved o n  a l l  makes of Cameras 

Headquarters for Buying, Sell-
�:�:e

n
s
d 

x!���'�����fni���i�:a 0; 
on hand. Developing, printing, e�. 

Photo supplies of every de
scription at lowest prices. 

ar Send 2c. stamp Jor ba'r
gam list. Address 
N . Y . CAME R A  EXCHA�GE, 43 

A handy litt le timepiece for the 
Shooti n g Wagon, Fi8hin� Boat.Wood
land Camp and the BICYCle. Weight, 
4 ounces. Neatly arranged in flexible 

� leather case, with pat .  rubber guard � ring. Can not be jarred. FlD.e marine 
� movement and second hanos. War_ � ranted good timekeepers. 11lu�trated i circulars free. Price $2.00. 

;; LEVY CYCLE CLOCK CO. 
: lS1 9 Ridge Av .. l'hila., Pa. 

1 � �!�r�¥���i!t!I���W!t� � 1 €} ent SlIdlDlr "·orm er. Arti-61'1 c&, Q � � c les made from c.o.il of round, 
v:v y� flat or square WIre, same as � �8hown in the cut. a.....",o ;:r Bent Wire Good8 furni8h. Co-. J ed to order. � . BLAKE & J O H NSON ,  � 0 6p• O. ,Box "b Waterbury, � COIII l . , . S • .-\ .  

J tieutifit �tueritJu. 
THE " QUAD " CAMERA 

o AT $5.00 e 
May seem too cheap to be good, 
but its makers will refund the * price paid for it, if its work is * not found to equal that of any 
$ li'i  camera on the market, and 

The NEW QUADRU PLEX PLATEHOLDER 
is what does it. 

Size of camera 4 5il x 4% x 6 inches . 
Size of picture 3� x a� inches. 

If your dealer does not keep them. � � send us two lc. stamps for sample of 
the work and illustrated catalogue. 

CLOSE & CONE, 1 2 6  State Street, CHICAGO , ILL. 

For conveying and miXing 

. _ . . . . H. W. Caldwel l  & Son Co.,  �"i!i6 L A?t w ,. E A L AIiASj materlala. 

�O WN " V�'« 1:0' V v  .O\.. R " 1 26  W.�ashlngto n St. 

I I I  

THE PRATT & WHITNEY CO. $20,000 
HART FO R D ,  C O N N . ,  U .  S.  A. 

, "'-- � . " . .�,,",,� Ch icago, I I I .  

F · ""'1\ Jr -w..- . T 1 $10,000 Life. $10,000 Acc::ident. 
lIl. S  ...LV...LaC...L.Lln..e 00 S EXAMPLE : 

COMPLETE PLA.NTS FURNISHED FOR 

Bicycle, Typewriter, Gun and Sewing Machine Makers. 
Gace. and Small Tools t'or General Machine Work. 

DROP H A :NI: MERS A N"D TRI:NI:MING PRESSES_ 
FORGING A. ND TRIMMING DIES, A.UTOMA.TIC WEIG HING MACHIN ES, 

FOR ALL CLASSEt! OF WORK. A REVOLUTION IN WEIGHING AND MEASURING. 
BUCK &; HICKMAN, 280 Whltechapei Road, London. E. CRAS. CHURCHILL &; CO., Ltd., 21 eross St., 

Flnsbury, London, E. C. F. G. KREUTZ BERGER. FEN WICK FRERES &; CO., 21 Rue Martel, Paris. 

CHI C AGO-42 and 4 4  South Clinton S t .  

STO RAIE CELLS 
ARE T H E  MOST 

D U R A B L E  
A N D  E F F I C I E N T  

FOR A L L  P U R POSES. 
]'[eda! Awarded, Ohicago Exp . •  1893. 

A M E R I CAN BATTE R Y  CO. ,  
44 W.  Q u i ncy St . ,  Chicago,  I I I .  

------���------
t F OUL A I_�_ I N  BAD ODOR 

ROSTON-2 8 1  F ranklin St. 
N E W  Y ORK-1 2 3  Liberty St. 

Soap = Sponge Rack 

Age 35. Annual Premium $291. 

T H E  T R A V E L E R S  
I NSURANC E COMPANY" 

I N C R EAS I N C  

W H O L E  L I F E  PO L I CY 
Good at the Beginning and Good at the End. 

R ESULTS C U AR AN T E ED. 

All Policies issued at age 35 for 
$ 1 0,000 will on their 20th 
Anniversary be guaranteed a 
paid�up value of . • • • • $8,740 

Cash Surrender Value of • 3,975 
On the 30th Anniversary a paid-

up value of • • • • • • • 1 1 ,7 1 1 
Cash Surrender Value of • 6,785 
On the 40th Anniversary a paid-

up value of • • • • • • • 1 4 ,273 
Cash Surrender Value of • 9,978 
On the 45th AnnIversary a paid-

up value of • • • • • • • 1 5 ,303 
Cash Surrender Value of • 1 2,452 
On the 5 0th Anniversary a paid-

up value of • • • • • • • 20,000 
Cash Surrender Value of • 1 7,000 

���E�E�l· -everyth .nll that j"  mAny honr� I In the old style of l'efri }wra t o r. No premIums required after age 85, and the values 
That Is unavoidab le from its con- stated are absolute. 
etructlol l . ln the new and patented PRACTICAL. ADDS TO TH E COMPO�T OF Premiums adjusted to ten, twenty, thirty or forty pay-

T 0 P ments as desired. Read's Odor less Refrigerato r, THE BA H. S A AND SPONGE IS ALWAYS The /t0IlCY Is non-forfeltahle and Incontestahle after 
&':,\���·frt7f •. :��h�

i���t�
f
ch';,��: UNDER YOU� HAND. A GOOD SELLER. $, .:05 \ ���r:nd�r �a��';,�,!�[.ic::J'�t

e�g� t.:;�ugye!;
ai���p .1tu.� 

butter and 1I1 i lk  ca" be kept to- each. H ave em cheaper and also more expen- the third. for which the premium has been paid. 
f;�h�� ";,���'::;;i��[it���

r ��;.l't'��; slve. Ask your dealer for It, or write 11> cot��el'.s
l
�e�

l
t��

e 
fi��

e
��� �lr 

t
.JA

e 
p���E:�.Yot�h: 

� � l:i�Sn!�ei'en';,�d:d �¥ ;;:�s l�isn�e��;: LEO FRANK, Maker, I ref>';,
r
r�e �:'i."n��:e����

r
�� ��8�;mc:;:e�! l�.:'de self-� sented. ar Send 10r catalugue .upportlng for the full amount, and return annually '-"" and t est imun ials. 1 71 Fulton St. , New York. thereafter 194.00 In cash. Deferred until the 40tb annl-'l'HE KEYSER M �·G .  C O . ,  Sole Manufacturers, [ versary In lieu of additions, the annual cash return BOX S. CHA T'l'A N O OGA, 'l' I, N N .  Catalogue. Discount to the trade. above tbe premium cbarjled will be $520. -------------------�-- --------------- coi:�:�?�l�)��� ��� ��'::�ita:.

t
g; �

h
:n�rt;��:i.:l�'flr D 0 Y 0 U Write for our new book. The Origin of Stammerl"a:, by GEO. a fixed term. It gives a larger Insurance at the belrln

ANDREW LBWIS, (who stammered for more than 20 years.) A Practicil Treatise on ning. and a larger guaranteed increase at the end. tlian 
the Cause and Correction of Speech Defocts. Withs��!:ii:;��!l_g:ff:����e'tre�:e

a:�rl� auJlr?t��I�b
e���l::�:�r:�� ��:Ct��i�

r
����

. 
death 

STA M M E R 2 �
n
�o��ve;f t��r,::,�v�

f ���':::"��:::f,' ��mE�m:� :IWJ���a�? i�r�ct;.:'n
ta
ih:r��'�.l' �� 

bound in imitation soft leather, wiili: anniversaries, 124,000. Between the 80th and �oth, '25,321. testimonials of past JTaduates and Between the 40th and 45th, '26.763. 'l'be accident in sur
full particulars regarding' treatment, snce ceases at age SO. and the premhnn is reduced 
sent postpaid to any address. 120 per annum. . • THE LEWIS SCHOOL FOil STAMMERERS. 4' Adelaide St., I[ JAMES G .  BATTERSON, President. - DBTROIT, MICH. 
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STERI LIZING AND DISINFECTING APPARATUS . ����gI�':A���
I
�
I
���ft!.;��':l'�os:�tm: 

-FOR THE- tered water, absolutely tree trom f.erms. 

SURGEON, HOSPITAL AND HEALTH DEPARTMENT. ��rn
ea

��IYt�:
a
��:ta��

a
�l�E�

r
�I:J;g 

ASEPTIC SURGERY I M POSSIBLE WITHOUT THEIR AID.  
ADOPTED BY LEAD I N G  EASTE R N  HOSPITALS. 

CORRESPO N D II!:NCE SOLICITED. 

cylinder. ('yllnders can be sterilized by boiling In water tor one hour. Send for circulars and 'l<;rices to the 
4 ��fa���re'�P' 

FIL��� {f:'-rk� 
THE  SH I P M A N  E N G I N E  M A N U F A CT U R I N G  CO . , Invontors 

SoLE OWNERS PRt ME  LETTERS PATENT FOR STEAM P R ESSURE STERILIZATION. 

Expert Chemical 
Services 

Rochester, N ew York, U. S. A. P t furniB�ed to solve , rOillO DrS InventIve Problems 
BUILDERS : Shipman Oil KnglDes. Marine itn!<Jnes And BOIlers (1 to 40 horse power) " Develop Ideas or for A utomutlc Pumpmg Outfits. E . tal W k All  hult Gruwers will be mter���,��e�nM�[t�:?' Steam Power Spray ing Outfit. 1 1'an'nfiactnrors m!:�;��tiliz;&� 

In 11 your ores assayed, 
fit O R E  USEF'UL ONWATER THAN BICYCLE ON LAND 
REQUIRES NEITHER SKIL.1.. OR  STRENGTH 
,...v ON£ CAN RUN BOAT rORWARO, BACK. As;..r�9-ri1' 

�. STEER OR STOP. ·� 

_ o r  other products 
analyzed. Expert advice in chemical, elec
tro-chemical or chemico-Iegal matters. 
Established lSl)fi. Correspondence eonfldentlal 

MAR I N ER & H OSKINS, 
CHEM ISTS AND ASSAYERS, 8 1 Clark Street (top floor). CH ICACO. 

© 1896 SCIENTIFIC AMERICAN, INC.
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BARGAINS ; Best Electric lien outfit com-=-' � plete. $!.  I l lustrated cir. free IN ;; to every udfl re�s. ELECTRICAL � ELECTRIC Bell Hanger's 
�UPPLIE « � Guide, 40 pages. l llustrated, lOc, 
� .:;;.7 . i to any address. 
C. M. TURNQU IST, 2 1 6  So. Clark St .• Ch icag o .  I I I .  

BEAUTIFUL MOOSE·HIDE MOCCASINS, (CHAMOIS TANNED) '. 
Men'. Sizes 6-1L.�.���.��.I . . . . . . �\'l,";.�� BII'lr�e�!:es 2-6 .... . . 
ChlrJ;:�'��ize8'&:iO .. 'l:� Sent Pl'f;aid OD receipt 0 t price. 

MEo�ht�E���.RB, c 

We also bave these Moccasins In Slippers. handsome 
fs�' ��iz:r��t,\f:1���r��

o
::g ���f�rt���eh��� 

footwear lor young as well as old. Especially desirable 
�l!:l=��d swollen feet. Money refunded If not 

T E L E P H O N E S  
For Exchanges and Long Distance Use. Our 
Improved Carbon Transmitter is very effect
Ive. HIGH GRA D E  Instruments only 
manufactured by 
TH E UN ION ELEOTRIO 00 . ,  

" 0. K." Dry Battery� ...... --e .... 
- MANUFACTURED BY -

tbt non=Polarizing Dry Batttry eompany 
347 W EST BROADWAY , N E W YOR K . 

