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SCHADOW'S GROUP OF THE PRINCESSES. connu or" the great unknown " problem of the Chagres. 
This trulr will be a gigantic undertaking. The Chagres THE youthful princesses Louisa and Fredericka von river drams an immense area of country between ra\lges Mecklenburg, who married the Crown Prince, after- on the Isthmus, and extending far inland to the south. ward King Frederick William III. , and Prince Ludwig The penning up of its waters wil l be no mean t.ask. of PI'ussia, charmed all classes of society in Berlin, and The almost periodic misdoings of this large tropical the great aim of artists of the day was to portray their river will receh-e due attentioll anon. When I left beauty and loveliness worthily. Gottfried Schadow, Panama in April  of this year (1886), the problem had who was.then a young artist, modeled two busts, and not been solved, or, if solved, the solution had not been afterward received an order for a life size group of the made public. Between February 28, 1881. and April 12. princesses. When this work appeared in 1795 at the 1886, innumerable surveys had been made by their best Art Exhibition in Berlin, it met with such universal men. Survey after survey has afforded no consolation to approbation that its execution in marble was deter- the company, and the controlling of that tropic torrent mined on, and thus one of Schadow's best works was seems almost impossible. A canal engineer who had preserved to us. spent several months on that survey said to me : "The We have the artist's own account of the conception da.mming of the Chagres seems a hopeless task. I, as a and later fate of the group. He tells us with what en- Frenchman, should not say so, but it is true never­tl;msiasm he worked on the model, how he took the theless." 

measurements from nature, how high ladies loaned If completed, the presence of an immense body of him whatever he desire� from the!r wa:rdrobes, and water in the immediate vicinity of a tide level can!!,l hoo,y the headdress of Prmce.ss Lou�se, WIth the. ba�d will be a constant source of danger. M. De Lesseps, m WhICh she wore under her chm �o hIde the swellIng m his estimates, named 100,OOO, l;00 francs or $20,000,000 as her throat, w�s ado�ted by fashIon. He also tells us th� probable cost of the bar1"age or dam at Gamboa. ho'Y he substItut�d lIght !it:apery for �he �ower ba�ket .,The dam will be 47 feet high, 830 feet in thickness, and WhICh t�e elder SIster. orlgmally �Il:rrled m her rIght over half a mile long. No one but an actual resident hand, WIthout chang-mg the positlOn?f the arm, a,nd in the tropics can form an accurate idea of what a how the altered model wa� executed m marble WIth tropic downpour means. The late Capt. Dean, who gr:eater care t.han any of. hIS other .works. We regret, had lived on the upper Chagres, told me that he had WIt? .the artISt, that thIS ma�terplece was doom.ed to seen it rise sixty feet as a result of only twenty-four obit vlOn so soon after completIOn. When the Prmcess hours' rain. Rains there often fall for days together. As Fredericka. who early became a widow, gave her hand already stated the sole outlet for the waters is by the to .the Prince of Solms a�ainst the wis�es of .t�e court, Chagrefl. Fu�ther, when we know and attempt to thIS group bec.ame obn oxIOUS to Freder�ck WIlliam ilL, realize that the valley of the Chagres, near Gamboa, aI?-d was. conSigned t� a chest, where It lay for .years. has no rocky bottom on which to build the colossal dam, Fmally It was placed m an out of the way hall m the we are dazed at the daring of the whole scheme. Berlin Palace, but there it was in such a �ark corner American and English enginee rs pronounce it im possi­that it could scarcely be seen, and remalUed almost ble and in spite of the French surveys it remains" the unknown until the j ubilee exhibition in Berlin last gre�t unknown of the Chagres.·' The damming of the year. Chagres of necessity means a new bed for it. Such is We sometimes find a certain hardness in Schadow's intended a new outlet near the island of Colon. Pass­creations, but he treated this group of the princesses ing from'this truly well watered scheme, let us continue in his most attractive manner. He was very successful on to Emperador and the Culebra section. The huge with the expressions of the faces, and in pose and slice to be cut out of the Emperador-Culebra hills prob­draperv he followed the ideal beauty of the antique. ably is the This beautiful group is one of the JIlost interesting 
works of modern art. -Illustrirte Zeitung. GREATEST PIECE OF EAR'rH CUTTING KNOWN. 

THE PANAMA CANAL. 
THE following is the paper on " Some Difficulties to 

be overcome in making the Panama Canal " read by 
Dr. Wolfred Nelson before the American Association 
for the Advancement of Science at the Buffalo meet­
ing. 

The Panama canal. as explained by M. De Lesseps, is 
intended to connect the Atlantic and Pacific oceans. 
Its length will be forty-seven miles. The canal after 
leaving Colon on the Atlantic closely follows the line 
of the Panama railroad, both crossing the swamps 
and quicksand in the Mindi section, thence on to the 
Indian village of Gatun, some eight miles from Colon 
beyond, the rail way also and the canal will cross the 
Chagres river. Ere reaching Emperador, the (',anal 
will cross the railroad several times. Two miles beyond 
Emperador is Culebra, or the" Summit " section� The 
railroad at Culebra is 239 feet 6 inches above the level 
of the Pacific ocean. From C ulebra by a series of 
windings it will reach the valley of the Rio Grande, 
thence to' the Pacific, termina.ting at Rio Grande, a 
small Indian hamlet at the mouth of the river of that 
name, in the bay of Panama, about one and a half 
miles from the city of Panama, or modern Panama, 
built in 1688. 

In the valley of the Rio Grande the canal will have 
to cut through swamps and small streams, and have 
for its immediate neighbor the Rio Grande or Grand 
river. For several miles inland there are numerous 
small arms of the sea, connecting with the river. At 
low water they are almost empty, at high water they 
have ten and twelve feet of water in them. At Pedro 
Miguel, six miles from Panama, on the line of the rail­
road, one of the arms, or "sloos " as they are called in 
California, reaches the railway embankment, the latter 
being but a few feet above the level of the swampy 
soil. 

On both sides of the Isthmus, the canal will pass 
through several miles of swamps, on the Colon side 
through swamps and quicksand and hard coralline for­
mation, on the Panama side through swamps and an 
extensi ve ledge of volcanic rock. 

Having briefly referred to a number of localities on 
the Isthmus of Panama, let us consider a few of the 
prominent and best known difficulties to be overcome 
by M. De Lesseps, if the Panama canal ever becomes a 
fact. 

Let us start at Colon. The island of that name is 
1,980 miles from New York City, on the bay of Limon. 
The island is about a mile long, by an average breadth 
of say one third of a mile. It is of a coralline forma­
tion, and abounds "in lagoons and mangrove swamps. 
The city of Colon, formerl y known as Aspinwall, is the 
Atlant.ic terminus of the Panama railroad. The island 
and mainland are connected by the railway embank­
ment. 

The Atlantic entrance to the canal is just beyond the 
embankment. Through the swamps in that vicinity, 
a cut, perhaps of two miles, hll£ been made. It was 
cut down to a depth of thirteen feet, but repeatedly 
the material thrown out has fallen back into the canal 
to be dredged out anew. The swamps and pockets of 
quick !land extend i nland for several miles. 

Those who have watched the Panama canal scheme 
from its very inception, and the visit of De Lesseps' 
now famous engineering commission to the Isthmus in 
1880, will remember that the level of the railroad at 
Culebra-239 feet 6 inches-was used as a basis for cal­
culating the cube of earth and rock to be removed ,  
Culebra being the lowest pass found in the hills during 
the careful surveys for the Panama railroad. Fully 
two years after the landing of De Lesseps' engineers the 
Culebra pass was not found suitable. To use it would 
make the bend or curve in the canal too sharp. The next 
best was found in that vicinity, but one hundred feet 
higher up, or 8S9 feet. 6 inches above sea level, thus add­
ing enormously to the cube to be removed as well as 
the cost. The first had been roughly estimated at 
20,000,001' cubic meters, and the latter 40,000,000 to 
GO,OOO, OOO. In 18Ba a commission of 

u. S. NAVAL OFFICERS MADE A REPORT 

on the canal. It was estimated by them that the Culebra 
eut alone would take fifteen years' work. Captain, now 
Admiral, Bedford Pim, R. N., who knows the whole 
Isthmus thoroughly from surveys conducted by h im 
for the English government, visited the Isthmus 
in the fall of 1884, and had unusual facilities given him 
for seeing everything on the axis of the canal. He 
estimated that fully ten years would be necessary to 
complete the Culebra sel}tion. His report to the late 
Secretary of State Frelinghuysen, later, was published. 
A series of drillings by an American contractor for the 
canal company very materially added to the knowledge 
of tbe Culebra. At a dep�h of 75 to 100 feet below its 
surface, a bed of intense I V hard rock was found, so hard 
that the dialllonds were torn out of the drills. In the 
original estimates the sides or banks of the Culebra cut 
were calculated, it is said, at one in one. Men of ex· 
perience, now on the Isthmus, state that such an angle 
is impossible in a country when the rain falls in torrents 
A gentleman now there, who can speak.from an actual 
residence of twenty years in the Isthmus and west 
coast of Central and South America, and formerly in 
the. employ of the Panama railroad, stated that banks 
on the Isthmus to have any stability must be one in 
four, and apropos of sharp angular banks, he cited 
some of the Panama railroad company's experience. A 
forty foot cut was made at Paraiso, with banks of the 
one in one type. Following rain, down they came, 
burying the railroad to a depth of twenty feet. A sin­
gle experience was sufficiently instructive. A new track 
was laid on top of the old one. Such was the railroad's 
experience with banks simply forty feet high. Now. 
then, let us consider the banks of the canal cut at 
Culebra. 

Place before your mental vision hills 839 feet 6 inches 
above the sea level, carry a perpendicular l ine to sea 
level, then add 27 feet 11 inches to reach the fioor of the 
canal. The latter will be 72 feet wide at the bottom. 
The perpendicular line from the surface to its meetin g  
the line o n  the floor o f  t h e  canal will measure 367 
feet. The canal, at water line, will be 92 feet wide. 
Calculate its banks at one in four to the surface. The 
surface cut will be nearly three quarters of a mile. 
Such were the figures given by an experienced engineer 
who made the calculation. Where the millions of 
cubic meters of rock and earth are to be plaeed, when 
loose. has not been determined. Certainly there are no 
dumping grounds in the Culebra district. Next ill order 
we shall consider 

Lesseps and his commission simply glanced at it, look­
ing upon it as a peaceful. malaria-producing swamp. 
As the result of the surveys by the American engineers. 
instead of a swamp only. a huge ledge was found 
at a varying depth of froID twelve to sixteen feet below 
the surface. The canal. if ever pushed to completion. 
must cross it. and there Mr. Dingler's immense tidal basin 
must be built. This was rather an unpleasant surprise, 
particularly as it came upon the company after three 
years' residence of their own engineers there. It is 
simply anotlier illustration that the canal scheme was 
entered upon hastily and almost without any accurate 
knowledge of the nearly insurmountable difficulties 
that surround M. De Lesseps' scheme. 

APROPOS OF TIDES, 

the tides of the Atlantic at Colon rise only some sixteen 
inches. while those a.t Panama vary from sixteen to twen­
ty-two feet. Hence the necessity for a tidal basin in 
what M. De Lesseps calls a sea level canal . The plans 
for this tidal basin, those designed by M. Jules Dingler, 
late director-general of works at Panama, are said to 
be very fine. They were exhibited by him to a com­
mission of naval officers of the U. S. , in 1883. The basin 
will contain a series of magnificent docks, built in stone, 
the basin to cover three quarters of a square mile. An 
engineer on that survey said that the basin as planned 
would cost fully $30,000,000. Let us leave its difficulties, 
but too briefiy referred to. and comlider elements that 
at all times threaten an Isthmus canal, the vast inun­
dations that fill the valley of the Chagres, and flood 
the country for many miles. Reference has already 
been made to Emperador and Culebra-or the" sum­
mit. " 

Emperador is about twelve miles from Panama over 
the "divide" on the Atlantic side. Between Emperador 
and Gatun, the railway runs along several valleys, 
following streams, etc. As stated. the canal closely 
follows it. Some nine miles from Colon, hills of con­
siderable size are met. The flood in the fall of 1879 may 
be taken as a fair sample of Isthmian floods. It was 
the result of the usual weather at that season of the year 
when the wet season is closing. After days of wind and 
rain, the river Chages overflowed its banks, and a flood 
fllled the valley. .1 he Panama railroad was covered in 
places by 

TWELVE AND SIXTEEN FEET OF WATER. 

Mr. Pedro Sosa, a Colombian engineer, took a bungo 
or native canoe at Tiger hill, about nine miles from 
Colon, and proceeded direct to Emperador, or over 
twenty-six miles of the projected canal. That flood 
lasted four days. Houses were washed away. In places 
the railroad disappeared. the rails and ties were bodily 
removed to new resting places. Several miles of the 
railroad were found covered by earth washed in by the 
tropic torrent. The deposit of earth varied in depth 
from a few inches to several feet. In Decem ber last 
(1885) and January of this year, severe " northers" 
blew at Colon, rains fell. Some twenty vessels in the 
harbor of Colon were wrecked and forty Hves were lost. 
Again a part of the Panama railway was under water, 
and traffic waS suspended for two or three days. These 
floods have occurred about every six years. The treach­
erous " northers" that have wrecked so many vessels 
at Colon are historic. What would become of a canal, 
particularly a sea level canal, under such treatment can 
be imagined. Description is unnecessary. Strange to 
say, the knowledge of these floods only came to the 
company after three years' work on the Isthmus. Mr. 
Robert K. Wright. Jr. ,  formerly of the United States 
navy, at that time an enginetor in the employ of the 
canal company, made the studies, got the exact infor­
mation, and laid it before the company. This was a 
new and truly "great unknown" to the company. Next 
in order, let us say something 

ABOUT THE CLIMATE. 

It is and always will be pestilential and death dealing. 
Those familiar with the history of the Panama rail­
r()ad know all about it. Those who do not can obtain 
valuable information by reading" Panama in 1885," by 
R. Tomes, Harper Brothers, New York. Yellow fever 
has been endemic for many years. It was epidemic in 
1854, 186!:!, 1880, 1884, and again in May and June of this 
year. When I left Panama in April of this year. there 
were many cases in Panama and Colon. During March 
there were forty-three deaths from it in Panama and 
fifteen in Colon. The Star and He1'ald of Panama., on 
its Spanish side, published the heavy death rate among 
the Colombian troops in the Panama garrison. In t.he 
first quarter of 1885 yellow fever, dysentery, amI tropi­
cal diseases killed fully one fourth of the admissions to 
the hospital. In May and June, during the height of the 
epidemic of yellow fever on the Isthmus, the death roll 
was given by the New York Herald as forty per day ; 
later the same paper said forty a day was within the 
truth. During the month of August, a vessel, the Agnes 
Campbell, arrived at Biloxi, Miss. , direct from Colon, 
with yellow fever on board. Between September 15. 

1884, and January 20, 1885. an epidemic of yellow fever 
developed in the shipping at Colon. There were fully 
one hundred and fifpy cases, with a mortality of two­
thirds. In July, 1884, : the Stm' and Herald published 
the death rate among the canal men of all ranks as be­
ing 109 per 1,000, 

The heaviest death rate stated unofficially in canal 
ranks was in November, 1884, when 6tiS officers 
and men were b uried . The magnificent system of 
hospitals at Panama and Colon amply attest M. De 
Lessepsf knowledge of the climate. well known in the 
old country as the "grave of the European." The 
system of hospitals. some sixty-fi,·e buildings at Huerta 
Galla, Panama, have cost over $2,000,000. 

In building the Panama railroad, the chief engineer, 
the late Col . Geo. M. Totten, met with serious difficul­
ties in theses swamps and quicksands. It is stated that 
his staff in surveying there failed to get bottom in 180 
feet, but as he was building a railroad the difficulty 
was overcome, as at Chat Moss, by throwing in im­
mense quantities of wood and earth, then making the 
roadbed over the sunken material. The swamps and 
quicksands are said to be quite an undertaking. Some 
canal engineers have stated that the waters of the 
Chagres can be utilized to flush the immense pockets 
of quicksand out to sea. Excellent, if possible. but," if 
possible, what becomes of the deep water harbor at 
Colon, at the head of the bay of Limon ? Next in order, 
let us consider the huge problem of 

THE RIO GRANDE RIVER, YELLOW FEVEI\ 

DAMMING THE CHAGRES RIVER, 

near Gamboa, well anel happily named by M. Levelley, 
'" celebrated French engineer, now living, la g1'and in-

its valley and surroundings. Standing on the highest sweeps away the whites, while pernicious fever kills 
part of Mount Ancon, just back of the city of Panama, both blacks and whites, the latter due to intense 
at an elevation of 504 feet, one looked down on the malarial poisoni�g, As to how yellow fever kills, I 
small hamlet of the river of that name, minor streams will cite the experience of the ill-starred Dingler expedi­
and miles of swampy country. The condition of the tion. It consisted of a party of thirty-three, and reached 
river and swamps of course depends upon the tides of Colon October 29, 1883. Within three weeks Count de 
the bay of Panama, the latter varying from sixteen to C uerno and Mr. Zimmerman had fallen victims to 
twenty-two feet. The Rio Grande district offers diffi- " Yellow Jack." Later Miss Dingler died, then Mr. 
Qulties that were unknown to M. De Lesseps and his Dingler, Jr. , andlflnally Mm. Dingler. Between the date 
flngineering commission of 1880. Three years after the of their landing, October 29, and January 22, 1885, or 
landing of the first canal expedition of engineers, a within fifteen months, fourteen of that party of thirty­
party of American engineers in the employ of a canal three had had yellow fever ; but one recovered. Per­
contractor made known the exact nature of the swamps nicions fever attack!! all, from infants in arms to 
of Rio Grande and the underlyin� formation. M. De able-bodied men in the works. Its invasion is 10 lIu4' 
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den, that many are stricken down while at work, the 
disease as a rule terminating fatally within thirty-six 
hours_ In July, 1884, a new cemetery was opened in 
Panama_ Its opening was the occasion for a holiday, 
a parade of troops, and the presence of a band of music, 
lead ing government officials made speeches, and the 
place took on a holiday air. 

Between the day of the joyous opening and the 12th 
day ;)f April, 1886, when I left the Isthmus, it had been 
fil led, and a new cemetery opened without any music 
was partially filled. The last grave bore the number 3889, 
plain black crosses with the year and number marking 
the last resting places of 3889 indi vid uals. This cemetery 
receives all the canal dead on the Panama side ; apart 
from those buried in the earth in this cemetery, several 
hundreds of the middle and upper dasses were buried 
in the booredas or stone vaults. During the same in­
terval, the foreign and Chinese cemeteries received 
their hundreds, and there were a few interments in 
the Jewish cemetery. The 

COST OF THE CANAL IN LIVES 

up to April last has been fearful. To send unacclimat­
ed people to the Isthmus is almost certain consignment 
to death. Finally, let us refer to the Isthmus, and 

less violent nature continued for several days. Minor 
shocks continued at intervals for over t welve months. 
I have records of them by the dozen. Humboldt, in 
his travels, refers to the effect of earthquakes in Col­
ombia. One authority on seismic disturbances states 
that an earthquake about a century ago destroyed 
40,000 lives between San ta Fe and Panama. Immediate­
ly following the earthq uakes of 1882, English scientists 
discussed the probable effects of such an earthq uake on 
a completed canal, and argued that its banks would 
suffer severely. 

THE FRENCH WAR SHIP NEPTUNE. 
THE port of Brest was recently the scene of th­

launching of the Nept.une, an ironclad, twin screw 
vessel of 10,500 tons burden, measuring 330 fe�t in 
length, 66 in width, and drawing 27 feet of water aft_ 
Her two engines wil l be of 12,000 horse power With 
forced draught. She will  be protected by an ironclad 
deck three inches thick, by a belt 01 armor plate. of a 
maximum thickness of 1712' inclJlls, extending from one 
end to the other of the float water line, and by a coffer 
dam filled with cellulose arranged at the extreme front. 

COST OF THE WORK. The turret.s will  be protected by plates 1312' inchea 
Five and a half years have passed since the landing thick, and will be partially covered with a turtle back 

of the first party of canal men at Colon. M. De Lesseps' I of steel, 27.:j: inches thick, designed to protect the men 
engineering commission of 1880 stated that it would and mechanism against musketry. 
cost $168,000,000 to comple'te the canal, and that a cube The artillery will consist of four 13� inch guns 
of 75,000,000 of cubic meters would have to be removed. placed in the four barbette turrets, seventeen 512' inch 
M. De Lesseps in person reduced the $168,000,000 to guns in the battery, ten revolving guns, and five tor­
$120,000,000, or 600, 000, 000 francs, placing the cost of pedo launchers. The estimated speed is from 16� to 
the complete ditch at that figure. In January, 1885, it 17  knots. 
is stated that the company was owing 700,000,000 francs, The accompanying engravings show the arrange­
or $140,000,000, to its share and bond holders, and that ment of the various parts of the vessel. The net cost 
t he interest on that sum was 22, 875,000 francs, or say is estimated at about $3,000,000. The hull alone cost 
$4,500,000. Quite recently the New York Times placed $2,000,000. According to custom, the launch was effected 

FIG. 1.-LONGITUDINAL VIEW. 

FIG. 2.-HORIZONTAL VIEW. 

FIG. 3.-SECTION 'I'HROUGH THE BATTERY • 
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Scale, 0'002 to 1 meter. 

THE FRENCH WAR SHIP NEPTUNE 
seismic troubles. There is a history of earthquakes 
extending back for several centuries. In 1858 a severe 
earthquake visi ted the Isthmus, and many of the 
strongest walls in the city of Fanama were damaged. 
'],he great earthquake of Septem ber, 1882, deserves 
special mention. At 3:30 a. m. on September 7, 1882, 
the whole Isthmus was violently shaken. In the city 
of Panama the cathedral was seriously damaged, a 
part of its facade was thrown into the Plaza square. 
A part of the cabildo, or town hall, was likewise 
thrown into the Plaza, its stone columns and a part of 
the roof were in ruins. Ruins were shaken down. All 
the buildings in the city were damaged. At Toboga, 
an island in the gulf of Panama, nine miles from 
Panama, apart of a rocky cliff was shaken down. At 
Cruces, midway between Panama and Colon, near the 
railroad, a stone church was literally shaken to pieces. 
As photographed by Mr. Demers, of the canal company, 
it shows a llIass of ruins. 

For miles the Panama railroad was us'eless. Track 
sun ken, upheaved, for six miles between Baila Mona 
and Colon; the iron rai lroad bridge at Barbacoas, 608 
feet long, was thrown out of l ine. The city and island 
of Colon suffered severely. A great fissure extended 
across the island, along the main street. Piles of lumber 
were shaken down, people thrown off their feet, etc. 
Su bsequently a fissure was discovered extending along 

the company's indehtednese at $166, 000,000, and the 
annual interest thereon at $6,000,000. By many the 
scheme is considered a commercial impossibility, and 
that $400,000,000 or $500,000,000 will be necessary for its 
completion. Further, that if completed, no tonnage 
now known will pay even one-half of the percentum on 
such a fabulous sum. The cube was placed at 75,000,000 
cubic meters. It is now known that fully donble that 
amount, or 150,000,000, must be removed. The com­
pany's indebtedness has risen to $166, 000,000, and less 
than one-sixth of the cube has been removed, accept­
ing the company's figures as accurate. 

M. De Les8eps recent.ly referred to' 'France's peaceful 
conquest of the Isthmus, " thus offiCially corroborating 
the statements made in a public speech at Panama by 
the Consul-General of France, who said : " France 
commenced the canali France will finish it. French it 
is, and French it shal remain," or words to that effect. 
His speech was publii!hed in the Star and Herald of 
Panama. 

Thus it seems that what was intllnded as a private 
enterprise in reality will end as a national undertaking 
that will place the" Gate to the Pacific " in the keep­
ing of La Belle France. 

the C hagres river. Its length was stated to be two, COAL has been struck near Omaha, Neb. , at a depth 
miles. It varied in width from a. few inchlls to several lof 540 feet. The �oal is said to be of very good quality, 
feet, closing below in abysmal darkness. Shocks of a and the vein is four feet thick. 

in the presence of the naval authorities and a large 
crowd.-Paris Illustre. 

THE PORT OF CADIZ. 
IN the most southerly portion of the Iberian penin­

sula, bathed by the Atlantic Ocean, and separated from 
terrajtrma by a narrow channel, is situated the Isle 
of Leon, at the nort.hern extremity of which stands the 
city of Cadiz. The city is seated on a mass of rock con­
nected with the island by a narrow tongue of sand 
which runs sensibly S. S. E . by N.N.W. , and which lim­
its the famous roadstead of Cadiz. On the land side. 
the heights of the Trocadero loom up in the horizon, 
while toward the west there exists but one low coast, 
which is frequently swept by the sea breezes. The bay, 
which is of wide extent. offers a secure refuge to ships, 
and although at times, on account of its large dimen­
sions, it becomes turbulent under the action of violent 
winds, such superficial agitation is not sufficient to af­
fect the security of the vessels. 

As for the movement of the water, that, however 
unlikely as it may appear, is scarcely known. It hll" 
not seemed useful to the engineers of the country tt 
gather any statistical data regarding the ebb and flow, 
the nature or importance of the deposits that forlll, 
the situation or location of channels, etc. So when the 
day arrived on which it was desired to proceed to the 
work of repair, difficulties were encountered that would 
not otherwise have existed. 
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FIG. I.-VIADUCT AND STOCKADE AT CADIZ. 
The port of Cadiz, which is situated east of the city, 

and in proximity to the railway station, is comprised 
between the San FeJipo jetty and the Capitainerie. 
We must not deceive ourselves as to the val ue of this 
word" port." For a long" time it has been customary 
to merely erect wharf walls that small vessels can come 
up alongside of at high tide ; but the sea, on retiring, 
leaves the strand bare in many places, and even at the 
base of these structures. The result is that boats of a 
certain tonnage have to anchor at a distance to unship 
their cargo, and take on freight through lighters. 
Now, such operations cannot be performed in all 
weather, and it is estimated that they are possible only 
during 240 or 250 days of the year. 