The Best, Cheapest, Most Convenient 
and Absolutely Reliable Electric Source 

The main effectiveness · and util ity of the " O. K." Dry Battery, manufactured by The 
Non·Polarizing Dry Buttery Company, l ies in tbe furt that it consumes none of its 

power when inact1ve, as it has no local actiou whatever ; only when the circuit 
is closed does the " O. K." Battery consume its strength by the existence 

of a constant current. Electric Bells, Burglar and Fha Alarms, Telegraph 
aLd Telephones, Annunciators, Door Openers, Railway Signals, Me· 

dical Apparatus, as a!so for Electric Gas Lighting and Illuminat-
ing, and for any purpose where a strong, durable, and 

quickly recuperative battery is needed. � Write for lilustrated Circulars and Terms. 

AMERICAN $8 TYPEWRITER 
For fou r years absolutely without a com petitor, being 

the first and only " Standard Made " Typewriter sold 

at a price in keeping with its qOst. 

Send at once for our " Midsummer Opportunity" 

and handsomely illustrated catalogue. 

AMERICAN TYPEWRITER CO., 267 Broadway, New York. 
Engineer. and Snperint.enden's de.h·e S'eam and Wat.er TI�ht Valves _ 

HUXLEY'S LATEST IMPROVED VALVE AND DISC FACING DEVICE 
Insures them with little labor. Every machine guaranteed. Write for particulars. Agents wanted. 

D. H .  S M AL L E Y & C O. , A U R O R A, I L L . , U. S, A. 

• • _ I M P R OVE D  • • •  FERTIL IZER M IX ING MACH INES 
• • •  FO U R  SIZES • • •  

CAPACITI ES FROM 20 TO 1 50 TONS PER DAY. 

VAL U AB L E  

PRACTICAL B O O K S .  
J UST PUBLISHED. 

SHOP KINKS. By Roben Grlmsbaw. 400 pages, 222 
lllustrations. Price, $2.50. 

THE MODERN MACHINIST. By John T. Usher. 320 
pages, 227 illustrations. Price, $2.50. 

STEAM ENG INE CATECHISM. By Roben Grimshaw. 
Tenth and enlarged edition. Price, $2.00. 

ENGINE RUNNER'S CATECHI"'" By Robert Grim_ 
sbaw. Second edItion. Price. $2.00. 

A COMPLETE ELECTRICAL LIBRARY. By Prof. T. 
O'Conor Sloane. Comprised by five books, as follows : 

ARITHMETIC OF ELECTRICITY. Price. $1.00. ELECTRICITY SIMPLIFIED. PrIce. $1.00. ELECTRIC TOY M A KING. Price, $l.W, 
How TO RECOME A SUCCESSFUL ELECTRICIAN. $1.00. STANDARD ELECTRICAL DICTIONARY. Price, $3.00. 
'.' Any of the above books sent free on receipt pJ price. 

'NEAltLY REA D Y ;  Gas, Gasoline and Oil Engines. 
400 Pages. By GARl'u1l;.R

Il?�:1:fe<:t�' M. E. Price, $2.50. 
This book treats comprehensively and almost exclusively of American makes of Gas, Gasoline and Oil En

IZlnes, and should be in the hands of an in any way 
Interested in the subject. 

Send for descriptive Circular of the above. Our cata
logues sent free on request. 

N ORMAN W .  H E N LEY & CO . •  P U B L ISHERS.  
1 28 TO 1 32 NASSAU STR E E T ,  N EW Y O R K .  

N'e-vv Books . 
METALLIC STRUCTURES.  

CorroSion and fouling. and their prevention. A 
practical aid book to the safety of works in 
iron and steel and of ShiPs

j
' and to the selection 

of paint s for them. By OHN NEWMAN, C.E. 
374 pages, 39 illustrations, 8vo. cloth, $3.50. 

APPLE8Y'S HANDBOOK OF MAC H I N E RY. 
SECTION I. - PRIME MOVERS.  Including 
App.1eby's Telegraphic Code. 9U pages, 150 illus
trat IOns, 8vo, cloth, $1.50* . .  

N OTES O N  P E R M A N E N T  WAY MATERIAL.  
Platelaying, points a n d  crossings. w ith chapter 
on signaling and interlocking. By W. H. COLE, 
M.I.C. E. Second edition. enlarged. 164 pages, 
31 plates, 12mo, cloth, $3.00*. 

R U H M KO R FF I ND U CT I O N  C O I L S .  
Their construction, operatil'ln a n d  application, 
with chapters on insu lation. Tesla and H ertz 
effects and Roentgen radiography. 191 pages, 
57 il lustrations. 1 2mo. 50 cents . 

Send address for our new catalogue. 
SPON & CHAM8ERLA I N ,  P u b s . ,  1 2  C o rt landt St. ,  N. Y. 

Ours is an UNABRIDGED reproduction of 
the original ninth Edinburgh edition which 
was c0<Xileted in J889, and in addition we 

!!!fIIIISPECTACLES O. H. DEM PW OLF & 00. ,  York, Pa. hav
b
e 2, 

.
pages

Am
°f en�IY

s
new m

l
atter, Wl"1

hi
't
h
-

are staple as flour,and pay big ten y em11lent ertCa1l pecia isls, w 'c 

.�� ����r�cs:.�����;�I��';: . TH E NEW S T EVE N s se RIB E R.  
bringslethe work absolu

f
tely up-to-date.$The 

lIept. V. CHlCAGO. ILL. complete set consists ° 25 octavo volumes, 

FOR tHE POULTRYMAN. FAR M E R ,  GARDE N E R  A N D  
handsomely and strongly bound in Black 

HDUSEKEEPER.-Wil80n's Pat. Machines. 1'lIe fS.OO Silk aot� Half Morocco and Full Sheep$ 
Hand Bone. tlhell and Corn Mill. 'I' l le . C ?o��Ir-M�;f�e :�������1�{;s�u���r� ---iiiiiiii"'"!S'T'�V�INE�c�!!!.�!lR��i!l!l4[1!!1aDIIJ!�lI!!IfNTIRIIl!!lf.I!!!ER!"i---=�1 an�a�e���d�n ��

e
��e���

e
!���y ��c�::![. 1:4 n cycl opred ia 

Send for Clrculars an,L Testimonial.. Y kit. SEND FOR BOOK. Br.-tann.-ca WILSON B R OTHERS, 

����;-.a;E ..... 
a

.o.;;;ton ...... J .... a ... =-o .. ..,. J. STEVENS TOOL CO., P. O. 80x 280,  CH ICOPEE FALLS, MASS. Itis�ted from LARGETYPE, on PAPER 

CIYE YOUR HORSES CLEAN OATS 
BY USING KasDOr's Self-Actin� Oats Cleaner 

Over 15,000 now in operation. Clean oats means something more than a mere 
shuftle with a hnnd sieve. It will pay you to write for a d escriptive circular to 

THOMAS W H ITFIE L D  Sole Owner and Manufacturer, ' 
36� W ABASH AVE. CH ICAGO ILL. 

BIghest honors, Medar and lJiploma. 
World's Fair. 1893. 

of an EXTRA QUALITY and the new 

� � ........ -r .A. '"  .. ,........ .:::::1 A N D  maps and illustrations which have been added � ... .&. � .A.,,'" '" � to the original, make this edition far superior 

E L E CT R I C M OT 0 R S to any that has yet been produced in Anlerica 
• or England..tCOur pri� is less t�an o';1�-fourth 

Our 10 to 'lIS light Dynamos are prono'.1Ilced a success by all who have the �ual charge for the English edlbon$$ 

them in use. High grade, compound wound, self-oiling, self-aligning Special terms and �en�ed payments $ $ 

bearings, high efficiency and great durability guaranteed. Lowest prices. Simple .P� on application $ THE �-
Do your o w n  lill'hting. So clgIerience r,·qu ir"d. S ,, � d  r ... · C atalo&n e  n n d  " ,·lcee. NER COMPANY, J60 Adams Slot Chicago. 

UOM P I .ETE P L A NTS F V lt ' I SHED. 
ROTH BROS. & 00 . ,  Mfrs . , 30-34 Market St. , Chicago, I I I . ,  U .S .A. 

....... �_,K Y A N I Z I N C P LA N T...--�.� 
• • .  FOR THE • • •  TALKING MACHINES 

P RES E RVAT I O N  O F  LUM B E R-
ADDING !�ho��mr::�tay

o
�lI';;�t� F IGURES OTIS ALLEN & SON:> LO'W"ELL:> JY-I:ASS_ 

'l'he ADDEK does i t . Price $5. 

------�: ••••••••••••• I1 •••• ij •• i.��------E. R. BEACH. 1 1  William St • •  New York. 

T . Ea8y to make 8ellinjr BEVERIDGE'S 
Automatic Cooker. Practical And satisfactory. No scorching, no odor. Saves labor and fuel and tits Any stove. 
�o� pay to agents of eitber se". 

;��k�3li: :�:.�o. ��\�rm�P. �d:2i)· 

Amorican Homos I l lustrated 
Monthly 
Magazine. 

Devoted to those who wish to 
PLAN,  BU ILD or BEAUTI FY their HOMES. 

Contains DesIgns and Plans of Jl\oderate Cost Houses, 
Arranll'ement of Grounds, Decorations. etc. One year $1. 3 mf)nths 200. 

AMERICAN HOMES PUB. CO., KNOXVILLE, TENN. 

FO R SA L E  A SiUA LL SPECIALT Y 
• B U SINESS. 

Antcle. are of "eneral use, fi l l  a special field. cannot 
�i�J�������r!�� ��Jb�t?i��r�t gt��

d
o�

r
B�� Js2� �:� 

York. 

THE  NEW ROCH ESTER 

LAMPS ��: :��::S FOR OFFICES 
where light is 

out. 
ben utiful 30 

lamp. 
them, at 

purse. Art 
application. 

KEEP THE HEAD COOL T�� �;�f�:'i>��� 
I. entirely free from the heat and stuffiness common to the oncinILry pillow. 
Comfortable as down or feathers. Cut represents PI.How wah one end 
open to show cODstruction. Price. Uphoisterf'!d in  FlOe �ail'-;Ad H l t'8 
S, ze. �Ox2S. S3.�0. Couch Size, �Ox�o. $3.00. C hild s !SIze, 
14x�2, 8�.!')O. Sent, express prepaid, on I'eceipt of price. A ddre�8 WESTON & WELLS MFG.  CO., 1 1 0 8· 1 1 1 4 N o b l e  St .. P h i l a. , Pa. 

�:mJY:P'S 
Manure Spreader 

1 5  Years on the Market. 
I m proved for 1 896. 

�g;;�"ct ���8�i
n

ge�t�:nt��'l.�d��r�U�!;nf �o ��: 
spends ten bours on what the machine will do in two 
minutes. SeDt to any responsible party subject to 
�EE��v�i �e��o�\\,��[;:

is
�1\1��r;g[k ���f:un;:jr�: 

Lartrest und Ol dest M a n u fnctu rers 
. 

of Manure Spreade l'8 in the World. 

540. CHICACO TALKINC MACHIN E  CO., 109 Madison 8t.. CHl(;lAOe). 

�r����SASH t08D t�e 8 (ST 
And the C H (,. p.( r T Established 1869. 

BEST is the .l MaDuh�
ctnred 

S I LVE R L A K E  CO M P A NY, 
BOSTON , MASS. 

Till<: A UTOMATIC NEOI;ITV T,E enables the most 
careless office boy to produce 2,000 perfect copies from 

�� o:rCh��:1:
i
�i�r:,�;1�

e
�t��re:e�Ot�:Ba��t��:1� 

K E M P  & BURPE E  M FC .  C O M P A N Y  
Box 1 02. 8VRAeua,. N. Y. 

automatic in operatloDa Automatic printing, presBure, 
dlscharfle. dlstrthutioD, Ink supply" tndtcator and revol v� ���,����������U I tng ink slate. The operator has notnlnl!to do but feed the 
machine and operate a lever. References to Jeadin� 
COIlCerDlluSlnS It, N e08tyle Co., 96-102 Cburcb St., N.Y. 
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JULY 25, 18<)6.J 

O R D I N A R Y  RATES. 

Inelde Pa .. e. each In .... tlon • •  '75 eent. n. l i n e  
On.ek P awe. e n e h  I n .erli.on • - • _ 81 .00 a l i n e  

H� �tu� =ed�1 AdvertuenuntB. Special and 

·.rhc above are chanres per ""aLe line-about eight 
.. ords per line. 'J'hls notice sbows Lhe wldtb of tbe hne. 
and I. seL In "",ate Lype. 'llnlITavln .. s may head adver· 
tlsements at t.he same rate per aas'te line. bv measure-
:���ve': ��

e p�e�'fi�tr�:88om�d�rt��e:'8 TV:=d�: 
l1lorninR' LO appear to the toilOwiWl' weett"s i8�m�. 

.POWER & FOOT I SHAPER 5 , P LANE.R5 D R i l lS. 
L. AT H E S. �:oc��rM,��� 2�TTfLIJ�ul���� SEBASTIAN LATHE C O .  1 2 0  CULVERT ST. C INC INNAT t .  O .  

•••••••••••••••••••••••••••• :tJ� IMPROVED FI RM JO INT : : . CALI P E RS. : • 12 sizes. S in., 4Oc.. to u. In., $3.00. • • Inside and outside. Joint bas smooth . • and uniform friction. Fine IInlsh. • • or Catalogue oj Fine Toots free. • • The L. S. STARRETT CO. • • Box 1 3 ,  ATHOL, M AS S  • •  U. S. A • • •••••••••••••••••••••••••••• 

N o. 3 POWER PR ESS 
A .trong, blooky. and compact machine 

for such work as .tencil cutting. clook 
work. JlU fixtures, lamp burners. metal 
��� 'gg��. �?ri� J:!g:, �::,� .. Mflu���g 
" In. bole In !lfi in. Iro!,!, or will cut blank 
lUll size of opening. 3-... Inch tbick. 

pr- Send for Circular P. P. Addr988 
SPR I NGFIELD MACH I N E  TOOL CO. 

Southern Ave., Springfield. 0., U. S. A. 

lnaprovtd Wlttt 8M And 8A$OIInt €nghttS 
Latest aud Best. 1� to 
liO H. P. Tbe result of 
e yeaTII' experience. Re
aUlres only 3 mlnntes to 
"s't��fe�n�'b::::' Re-

liable. Sent on trial to 
reliable IIrms and gua. 
ra��'i�U'=Nt. 
ed circular S • .4." 
Witte Iron Works Co., 1 207 Wal nut St.,  Kansa. City, Mo. THE CURTIS 

s",= 6: Orease SEPARATOR 
IT W I l.L separate water from .team, and 

so dellect the water that it cannot "et back 
Into tbe current. 

I T  W I LL separate �e and sediment 
from exbaust steam. Tbe grease may be 
drawn otI at Intervals. and the sediment 
removed. Dr" Send for Circular B. 1i1. 

D'ESTE & SE ELEY CO. 
!l9-33 H averhill  Street. Bo.ton . 

Machinery and Macblne Snppllea 
for Machine Shops. 

Hi l l ,  Clarke &; 00. 
160 Oliver St., BOSTON. 

16 S. Vanal St., Chlcaao. 

BICYCLE · • 

I ��!:!�� an?!:!!:!� 
pro Send for List m lUmtrated oatiIIogu6 01 toots for .tamp. 

FRED FRA.SSE CO. 
2 1  Warren Street, New York 

Large and Small 
mechanical tools, implements, and appli

ances of all kinds are fully described in 
"A Book of Tools." 

A BOOK OF TOOLS 18 the 
most complete catalogue ever 
IS8Oed. 650 pages and over 
2.001 lIllUtratlons. PrIces are 
given. 

A copy Of thla bOOk sent. 
postpaid. to &D7 address on 
recetpt Of 25 cents In stamps. 

CRAS. A. STRELINGER & CO. 
.Adaresa Box 12�. Adv. Dept. DETROIT, MICH. 

THE COBURN PATENT TROLLEY TRACK 

HOUSE DOOR 
HA.IIGERS� 

The IIrst made witb adjustable track. 
The track can be put np In 30 minutes. 

Dr" Send lor Book. 
The Coburn Trolley Track Mfg. Co., Holyoke; Mass. 

FOR BICYCLE MANUFACTU RERS QUINT'S TURRET DRILLS 
ArraDged for Tapping with from two 

to twelve spindles. 
A. D. QUINT. 

4 Clinton St.. Hartford; Conn . .  U .  S. A. 

J ,ientifi, �mtri,all. 1 13 

SPEAKING of pumps, our catalogue tells why 
the nASON STEAn punp Buy TELEPHONES""; 

CA N'T HANC U P !....; That Are Good-Not "Cheap Thlnp." 
The dltIerence In 008t 18 little. We gnar-

r.;'::,e .. 
o
=al':r.���y��e���:,eeo� = 

This can be said of no other pump. 
antee and Instruments are both lIood. 

Western Telephone Construction Co. 
250 So. Clinton Street, CHICAGO 

LaT{lest Manufacturers of THE MASON REGULATOR CO. '1 t.'f:�'b�, S:rA�T, Telephones (n the United Statu 

Easily operated. 
Free and Accurate 

Strong. Durable. �'or Circular. address 
BEMIS & CALL HA It J) W A It E  & T O O L  CO. 
P. O. Bolt 1400. Sprinllfleld. Ma.s., U. S. A. 

GAS AN D GASOLINE 
E N C I N ES. 

� to 15 H. P. 
Suitable for 

Ing or any 
qulrlng power. 
Pncespl�';;i�� apo 

PIERCE ENGINE CO. 
n N. 17lh St.. Racine. Wis. 

The Chicago Gas & Gasoline Engine 
Tbe simplest gas and "asoline 

eDO'lne on tbe market. Has no 
equal for absolute. steady speed 

and durability. It Is a dwarf 
In size and a Samson In 
strengtb. Ca.taloaUe sMot on 
appliCation. 

F R E E  from cams 
geal'lll rockarms ana 
comp icattODS. 

Greatest slmpllcl. 
��r:g:��e,.�

c
�eFca'\. 

alogue by sendinq :& 2-ctnt stamp •• 
P. F. OLDS Be SON. 

MANUFACTURED lIY J. J .  N O lt llIAN CO . . 
48 "A" Soutb Clinton St •• 

OHICAGO. ILL. 

The Gasoline Engine Builder., Box 418, LANSING. MIOO 

IGATE510�1 BRE� 
' .  . '�OC� II' �g���� '  . � • riO". D\I�� 

EST�ATES furnl.hed forCDMPLETE CRUSHING PLAM'S ::nufacture MINING MACHINERY 3�:�i1t1on. 
SattS Iron Works. Dept. C. 650 Elston Av. Chicago,lII 

QUEEN'S N E W  
A U TO M AT I C  LAMP_ 

Its Six Points of Superiority I 
1. It keeps In focus constantfy. 
2. Regulates and runs silently. 
S. No attention required to help 
It regulate. /.. Tbe full crater 
�'!.rt�

o
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adjustments are all outside. nr- Send ior circular to 
Queen &; Co .• lnc.. Philadelphia 

T E LE P H O N E S  
for Long or Sbort Distance Use. Also 
Iuterior or Warebouse '.J.1elephones. Bent. 
on trial to responsible partie.. Sold tbou. 
sands durlOQ' the last two years. every 
one a success. 
Dr" Send jor Circular and TeBUmoMaIa. 

Julius Andrae &; Sons 00 • 
MILWAUKEE, WIS. 

DORMA.II'S 
VULGAIlIZERS 

are u sed ali over the world . 
Exclusive ManuJ'actureTII of Steam Ma

cblne. for Rubber Stamps. We also make 
Dry Heat Vulcanize... Complete outllts 
from tl0 to '1.001. .A II Stam p and Stencil 
Tools and Supplies. Br88s and Steel Dies 
for all purposes. Sfals. Engraving and 
Die Slnkln" of all kinds. Establisbed 1800. Dr" Send jor Catalogues. 

Physical and School Apparatus THE J. F. W. DORIUAN CO. 
l !l t  E. Favette St.. Bnl th',ore. Md .. U. S. A. 

THERMOPHONE L-d d H - t-A new Instrument for 1 gerwoo. 015 Ing 
Measuring Temperatures a. Engines � 

Will take temperature of any- • 
thing at;:p m�:�; j:�nce.

. 

800 STYLES AND SIZES. 
E, S. R ITC H I E &. SONS OVER 1 2,000 IN USE. 

BROOKLINE MASS 
' Dr" Send lor Catalogue. --��---=...:.-=-=:=.:..:.:::.:..' .::::.:.:.:.:'-- LIDGERWOOD MFG. CO. 
. 96 Liberty Street, New York. 

STANDARD TOOL CO •• CLlDVELAND. 0 . . U. S. A. 

MachInery for making WI R E an, articles from 

Automatlo wire forming machine department 18 In 
charge of R. C. Manville. 

Machinery for making sheet metal goods. 
THE WATE�BU�Y MACHINE CO. , 

.P. O. Bos 10�S. 
WATERBURY. CONN • • U. S. A. 

10 EA S Po�:'!:�:JrJ. J)Advtc�s
::!,':t:u=nns �� Correspondence and sampie order. solicited. Model • 

Patterns. Casting •• etc. Gardam &; Son. IJ6 John St., N. Y: 

$ 1 2  M ECHAN ICAL D RAW I N G  S E T  
G IVE N  WITH O U R  M ECHANICAL DRAWING AND SKETCHING COURSE. 

(BY OUR E,.FICIENT CORRESPONDENCE SYSTEMJ PRICE, $25. 
Best thing of the kind, In cbarge of a Draftsman of Rel!ntatlon. We also have several otber SPEOIAL SUMMER 

OUERS. on our COUl'l!eB In ELECTRICAL ENGINEERING.  STEAM ENGINEERING AND MECHANICS. 

... CATALOGUE FREE. 
INSTITUTE POR JtOME STUDY OP ENOINEERINO. 46-47 Blac:kstone Building. Cleveland, O .  

N I C K E L  
.AND 

Electro·Plating Apparatua aDd laterial. 
VanWinkle 

CO.. . 
Newark, N. J. 100 Liberty St •• N. Y. 

116 &; 87 S. Canal St .. 
CbIClllfO. 

H U B B E LL 
Machinery and Tool Mfr. 

Improved Tapplna Machines 

C R EWS 
Machine Screws for electrical purposes. 

Sample bOll: free. 
BRIDGEPORT, CONN. 

WE S E L L  DIRECT TO 
PURCHASER. 
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o��I:'I�n,:"

v
e 'M horse motor or lOll 
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you want. 
Hobart E lectric 

Troy. Ohio. 

Hawkins' "Aids" to E�gjneers 
E X A llI I NATIO S S. with Questions and An. 
swe ... �x� 1� g1lt e� ... ,�po.tPald. 
���

d
olg�l=nee .. · lf�'k�. '::.'�15:�'£�� 

&; CO .• 63 Fifth Ave .. cor. 13th St .• New York. 

Our No. 2 Ontllt for Pbysl. 
:�:.n�3l:r.,�':8. ���:r� 
handsome case. Including COil. 
condenser. 2 sets tubes. battery. 
etc. PrIce. ,III, net, delivered 
In U. S. Guaranteed blghest 
c� 1�mlToN MFG. CO. 

Main " Locust St •• , 
St. Louis. Mo. 

SENSITIVE DRILL 
A tool adapted for light drilling. 

Constructed specially for the use 
of Bicycle Manufacturers. 

c. 1'1'. C.A.D"2'", 
West Center Street, Canastota, N. Y. 

SYOAMORE OASE of 1 ,  2. 3. 4 ,  6 ,  9. 1 � 
Illch T .. mpel·ed Rn les 

.Also 4 Incb Narrow and Center Gage. P. P. until 
Sept. 1st for "'00. Sawyer '1'001 Co., AthOl. Mass. 