A part of the maritime and commercial movement 

At the moment the question was about being defi­
nitely settled, a company had already built a sea wall of 
blocks of beton, and was proposing to establish a cloi!<ed 
port in the interior of the space thus bounded. But 
this company was dissolved, and it was not till a few 
years after that its project was taken up again.  Mr. 
Genty was then sent to the spot, and proposed the fol­
lowing solution (see Fig. 2): to establish two floating 
docks, one of shallow and the other of deep anchorage, 
with the adjunction of a graving dock, and then, later 
on, a third dock, with a slip for repairs, and a lock 
chamber near the entrance to admit ships. The chan­
nel was to be 165 feet in width, and to be protected by 
two masonry jetties, of 328 feet each, resting upon 
rockwork. 

structed either with an infrastructure of rookwork, 
and costing $30 per running foot, or entirely of ma­
sonry at a cost of $40 per running foot. Moreover, this 
project would have required the erection, at the side of 
the bay, of moles costing $50 per foot in the one case 
and $60 in the other. As the lat.eral jetties were to be 
5, 240 feet in length, and the moles 860 feet, the cost 
would have reached $2,390,000 with the adoption of the 
rock work infrastructure, and $2,874,000 upon the whole 
being established in masonry 

In 1877 the commerce of Cadiz represented, export 
and import, a movement of from 800,000 to 850,000 tons 
of freight, corresponding to a circulation of 5,750 ships, 
gauging altogether 1,600,000 tons. In 1880, these figures 
had increased, and the total tonnage was estimated at 

FIG.2.-PORT OF CADIZ-PLAN OF FLOATING DOCKS. 

has shifted toward the Trocadero, where, ?-owever, 
nothing very satisfactory exists : and yet, III conse­
quence of its situation, the bay of Cadiz is easily uti­
lizable. This state of things had struck some quick 
minds, particularly that of a rich Spaniard, Mr. Diego 
F. Montanes, who, on dying, left a considerable SUIll to 
the city, with directions to have it applied to the fol­
lowing purposes : (1)  to works for the distribution of 
potable water ; (2) to the improvement of the port ; (3) 
to the creation of a model farm ; and (4) to the estab­
lishment of a naval college. 

The legacy was left under certain conditions, into 
which we have no desire to enter ; but in this way the 
money was at hand, and the work to be executed began 
to receive attention. Various projects were brought 
fur ward, only the principal of which-those of Mr. 
Genty-we shall examine. 

The estimated cost was as follows: 

Deep floating dock . . . • . . . . . . . . . . . .•. . . .  $338,000 
Shallow .. " • • . .. . . . . . . ... . . . . . . .  270,000 
Sluices. . . .. . . .. . . .. . . .. . . .. .. .. . . .  . . ... 80,000 
Lock chamber. . . ... . . . . . . . . . . . . . . . . . ... 41,400 
Graving dock . . . . . _ _  .•. . . • . . . . . . . . _ _  . . . . 124,000 
Entrance channeL . . .. . • . . . • • . . . .. . . . . .  100,000 
Filling in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  104,000 
Boats, houses, etc . . . •. . • . . . . .  _ _  . . . . . . . . 23,600 
Personnel. . . '" • • .. . .  " . • .  , . . . . . .  " . . . .. 75,000 

----
Total .. . . . . . . . .. . . . .. . . . . . . . . .. $1,156,000 

Another project consisted in the establishment of a 
tide harbor by means of dikes inclosing a suitable 
space as regards area and depth; the jetties to be con-

2,000,000 tons, and the movement of freight at 1,00",000 
tons. Since this epoch, the traffic has done nothing 
but grow, especial ly by reason of the improvements. 

The projects that we have just mentIOned were not 
carried out, and it was that of Mr. SalvatoI' Viniegra. 
that was adopted. 

Starting from Puntales, there was constructed a 
stockade that ended in a surt of quay built upon piles. 
and along which ships could arrange themselves in 
order to proceed to the handling of their freight. In 
this way, it was possi ble to reduce the expense COD­
siderably, and go to a certain distance from the coast 
to obtain sufficiently.deep water. 

The work consists of two parts, which are essentially 
distinct-the landin'g place and the viaduct leading to 
it. The whole is established upon a series of piles 
(Figs. 3 and 5), provided beneath with a screw that 

J]]llJJJlUJJ1D1lIIDlIllll,O:UJJID) 
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FIGS. 3 AND (.-ELEVATION AND PLAN OF STOCKADE. 
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permitted of sinking them in the sand without the 
necessity of erecting scaffoldings. 

The putting in place was effected as follows: To the 
extrelllity of the part already constructe0. and provided 
with its superstru cture, u, steam crane was b rought. 
By means of th is, each pile (which carried at its lower 
part a drum around which a cable wound) was put in 
position at  the place prescribed. The cable served to 
produce a rotation which caused the pile to penetrate 
the sand forming the bottom of the bay. 'l'he piles 
were sunk to a depth of from 3 to i2 feet, according to 
the consistency of the bottom, and in depths of water 
reaching 30 feet. 

The components of the viaduct are as follows: (1) a 
straight part, 688 feet i n  length, formed of thirty-five 
bays, each having a span of 19� feet, and starting from 
the quay of Puntales; (2) a curved portion with a ra­
dius of IJOO feet, of a length of 846 feet, and made up of 
forty-three bays equal to the preceding; and (3) a 
straight part 98 feet in length, composed of five bays 
of 19 foot span . 

These bays serve to support a 155 foot wide platform ; 

FIG. 5. 

this, we believe, being the first instance in which a war 
ship has been built and made ready for the reception 
o( h,�r crew by a single firm. The Victoria will be one 
of the largest ironclads in the British Navy. Her di­
mensions are: �engt?l 340 ft. ; b�eadth, 70 ft. ; mean 
draught, 25 ft. 9 lll. ; dIsplacement III tons, 10,500 1 h. p. ,  
12,000. She is protected by armor 18 in. thick, and is 
armed with two llO-ton guns, one 30-ton gun, 12 five­
ton guns, 12 six-pounder quick-firing guns, nine three­
pounder quick-firing guns, besides machine guns for 
smalier ammunition. She also has a powerful ram and 
eight torpedo dischargers. The Victoria being the 
heaviest vessel ever launched off the 'l'yne, the pro­
ceedings were witnessed by about 150,000 persons, who 
took up positions on both sides of the river, and even 
on the Redheugh Bridge, half a mile away, for the pur­
pose of witnessing the monster craft a s she took to the 
water. Among those in  the Elswick yard were Sir W. 
G Armstrong, Mr. Forwood, M. P. (Secretary to the 
Admiralty), and Mrs. Forwood, Lord Charles Beres­
ford, M.P. (Lord of the Admiralty), Mr. W. H. White 
(Director of Naval Construction), Captain Noble, Mr. 

FIG. 6. 
Transverse Section 

of Viaduct. 
Transverse Section of Wharf. 

and a railway has been laid from the quay as far as to 
the end of the stockade, a distance of 1,633 feet. 

As for the landing place (Figs. 4 and 6), that was con­
structed in the same manner as the viaduct, but, in­
stead of two rows of piles, it includes six. The upper 
part consists of a platform 674 feet in length by 64 i n  
width. The trains run chiefly on thll three central 
tracks, while the two outside tracks are especially used 
for shifting the four cranes u pon. 

These latter have each a power of eight tons. There 
is also a stationary crane of twenty tons, 

To construct this stockade, it took 6, 600,000 ponnds 
of metal, 39,695 cubic feet of wood, and ten months' 
time. The cost was$3,275,000.-Le f1enie Civit. 

LAUNCH OF H. M. S. VICTORIA. 
INTERESTING SPEECH OF SIR WILLIAM ARMSTRONG. 

ON April 9 the armorclad war ship Victoria was 
launched from the Elswick yard of Sir W. G. Arm­
strong, Mitchell & Co., Newcastle on 'l'yne, by whom 
she has been built for the English government. Orig­
inally it was intended that the vessel should be named 

and Mrs. W. D. Craddas, the Mayor of Newcastle (Mr. 
B. C. Browne) and Mrs. Browne, the Vicar of Newcas­
tle (Canon Lloyd), Canon Frauklin, Canon Bromley, 
Colonel Potter, C.B., Captain Chapman, Professor 
Garnett, Mr. P. J. Messent, and several aldermen and 
councilors of Newcastle. The religious service with 
which the proceedings began was conducted by Canon 
Lloyd, who read the 107th psalm and three short 
prayers. The vessel was then launohed by Mrs. For­
wood, who, as she touched the apparatus for liberat­
ing the ship, christened her the Victoria, amid great 
cheering. The launch of the heavy vessel had the effect 
of throwing up a large wave on to the opposite bank 
of the river, where several people received a severe 
wetting, while not a few were knocked down by the 
force of the water. After the launch, the invited spec­
tators adjourned to the mould loft, where refreshments 
were served. 

Sir William Armstrong proposed the toast of " The 
Queen," after which he gave " The Royal Navy and 
success to her Majesty's ship Victoria. " He said : The 
launch of to-day will be a memorable event in the h is­
tory of E lswick, not only because the Victoria is the 
first armorclad that the company has built, but be-

trust, will be as well satisfied with the 80ceet18 01 the 
operation as all spectators must have been with her 
efficient performance on the occasion. I am about to 
propose a toast, but beforA I do so I will take the pres­
ent opportunity of making some remarks concerning the 
Victoria and war ships in general. This is not a fitting 
occasion for me to criticise the policy of strengthening 
our fleet by the adoption of great armorclads rather 
than by the addition of swift cruisers of the protected 
class. I have said enough on this subject on many 
former occasiol1s, and I will now only observe that I 
am glad to see that our Admiralty are disposed to 
slacken their expenditure on tlwse gigantic ships in re­
sponse to similar a,ction on the part of other maritime 
powers, and that they are expanding their operations 
in the building of swift cruisers. I maintain, as I have 
always done, that this country requires above all 
things a numerous fleet of swift cruisers, not e:xtem­
porized ont of merchant or passenger ships, but spe­
cially built and adapted for the protection of the wide­
spread commerce upon which our very existence de­
pends, and for aiding in the defense of our colonies, 
which I trust will every year draw closer to the mother 
country. But what I chiefly wish to do on this occa­
sion is to direct your attention to t.he marvelous trans­
formation which has taken place within the last forty 
years in our ships of war and their armaments, and the 
enormous increase of efficiency which has been attained 
thereby. In an resthetic point of view it must be con­
fessed that our ships have sadly deteriorated. No 
more beautiful object could be seen than a great man 
of war of the old type under a press of sail. Poets and 
painters have delighted in depicting it. But the en­
gineer appreciates power more than beauty, and while 
a Ruskin would stigmatize a modern war ship as a 
" devil " ship, the engineer regards it as a splendid tri­
umph of mechanical skill. For · the purpose of com­
parison between ships of the old sort and the new, I 
can take no more fitting examples than the Victory and 
the Victoria, so al ike in name &nd yet so different in all 
things else. The Victory, I need hardly say, was the 
famous line-of-battle ship in which Nelson fought and 
died. She was one of the largest ships of her day, but 
her displacement or total weight with everything on 
board was only 3,500 tons, while the displacement of 
the Victoria will be 10, 500 tons. The Victory, in ac­
cordance with the usage of the time, was built of oak. 
The Victoria, in accordance with the present practice, 
is built of iron. The Victory was propelled by wind, 
over which lIIan has no control. The Victoria will be 
propelled by stearn. over which man has perfect mas­
tery. The Victory had the character of being an ex­
traordinary quick sai ler, and when the wind in its va­
garies happened to be exceptionally propitious, she 
could attain a speed of nearly 13 knots an hour. The 
Victoria, propelled by engines of more than 12,000 h.p. , 
may be expected to achieve about 17 knots an hour, 
and wil l  be independent of the wind. In regard to 
armament, the comparison in favor of the Victoria is 
astounding, and ought to open the eyes of those who 
are in the habit of disparaging the progress of artillery 
in this country. The armament of the Victory as she 
fought at Trafalgar consisted of 30 32-pounders, 80 24-
pounders, 40 12-pounders, and two 68-pounder carron­
ades, making in all 102 guns. The heaviest of these 
guns was under three tons, while the heaviest ou board 
the Victoria will be 110 tons. The largest charge of 
powder used on the Victory was 8 lb., while th� larg-