�-..., DO YOU GRIND ANYTH ING ? 
If so, send for out Circular of • • • • 

ROCK h'i1&� EMERY 1Iad�!���k�§ 

�T"'" From I to 40,000 p. ounds we. ight 
W W of Open Heartb, Chester or Bemmer 8tH!. 

True to PaUma. Sound. 8oUd. �A'!Tllfl8 GEARING OF ALL K I NDS. CRANK IlQ SHAFTS. K N UCKLES FOR 

Cros .. Bea'it�e&���E-A:ton-He"ds. 
etc.. for Locomotives. Steel Castings 0/ "".." <lescrlptwn. 

CHESTER STEEL CASTINGS CO.  
Works. Chester. Pa. OffIce, 4 0 9  L ibrary S t  • •  Phl la • •  Pa. 

Motors, Dynamos 
WE MANUFACTURE ALL SIZES, 

FOR ALL PURPOSES, 
LOWEST PRICES. 

mnstrated cIrcaIars and fI1II 
1Dt0nnatlon aent tree by malL 

CARD ELECTRIC MOTOR 
AND DYNAMO CO., 

7 Bourse Bldg., PHILA., PA. 

Patent Improved LUb��i lng Fifth Wheel 
FOR A L L  l' EH I CLES. 

q 
Used and Indorsed by leading car· 

rlage builders. Lower half Is com· posed Of wrougbt Iron. Upper balf 
of line bronze. In wblcb a series of 
pocket. are set, IIlled wltb a com· 
pound of lI1'aphlte under hlgb pres· 
pM. A_._" ."'�" ... "�. 
W�::r�ac\'ll'!!i'r.ft����g!,la� ����"ef' (r�'f��I\l': 
LUBU ICATJ N G  CO .. Boll: S. BOllnd Brook. N. J .  & The Hanson Hydraulic Ram 

1 00% more ell'ectlve wltb a given SUPK,IY 
ram mad� ·bead of watelif-bf:o::::l

,
o:u.

.
er 

. .
. .  

F. B. HANSON. 1 76 Center St .• New York. 

SJ[EL STAMPS & DIES FOR EVERY PURPOSE  
�r-1PS�·���I�� C.H.HAN S ON, 

Sl p.. S P <: C I I' I:T Y 4 2 & 4 4 C L A R K S T. 
Sl ,,, r OR C A TA L O C; U E C H I C A G O . 

ESTABLISHED 20 YEARS. SCHOOL OF .OCCULTISM. 
IDeludiug HYJlDotism. lesmeri8ID. IDd PmoDal la,Dttism. 

H�8J=1g}' J�:� !.�:="":" °.'i:ly�rr:�:!'�f::' 
oet'I under onr direction. developIn" tbelr fatent powe .... 
and accompllsblng what would otberwlse be Im�S.lble. 
�: df���

cla�. ,:m�:.�.rsl�����? Gn� I�d��t 
ness or sOOI�ite a88UlOO. This knowledge not only In· 

per"onal Influence "ont fortilies one :fJalDst de-
�� �a=� &:�°':dd.!:�':e �n�=: 

• ANDBRSON. S. A.. '1116. MasonJo Temple.OBICAGO. 

Oheap, Durable. Never Dressed. STURTEVANT Mill 00. Boston. \ TRI UMPH ELECTRIC CO •• 

© 1896 SCIENTIFIC AMERICAN, INC.
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',itutlii, !mtri,an. 
Wl1y Were Typewriters II1Vellted? 'r2 Carpel tel'S, . 

Machinists, Electrical 
Workers, . Plumbers, 
Steam Fitters, Pattern 
Maken, Steam Engi
neera, DraughLsmen. 

To produce Typewritten work Futer. 
Easler. and Better than manUScript 
written with a pen. • • • • 

�be � ecord of tbe 

in all B Miners, CiTil Engi-
8tea.m. Engineering neers, etc. Rq'trmCU 
(Loco., Stat'y &Ild Eouywhere. Free Ci ... 

I Marine) cular. State Subject 
Tile Intenatlollal you 1Di6h to Study. 

_co:-r_ .... _-__ tlea_ .. _IIcIa_OO_II ______ '_1_9_1_I!_Se_-_Io_._,_P_ .. _ I SCROLL SAWS�����D��� 
-SUe. W� Co.. 88 Baodalpll e&.o a...,... 

ROo 2 Hammond l i T H E CYCLE SADDLE 
SPEED-206 wordll a minute. 
TOUCH-Llgbt. el8lltlc. wltb key depression 

one-balf that of otber machines. 

WORK-Equal to a handsomely printed page 

Prii;�::I��f.'�ri'i���p
:�

e
� char. 

acters graceful and clear cut. 

New York ! for Ladles' use. Broad and comfortable. aud 1ruar&D
• ! teed to hold Its sbape. Most sensible and serviceable 

----------------------------------------- I ����l�ire:�:er��
k
b��S u�iO,,::}Ikl:��� t'h���r..��

e In 

. A I. I .  IST Y I.E� (; W ' T I . E lll E l'i ' ,",  ISA II U J.ES 
a ' 80. Ask for tbe I!!\\\IB If your dealer will not sup. 

Typewriter 
---- Patent 

tional" 
typewriter 
Ir!�"Iri��;e THE BEST ! 

f!:dl���' e!&�
i
1��W!·.J':��I�.oo:' 

r
e=ts'l.�<l��� clip for T or L seat post. 

THE DUGUID SADDLERY CO .. Syracuse, N. Y . 
Putnam Bicycles. $.48 
9Yclometers, 7 6c. 
Toe Clips 2 6c. 

This company owns Letters 
Patent No. 558,428, issued April 
14, 1896, covering broadly all 
machines in which the cylinder 
turns up to expose the line of 
print, or in which a duplex or 
cross ribbon feed is used. The 
patent also covers many other 
features of modern typewriter 
construction. Infringers will be 
vigorously prosecuted. 

Ask for Catalogue Ii E." c ;;;;�;;;��"R CO.'1A55Arch Street, Philada. 
Lamps. 80c. to $3.00.  
Other SundrIes at Low 
, Prices. 
A llell ' s  ,vanted. 

UI"' Send for catalogu .. 

P A I.MER BROS. 
MinnU8t CODO. 

uever W8ll put on auytblng tbat wasn't flrst·class. 
That name has stood for simple, plain. unvar. 
nlsbed Integrity. and bence it Is put ou tbe • . .  

The Name " H U NTER " • • •  � 
lI11bt macbinery. noiseless. ueat, compact

i
" '"�_.,. i� UI"' Send for Catatngue. 'l'he best Motor In 

t
be world for drivlnll ali kinds of • • HUN T ER e Y C L E S 

for blowing church organs, running prio tog presses, ! 
colfee mills, ventllatln!l' fans. Ice cream freezers, meat , H U N T E R  A R M S  CO • • FULTON, N .  Y. 
choppers, etc. In UBe the world over, and recommended 

Wyckoff, Seamans & Benedict. �la�\i\�� �t��:�tNI :�:�C:.�
r
� e!���:�!<J. ?Yi���X: 

"'WIST DRILL GRINDING GAUGE. 

Sen<l 25c. for s"inple. Usefnl to "II users of Drills' 
STANDARD 'l'OOL CO., Clevelantl. 0 .. U. B. A. 

. Ble,.ele II 

Late.t modela, full,. guaranteed; pneumatic tire.; weI.", " '. to 30 lb •. ; all aty1e. and prices. Large ilIu.trated 
CashBuyerS'Union,162 W. VanBurenSI.'B 
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GLOSSY MATT No dull or rainy weatber to Interfere wltb your work. � or  . No dark rOOlll8 nor CO"j8ll icated manl
y
ulatlon. Storm Su.-t .�� � 

r�i.�t/erg.���a�%��':;'dt��:::. �� Po1:.�u;,�£':.m;,:,.g:nt �int1. c,p�;;ea�p,::re� - � 
for bot or damp climates. :> 0  cent8 Yn stamps brllljls two sample duzen cab's, developer Cape and Leggl· ngs. ! 
and three sample prints. N epe.oll Platinoid, Enameled and Rough Bromide Papers are i 
the best and most uniform In tbe market. Nepel'a l' 0 1', an insoluble gelatine paper. Weight 24 oz. Takes up ! 

N Ch ' 1 C Rembo'an d t ,  a Matt Prlntlng-out Paper. little room wben not in use. • epera emlca 0 . ,  !'iole Man u facturer8, N E l'ERA 1' A R K .  N .  Y. Put on lu s mlnute. Hand 
. \ \ � 

------------------------------------------------------------------�---------------- ! b���sJf�eto�������andle �\ i 
SMALL MOTORS f All P . - we will mail them post· § or urposes. �

pald on receipt of price, § t,:be best manufactured. Specially adapted fo � $ 3 5 0  all kinds of IIgbt work1 sew[nll macblne outflts � • • ���. s<l,,�J"Ion�:al��';;:�
er

�I!:
t
��:;A'Vfi-

l
-il � Sold separately :  \ 

MOTOR UO . . Manufacturers of Electric � Cape, • • • $2.00 
����'i':e�U�t�le

pn.�lvr�"i��
l
i�· ..l.:li. � Pair Legg ings, 2.00 

Durable--Easi ly Applied.  
This roofing I. manufactured 

from natural Trinidad aspbalt 
materials, and will not dry up 
and become brittle under ex· 
posure to tbe weather a. coal
tar rootlnlls do. UI"' Send Jor 

��:�t';�!:����1'ts1'to 
WA RREs C H EM I CA L  

&0 llI FG. U O  • •  

Sii F lI l t o n  Street, N.,. .. York. U.  S. A.  

TO BUS I N ESS MEN 
'l'he value of toe SCIENTIFIC AMERICAN as an adver· 

tlslnll medium cannot be overestimated. It. clrculatioIl 
Is many times llreater toan that of any similar journal 
DOW publisbed. Jt ,lOes Into all tbe States and Territo
ries. and Is read lu all the principal libraries and readlnll 
rooms of tbe world. A buslno •• man wants something 
moce thau to see bls advertisement lu a printed news· 
paper. He wants circulation. Tbls be has when he ad
vertises In the SCIENTIFIC AMERICAN. And do not let 
tbe advertising agent Influeuce you to substitute some 
otber paper for tbe SCIENTIFIC AMERICAN wben sa
lectlIljl a n.t of publications In which you decide It Is for 
your Interest to advertise. This Is frequently done for 

tbe rell80n that �be 8jlcnt gets a larger commission from 
tbe papers bavlIljl a small c1rcnlatlon tban 18 allowed on 
the SCIENTIJ'IC AMERICAN. 

For ratel! address 
M U N N  &; CO., Publlllherll, 

361 Broadway. N ew York. 

For years Patton's Paint 
neither fades nor peels 

under the action of sun and 
rain. Whether you're going 

to renew a cellar door or 
paint a mansion, use tton'Sit::dPain 

mOlt durable and economical paint 
11.50 per gallon. Freight paid to any R. R. sta· 
tlon eut of Denver. A booklet "How to In

crease the she of your Home (with paint)" tree tor the uktng. or 18 actual eomblna· 
tiODII of proper house ooloring tor four 2c. 

stamp. or free from our &pnta. 
JAS. E. PATTON CO., 

Milwaukee, WI .. , U. S. A. 

If so. we can supply you. All sizes 
m O ll u , pd and 11 1 1 111 0 I l ll t .:- " .  a1waY8 
kept In stoclI:. Remember. we make a 
.peclaltyof selecting soones forall spe. 
clal purposes. UI"' Ask for catalo{ru<. 
Tb .. C ! ' . I£V E l.A N J) !'iTO N E  n,. 

2d Floor. Wilshire. Cleveland, O. 

" MUNSON " TYPEWRITER No. I 

� Send for circular " K." g Agents WanUd. 
� CLEVE & K R I M ,  
� 49 Summer St. ,8oslon � 
� Makers of Fine Macki ntoshes. Patent applied for. � ; -111111111111111111111,.1111'11111111111111.,.111111111111111111111111,.1.,1111111111111111111111111111111111111' 

DIXON'S 69 1 saves wear of chain, pre
vents rust and inpreases 

CYCLE CHAIN ea�P
I
;ed ��d comfort. 

to gRAPHITE send 10 c:nts f�r la�"ple. 
JOS. DIXON CRUCIBLE CO.. JERSEY CITY, N. J. 

PRENTISS CALENDAR LOCKS 
AND ALL KINDS Oll' 

SYNCH RONIZED CLOCKS 
RELIABLE AND PERFECT. 

17' S""d for Illustrated Catalogue No. 2'1911 

PRENTISS I M PROVED CLOCK CO. 
49 Dey St. , N�w York C ity. 

Does perfect work. Costs least for repairs. 
Simplest ill construction and most durable. �:��M�F.�����ri The ONLY machine with interchangeable STEEL I � 

typewheel, insuring permanent alignment and long 
wear of the type. It is not necessary witb the ":Munson" 
to purchase severa1.machines to write nnmerous style'! 
of letters or languages. 

O N E  " Munson " accomplishes the result. The type
wheels are easily removed. and can be replaced by others 
of different languages or styles of type. The key tops 
are also easily removed or changed, making it a simple 
matter to chang!) from one language to another. 

A . portable macbine, weighing with case. 18 1bs. Highest Medal 
Awarded The "Munson" No. 1. World's Columbian Exposition. I 

THE MUNSON T Y 1' E W RITER MFG. CO., 
�3!!i-!U,4 W. Lake I!!treet. Chloarro. Ill • •  U. S. A .  

MADE O F  FINE CLOTH I N  ALL POPULAR STYLES, 
qual in Fitancl Wear to finest line 
Not to be laundered ; when lOiled rever.e, then diJcard. 

LUXURIOUS and BCONOMICAL. 

:��� ���:;��A�:n!'���r:}��i����r:;'f:�i��\iC::: 
... a;;.:J:���r -:'��'!:I J:;'i�!J��.i6 cJb�� •. 
RIV&B8IBL. CoLLAR Co. Botton, 11 Franklin St.,New York 

© 1896 SCIENTIFIC AMERICAN, INC.
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BOOKS ON E LECTRICITY AND MAGN ETIS(III " 

JUST READY. IT Index to Advertisers. 
A ('atal<>gue of Books on Electricity Ha!metlsm. 

BJectrical EngIneerlnll. Electric Llghtlnll. Electric Rail
ways. Telepilone. Electro-Deposition of Metals. Elec
trotyping. Electro-Metallurgy, and Cognate Subject •• 
lI2 page.. Sent; free to any one In any part of the world 
who will furnl.h hi. addre ... 

H E N R Y  C A R E Y  B A I R D  &. CO. 
INDUSTRIA r.  PUilLISHERS,BOOKSELLERS & IMPORTERS 

� 1 0  Wnhl ll t  ti t . ,  P h i l ndelphla, Pa., V. t!. A .  

Practical Books for Practical Men. 
CataioRue of  (he leading and most important works 

��y�I���i.:���!' ��, .... l nlr�crr��!rn�'i."Ki�e��r!�: 
.ent free to any aon rpli'S. 

P H I L A D E I. I' H I A  BOOK CO., 
Practical and 8cientlftc Books, 

1 9  Snuth Ninth St. Phil adelphia . Pn . 

T H E  B L I SS 

S(bOOI Of €It(tri(ity 
Bl iss BUi ld ing,  WASHI NGTON,  D. C. 

The only Institution leaching practical Electrical En
gineermg excl ll.ively. Laboratory equipment excel
rent. Instruction the be.r.. Catalog on application. 

O N LY PRACTI CAL M A GAZ I N E  CAM ERA. 
S U N A R T ' S  

" VENI, V IO l ,  V ICI ," 
SUNART MAGAZINE.  

SUNART FOLDINGS. 
Send for Illnstrated Cata

logue-2 cent .tamp. 
SVNA R 'I' PHOTO CO .. RO(; H �:STEIt, N. Y .  

The . . .  
Premo Camera 

* 
Styles for 

1 8 9 6  
now ready 

* 
ROCH ESTER OPTICAL CO. , Rochester, N. Y. 

DRAUGHTINI or S U It V E Y I N G  tauRht by m n l l .  Earn fIiO to $100 a 
month. Po.ltions secured. 2c. stamp for cata
logue. Black Cor. School, Pnterson , N. J .  

NOVEL TV S IGNS !���t'NoV'i
e
�T

t
� 

8
��G';�: 

150 ppr cent. profit. Great sellers. CataloJilue free. tlam
pIe. 100 VIOl. Schreier. ,Ufg., Milwaukee. Wis. 

�-j O A D S  illTHER  BE LT PR E S E RV E R  
' E S  l I F E rLEX I B 1 L l T i K '� C  A D H E S I V E N E S :  M l  U I" G U l NT V, I T I-l O  .... l 
: I N (; �  � H E rvt \ l A.L' lO le C p.r-...I f(> c;u l l'l K  ? R I � E.  2 0 3 A N O A c O E s  

- L1 p u N '  H PRI C E  : 0  wr )  ;: E �7 Fr)�  <::. 'J :.  I F Yo\.; � E N T I O N  S\ I E  NT ' F I  
_ l E R I CA��  J E RHOA D S & SONS  MA K.." P �  ..J f T f. r  RHOAD S B E LT 
.... T C � "  .'" L 1, - 1 : '"  D E L  2. 3 9 M A "" ",[T  � H l l l\ P I"" 

Experimental Science 
B Y  

OEO. M. HOPKINS. 

Seve n te e nth E d i tion. 

REVISED AND ENLARGED. 

840 l'sges. 782 fine cuts. substantially and 
beautifuily bound. Price in cloth. by mail, 
$:4:. Half morocco. $5. 

This splendid work is up to the times. 
It gives young and old something worthy of 
thought. It has influenced thousands of 
men in the choice of a career. It will give 
anyone. young or old. information that will 
enable him to comprehend the great im
provements of the day. It furnishes sug· 
gestions for hours of instructive recreation. 

Send for i l lustrated circular and 
complete table of contents . . • •  

MUNN « CO. ,  Publishers, 
Office of the • • • 

SCIENTIFIC AMERICAN, 
� ROA DWAY. NEW YORK. 
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Tree Jrrlll'lltor. I .n wn Sprinkler. Fountatn. 
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Goddard & Allen Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10'1 
Goetze. Otto. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9Ii 
Golf, E. E . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  1()4, 
Goldman. Henry . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100. 1111 
Gould & Eberbardt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
Grafton Stone Co. . . .  . .  . . . . . . . . . . . . . . . . . . . . . . . .  113 
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IT'S S I M P L E , T H E  B A L L  D O E S  IT A L L .  Hatmaker. B .  J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10'1 
Henley. N. W •• Ik Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 No back pressure. Nothing to break. Alw8.Y8 In order. Cheap and ell'ectlve. Made only by Hill. Clarke & Co. . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . .  113 
Hill. W. S . •  Electric Co . . . . . . . . . . . . . . . . . . . .  cover 3 AME�ICAN BALL NOZZLE COMPANY , 83 1  BROADWAY, NEW YORK CITY. 

A DREAM OF COMFORT 
Is that be.t and mo.t .tyllsh of all 
RECLINING CHAIRS. the 
R I P  VAN W I N KLE CHAI R .  

A rare combination o f  elellance 
and durability, �s.esslnll 
six points of exce ence un
known in other ecllnlng 
chairs. lllm. Catalogue !ru. P. C.  LEWIS M F G .  CO. 
Box 1 2 , Catski l l .  N.  Y. 

Hobart Electric Co. . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  113 

'J'hn h o v e It tOil e that' . Holmes & Blanchard . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 
n i l  I h .. i r  own . • • • • Howard & Nichols Cycle Co . . . . . . . . . . . . . . . . . . . . . ] U  

Hubbell. Harvt'y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113 TH E N EW � thi "tan1- Hubbs. C. F . . & Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 

D EPARTU RE Yen�:�te Hunter Arms Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11� 
w 0 r I d  Hunter Curry Comb Co . . .  . . . . . .  . . . . . . . . . . . . . .  9" 

B ELLS over. Made In 16 1 l1 ussey. E. J . •  & Co . . . . . . .  . . . . . .. . . . . .  . . . . . . . .  9Ii 
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� 1 " North M a l ll "i l l'eel , I ngersoll. R. H . •  & Bro . . . . . . . . . .  . . . . .  . .  . . . . 109 
Bristol, <.:oun., V. S. A .  Instantaneous Water Heater Co . . . . . . . . . . . . . . . . ]06 

rnstitute for Home Study of En/lineerlng . . . . .  1 13 
International Corresl'ondence SChool. . . . . . . . . . .  114 
Ivers & Pond Plano Co . . . . . . . . . . . . . . . . . . . . . .  102. 103 BATl'ERY FAN OUTFIT 

~ 
Mo.t practicable complete outfit of 1 No. 6 ATTENTION ! INVESTORS 
motor with 10 Inch fan. 2 ceU. No. 6 motor FOR. S.A.Zo.E Z 
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�� Foreign Pa�ents-Canada. Mexico. England. Ger. 

make the dollar Franklin Mot':,r. al.o .mall many, Austna, Belgium. Fra.nce. Italy, one of the 
motors and apparatus for every purpose. most novel �nd useful Inventl

O
ns of the a�e. For 

or St'IUt Stamp !Of' CtTcular8. further particulars address, RYERSON D. GATES. 
Franklin Elect. &: ,ll fjf. Co., iUinmhburjf, O. 108 La Salle St .• CHICAGO. ILL .• U.S.A. 

�ATENTS ! 
MESSRS. MUNN & CO., In connection 

... . 
with the publication of the SCIENTIFIC 
AMERICAN. continue to examine improve
ments, aud to act as Solicitor. of Patents 

for Inventor •. 
In this line of bUMlnes. they have had nearl1/ F'lJtll 

1Iears' experienc·e, and now have unequaled iacilitus for 
the preparatIon of Patent Drawings. Rpecitlcations. and 
the prosecution of Applications for Patent. In the 
United Stote., Canada. and Foreign Countries. Mes.rs. 
Munn & Co. also attend to the preparation of Caveats. 
Copyrigbts for Books. Labels, Retssues, ASSignments. 
and Reports on Infringements of Patents. All business 
tntrusted to them is done with speCial care and prompt
ness. on very reasonable terms. 
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Patents, etc. 
Pat:'� t:�sa

e
s'1.�,tri� �'i�.ftt a�d'lfu':,�g�'3 g� 8����� 

Patent. In all the prinCipal countries of the world. 
M U N N  &. C O . , SOLICITORS O� PATENTS. 

36 1 B ROADWAY.  N EW YORK.  
BRANCH OFFICES. - No. 622 and 624 F Street. PaclDc 

Building. near 7th Street. W ASBI"GTON. D. C. 

! and HEAD NOISES relieved by using 
ii . Wilson's Common Sense Ear Drums. 

Volta, 

Vl3 Amp •• , 

!l.OO 
!� ,,-D EA F N ESS 
� New .clentlflc Invention. entlrell dlll'erent 
In con.tructlon from all other device.. A •• I. the deaf 
when all other devlce8 fall, snd where medical .klll has 
given no relief. aafe. comfortable. ana Invl.lble ; '110 

WIrWf I��:�� a\'tA'�r'e�t
JC l�rltellfo:�tJ'l.���etC() , 

The smallest and .tronReot battery on earth. Size. 3 1n. x 5-8 in. Occuple. l itt le space. Fitted to any electrical apparatus. A PpreCiated at Drst trial. Mailed to tl UY add res. for *1.00. Klectrlc, medical and blasting Kpparatus. Model work. All kinds ot electrical repRlr8 to small mttch lnery. 
A. J. FARNSWORTH, �9 Thamell tit., N. Y. rr lC�l�:��f.i;::::�r ?<'.