FIG. 'T.-VIADUCT AND STOCKADE AT OADIZ. 
the Renown, but this was afterward altered and thtl cause she is the heaviest shi p ever successfully launched est charge to be used on the Victoria will be 900 lb, 
name Victoria given to her instead, in honor of the in this country; for which reason the operation of The heaviest shot u sed in the Victory was 68 lb. , while 
Queen's jUbilee. The first rivet in the Victoria was launching was regarded as unusually critical. For my in the Victoria it will be 1,800 lb. The weight of 
driven by Sir William Armstrong in June, 1885, so that part, it was a great relief to see her 811.fely in the water, metal discharged from the broadside of the Vlctory w:as 
she has been nearly t wo yell.rs in building, and nearly and I trust her succe8sful launch will be the cOlllmence- 1,150 lb., against 4,760 lb. from that of the Victoria. 
It similar period will have to elapse before she is ready lIlent of a succesfi<ful clI.reer. She has been honored But the power of the broadside discharge of each ship for delivery. She will then, however, he in perfect with the name of Victoria, which , in this jubilee year, is better indicated by the quantity of powder expended 
fighting order, the firm which has built tIle vessel also confers a high distinction on the ship, and she has than by the weight of metal discharged; and while the providing her wtth a.ll her armamentl:l aud machinery ; been launched under the auspioes of a lady who, I broadaide Are from the Viotory consumed ODly 826 lb •• 
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tha.t from the Victoria will consume 3, 000 l b. In  
point o f  ra.nge, accuracy, penetrati ng power, a n d  shell 
power, the difference is so great in favor of the Vic­
toria that a comparison would be ridiculous. I have 
yet to give you the particulars of the Victoria's arllla­
ment. It will consist of two nO-ton guns, mounted on 
a revolving turret and firing ahead or on ei theJ side ; 
12 five-ton guns, 12 six-pounder q uick-firing guns, and 
nine three-pounder quick-firing guns, and a consitler­
able number of machine guns for slr,aller ammunition. 
Besides her artillery armament the Victoria has a pow­
erful ram, and she carries eight torpedo dischargers­
four above water and four below water. In the figh t­
ing days of the Victory, ramming was little practiced 
and torpedoes were wholly unknown. Therefore, in 
these respects no comparison can be drawn. But there 
is another point of view in which the Victoria COIll­
pares in 2t highly favorable degree with the Victory, 
and that is in the smallness of the number of officers 
and men required to handle and fight the ship. The 
complement of officers and lIIen on board the Victory 
was 850, while on board the Victoria it will only be 550, 
of whom 110 will be engineers and stokers, leaving only 
440 officers and men in a combatant capacity. Thus, 
although the Victoria is three times as big as the Vic­
tory, and prodigiously superior in offensive power, there 
will only be half the num bel' of men exposed to death 
and wounds in the working of her armament. This re­
sult is chiefly due to mechanical appliances which in 
recent years have been introduced for working the guns. 
At the commencement of my career as an artillerist it 
was regarded as an axiom that no gun exceeding 5 tons 
weight could be worked on a movin g platform such as 
the deck of a ship. A gun of 5 tons 12 cwt. , firing a 
charge of 20 lb. of powder and a shot of 6; lb. , has 
been tried on shipboard and found unmanageable, and 
it had to be replaced by a gun of 4 tons 15 cwt. , firing 
only 16 lb. with the same weight of shot. At the 
present day we have to deal with guns of 110 tons, 
which have to be charged with powder and shot weigh­
ing together 2,700 lb. It is manifest that the loading 
and manipulation of such a gun could not possi bly be 
effected by the manual labor of any number of men 
that could be crowded around the gun, but it has been 
effected by the employment of a very few men acting 
through the agency of hydraulic machinery invented 
and reduced to practice by the former Elswick Com pany, 
and largely covered by patents now vested in tlHl pres­
ent company. Then, again,  to go from the largest to 
the smallest artil lery gun to be used in the Victoria, 
which is the 3-pounder Hotchkiss quick-firing gun, we 
have another example of what mechanicians have done 
for artillery. It  is a gun of great range and penetra­
tive power, which by Illeans of mechanical arrangements 
can be fired with deliberate aim twenty times a minute 
by the employment of only three men. Or, if we take 
the quick-firing gun which has recE"ontly been designed 
and perfected at Elswick, and which fires any desired 
weight of projectile between 30 lb.  and 40 lb . . and 
com pare it with the old 32-pounder such as the Victory 
carrilld, and which required eight men to work it  at the 
rate of one round a Ulin ute, we have i n  the new weapon 
a gun of enormously greater power. which can fire ten 
rounds a minute with only four men to serve it, so that 
this gun with four men to serve it will fire as Illany 
rounds per miu ute as could formerly be fired by eighty 
men with ten guns. 

But while admitting, as all must do, the vast supe­
riority of modern war ships over those which preceded 
them,  you will probably say, .. Look at their enor­
mously greater cost and the burdens they i mpose upon 
the taxpayers. " Now, I think t here is a great deal of 
fallacy about  the im1Joverishing effect upon the nation 
of this i ncrease of cost ; e very penny spent upon ships 
of war is spent i n  the country, and every article used 
in their' construction is  derivE"od from the natu ral re­
sources of the country. The nation.  taken as a whole. 
pays for its ships out of one pocket an d receives the 
money into the other, and I do not see that it is much 
the worse for the openttion. Much is said about the 
difference between p'l'oductive and non-productive ex­
penditure, but I fall to see how expenditure on war 
ships can be called unproductive when we gain by it 
protection from aggression on our coasts, our colonies, 
and our com merce. As well might we sav that the vast 
expenditure o n  the piers at the mouth of the Tyne was 
unproducti ve, because we had nothing to show for it 
beyond the protection of our merchant ships from the 
violence of the sea. War ships are needed to protect 
us from the violence of our enemies, j ust as piers and 
breakwaters are needed to protect us against the vio­
l ence of the sea, so that the economic aspect is the 
same in both cases. At all events, men want work in 
every department of industry, and additional outlay in 
any one department ramifies in every direction and in­
directly benefits every other branch of industry. But I 
must not digress into political econolllY, but proceed to 
the main object of Illy risin g, which is to propose the 
toast of the Royal Navy and success to the Victoria, 
coupled with the health of Mr. Forwood, the Parlia­
mentary Secretary to the Admiralty. 

Mr. A. B.  Forwood, M.P. ,  responded, and contrasted 
t.he state of the navy fifty years ago with its condition 
to-day. The figures he q uoted ought, he said, to bring 
horne to the peopl e of the coun try the n ecessity of the 
expenditure that the country had at present to meet, 
and the necessity of maintaining our navy at the high­
est. point of efficiency com pared with the navies of 
other nations. He learned that the new vessel could 
remain at sea, at a high speed, for a distance of some­
thing like 5,000 knots, or very nearly the distance from 
here to New York and back. While he believed it was 
necessary to keep the naval dockyards fully employed, 
he approved the system of aHowing the extra vessels to 
be built by the private firms of the kingdom. He con­
cluded by proposing " Success to -the Elswick tirm . "  

Sir W .  G .  Armstrong replied, a n d  stated that the firm 
had recently completed a swift cruiser for a foreign gov­
ernment, w.l;lich, on being tried, aU-ained the speed of 
1 972' knots an hour, and was thus the swiftest cruiser 
a11oat. 

JARDIN'S HYDRAULIC PRESS AND 
INJECTION PUMP. 

THE substitution of the hydraulic press for the screw 
press for the extraction of oils is now nearly complete. 
Aside from t.he ad vantages that it posseRses, as regards 
facility of maneuvering, it is much appreciated for tIle 
rapidity with which it gives a very strong pressure, 

thi s  being an indispensable condition for the preven­
tion of the oils being retained by the cake. 

In most small oil works, the inject ion pu mp is 
actuated by Illanual power ; but plants of some size are 
all provided with a steam m otor, which requires, ac­
cording to circumstances, the use of accumulators and 
pressure regUlators. 

Mr. Sylvan Jardin h.as succeeded in devising a hy­
draulic press w hich is equally well adapted for both 
slllall and large works, and which enables the former to 
substitute horse power for manual labor, and enables 
t.he latter to reduce the cost of the first establish ment 
to a considerable degree. 

Fig. 1 shows a model of a double press with an in ­
jection pump having two distributers and a pressure 
gauge graduated up to 300 atmospheres. This appara­
tus is maneuvered with a long lever by manual 
power. In works that have stearn power, there is sub-

brass rod, I, which is connected by a transmission wit.h 
the regulator described further along. At J is a fcirc� 
val ve, which, l i k e  the preced ing val ves, has i t.s head 
traversed by a groove. All these parts, with t.he excep­
tion of  the Mlaneu veri ng l ever, are of phosphor.bronze. 

The pressllrp I'e!!ulatol', �hown i n  Fig . 2 alongside of 
the pump, can he fixed u pon thp, latter or be placed in 
any convenient l ocation i n  the  works. It  i s  conn ected 
by a pipe with the exhaust of the pump, with  tIll' 
presses, or with  t.heir distributers, through a second 
conduit. It consists of a cast iron cylinder mounted 
upon a frame and traversed by all iron rod turned 
to two d ifferen t  diallleters. This rod , which forms 
a plunger, passes above and helow th rough stuffing 
boxes. and is provided at its lower end with a counter­
poise that exerts a determinate resistance. 

Above, it is provided with a cast iron head. As lon g 
as the pressure has rlot reached its maximum intensit.y, 

FIG. l .-DOUBLE HYDRAULIC PRESS. 

stituted for this pump the one shown in Fig. 2 with its 
self-gearing regulator t.o the left. 

It may be remarked that the columns that are usually 
used to connect the cross piece with the press cylinder 
are here replaced by an iron ring forged in a si ngle 
piece, owing to which the pressure exerted upon all 
the parts of the apparatus thus rendered interde­
pendent is distributed uniforml y. 

'.rhis arrangement has the further advantage of re­
qui ring no foundation .  

Whatever be t h e  mode o f  actuating the pump, it is 
provided with a safety valve. and with cut-offs with 
posphor- bronze points that take the place of ordinary 
val ves, the use of which with high pressures is attended 
w i th some inconveniencE"os. 

An inspection of Fig. 2 will show how the stearn 
p u m p  is arranged. The valve box of this  apparatus 
llIerits attention, and in Fig. 3 we gi ve a section of it. 

lt  will be seen that the tube, B, that connects the 
box, A, with the pump cylinder is cast i n  a piece with 
the box, and that the latter is  provided with a boss, F (in 
which is  held, by a nut, the flange of the force pipe, G), 
and a lateral piece, C, that supports the lever of the 
safety valve. The suction valve, H, is screwed to a 

FIG. 2. 

the counterpoise remains immovable ; but, at the 
moment that it is about reaching this point, the cylin­
der rod rises and lifts an irol1 weight suspended from a 
chain,  which, through guide pulleys, descends verti­
cally, and is hooked to the counterpoise of the auto­
matic gearing of t.he pump. Since the chitin slackens 
by reason oi being l i fted by the head of the cylinder 
rod, it allows the gearin g  counterpoise to descend,  and 
thus determines the lifting of the suction val ve from its 
seat, and consequently the pump's running empty. 

When the pressure lowers, the regulator counterpoise 
redescends, as does also the chain weight, and the chain 
lifts its counterpoise, and the latter, taking its initial 
position, lowers the lever of the valve and allows the 
latter to fall on its seat. 

The water under pressure is sent into the pre8ses 
by Illeans of a special distributer, shown in section and 
elevation in Figs. 4 and 5, as arranged for use with two 
apparatus. 

This distributer consists of a cylinder, with which is 
cast in a piece an el bow that connects it with the regu­
lator, and that contains a i� inch aperture through 
which t.he water arrives u n der pressure. 

This water distributes itself throughout the central 

FIG. 3. 
FIG. 2.-INJECTION PUMP AND PRESSU R E  REGULATOR. FIG. S.-VALVE BOx.. 
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chan nel of the apparatus, from whence it i s  forced to I Th us, an underestimate of the powers available for 
the presses by pi pes, J, I l louuted in n uts and held by rid ing l eaels !<> too great attention to lightness and so 
their collar, e, w hich presses u pon the l('ather, c. to weakness of construction, and to the red uction of 

Either of t.he pUlIlpS I llay be stopped at will ,  or both the size of steering wheels, and expend iture of a large 
at once, by llleallS of the screws, C, w h i ch are maneu· aIDount of the driving force in vibration consequent on 
vered by means of hand w h eels. These l"crews t.erminate such reduction, Again, some machines are described 
in a poi n t  that can be appl ied agai nst a seat in front as enabling riders to drive by their weight as an addi­
of the orifices th rough which the wa.ter is forced, so as tion to their muscular force. An accnrate knowledge 
to isolate them from the conduit  u nder pressu re. of elementary mechanics would check such misstate-

In order to obtain a hermetical junction. these screws ments, and prevent purchasers from being misled by 
are made to traverse the n uts, I. screwed up against them. Weight is a useful form of applying muscular 
the leather washers. b. force, but no more. It requires to be wound up by 

When the operation is terminated, and it is desired muscular force after each expenditure. 
to turn the water of the presses into t h e  reservoir of I aim in this paper at fixing sound principles in the 
the pump, the upper screws, A, are ma.leuvered by mind by familiar i l lustration8. being assured that by 
lIleans of winches unti l their pointed ends leave the being m ad e  matters of interest to the mind, they will 
apertures, k, whence start the Tall inch discharge pipes. get a firm hold upon it, and abide there in full force 
I II Fig. 5, it will be seen that the discharge h oles, k, are and practical usc. A misch ievous notion is that en or­
plugged at k' .by two threaded bolts. mous leverage can be made available for driving easily. 