��
Il
����a'8:.:�:!"N!�.'y ork 

Instruments, Drums, l.Jniforms, EQuip
ments for Bands and Dnlm Corps. LoW -

, est prices ever quoted. Fine Catalog, 400 . w, 
Illustratlons,mniledfree ; it gives B .lnd 

Light and line machinery to order; model. and electrical work .peclalty. E. O. CRAS.,.. NEW ARK. N. J .  $7�A �I C l N TH A N D  E X PEN !<E8 , eJ[per� 
� ��yl��.
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.tvee. H. B .• & Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  110 

J 
Jessop & Sons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116 
Johnson. Chas. E . •  & Co . .  . .  . . . . . . . .  . .  . . . .  . .  . . . 116 

K 
Kane. T .• & Co . .  . .  • . .  . .  . . . . .  . .  . . . . . . . . . . . . . . . . . . .  105 
Kelsey Press Co. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  107 
Kemp & Burpee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
K"� ser Mfg. Co. . . . . . . . . . . .  • . . . . . . . . . . . . . . . . . .  111 
King Harness Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
King & Knigbt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 
Kittridge. J. B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 
Kline & Co. . . . .  . . . . . . . . . .  . . . . .  . . . . . . . .  . . .  100 
Knal?P Electric and Novelty Co. . . . . . . . .  . . . . . . . 105 
Komgslow. E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 
Koopman. E. B. . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . 98 

L 
Laird & Lee . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . .  1()4, 
Layman Pneumatio Doat Co . . . . . . . . . . . . . . . . . . . .  101 
Leavitt Motor Cn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . If' 
Leffel.  James & Co . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . .  102 
Levy. Cycle Clock Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 
Lewis Pbonometric lnst. of Detroit . . . . . . . . . . . .  111 
Lewis. P. C .. Mfg. Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115 
Lidgerwood Mfg. Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 
Little Giant Cider Mill Co . . . . . . . . . .  . .  . . .  . . . . . . . .  100 
Loomis & Nyman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 
LudWig. H. C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  112 
Lukins Iron & Steel Co . .  . .  . . . .  . . . . . . . . . . . . .  . . .  100 
Lunkenbelmer Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 
LUBComb. F. W • • Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 
Lyon & Healy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  lUI 

M 
McCabe. J. J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 
McIntosh Battery & Optical Co . . . . . . . . . . . . . . . . .  109 
Maher & Grosh . .  . . . . . .  . .  . .  . .  . . .  . .  . . . . . . . . . . . . . . .  116 
Manhattan Electrical Supply Co.. . .  . . . .  . . . . . . . .  101 
Mansfield Tool Works . . . . . . . . . . . . . . . . . . . . . . . . . . . .  103 
Marine Vapor Engine Co . . . . . . . . . . . . . . . . . . . . . . . .  101 
Mariner & Hoskins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111 
Marks. A. A. . . . . . . .  . . .  . .  . .  . .  . . . . . .  . .  . . .  • . . . .  . .  . . .  . 99 
Marston. J. M .• & Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
Mason Regulator Co . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 113 
Mason. V. w .. Co . . . . . . . . . . . . . . . . . . . . . . . . . . . 9Ii 
Mass8soit Paper Co . . . . . . . . . . . . . . . . . . . . . . . .  cover 3 
Metz & Schoerb. . . . . . . .  . . . . . . .  . . . . . . . . . .  . . . . . .  112 
Miami Cycle Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 
Mianus Electrio Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115 
Miles. Franklin, S . . . . . . . . . . . . . . . . . . . . . . . . . L . .  . . . .  101 
Millen. J. C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 
Miller's Falls Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
Milwaukee Ca.mera Co. . . . . . . . . . . . . . .  . . . . . . . . . . . . 98 
Mittag & Vohler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 
Monmouth Mfg. Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 
Monitor Vapor Bng. Co . . . . . . . . . . . . . . . . . . . . . . . . . 109 
Mooney, w. W •• & Sons . . . . . . . . . . . . . . . . . . . . . . . . . .  10'1 
Mooney & Boland Detective Agency • . • . . cover 3 
Morse Twist Drlll and Machine Co . . . . . . . . cover 3 
MO)'ton Tin Plate Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
Munson Brotbers. . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . 98 
Munson TYllE'writer Mfg. Co . . . . . . . . . . . . . . . . . . . 1U 
Murray, W. B •• Mfg. Co . . . . . . . . . . . . . . . . . . . . . . . . .  100 

l'I 
Nadlg. H .• & Brother Mfg. Co . . . . . . . ... . . . . . . . . 106 
Nanz & Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 
National Typewriter Co . . . . . . . . . . . . . . . . . . . . . . . , .  114 
National Typewrirer Exchange . . . . . . . . . . . . . . . . .  109 
Nooltyle Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
Nepera Chemical CO . . . .  � . . . . . . . . . . . . . . . . . . . . . . . .  114 
New Departure Bell Co . . . . . . . . . . . . . . . . . . . . . . . . . .  115 
New England Novelty Mfg. Co . . . . . . . . . . . . . .  109. 110 
New York Camera Exchanlfll . . . . . . . . . . . . . . . . . .  1 1 1 
New York Fireproof Covermg Co . . . . . . . . . . . . . 106 
New York Stencil Work8 . . . . . . . . . . . . . . . . . . . . . . . . 115 
Niagara Cycle Fittings Co . . . . . . . . . . . . . . . . . . . . . . . 101 
Nicholson File Co . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .  113 
Non.Polarizing Dry Battery Co . . . . . . . . . . . . . . . . . 112 
NormaT'. J .  J . . Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 
Norl"n Fm · r·· Wh('el Co . . . . . . . . . . . . . . . . . . . . . . . .  100 
Novelt )' V' . . Il I'Y Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 

o ci 
BRASS BAN D 

Music & Instructions for Amateur Bands. 

LION & BEALY. 33·35 Adami 8t .. Cb.cago. 0 0:: 
� . 

-

CHEAP. STRONG. 
W A TERPROOF. Ohermann. A. W . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10'1 
N t il t  d b Office Men'! Record Co . . . . . . . . . . . . . . . . . . . . . . . . . 1\4, 

, , " N� :u:gorR}'::�l O hio EIE'ctric Co. . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . 1()4, OUtlasts Tin or Tron. Olds, P. F. & Son . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113 
A durable .ub.tltute Open Court Publ1shinll' Co . . . .  . . . . . . . . . . . . . . . . . . 105 

terlal, beMt and cheapest In the market. � Write for P 
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.ample.'r'ii'ii: FAY MASILJ.A ROOFING CO.. Palmer Bros . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · . . . . . .  114 

517-519 Point Street. Camd"n. N. J. Parko. L. F .. . ·. . . . . . .  . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . .  98 
Patton. Jas. E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11' 

EME R Y  WHEEl. DREiilSER. Pearson. R .T. MIg. Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 

d Pease Mfg. Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115 

I��:;·';;h'::��� fy: �rN:':e
a
.:'���:[����� ag�I�r'l�3��':.":.. Pelton Water Wheel Co . .  , . . . . . . . . • . . . . . . . • . . • . .  106 

Thp. cutter always pre.ent. the sa"'" .utttng ffUf'Jau unUi Penberthy lnjector CO . . . • . . . . . . . . • • . . • . • . . • • • . . .  110 
't .. t£Ud up to the hub. The pin I. grooved and can be \. !'ennsylvanla Iron

,.w orks po . . . . . . . . . . . . . . . . cover 3 
oiled from both ends. Handle Is 8tron&, and durable . Penny Magazin e  Co . . . . . . . . . . . . . . . . . . . . . cover S 

on;Tc':�l'{AW8 ¥�'8'l ��:�.d�ilf�·A·�·D: 0 .. U. S. A. fCtmtinued on Jl/l(16 116.) 
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Ph iladelphia Book Co . . . . .  . . . . . . . . . . . . . . . . . . .  . .  115 
Pierce Engine Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 
Pittsburg Reduction Co; • . . . • • • • . . . . . . . . . . . • . . . .  100 
Plummer, J. H . . . . . . . . • • • . . . • . . . . . . . . . . . . . • . . . . •  95 
Polin Slar Freezer Co . . . . . . . . . . . . . . . . . . . . . . . . . . . .  103 
Pope Mfg. Co . . . .  . . . . . . . . . . • .  . . .  . . . . . . . . .  . . .  116 
Potts Shorthand College . . . . . . . . . . . . . . . . . . . . . . . .  109 
Practical Novelty Co . . • . . . . . . . . . . . . • . . . . . . . . . . . . .  103 
Prat t & Let chworth . . . . . . . . . . . . . . . . • . • . . . , . . . . . .  102 
Pratt & Whitney Co . . . .  • . • . . . . . . .  . . . . . .  . • . . . .  . 111 
Prentiss Clock and Improvement Co . . . . . . . . . . . . 114 
Pri. stman & Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11ti 

To Arcllitects and House Owners 
The use of Wheeler Patent Wood Filler on all natural interior woodwork 

insures a permanent fine finish, and leaves the wood pores perfectly transparent so that 
the full life of the wood is developed. No other wood filler is so good as the Wheeler, 
or is made of the same materia1. 

In painting the exterior or interior of a house, Breinig's Lithogen 'Silicate 
Paint should be used. It stands where lead and oil fail, and outwears any other paint. 
Architects and owners in :�:t����1�1��r:��13����

f
�':: ���rl::':I:���I�S

sa
"tt'ii:.,�g�.

ln full. and examine bills 
References-Most of the leadIng archItect. throughout the U. S. Sole manufacturers of tbe above artIcles. 

THE BRI DGEPORT WOOD FINISHING CO. ,  New Milford, Conn. 
New York. 240 Pearl Street. Chicago, 2 1 5  E. Lake Street. Boston. 85 Oliver Street. 

Pulsometer Steam Pump Co . . .  . • . . . . . . . .  cover a 

I§ 
Puzzle CO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 0  U N PA R A L L E L E D  R E S U LTS ! 

Q U N E Q U I V O C A L SAT I S FACT I O N ! ueen & Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95. 1 13 . SUint. A. D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11a \ ' .  U N E Q U A L E D  T E ST I M O N Y  
R " _ 

Racine Yacht and Boat Co . . . . . . . . . . . . . . . . . . . . . . . 107 [ . . TO AND FROM THOUSANDS OF USERS OF THE -
Hansume & Smith . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 £b 6 d 6 I· € .  Reed. J .  B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 
Heeves. G. W . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I �  art�r-- as-- an -- aso In� -- nnln�s 
Hellable Incubator and Brooder Co . .  . . . . . . .  . l lw " " !t " Reversible Collar Co . . . . . . . . . . . . . . .  . . . . . . . . . . . . . 1 1 4  
Hhoads. J .  E. & Son . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l I il  
Ricllardson Mfg. Co. . . . . . . . . . . .  . . . . . . .  • . . . . .  . .  107 
Richardson. E. & Co . . . . . . . . . . . .  . .  . . . . . . . . . . .  . .  103 
Rickpr. H. IJ< Sons . . . . . . . . . . . . . . . . . . . . . . . . . . . . covpr 2 
Ri fe Engine Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ion 
Hitch ie. P.. S & Sons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 I :l  
Robinson. J. L .  & Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
Rochester Lamp Co. . . . . . .  . . . . . . . . . . . . . • . . . . . . . •  112 
Rochester Optical Co . . . . . . .  . . . . . . . . . . . . . . . . . . . . . I I Ii 
Rodrigues. M. R .  . . . . . . . . . . . . . . .  . . . . . . . .  . .  1 06  
Roe-Stevens Mfg. Co . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  1U6 
Roban. J. V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
Root. C. J . . . . . . . .  . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . 98 
Roth Bros. & Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
Rowley & Hermance . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
Rubrer Tire Wileel Co . . . . . . . . . . . . . . . . . . . . . . . . . . 103 
Rugtlr. J. W. Mfg. Co . . . . . . . . . . . . . . . . . . . . . . . . . 106 

S 
Sabine Machine Co . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . 110 
Sabine Machine Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 10 
St. JOtl River JJoat Works . . . . . . . . . . . . . . . . . . . . . . . 109 
Banger. M. E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . WI 
Bawyer Tool Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 13 
Schmitz. E. L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 1  
Schoonmaker. A. 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 
Schreier. Val . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 
Schw�b Stamp Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106 
Sebastian Lathe Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113 
Seneca Falls Mfg. Co. . . . . . . . .  . . . . . . . . . . . . . . . . . . . . 99 
Seyl. J. C .  . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . 110 
Sberiffs Mfg. Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 
Sni pman Engine Mfg. Co . . . . . . . . . . . . . . . . . . . . . . . . 1 1 1  
Silver Lake Co . . . . . . . . . .  . .  . . .  . . . . . . . . . .  . . . . . . . .  1 12 
Simonds Mrg. flo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 
Skinner Cbuck Co . . . . . . . .  . . . .  . . . .  . . . . .  . . .  . . . . . . . 99 
"'malley. D. H. & Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
Smith. E. G . .  ; . . . . . . . . . . . . .  . .  . . . . . . . . . . . . . . . .  110 
Smith. H. B. Co. . . . . .. . . . . . . . . . . . . . . . . . . . . . . .  . . . .  \(�'i 
Smith. R. H. Mfg. Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 
Smith & Wp88on . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  103 
Soltman. E. G . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . 95 
Spatula Puhlisbing Co . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 
Specialty Mfg. Co . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 
Spon & Chamberlin . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  112 
Sprague School of Law . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
Sprague, W. W. 8< Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 
Sprlnglleld Machine Tool ro . . . . . . . . . . . . . . . . . . . .  113 
Spurgeon. R . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109. 110. 111 
Squier, G. L. Mfg. Co . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
Standard Thermometer & EI. Co . . . . . . . . . . . . . . . 109 
Standard Time Stamp Co . . . . . . . . . . . . . . . . . . . .  103, 110 
Standard Tool Co . . . . . . 100, 102, 106, 106,113. 114. 115 
Stanley & Patterson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10. 
Stark. J . . . . . .  . .  . .  . .  . .  . .  . . . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . . .  110 
Starrett. L. S. Co . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . .  113 
Steam Gauge and Lantern Co . . . . . . . . . . . . . . . . . . . 110 
Stebbins. E Mfg. Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 
Sterl ln" Cycle Co . . . . . . . . . . . . . . . . . . . . . . . . cover 4, 
Sternberg, J. H. & Son . . . . . . . . . . . . . . . . . . . . . . . . . . .  105 
Stevens. J . •  Tool Co . .  . .  . . . . . . . . . . . . . . . . . . . . . .  112 
Steward & Romaine . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 
Stone City Telepbone Co. . . .  . . . . . . .  . .  . .  . .  . .  . .  . . . .  101 
Stone )frg. Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  104 
Strack. W. S. & Co . . . . . . . . . . . . . . . . . .  . . . . . . . .  111 
Stre linger, C. A.. & Co . . . . .  . . . . . . . . . . . . . . . .  . .  . . 113 
Sturtevant Mil l  Uu . . . . . . .  . . . . . . . . . . . . . . . . . . . • 113 
Sunart Photo Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 
Surburg Tobacco Co . . . . . .  . . . . . . . . . . . . .. . . . . . . . . 95 
Swi ndell. W. & B ros . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 
Syndicate Pu blish ng Co . . . . . . . . . . . . . . . . . . . . . . . . .  97 
Sykes Iron & Steel Roofing Co. . .. • . . . .  . .  . .  . .  . . . .  102 

T 
Tanlte Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  cover 4, 
Tatnall Mfg. Co. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 Taylor, N. & G., Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 
Tobias, J. J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 Toles, W. O. & Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 
Torrey. J. R. & Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 
Travelers [nsurance Co . . . . . . . . . . . . . . . . . . . . . . . . . 111 
Trimont Mfg. Co . . . . . . . . . . .  . . . . . . . . . . .  . .  . . . .  106 
Trlumpb Elect ric Co . . . . . . . . . . . . . . . . .  . . . . . . . . . . . 113 
Truscott Boat Mfg. Co . . . . . . . .  . . . . . . . . . . . . • . . . . .  109 
Tuerk Bl ot.hers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106 
Turnqnist. C. M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
Typewriter Exohange . . . . . . . . . . .  ; . . . . . . . . . . . . . .  95 

Union Electric Co . . .  
Union Model Works . 

V 

V 

. .  . . . . . . . . . . . . . . . . . .  112 
. .  . . . . . . . . . . . . . . . .  105 

Vanduzen, E. W., Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 
Vilter Mfg. Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109 

W 
WalrnsleY

'w
Fuller & Co . . . . . . . . . . . . . . . . . . . . . . . . . . 109 

Waltham atcb Tool Co . . . . . . . . . . . . . . . . . . . . . . . .  111 
Warner Bafety Boller Co . . . . . . . . . . . . . . . . . . . . . . . .  106 
Warren Chemical & Mfg. Co . . . . . . . . . . . . . . . . . . . . 114 
Waterbury Macblne Co. . . .  . . . . . . . . . . . .  ; . . . . . . . .  118 
Waterbury Watch Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 
Weber. F • •  & Oo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 
Weber Ga8 & Gasoline Engine Co . . . . .. . . . . . . . . . . 106 Webster M i g. Co . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 105 
Welch. T. F . •  & Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114 
Werner Co . . . . . . . . . . . .. .. . . . . . .. . . . . . . . . . . . . . . . . . . . .  112 
W . .  stcott Chu� Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 
Western Telep one Construction Co • . . . . . . • • • •  ; 113 W .. eton &; Wells Mfg. Co .. . . . . . . . . . . . . . . . . . . . . . . 112 
Wh,·el�r-McGrell"Or Reel Co . . . . . . , . .  . .  . .  • . . . . .  . . .  101 
W beeler �addle 00. . . . . . . .  . . . . . . . . . . . . . . . . . . . .  10. White, O. C • •  Co . . . . . . . . . . . . . . .  " . . . . . . . . . . . . . . . .  103 
Whltlldd. T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
Whitney Mfg, Co . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  tOO 
Wilkinson Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 4  
Wilson Brothers. . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  112 
Wnson Ear Drnm Mfg. Co . . . . . . . . . . . . . . . . . . . . . . . 115 Wilson. J. A.; Mfg. Co . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
Wilson Laundry Macbin.ry Co . . . . . . . . . . . . . . . . . .  102 
Winger. E. B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118 
Winship Mfal' .. Co. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .  109 
Winslow Br08. Co . . . . . . . . . . . . . . . . . . . . . . . .. cover 2 
Witte Iron Works Co. . .  . . . . . . . . . . . . . . . . . . . . . .  Ill! 
Wolverine 1II0tor Works . . . . . . . . � . .  . . . . .  . . . . . . .  1I.'i 
World Heflnlnll" Co . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .  103 
WyokolJ, &>amans & Benedict . . . . . . . . .  cover •• 114 WYID4D & Gordon . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . .  1 1 3  

T I York, S. M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 ; 

I n  Stationary, Portable and Traction Form . 

� USED A N Y  PLACE. � BY ANY ONE.--
FO R A N Y  P U R POSE. 

C H A R T E R  C A S E N C I N E  c o . ,  -
Slation A, STER L I N G. I L L .  

� .........•............................... � 
'" .. 
'" .. ! " The Quality of Experience" ! 
'" .. 
'" .. 
'" .. 
'" .. 
'" .. 
'" .. 

i C e i '" .. 
'" .. 
'" .. 
'" .. 
'" . .. 
'" .. 
'" .. 

i IceS i 
'" .. 
'" .. 
'" .. 
: Pay $lOQ-you have a Columbia-the : '" .. 
! result of 19  t • ! i years experlence. i 
'" .. 
: Pay less-you have experiment, at your : 
'" .. ! expense-the result of competing i 
'" .. 
:: doubtfulness. : 
'" .. ! More Columbias each successive year. i 
'" .. 
'" .. 
:t Catalogue of Truth, free at Columbia agenda : '" -by mail for two 2-cent stamps. .. 
'" .. 
'" .. i Pope Mfg. CO.t Hartford, Conn. i 
� ........................................ � 

AGEN�!:T£D foR. FINE TOOLS IN EYERYSHOP. 
,. CATALOGUE t::.H.BESLY & (;0. 

'AHDAGENCY. CHICAGO, .I LL.U.s.A.-
PREISTMAN SAFETY O I L  I N E  
ai:::��e���:;re ... __ .. 

No Extra Insurance. No 
��:'i:-°s�;:; N&o���\�: 
and Convenient. Cbosen by 
Nine Governments. Used for 
nearly every purpose. f1REtSTMAN .. CO . . l ncorp 'd. ii30 Bours" B l dw., I'H I I .A D E I. I' H I A ,  PA . 

The $5 .00 
POCKET KODAK 

EASTMAN KODAK 00., 
;fot����::,�ns�:::,���et ROCHESTER, N. Y .  

_ S-W1D8' llaehfDH �. PIIUlOl S.t_,Too!J At I p '  B, ... ,., w • ..,. .. G .... , Bunt" H ....... 

4 rl C 0 Seal. or "II v�rletl .. &lid 1000 other artiel .. LI,t. free CBtCa.GO ScALI: Co., ChlCSgo 11 1 .  I. COA L B I LL B I C  AC A I N ?  :���:vl�u
a�: ��� t�k

� 
tr B U N n Y �T E 4 M TRAP" t���.: �se�v�r,ofr.� . per dar by the use of it!8""valuable Trap.'8end for book ' A."N." for further Information. 

A. A. C R I F F I N C  CO. , 66-68 Centre St. , N .  Y. C ity. 

GOODS AND IDEAS ARE AMERIOAN ' We send out no " drummer •• " .. e sell only for C8IIb. and de-
• pend upon direct mall trade .. Ith con.umen. Bell"D this 

plnn In "IT. Here Is the pattern .. e call . .  Our Ma8terplece." If Ink and paper eQuId .bo .. poU8bed steel nnd 
oblnln" pearl as they are. e"ery reader .. ou ld be nnhRPPY Until he owned the knife .hown In this cut. [t Is the 
best knIfe tbat can be made. BIRde. are hhchest grade of razor .teel. file tested . warranted. strOUil enoullh for 
any thing, line enough for a qulll pen, welglul 2 ounce •• S blades. PrIce, .. Itb ebony handle. 11.25 ; I vory. *1.50 ; 

choicest pearl, '2 ; postpaid. 
r.ess 2M In dozen lot •. We 
have 400 patterns. Send for 
free SO-pnge lIls. USI. and 
.. How to U8e It. Razor:' Our 
hollow ground, warranted 
Razor,98C.; Strop, fiOc.; lather 
brulh, 2fie.; all three. POlt-
p

a
�Aft1�' " ��l:'slt""co. 40 A Street, Toledo, O. 

l)ULY 25, 1 896. 

THE W. P. DAYIS MACHINE CO. 

BUILDERS Olr rINB 

ENGINE LATHES, From l2 to SO incb swlnw. 

UPRIGHT DRILLS, r;'?h':' ;�l�'lr. �����it.� �� 311 
Also KEYSEATING AND CUTTING-OFF MACHI NES. 

ROCHESTF.R. N. Y., U. S. A .  
Smd for Oirculars and PhotOl/l"apM. 

BRISTOL'S Record ing Instruments. t Pressure Gauges. Vacuum Gaullell. Volt-

. 

meters. Amperemeters, Wattmeters. and 
. '  iJ:.�r:�'iar:t m��rl ���t}�����":-:;l�� 

::.��
r
�n �

s
�r;.�

e
&}al�UI���ro�'b,� 

I4r8 and Speci"""" Chart. The BriBtol Oompany, Waterbnry, Conn. 
Computing Figures 

mentally is probably the 
hardest kind of toil known. 
The Comptomder makea it 
easy. is twice as quick, in
sures accuracy and relieves 
all mental and nervous strain. 
Why don 't you get one l 

Write for Pamphln. 
FELT .. TARRANT MFG CO • 

•• -58 ILUNO •• aT •• Cliloaeo. 

" ECLIPSE" DRILL, TOOL A N D  
G R A V E R  S H A R PENER. 

The only prRCllcal device for the 
purpose at a moderRte cOst. Gives 
��lu"����e 

t,
n
:DII;��f:-byQ::,t;:..� of the two degree or Index cirCles 

with tbelr clamplnll thumb 
nuts. Bent postpaid on re
cei pt of 11.75. CIrculars 8en& 
on request. L. C. REISNER. 