All the parts of this distributer, save the hand In practice, if a man introduces it between the hand 
wheels, winches, and pipes, are of phosphor-bronze, or foot and the gearing, he h as to undo it all between 
and are sufficiently strong to be capable of operating the gearing and the radius of the driving wheel. In 
under a pressure of 300 atmosphere:,1. -Revue Indus- p rinciple it confounds statics and dynamics. It con­
trielle. founds the llIeans of putting or placing a mass with 

THE CYCLE AND THE ROAD.* 
By the Rev. J .  M. TAYLOR, Beaconsfield. 

THE first principles laid down were : 
1. In pedestrianism the l ocomotive value of each act 

of self propulsion is limited to the length of the steps 
or strides of the limbs. 

2. S uch limitation is due, ill part, to the necessity of 
carrying the load as well as of propell ing it. 

3. A cycle, or wheeled vehicle rol l ing on a plane, has 
a weight-carrying power of very high value. 

4. The locomotive powers of the human body, when 
applied to the cycle on such a plane, yield locomotive 
results far greater than those which the pedestrian has 
at command. 

These wil l be found sou n d  and instructi ve in regard 
to all the main points to be observed in cycle in vention 
and use. One hortle with tractive power of 166 lb. can 
draw 8 tons on a level stone traul way. It would reo 
quire 100 times that power to lift that load. On the 
still reach of a canal a horse can keep 500 tons in mo-

the dynamical use of power in giving traveling or pro­
jectile velocity to that mass. A form of this error in­
volves abandonment of a first principle in cycling. 
The powers available for effective driving are the loco­
motive powers of the pedestrian and of the oarsman. 
Instead of these. it is supposed that some subordinate 
meJJJ ber, as the hand or foot-subordinate in the sense 
of being a part only of the locomotive mechanism of 
the human frame-can, by the aid of such leverage, 
take the place of such mechanism. Errors innumer· 
able, more especially in hand motors, have proceeded 
froUl that delusion. Again, variable speed gearing is 
simply a variation of leverage. Within certain limits 
i t  is of value ; but undue expectations are built upon 
its use, the error proceeding from the false idea that 
the powers of the body are, in cycling, only the raw 
material of the force used, and that the whole question 
of using it depends upon the mechanism of the cycle. 
The correction lies in this point, that the human frame 
itself contains the locomotive and projectile mechan­
ism, while that of the cycle simply modifies its applica­
tion to wheels. 

high speed, the scores of miles which ('.an be quietly 
traveled by elderly men, whose feet would be worn to 
exhaustion on foot after a fraction of such distances­
these are facts realized, and, so to speak, outdone, year 
by year. I have n ot traveled more than 24 lIJ i les my­
self in the day, but with 15 stone to carry and a ma­
chine which at that tillJe weigh ed 168 l b. ,  to say that I 
did not, on a journey of 16 lIJ i le�, t he day after, experi­
ence the smallest sign of stiffness or irritation in any 
member of the body is  a fact wh ich entitlfls me to claim 
a place for my inveution. It also plainly indicates that 
on ways suitably prepared the cyele wi l l  be found as 
well adapted to h eavy, useful work as to high speed. 
With the prospect of enlarged application of the cycle 
to useful  purposes, it is, of course, most important to 
have the clearest understanding of the proper mode of 
using the bodily powers, in order to render them tho­
roughly available. Creatures which are superior to man 
in locomotive power are Sl) because t heir whole bodily 
framework is a combination, in one point  of view, ex­
pressly for that object. Man cannot, then , expect to 
improve his position i n  this respect by an y use of hand 
or foot which does not apply and perfect the use of his 
largest bodily powers. Inventive skill would be thrown 
away which sh ould seek to make hand power or foot 
power a su bstitute for his proper locomotive powers, 
instead of treating them as instruments for applying 
those powers and adding to their effect. 

In applying these remarks to the pedal or foot cycle, 
as i t  now is, I shall give the h i gh est honor to the phi­
losophy of the llIatter by the w i l ling ad lllission that 
true philosophy honors and COli firm s  the value of 
everything in the past which has practically proved 
its right to the place which it occupies. I need not cite 
any special maker or form of cycle, when so many are 
worthy of their position. I n eed not inquire whether 
the designer has arrived at the true l ine of llIechanism 
for the propellant powers of the hody by rule of th umb, 
by close imitation of useful types, or by refflrence to 
mechanical princi ples. You lIIay see in these machines, 
when in good h ands, the action of the loins and all the 
members below them which are used, and in great 
measure as they are used, in running. You JIlay see i n  
the pull 'on handles well placed a pull u p o n  t h e  shoul­
ders, which gets a certain amoun t  of back and shoulder 
work, adding to the power of momentum of the stroke. 

FIGS. 4 AND 5.-DISTRIBUTER FOR TWO PRESSES 

tion for hours. These extreme cases show, in principle, 
how great is the dIfference in the power required, when 
in one case it is  req ui red s imply to propel a load, and 
in the other to propel it by l i fti n g  it in part or wholly. 
How importan t a matter is the com prehension of prin­
ciples appears at once from the instances thus given of 
the extraordi nary value of tramways or ca n ltls as con­
trasted with the makeshift common roads of this coun­
try, on which 17 cwt. is a one-horse load, even when 
carried on wheels. 

Different, indeed, is the stage of perfection now at­
tained in cycle construction from that of the roads 
available to 'carry them. Hut we m ust not be content 
that this d ifference should contin ue. T h e  machine is 
only one half of the matter. The road or way is the 
other half. We must not do things by halves. We 
m ust bear in mind that the prosperity of the country, 
as well as of cyclin g, is essentially connected with a 
sound system of ways sui-table for transport and C01l1-
munication throughout the land. It will not suffice 
to improve, nor even to restore. The competition of 
foreign nations demands decided advance. Th us. in­
stead of sending an engineer to ascertain whether a 
road in a certain locality is fit to carry a cycle, thfl re­
port should be whether, in regard to foundation,  m a­
terial, sufficient and seasonable attention. i t  is fit to 
carry existing traffic with thorough economy winter and 
summer, but especially wintn ; whether the changes 
made in towns, under the pressure of necessity and of 
urgent local influence, are also carried out where the 
matter is out of sight, and out of reach of t.he i m medi­
ate interposition of such influence. Nor would the en­
forcement of  even t.hese measures fully lIIeet the  busi ­
ness requirements of the times. The further question 
is, whether t.he ways, even of the towns, are, at their 
best, what they ough t to be. 

Cycling will  confer an enormous benefit on t.he coun· 
try if it  bri ngs back thq.t sharp and efficient criticism 
to the road s which left them when men of business 
left them with the coaches The position of the cycle 
with reg-ard to sound principles is certai nly that those 
p rincipl es al'e honored to a great extent. It dOflR not 
fol low t h at they are fully understood. It is certai n 
that flO far as they are not understood, fanciful ideas 
w i l l  cOl l i e  i l l .  Ilnd prove the occasion for lII l l ch trouble. 

• Abstrl'Ct ot paper read before �l1e Inventors' lQsti�uLe, April lB, 1887. 

For a most instructive typical illustration of the lo­
comotive powers of the human body, I shall borrow 
froIl! the gymnasium. The exercise of taking heavy 
weights from the floor, and making them travel up­
ward till they are shot aloft above the head or shoul­
ders. is a splendid form of action in momentum pro­
duction.  The pedalist and the oarsman may alike 
draw from this type of compound speed-pr Jducing 
mechanism. The line of its action, or, rather, the cal i­
ber of its action, l ies between the shoulders and the 
fect, and is pre-eminently the line of power and loco­
motive force of the man. The doubl e step of the Ro­
man soldier on the march was 5 feet ; the double step 
of the cycl ist on wheels geared up to 60 is 5 yards. The 
action in the " Oarsman " tricycle is  a close approach 
to that of the weight-lifting exercise of the gymnasium, 
or, in other words, the rowing act.ion with tho sliding 
seat. AR the momentum-generating action of both 
legs is u sed together, it is a form of the standing j ump 
with supplementary shoulder and arm lift. One such 
action suffices to carry me 20 yards from a state of rest. 
The long jump of the athlete is excellent at 20 feet, 
with the  impulse of a short run. If I take the impulse 
of one q uiet stroke, as a take·off run before my leap 
(on wheels), that 20 yards is doubled. I am not citing 
this as an i n stance of the superiority of the " Oars­
man " over the many beautiful machines with ped al 
action. Its rank among others has to be tested by 
men of half my age and three or four stone less weight. 
Any cycle which can be put into a condition of high 
speed would cover many yards, if allowed at any mo­
ment to rUIl out its course to a standstill. I am show­
ing- h o w  thoroughly the weight-propellant action of 
the gymnasi um is  got into cycle form in my invention, 
that so large a resu lt as 40 yards run should be got 
from the second stroke from the state of rest. 

The princi ples which I have put forward in this 
papE'r, and il lustrated so largely from artificial and 
natu ral forms of exertion, are abundantly verified in 
the cycles of the day, viz . ,  that the locomotive me­
chanism of the h uman frame, when employed in the 
work of propelling only, and rel i eved of the office of 
carrying the load propelled, will yield results vastly in  
excess of those which are measured by the steps or  
strides of  the pedestrian, when applied without such 
aid. The tremendous pace at which the cycle can be 
driven, the long distances which ca.u be covered at 

In the " Oarsman " tricycle I get the full spring from 
the foot ppdals and rapid act.ion of the shoulder, with 
a foot or fifteen inches of loin action by the use of the 
rocki n g  seat. The arms are relieved of the heavier 
part of the work in the first part of the action, so that 
when the work comes light upon the hands they take 
it up with the more vigor for the rest afforded them ; 
and as the road does [Jot offer the resistance to high 
speed which is so astonishingly great in water, there is  
an extraordinary amount of l i fe in a well ar�-finished 
stroke, and a speed whi ch no sculler could reach in 
water. It is a curions fact that the difference between 
conformity and d i sagreement with sound principle 
should lie in such simple matters as the position of a 
handle, a form of saddlfl, the distance of a saddle from 
a foot pedal, or the position of a foot on the pedal. 
But, in point of fact, they are all important matters. 

In the " Oarsman " tricycle I get this principle of 
momentum so thoronghly carried out that no hand 
machine which has levers linked to cranks and driving 
wheel s could expend it without jerking the levers out 
of the hands, and making them hammer most danger­
ously. I get an average of 12 yards to the stroke, and 
should therefore require wheels 12 feet in d iameter, if 
the effect of the stroke were limited to a single revolu­
ti�n of the driving wheels. This shows how complete­
ly hand motors generally neglect the whole system of 
momentum generation in th eir construction, and the 
true locomotive line of force of the human m echanism. 
I am not here tu deny them a field of usefulness ; but 
it is their characterist, ic feature that, not using the 
dynamic mechanism of the human frame for generat­
ing velocity, they require C'onstant application of force 
for slow motion. The " Oarsman " is free from the 
charge that the arms cannot take the office of the legs 
in driving for want of power. They do not take that 
office ; direct 'driving from the rocking seat relieves 
them of it. It is a most powerful momentum gener­
ator. In ascending long gradients I use the arms less 
than when running at speed on the level . I have no 
arm-ache in 20 m iles of riding. Good speed is attained 
with so Iow a rate of stroke that the wind is not pressed 
at all I have run a mile and a half in seven minutes, 
with full ability to speak calmly. In running against 
two gentlemen on a ., Sociable, " I have called their at· 
tention to this fact. The manner of the stroke for a 
speed of 10 miles an hour is to �in to swin� forward 
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slowly and deliberately immediately at the end of the with a little ink from the inking slab, is then passed 
stroke, and then, without any jerk, put the weight into over the transfer, causing the ink to arlhere firmly to 
the work from the stretcher (the foot pedals) with in- the parts affected by the light, and removing it from 
creasing rapidity to the finish. With such a mode of the parts unacted upon. It will be found that with 
driving on a good, firm, level road, the work is wonder- practice, rolling slowly and carefully as a letter-press 
fully light, and the rush of the load is remarkabl e .  printer would his form, the ink will be removed by 

We are aided, in one point of view, in endeavoring the roller according to the action that has taken p l ace 
to set on foot a thorough revision of our road communi- by light, leaving the shadows fully charged wit�. ·�k, 
cations, that they have come down to a very low point, and the high lights almost clear, th.. weak lights a 
indeed, and that agricultural depression is, at the least, grained transfer in greasy ink. The transfe" is next 
materially enhanced by such a state of things. When put into a weak bath of tannin and bichromate of 'pot­
it can be shown t.hat a main road, sixteen miles from ash for a few minutes, and when taken out t.he surplus 
Lonaon, carrying (or failing to carry) very heavy traffic, solution should be carefully dried off between clean 
is allowed to use a loam gravel 20U per cent. in ferior to sheets of blotting paper. The transfer is hung up to 
granite or its equivalent, and that half a mile further dry, and, when thoroughly dry, the whole of the still  
on better m aterial is found unfit to maintain a level.  sensitive surface should be exposed to light for about 
true surface, we have a claim to be h eard by the gov- two minutes. A weak solution of oxalic acid should 
ernment of the country for the introd uction of a new be used for damping the transfer (about 1 in 100), and 
state of things. When we further bear in mind that this should be applied to the back of the transfer with 
railways from the seaport towns offer every facility to a 80ft sponge. After it has been damped about four 
foreign competitors to get to our markets without the times, it should be carefully put between clean sheets 
iutervention of our antediluvian roads, our case is  of blotting paper, and the surplus moisture removed. 
strengthened to the highest point of urgency and ne- A cold polished stone is then set i n  the press, and after 
cessity. I need not say that the large employment of e verything is ready the transfer is placed on the stone 
hands out of work, in a process of reconstruction, would I and pulled through twice. The stone or scraper is then 
be an enormous benefit to the country, and especially reversed, and the transfer is again twice pulled 
to Ireland, at this present moment. To find l abor for through. A moderate pressure and a hard backing 
labor's sake i s  a simple recognition of pau perism ; but I sheet should be used, care being taken not to increase 
to make roads 200 per cent. better would make such the pressure after the first pull through. The transfer 
outlay a means of future prosperity, and an opening of is taken from the stone without dam ping, when it will 
the labor market throughout the country. I n  t.he rear be found that the ink has left the paper clean. Gum 
of such an advance, the extension of cycle use, and per- up the stone in the usual way, but if possible let the 
haps of large h uman employment on the roads in the transfer remain a few hours before rolling up. Do not 
conveyanct> of light and heavy parcels, frui t  and such wash it out with turpentine, and use middle varnish to 
matters, might reasonably be looked for ; and I think thin down the ink. 
it will be felt before long to be want of soun d  sense and It Rh ould have been mentioned that varying degrees 
of political wisdom to hesitate about making roads fit, of fineness of grain can be given to the transfer by 
not merely for ten-ton loads, as per rail ,  for agricultu- adding a little more ferricyanide of potassium in the 
ral uses, but for the employment of human labor. sensitizing solution, and drying the transfer paper at a 

In the discussion which followed the reading of the higher temperature, or by heati ng the paper a little 
paper, Mr. R V. Boys, Mr. Phil l ips, the Rev. Bralll well before exposure, or by adding a little hot water to the 
Moore, Mr. Rucker, the chairman (Mr. E. R Shipton), cold water bath, after the transfer has been fully ex­
Captain Fairholme, and Colonel RObertson-Aikman, posed. The higher the temperatnre of the water, the 
V. C. ,  took part, all admitting the soundness of the coarser the grain wIll be. The finer grain is best suited 
principles laid down by the author of the paper ; and to negatives from nature, when a considerable amount 
Colonel Savill, who, in the recen t Easter volunteer ra- of detai l has to be shown. 
view, had command of the cycle corps, made some ex- The coarse grain is best for subjects in monochrome, 
cellent remarks upon the proper duties of cyclists as or large negatives from nature, of architectu re, etc. , 
orderlies and infantry scouts, but not to be put in the where the detail is not so small. Even from the finer 
place of cavalry, although they might be worked with grai n several hundred copies can be pulled, as many as 
the cavalry as infantry supports, to aid and to fall 12. 000 having been pulled from a single transfer, and 
back upon. this one would have produced a great many more if 

required. 
PRACTICAL LITHOGRAPHY IN HALF-TONE. 

By J. HUSBAND, Sergt. -Major R E. *  
Description of Husband's Papyrotint Process. -This 

process has been named papyrotint. being a modifica­
tion of Captain Abney's improved method of photo­
l ithography, named papyrotype. It is specially 
adapted for the reproduction of subjects in haif-tone, 
such as architectural drawings in monochrome, or sub­
jects from nature, and it is  inexpensive. Its advan­
tages over other m ethods of half-tone photo-l ithogra­
phy are, that a transfer can be taken in greasy ink, for 
transfer to stone or zinc, direct from any negative, 
however large, without the aid of a med ium, the grain 
or reticulation being obtained simply by a chemical 
change. 'fhe transfer paper being in direct contact 
with the negative, the resulting prints are sharper 
than by those processes where interposed media are 
used ; while the same negative will answer either for a 
silver print, platinotype, or a t.ransfer for zinc or stone. 
The advantage of being able to use a non-reversed neg­
ative is very great, now that gelatine plates have so 
largely superseded those made with collodion. 

The method of manipUlation is as follows : Any good 
surfaced paper is floated on a bath composed of-

Gelatine (Nelson's flake) . . . . . . .  " , . . .  8 ounces. 
Glycerine . . . . . . . . . . . . . . . . . . . . . . . . . . 1% " 
Chloride of sodium (common salt) . . 2 . .  
Water . . . . . . . . . . . . . . . . . . . . . . . . : . . . . .  50 " 

Great care should be taken .that the sol utIOn is not 
overheated , and that the paper is coated without bub·  
bles. It is then dried in  a temperature of 60 '  Fahr. 
The paper will take about ten hours to dry, and in 
this state will keep for years. When required for use, 
it should be sensitized by floating or immersing in a 
bath of-

Bichromate of potash . . . .  � .  . . . . . . . 1 ounce 
Chloride of sodium . . . . . . . . . . . . . .  " . . .  % . ,  
Ferricyanide of potassium . . . . . . . . . .  100 grains 
Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 ounces 

This need not be done in the dark room, as the sol ution 
is not sensitive to light. 

The paper, after sensitizing, is dried in a temperature 
of 70" , and in a dark room. When dry, it is exposed 
under any half-tone negative, in  the ordinary printing 
frame. It is preferabl e  to print in  sunlight, and, for 
negatives of medium density, an exposure of three min­
utes is  required ; but the exposu re wil l  vary accordi n g  
t o  the density o f  t h e  negative. The correct time o f  ex­
posure can best be judged by looking at the pri n t  in 
the frame. When the image appears on the transfer 
paper a dark fawn color on a yellow ground, the 
transfer is sufficiently printed. It  is put into a bath of 
cold water for about ten minutes, until the soluble 
gelatine has taken up its full quantity of water ; then 
taken out, placed on a flat piece of ston e, glass, or zinc 
plate, and the surface dried with blotting papt>r. 

The action of the light has been t.o render the parts 
to which it has penetrated through the negative partly 
insoluble, and, at the same time, granulated. A hard 
transfer mk is now used, composed of-

White virgin wax . . . • . . • • • • • • . . • • . . . •  % ounce 
Stearine . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  % " 
Common resin . . . . . . . . ' _ .  . . . . . . .  . Yz "  

These are melted together in a crucible over a small gas 
jet, and to them are added 4 ounces of chalk printing 
ink, and the mixture reduced to the consistency of 
cream with spirits of turpentine. A soft sponge is sat­
urated with this mixture, and rubbed gently over the 
eXJlosed paper (in this stage the nature of the gra,in can 
be best seen). An ordinary letter-press roller, charged 

* From the Journal of the Photographic SocietV. Reported in the PhoWf1raphic NflW8. 

NATURAL GAS. 
T HE striking of a heavy gas well recently at Know­

ersvil le ,  near Albany, N. Y. , brings the supply of this 
valuable fuel withi n  measurable distance of a number 
of our great industries situated along the Hudson River. 
Each succeeding month brings new discoveries of gas 
nearer to New York, and recalls  the prediction of Mr. 
Henry Wurt.z, the eminent chemist, made seventeen 
years ago, that natural gas will be found in a belt fol­
lowing the outcrop of the great gas- bearing beds (the 
pri n cipal of which is the Marcellus shale), at such a dis­
tance from their outcrops as will give a depth of about 
400 feet to the bed. Professor Wurtz, as long ago as 
1869, urged the use of natural gas i n  the region of which 
the great gas well at West Bloomfield, Ontario Co. , N. 
Y. , was the center. 

In a discussion before the Lyceum of Natural History 
of New York, October, 1871 , he gave the quantity of 
gas sent out by this weli as five cubic feet per second, 
and the com position eight.y-two and one hal f volumes 
per cent. lIlarsh gas, ten per cent. carbonic acid, three 
per cent. illuminating gases of the olefine group, esti­
mated its heating power equal to fourteen tons of an­
thracite a day, and discussed at length the q uestion of 
carrying the gas under heavy pressu re to great dis­
tances for use as a heating and l ighting agent. Pro­
fessor Wurtz indicated five or six beds running across 
New York State, " lying deep enough, and thick and 
porOll S enough , "  to pour out combustible gas when 
tapped. And he repeated a statement he made long 
before editorial ly in the columns of the Gas Light JOU1"­
nal, that " it may be accepted with impl icit confidence 
as a fact that there are vast districts of country through­
out the United States in which, by j udicious explora­
tion, an immense nu mber of s uch fountains of nat.ural 
gas may be developed, furnishing a fuel which raises 
itself out of the mine, and which may be made to trans­
port itself, up hill and down dale, to any point re­
quired, independently of seasons and circumstances, 
miners' st.rikes and rai lroad monopolies to the contrary 
notwithstanding. A future lies before this new art of 
developi ng the gifts of Mother Nature, big with a 
promise for which even the wondrous h istory of Ameri­
can petroleum production h as furnished no parallel. " 

In conclusion, Professor Wurtz said : " I  will venture 
to enounce as my own conviction, which, however vis­
ionary it may be deemed by many, I claim to be strictly 
founded on induction from known facts, that, through­
out large sections of the United States (throughout the 
middle  tier of counties in western New York, for exam­
ple), every town, nay, every house in the land, ought 
to be both warmed and lighted by gas drawn from the 
bountiful bosom of Mother Earth, without money and 
without price. " 

Undoubtedly to this clear-minded and able chemist 
are due the first suggestions of the possibility of find­
ing natu ral gas over great areas, and of carrying it  to 
great distances for general manufacturing purposes. 
Yet it req uired fifteen years from the time when he 
deillonst�ated this before it actually received much at­
tention, or was i ntroduced on a large scale. 

Many theories of the formation of natural gas have 
since been proposed, but it is none the less interesting 
to quote here that suggested by Professor Wurtz near­
ly seventeen years ago, in these words : " As to my 
views of the mode of formation of the gas that exists 
now in such enormous compression in these different 
strata, I ask, first, what is this gas chemically ? Al­
ways essentially, from whatever horizon obtained, it is 
marsh gas, that hydrocarbon of all others which con­
tains the most hydrogen and the least carbon, the 
compound which naturally and necessarily forllls the 
final residue of the abstraction of carbon from organic 
matter by 11 powerful oxidizing agent, since in nature 
we scarce find elementary hydrogen as such a residue. 

Now, what oxidizing agents are there, or, rather, what 
have there been in all these rocks that could effect 
such a combustion ? I reply, oxides of iron, now repre­
sented in these rocks by iron sul phides, showing th e 
i ron oxides to have passp,d through the forms of sul­
phates "-an action simi lar to that . •  evol ution of marsh 
gas going on in every stagnant pool, loaded with vege­
table luatter, an d  b l ackened by s ulphide of iron, which 
is occupie(l i n  eon veying the oxygen of the water to th e 
carbon of the U1 ud." 

The de\'elopment of the natural gas industry during 
the past two years has been marvelous,  yet it  IS almost 
as extraord inary that it required fifteen years after 
Professor Wurtz's prediction t.o awaken eVfm enterpris­
ing men to what they all  now know to be so incalcula­
bly im portant. 

The use of natural gas is not, however, without cer­
tain f1 rawbacks. 

(1 . )  Marsh gas is the most rapidly explosl\'e of all the 
hydrocarbon groups, and this has its effect, not merely 
in th8 form of greater danger in its use, but on its calo­
rific power as a fuel. 

(2. ) The composition of the gas varies widel y, e\'en 
from the same well at short i ntervals of time, and this 
is certainly a very serious drawback, for when the gas 
is used with economy and intel ligence, these variations 
in its quality may, and doubtless wil l ,  prod uce injmi­
ous variations in the products smelted by its u se. This 
evil has not yet been fully real ized, owing to the rough 
and wasteful manner in which this gas is bei ng used. 

(3.) 'fhe pressure on the wells varies enormously and 
rapidly, and many wells have even given out alto­
gether. The stoppage of furnaces due to this varying 
suppl y of fuel has already caused not a litt.l e incon­
venience and loss, and Illust inevitably lead to the 
adoption of som e method of obtaining a supplemental 
supply of fuel gas independent of the wells. 