'.:;:;;:�:��;�-:"---- tB�!f.�L�g!fl�t:� ��owmaD 
HALF A CENT U R Y  O]j' CYCLE8.-AN 
InteresUng history of the cycle from Its orlilln up to the 
present time. Tbe flrst crank·driven bicycle. The 
. •  bone-shaker " and its successors. The tricycle. The 
modern wheel. Cycle bui lding a science. POints of im .. 
pJ:ovement. The pneumat i c  Ure. A hand and foot cycle. 
Wltb 9 llIustrations. Contained In SCJENTIIrJC AMBRI
CAN SUPPLEMENT. No. ] O l �. Price 10 cents. To be 
bad at this office and from all newsdealers. 

J E SSO P'S  S T E E LTHB\1Er F O R  T O O L S , S AW S  E Te .  
W� J E S S O P  & S O N S  t: �  9 1  J O H N  S T  N E VI'  YORK 

" Write for our handsome BEARDSLEY 
style Poster. Sent free on appl ication . " 

r··.-·· .. ··················,·· .. · __ ··_··················-·_···_···· .
. 

· 

.. 
···_· ·· ···-1 ! ( ! ( j I i i : { 

j The ( 1 ; 1 American � 
1 Bel l Telephone 
1 Company, 
.: i I25 Milk Street, 

Boston, Mass. 

This Company own s Letters

Patent N o .  463,569,  granted 

to Emile Berli ner N ovem -
b e r  1 7, 1 89 1 ,  for  a combi ned 
Telegraph and Telephr)Oe, 
covering all forms of 

M icrophone Transmitters 

or contact Telephones . 

PRINTING INKS 
The SCIBNTII'IC AMBRICAN 1. printed with CHA8. 

ENIllU JOHNSON &; CO.'S INK. Tenth and Lombard 
Stl., Phlladelpbla. and 47 Rose St., opp. Duane. New York 

© 1896 SCIENTIFIC AMERICAN, INC.



rIassasoit Paper rlfg. Co. ,  HOLY���. "i.ASS • • MORSE TWIST DRILL & MACHINE CO .  
• • • Manufacturers of • 

� e · · · · · · · · · · · · · · · · · · · ·: · · · · :· · · · · · · · · · · · · · · · · · · · ·. 

WRITING 
.PAP� 

. . . . . . . . . . . . . . . . . . . . .  � . . . . . . . . . . . . . . . . . . . . • 
lULLS OF THE MASSASOIT PAPER COMPANY, HOLYOKE. 

And � All � Grades ,;I of � Flat ,;I and ,;I Ruled, ,;I T ub-Sized, � Loft-Dried. 
Great care taken to have Goods Uniform in Quality. and to have all orders filled promptly. 

w. s. H I L L E L ECT R I C  co. ,  
N EW B E D FO R D, M ASS. 

C .  S . M E N D E L L ,  M ANAGER. 

Manufacturers of .trlctly high grade 

SW ITCH ES AND S W ITC HBOARDS 
FOR ELECTRI C  LIGHT, 

POW ER AND STREET RAILWAY W ORK. 
SPECIAL ATTEN'l"ION PA I D  TO DES I G N I N G  

S W  ITCHBOARDS. 

EST I M ATES FU R N I SHED ON APPLICATION. 

Twist D ri l ls and Reamers, 

Screw Cutting Tools, Beach C h ucks, . i  II I 
M il l ing C utters a n d  S pecial Tools. 

FACTORY : 

New Bedford , 

Mass. 

rHE P U LSOM ET E R.  �L�1fl 
" The Contractor's Friend." 

OFTEN IMITATED-NEVER EQUALED. OVER 20,000 IN USE. 
R E C E N T  I M PORTANT I M P R O V E M E N TS. 

The Handiest, Simplest, and Most EtlIclent Steam Pump for General Mining Quarryln". Railroad, Irrigating, Drainage, Coal-washing, Tank-ti lling, Paper .Min, Sewer and BrIdge Contractor.' Purposes. etc., etc. Muddy or gritty liquids bandied without Injury to the Pump. 

P U LSOM ET E R  STE A M  P U M P  CO. 
Catalogue o n  A pp l ication Co rrespondence Sollcltcd. 

1 3 5 C R E E N W I C H  STRE ET, N E W YO R K .  
S E N D  FOR CATI\LOG U E. N o D I RT. No SMOKE N o  NOISE. No LICENSE. ABSOLUTELY SAFE. 

������7i Driving lamp send book descrlbinll' our lamp and agree to sell yuu 
one la'np or 8 pair at lowest wholesale price (very 

IT 18 the onl,. perfect one. much les. tban retaIl price). • I 
IT �Xk'·}" 1� 1:;t�� L C I  W , We want a�ents everywhere. ":e Irlve a!l'ents a i 
IT gives a clear. wblte light. Sample I.amp F ree under certam conditIOns. 

rr. �b��:':"ttr:,I!W::t
e
�rJ!f,,\i If you want agency, mention SOIENTIIl'IO AMER-

abead from 200 to 300 ft. lOAN and aak for full partlcnlars. IT burns kerosene. ....... 
~ 

R. E. DIETZ COMPANY, 

77 Laight Street, New York. , 
�ESTABLISHED t 840� 

DON'T DELAY ,Jf. KEEP POSTED 
B.stabllshed 1870' J O H N  BOLAN D ,  P RES I DENT. 

IT PAYS I 
Incorporated , 890. 

.----------------- � � �-----------------. 

moonty � BOland DtttdiOt }fgtnty 
" " " " " " " " " " " " " " " " " " " " "  

NBW YORK : CHICAOO : MINNEAPOLIS : 
1 30 B ROADWAY. S ECURITY B U I LD I N G .  C UARANTEE LOAN BLDG. 

R. J. MERNa, Gen') Manager. W. J. SUTHERLAND. G en'l Manager. E. FORTWANGLEB, Supt 

Do you believe that your paten t s  are being infri nged upon, 
or your t rademarks counterfeited, or imitated ? If s o, we can 
protect you r i nterests. 

Haye Y O I l  rea son to bel ieve that any ot  your competitors 
are see k i n g  t o  l earn your b u s i ness secrets, or that any of your 
employes are disl oyal ? If so, w e  can aid you to ascertain the 
t ru th.  

T h e  hi6"hest eth ics of t h e  lega l profession governing the 
relat i o n s  between t h e i r  cl ients and themselves has been our 
standard for m o re than a quarter of a centu ry. 

O u r  cl ientele  e m b races many of t h e  largest corporations in 
the country, i n c l u d i n g  Rail roads, Manufacturing Com panies, 
Ban k s, Trust and I n surance Com panies, Members of t h e  Bar, 
M e rchants, and others ; also the United States and Foreign 
Governments 

.;t. .;t. .;t. 
'INVESTIGATIONS UNDERTAKEN IN ANY PART OF TH E WORLD. 

C O R R ESPON D E N C E  SOLICIT ED. 

PENNSYLVANIA IRON WORKS COMPANY, 
B U I L D E R S  O F  T H E 

" G LOBE"  GAS,-----
• •  , A N D  • • .  

GASOLI N E  ENG INES 
for Stationary and 

Marine Service. 

nr Catalorruea and Prices on applicaUon. 

Address, 50th Street and Lancaster Avenue, PHILADELPHIA, U. S. I. 

Out of the Sea of Tires 
the name of one stands forth COD
spicuous. It is the original standard 
make of single-tubes,tbe tires whose 
speed and durability have won the 
whole world to single-tubes. � � 

You can have Hartfords on 
any high - grade bicycle if 
you insist. 

DON'T DELAY ,Jf. KEEP POSTED IT PAYS \ 

© 1896 SCIENTIFIC AMERICAN, INC.



Standard 
Typewriter 

Began in 1874 the history of practical 

writing-machines with its No .. ':: Model, at 

j Why Don't · ·You 
; - _ Run Your Files 

.;-......... ,by Steam Power? 
fields of usefulness have made Remington 

history a. rGcord of continuous success. 

�Ilnite Emery Wbeel is a rotary file whicb runs a mile a minute and wbose cutting points 
w dull. What the circular saw is to tbe hand saw, the Tanite Emery Wbeel is to the tile. He 

.> S  his workshop with suitably mounted Emery Grinding Machines yokes steam engines to his 
ad of men. 

Th� No. 6 " Model 
R.emington . , . . , ·.'anite Emery Wheel was invented in 1866, and its widespread advertising created a furor for 

j Emery Wheel. But wbat watt true of I he Tanite Wbee! was not true of all makes ; and what 
imed for the Tanite Wbeel could only be attained when tbat wbeel was properly selected , 

ly mounted and properly used. 'l'hus mounted and ust'd, a Tanite Wheel 14 x 1� blls ground off 
i20z. of cast iron in 30 minutes. while an expert, fi ler in t be same time only removed 5� oz.; and 

nite wheel 10 x 1 has ground off 5 lb •. o f  cast iron i n  Itl mi nutes. On saw steel tbe Tanite Emery 
t:el has removed in a gi ven period 126 times as much meta! as the file. . ' abundantly' maintains and increases the 

high reputation of former models. It is 
the most pronounced success of a phenome
nally successful career. It contains ; 

The productive capaCity of the Tonite Wheel as com pared with other wheels and other tools is notl 
theory, but a demonstrated fact. Light weigbt machines, poor w b eels and the substitution of weti 

;rinding for dry have inj uren the repute of the solid wheel. Those who wish to secure that economy! 
which first made the Tanite Emery Wheel II favorite should buy it now, in 1896, and buy with it that, 
long time experience which attaches to it. 

• 

Many Notable Improvements 

which materially increase the use�ul�ess, 
convenience, economy and durability of 

$ $ $ $ $ $ $ $ $ $ ! THE T ANITE CO. i the machine. _ t . -
THE STANDARD WR,ITING.rlACHINE OF THE WORLD. STROUDSBURG, Monroe Co. , Pa. ,  U. S. A. I 

NEW YORK- 1 6 1  Washington Street. CINI;;INNATI-139 East Pearl Street. f 
SEND FOR ILLUSTRATE!? CATALOGUE AND BOOKLETS. 

LONDON-Thomas Hamilton, 90 Cannon St. ,  E. C. i • , MANUFACTURED 

uNLY BY Wyckoff, Seamans & Benedict, 
I 
, 

j--:,:�.:��:::�=:�::�:::���:=�:,�=-::::�= ----.. -.-.--- --.---�I- .----������.:��� .�:':.��� 
Armstrong's Pipe ' Threading �++++'i<++++++++++++++++++++�,* � 

Cutting-Off Machines. ! ! HStmpncttp" ! �� and 
H A N D  O R  POW E R .  S I Z ES I T O  6 I N C H ES. i � or Construction is1)ne character-

? * :. 
i t istic of Sterl ing Bicy- ;: � 

New No. 1� Machine. No. 1 Machine. 

f ; des which has made + 
i � tpem so popular-so + � 
: � famous. + . ' ! + In  their manufac- +�. I * ture stress i s  · la id not � 
i � � i ; only upon STRENGTH + 
I + and ,fineness of material; q ual ity of workmanship + ; + and precision of detai l ,  but "simplicity" as wel l .  + ! + Then there are several features which contribute to + i + Sterling success-the Corrugated Hub, which admits ¥ " + of tangent spokes wifhot-It bending, the Sterling.Fork- + , + Crown-a special feature which many makers are � ! + attempting to imitate-and others. + ( + If one would pay a visit to the commodious Sterling + These Machines will also thread and cut Brass Pipe. , ¥ factory, the truth of the famous expression- + 1 + + 

No. 2 Stock. 

I i St�rUns Btcpcl¢s i � 
i = " Builf. £ik¢ a Watcb tt = 

Our Stocks _and Dies are universally ; : -wou1d be apparent. Send for our Art Catalogue � 
acknowledged to be THE BEST. I + if you have not received one. +' 

Water, Gas and Steam Fitters' T09Is, J : St¢rnn� C"cl¢ WorkS Hinged Pipe Vises, Pipe Cutters. I + . \) " 
� Send for Catalog. I ill, Cblcaso - \ ; lew �'orlc Boston Dtn"tr San franciSCO, 

BP. D���_
O
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