It is general ly  conceded that the fuel of the future is 
to be gaseous fuel, and that form of gaseous fuel that 
is capable of giving the highest calorific intensity, as 
well as power, and that produces the most heat from 
the least volume, is to be preferred. -Progressive .Age. 

REFINED SLAG IN T H E  MANUFAC'fURE OF 
GLASS. 

By A. D. ELBERS. 
THE technical value of refined slag is main ly  d ue to 

the circulllstance that its constituents are so chemically 
combined as to more energetically prollJote the fritting 
and thfJ fusion of mineral compositions than is the case 
when they are combined in different proportions, or 
when they are not in previous com bination. Singulo- or 
monosilicates, so called on account of the quantitative 
relations in which the silica stands to the basic com­
ponents, cannot be produ ced by direct m ethods, at 
least not for manufacturing p urposes, but are pro­
duced in an i lllPure condition, and in immense quan­
tities, as refuse 01' slag. When such slag has been freed 
from the ch aracteristic im purity, sulph ur, which so 
greatly impairs i t.s u sefulness, and from matter which 
is not in consti tutional connection, it becomes refined 
slag. The menosil icate constitution , as applied to the 
principal ingredient of the slag, is,  in round figures, 35 
per cent. of sil ica and 65 per cent. of lime ; but when 
other  bases are present besides l ime, such as magne8'ia 
(MgO) and al umina, as is usually the case, the total 
silica of the refined compound is, in the average, 
nearer to 39 per cent. 

The natural lllonosilicates of an approximating com­
position have either a large percentage of a lumina, 
and then are not energetic fluxes, or have so much 
iron in combination that their use as a flux is restricted 
to the manufacture of th ose products in which such 
impurities are n ot objectionable. The peculiar ad­
vantage which can be derived from the use of a non­
alkaline monosil icate flux, when it is sufficiently pure 
for such productions as that of colorless glass or of 
white china, is therefore not readily inferred from the 
behavior of any of the raw materials which have been 
thus far known, and much less so from the behavior of 
the crude slag in its vitiated sulphurous condition. The 
sulphur assists the formation, but also blunts th8 
saturating energy of the formed slag, which is  very 
fortunate for the lining of the furnaces in which the 
slag is produced, for refined mol ten slag makes very 
short work of the most approved fire brick, unless it 
finds some other si l icious substance to act upon. 

For the p urpose of i l lustrating the proper functions 
of refi ned slag, the composi t ion of good window glas8 
affords an example. Such glass contains about 70 per 
cent. of silica, 13 per cent. of l ime, and 17 per cent. of 
alkalies and incidental ad mixtures ; its hardness and 
elasticity, as well as its resistance to acids, increase 
with the percentage of the silica and, as against alka­
line and metallic bases, with that of the liIlle ; but the 
refractoriness of the raw composition or batch, and the 
expense of melting or boiling it properly, increase in 
a similar ratio. These difficultiQS are lessened to some 
extent when the lillie an d a part of the silica-sand or 
pulverized quartz-which enter into the composition of 
the batch are already in chemical combination, as, for 
instance, when the nat u ral bisilicate wollasto nite i s  
used, which contains  about 52  per cent. of sil ica t o  48 
per cent. of lime. The wollastonite can be used in the 
above glass com position without raising the l iIlle of the 
latter above 13 per cent. , to the extent of about 27 per 
cent. , and the refined slag can be used in the same 
manner to the extent of from 20 to 22 per cent. '1'h e  
wollastonite, however, though i t  melts quicker than 
q uartz and lime, is more sluggish in the melted state, 
and does not assimilate readily with th e rest of the 
llleited mass, whereas the refined slag reacts so ener­
getically that 5 to 10 per cent. of it has Illore effect on 
the state of fusion and assimilation of the total mass 
than 27 per cent. of wollastonite ; or, to express it in 
another way, the same qnantity of a compound, con­
sisting of 13 parts of lime and 7 paTts of sil ica, can 
dissolve more than twice as much of silica as that of an­
other whicla is composed of 13 parts of lime and 14 
parts of silica. 

This saturating energy of the monosilicate is similar to 
the force of motion by which a stone can be broken with 
one blow, when two strokes of half the power could not 
break it ; for the bisi l icate compound, which is obt.ai ned 
by melting refined slag and quartz., i s j ust as sluggish in 
its behavior when it is remelted with more quartz, or 
with other ingredients of the glass batch, as natural. 
bisilicates of corresponding composition. 
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For economical reasons, refined slag cannot be used 
to any larger extent for the composition of ordinary 
glass batches, in which crude and cheap alkalies are 
employed, than that in which its efficiency for reducing 
the expense of the process of boiling is an equivalent 
for its cost, and that proportion will, presumably, not 
average above 5 per cent. ; but in compositions in 
which it can be used to replace, in part, refined alkalies, 
borates and oxides of lead, which exceed its cost by 
from fifty to four h undred per cent. , its substitution to 
the fullest possible extent is as well a question of 
economizing in first cost as of improving the quality of 
the ware it is destined to produce. 

These replacements are of especial importance in 
glazing and enameling pottery, which, being used for 
culinary purposes, is liable to become corroded by the 
action of fatty acids ; but, apart from this, the fritting 
energy of refined slag makes it particularly serviceable 
in pottery manufacture. It induces a more thorough 
combination,  by less firing, of the usual components of 
the bodies, from the first porC<31ain down to fire brick, 
and in new and more advantageous proportions. These 
facts have all been experimentally tested and approved 
by leading practical manufacturers in almost every 
branch of ihe industry. 

latter is fed by means of three funn<3ls, C C C, set at a 
suitable angle to a horizontal disk fitted with cutters, 
so as to cut c!liptical slices off the cane. The circular 
knife or cutter disk rotates at a high speed, and pro­
duces, according to the shape of the knives, either flat 
or corrugated slices. The latter form is generally pre­
ferred, since' i prevents the individual slices from ad­
hering to each other, and insures thl'lll offering large 
extracting surfaces to the water. From the cutters the 
sliced cane falls upon an endless carrier, D, consisting 
of a broad band, E, carried and driven by two large end 
rollers, F, and smaller i ntermediate roUers, K. This 

ered a continuous one, in which each vessel in its turn 
becomes the first and the last of the series. In passing 
from one diffusing vessel to the next, the water, or 
rather sugar solution, is taken in each case through 
the steam heater, 0, and at last after completing its 
travel it issues in the form of pure rich sugar solu tion 
into the concentrating pans. Here it is treated in the 
same manner as the j uice obtained from the crushing 
rolls. The cane .slices are emptied from th� diffusing 
vessel, containing but a fraction of one percentage of 
sugar. 

The diffusing vessels have at the top a large charg-

The only theoretical objection which can be made to 
the use of refined slag in the manufacture of glass is 
that as glass which contains several non-alkaline bases 
is, usually, more liable to devitrify than that which 
contains only one, a mnltiplicity of bases would 
be introduced with the refined slag, which contains 
lime, magnesia, and alumina. The results of many tests 
which have been made in that direction-the compol!li­
tions having been melted in a porcelain kiln in which 
they had to cool very slowly-do not indicate that 
magnesia and alumina, in those small proportions in 
which they are thus introduced, have any such tend­
ency, nor is it quite certain that devitrifaction in 
general is owing to the nature or kind of the substances 
which have been combined, rather than to the state of 
combination in which the substances were before they 
became absorbed in the new compound. It is certainly 
evident that the magnesia and alumina of the mono­
silieate must assimilate more thoroughly with the mass 
than the same substances do when they are derived 
from a slnggish compound, or from one which only 
dissolves at a more advanced stage of the boiling. 

DIFFUSION PLANT FOR THE MANUFACTURE OF CANE SUGAR. 

lloboken, New Jersey, May, 1887. 
-Eng. and Min. Jour. 
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DIFFUSION PLANT FOR CANE SUGAR. 
WHILE the system has been applied to the produc­

tion of beet root sugar for a considerable number of 
years, it has only recently found extended application 
in the  cane sugar industry, and it will no doubt be of 
considerable interest if we lay before our readers the 
general arrangement of a plant designed by Mr. R. 
Riede l ,  of the Hallesche Maschinenfabrik, Halle a/S. ,  
Germany, who has identified himself for many years 
w i t h  the sugar ind ustry, and has built a large number 
of sugar works at home and abroad. 

In the arrangment shown by our il lustrations on the 
present page, the bundles of cane are brought to 
the elevator, A, and by this are lifted up to the 
staging erected above the cutting machine, B. The 

D 

band travel� along the bottom of a trough, H, which 
has openings in the sides, c losed by sl ides and placed 
opposite to the diffusing vessels, M. By placing bar­
riers across the trough and opening the corresponding 
slide at the side, each one of the cistern diffusing 
vessels can be filled with sliced cane. When full the 
vessel is closed and water is turned on from the reser­
voir, P, the water being, however, previously heated 
in a heater, 0, one of which is provided for each dif­
fuser. 

The mode of operation when the battery is in full 
swing is as follows : The fresh water enters that diffus­
ing vessel which has already been in operation longest, 
and the contents of which will first be emptied. The 
fresh water thus displaces what lllay be termed weak 
sugar solution. This travels over to the next vessel, 
there extracts what is  left, and gradually becoming 
concentrated, meets in every fresh vessel slices more 
fully charged with sugar, while the solution following 
this is stil l capable of extracting what the preceding 
solution left behind. The process may thus be consid-

tItg.1, 
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DIFFUSION PLANT FOR THE MANUFACTURE OF CANE SUGAR. 

ing opening, closed by a cover and rubber joint, by 
IlIeans of a sad d le piece and bolt fitted with a hand­
wheel . The bottom of the vessel, which is cylindrical, 
and about 3 ft. in diameter by 5 ft. 6 in. high, is hinged 
and held by a vacuum clip, R ;  a balance weight, S, is 
provided to facilitate the handling of the apparatus. 
The bottom joint is made by mean s of a tubular rub­
ber ring, bedded in a groove made in the bottom flange 
of the vessel, and open toward the bottom. When the 
cover is closed, water is forced into this ring at a pres­
sure of about 20 lb. This arrangement, which is found 
to make an excuJlent tight joint, is  the invention of 
Mr. Dautzenberg, and has proved very sllccessful .  

The cistern diffusion vossels shown in this  battery 
are of ample dimensions to deal easily with 300 tons of 
sugar cane in twenty-four hours. while in many cases 
even a smaller plant wi l l  give as good or even better 
results. It is evident that with a larger number of 
vessels a more complete extraction of the cane can be 
effected, and the resulting juices are of a higher con­
centration, but experience has shown that it is more 
economical to be satisfied with less concentrated juice 
and less com plete extraction, rather than to leave the 
water in contact with cane slices for too long a time, 
since the quality of the j uice deteriorates if the process 
be too much prolonged. 

Below the diffusing vessels a brick-lined trough is 
provided, into which the residue is discharged, the 
bottom of the trough being sloped and the end closed 
by a strainer. The water runs off while the cane slices 
remain ; these are picked up by the perforated hoppers 
of the elevator, D, and loaded into trucks to be air 
dried, or they are passed through a press to separate 
the water from them and then directly used for fuel in 
furnaces of the Four-Godillot or other types. In well 
arranged sugar factories, where the concentration of 
the j uice is carried out in vacuum lJans of most im­
proved pattern, and where otherwise heat is economized 
in a rational manner, little or no fuel .is required in 
addition to the residues. The Hallesche Maschinen­
fabrik also arranges diffusion plants on a circular sys­
tem, which in many places is preferable in consequence 
of s:larcity in room. -Enginee1·ing. 

ELECTRIC LAMP FOR DIVERS. 
AT the Newcastle Exhibition Mr. R. Applegarth 

shows a number of submarine appliances. An object 
of interest is the electrical lamp shown in the aceom-

ELECTRIC JJAMP FOR DIVERS. 

panying sketch. This consists of a brass casing, A, 
containing an incandescent lamp of about 1 00 candle 
power, which is screwed i nto the upper sight hole of 
the hehnet. The casing has a reflector at back and a 
glass in front, so that a strong beam of light i8 reflected 
at an angle from above down ward, so as to i lluminate 
the object without dazzlil'lg the diver. Wires to the 
la.m p are taken from a dynamo above. 
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SIBLEY COLLEGE LECTURES.-1886--87. 
]lY THE CORNELL UNIVERSITY NON-RESIDENT LEC­

TURERS IN MECHANICAL RNGINEERING. 

V. SYSTEMS OF DISTRIBUTION OF ELECTRICITY. 

By ELIHU THOMSON, of Lynn, Mass. 
IN choosing as a subject for the present lecture, " Sys­

tems of Electric Distribution, " I was infl uenced partly 
by the fact that, to the electrical engineer, the ways or 
methods of conveying electrical energy to different 
points, or of causing it to be evolved at such points, 
with the requisite characters to make it useful for 
l igh ting, for power, etc. , are sometimes of as great, if 
not greater, moment than the exact type or construction 
of the electrical plant itself. In fact, the choice of a 
mode of distribution of electricity in most cases gov­
erns the type or character of the generator of electricity 
used, controls the cost and convenient placing of the 
lamps and lines, and, therefore, is the first thing to be 
decided in designing or constructing an electric i nstalla­
tion. It is no wonder, then, that the advent of a new 
�ystem of d istribution, or even the revival of an old 
one, provided that it promises to confer advantages 
either in first cost or economy of working, should de­
Uland more attention from electrician!> than the pro­
duction of a new dynamo, motor, or lamp. 

When we look back over even so small a period as 
fifteen years, to find that telegraphy, signaling, and a 
few electro-metal lurgic processes were about the only 
technical applications of electricity, we are impelled to 
inquire the cause of the sudden and great advances 
made. It would seem that, as the discovery of the 
wonderful sensibility of the human ear to feeble air 
vibrations had much to do with the development of 
the telephone, so the recognition of the fact of the high 
efficiency of well constructed dynamo machines has 
been an important influence in the growth of economi­
cal electric l ighting and transmission of motive power. 
This growth. though rapid, has as yet only given us the 
sapling. Who shall  witness the fully developed tree ? 

The development, as usual in such cases, has been 
the result of interaction between ends to be accom­
plished, means at d isposal, and difficul ties to be over­
come ; and the difficulties to be overcome have not 
been at a Ulinimum when the problem of distribution 
of electric energy o ver considerable distances has been 
attacked. 

It. is ea�y to make a general classi fication of the 
modes or systems of distribution at present in use, 
though in realit) n o  sharp distinctions can be drawn 
between them, as they are often variously combined to 
form mixed s vstems. 

We may euillnerate these as follows : 
1. The series system, or a system in which the cur­

rent sent from a generating station or apparatus passes 
through all the lamps, motors, or resistances con­
nected into a series, one after the other, and at dis­
tances apart more or less great. This is also called a 
single wire direct system.  

2 .  The m u ltiple arc or parallel system, in which tbe 
curren t branches from two main wires througb smaller 
wires, a portion only of the current supplied passing 
through each lamp, motor, or resistance ; so that each 
branch is largel y  independent of the others. It is also 
called the dedved circuit  system. 

3. The series multiple and multiple series systems, 
which are combinations of the two foregoing. 

4. Accumulator or storage systems, as extensions of 
either series, or mUltiple, or series multiple arrange­
ments. 

5. The induction systems, in which currents i n  one 
conductol' or primary coil are caused to induce currents 
in a second conductor or secondary coi l ,  and as com­
bined with a series or mUltiple arc connection. 

Any one of these systems might, if treated thoroughly, 
consume far more time than is now at our disposal. 

I m ust therefore content m yself with brief references 
to interesting matters i l lustmtive of the advantages or 
disad van tages of each. 

The l i st comprises by no means the only modes of 
delivering electrical energy, but it is bel ieved to be 
sufficient ly comprehensive to include all  the systems 
practically worked. 

In the series system of working (of which Fig. 1 is a 
diagram), we have the advantage of great simplicity 

in ananging the wires or conductors, for it is only 
�ecessary to place the conductor i n  the form of a single 
hne from the dynamo or source of current and back ; 
into which line we may insert arc lamps, incandescent 
lamps, or motors up to the capacity of the dynamo or 
up to the amount of its power to force the current 
through one lamp after another, so to speak. 

As is well known, nearly all the arc lamps in 
use are i nstal l ed on the series system, the number of 
lam ps placed in series Iceing sometimes over sixty. I 
have known instances in which more than one hun� 
dred and twenty have been run for weeks . upon one 
line with good results. but. on acount· of  the very high 
electromotive force (6, 000 volts nearly) demanded to 
sustain the current, and the danger of leakage and 
shocks, such practice is not to be recommended. 

In one instance within my knowledge such a circuit, 
of  about one hund red and twenty lamps, was snccess­
fully operated,  notwit.hstanding the fact that the wires 
passed about a large city, and that one set of dynamos 
were at one part of the city and another set at a differ­
ent poi nt, and both sets run in series upon th e same 
l i ne. Such a circuit of lamps represented from 80 to 90 
H. P. of electrical energy delivered, and included manv 
miles of conductor. The disadvantages of the series 
system of worki n g  are several . In the first place, t.he 
arc lalJl ps, i n candt'�ct'nt lamps, or motors req uire to be 
adj usted to carry the line current when giving their 

normal light or work-no more, no less ; a condition made of large section. The simple multiple arc system 
which practically forbids the use of various sizes or is now nearly confined to isolated plants of incand es­
powers of arc lamps on the same circuit, which imposes cent l ights, in which the l ights are within 500 to 800 
upon the incandescent lamp maker conditions not easy feet from the dynamo. For lighting mills and other 
to attain, and which l imits greatly the applicability of buildings by a dyna mo on the spot, it leaves nothing 
motors to such lines. It is not easy to construct sel f- to be desired ; but for distribution over a d istrict in a 
governing motors for series l ines which shall have the ci ty or town, the cost of the needed conductors l imits 
virtues of great simplicity an'd eilonomy. Incandescent II the distance which can be covered. 
lamps of various candle powers are, however, being The multiple arc system and its modifications, permit 
rapidly introduced, suited to circuits with standard I economy under l ight l oads, or with few lamps in use, as 
currents of 6 '8 and 10 am peres, and in com pany with the loss on the mains i s  then near the Illinimum. 
arc lights on the saIlle circuits. Series circu its are even Attempts have frequently been made to work arc 
run for series incand escent lamps alone. lamps in multiple arc, either with other arc lamps or 

A further disadvantage of series circuits is that if the with incandescent l ights. While m oderate success mav 
circui t  is opened or broken, it extinguishes all the be achieved by using sensiti ve mechanism to control the 
light.s, and to prevent such accidents, every lamp or carbons of the lamp, and by causi ng the arcs to burn as 
other energy-using device m ust have an automatic cut short arcs (that is, pra.ctical l y  semi· incandescent 
o,ut to keep the circui t  closed around it, if its conduc- lights), the running of arc lamps of the type known as 
tlOn should cease from any cause. long arcs, or perfectly d eveloped arcs, arcs sufficiently 

As <?ther �is�dvantage� may be '!Jentioned tJ;1e com- !ong to �lUrn without fryi�g or hissing, appears to be 
paratively hunted carrymg capaCIty of such Imes un- l in practIcable unless a conSIderable resistance or a l arge 
less the potential or pressure is made very great, the reactive coil (a coil of copper wire wound on an iron 
necessity for sensitive current regulators on the dyna- core having a high self-induction) is inserted into the 
mo supplying the current, so that the current shall be branch containing the arc lamp (see Fig. 3). 
kept at the normal amount, whether one lamp or all 
are in use, and, lastly, the fact that the loss due to the 
resistance of the circuit. being constant, is in existence, 
even though nearly all the lamps be cut off from the 
circuit. But  this latter fact of constant line losses is 
not altogether a disadvantage , because it removes all 
necessity for making compen�atiolls for changes in line 
resistance, and permits the employment of very long 
lines, if due provision is made to supply the constant 
loss of current energy involved, while the bri l l iancy and 
uniformity of the lights is kept the same everywhere. 
The city of Quebec has a large n umber of arc lamps, 
'the dynamos for which are driven by turbines at Mont­
morency Falls, nearly nine miles distant, and several 
circuits of about thirty-four miles of wire each are used. 
I am informed that it is likely that arc lamps will be 
running in classic Rome before long, from the water 
power at Tivoli, twenty-five kilometers distant. 

The running of motors in series upon a line, while it 
has been attempted, and is even applied practically 
w here quite small motors only are used , does not seem 
to be easily practicable for larger work, where efficiency 
i!l demanded. The chief reason for this is the need of 
proper governing appliances, which, if provided , gener­
ally involve considerable additional mechanism, and 
add to the cost of the plant. I have obt.ained the best 
results with a special ly  constructed centri fugal gov­
ernor on the shaft of the motor, which, as the speed ex­
ceeds the normal, cuts the current simultaneously from 
the field magnets and armature of the motor: The 
commutator brush ell of the motor need llO change of 
position during this action. A quite efficient result, as 
well as good regulation of speed, are thus obtained. 
The details of the motor itself would be out of place 
here. 

In the method of distribution known as the multiple 
arc or parallel system (shown in Fig. 2), the current, in-

stead of passing in succession through each lamp or 
motor of the set, divides through them, so that each 
receives of it a fraction only. In the simplest form the 
system is  not difficult to arrange, but when it  is widely 
extended, as over a district, the proper arrangement to 
adopt, sizes of wire, etc. , are matters requiring techni­
cal knowledge combined with a sound mechanical 
j udgment. Each installation becomes a new problem 
to work out. '.rh e  object is ge!1erally to so adj ust the 
relative sizes or  resistances of the main wires and 
branches, feeders, etc. , that al l of the lamps operated 
in the system shall recei ve the same electrical pressure, 
or as near thereto as may be. The great advantage of 
the multiple arc sYHtem is that when .a constant poten­
tial or pressure is kept between the mains, the eutting 
off of any number of lamps or minor branches does not 
i n  any way affect the current fed to the remainder of 
the lamps or branches. With large mains or no resist­
ance in them this would be true, but, practically, it is 
almost impossible to fulfill the condition of constant 

The resistance wastes power, and the large coil is 
costly to make. Such coils are sometimes called " chok­
ing or sluggishing coils." The reason of the apparent 
impossibility of running well deve-loped arcs in multi­
ple branches, without such provisions, is easily under­
stood when we bear in mind that an increase of cur­
rent in a voltaic arc decreases the resistance of the arc. 
Let, then, an arc be established between two main wires 
capable of furnishing a very heavy current. The cur­
rent will ill crease in the arc, while its resistance falls 
simultaneously with such increase, and the whole cur­
rent of the mains will be d iverted through the arc. 
This with most arc lamps would cause a separation of 
the carbons to such an extent that the arc would 
break or cease, and when re-established the same ac­
tions would be repeated. It might be asked, Why will 
not a very sensitive arc lamp mechanism control this 
by separating the carbons when the current in the 
branch t.hrough the lamp increases, and doing the 
reverse when it decreases ? The lamp, however, will 
always be behind time in its compensations, and will 
not prevent the actions described. The resistance or 
reactive coil must be used. 

Many fruitless endeavors have been made, and doubt­
less are being made, to obtain an arc lamp which should 
run in multiple or incandescent circuits without the 
accessory resistance or reaction. It is safe to say that 
where no resistance or reaction coil is employed, unless 
the arc lamp magnets contain the resistance or reac­
tion n eeded to make the current which passes the are, 
stable, such endeavors m ust continue to be fruitless. 

The multiple arc system is being applied extensively 
to motive power transmission, and with great success. 
In this instance the potential, or pressure difference 
between the mains, is not as with incandescent l ighting 
limited to 110 volts or thereabouts, but the motors used 
in the branches may be wound to work with 200, 400, 
600, or more volts. The weight and size of wi re for the 
mains is reduced as the square of the pressure or poten­
tia\. Hence there appears to be no obstacle to tl1e  ex­
tension of power lines over much greater distan0e� thll.Il 
can be covered by the simple lnultiple arc incandescent 
mains. Of course, to avoid leak, the higher potentia.! 
n eeded for this extension requires corresponding im­
provement in insulation. 

The problem of running incandescent lamps using a 
small current, and giving small cand le  power, on arc 
l ight or series circuits of high potential has given rise 
to an intended solution in the multi ple series mode of 
working (indicated in diagram, Fig. 4). Here the lampi 

potential or electric pressure at all parts of the system , are grouped in multiple in numbers sufficient to allow 
of mains, at moderate cost. The best we can do is to the line current to pass in the branches. Thus, if the 
effec.t as near an approach to that equalization as , I i ll e  current is 10 amperes, 10 lamps. each requiring one 
pOSSIble. ampere, might be used. forming what we may cal l a. 

I! is needless to say that the earl y large in stal l atioll s  group, and such groups may be repeated on the circuit 
of Incandescent. lam ps have been made on th e  paral lel as n eeded. 
system, either in its simple form or in m od ifications They may be run in series with arc lamps, or a num bel' 
th�reof. of such groups may be placed in a circuit without arc 

.T?� disadvantage is the large and s\lIneti mes pro- lamps. Both modes of placing are used to a consider­
hIbItlve first cost due to the low potentIal or pressure able extent in practice, and where the groups a re pro­
of curren� us,;d, which is l imited by the . difficul ties of perly installed, the plan gives exc�llent results, but for 
constructIng Incandescent lamps demandmg more than the best economy has, of course, the disadvantage of 
10� .to 1 10 yolt� potential, and this demands that the requiring that all the lamps in a group be allowed 
WIrIng or CIrCUIts, to secure economy of conveyance of to remain alight, and also the disadvantage of their 
cnrrent to the la'I? ps, must contain a large amount. o f  hf'ing placed upon circuits the potential of wh ich is so 
copper, or, what IS the same, the conductors must be I high a!:' to require extra precautions against leaks and 
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shocks. An additional disadvantage lies in the neces­
sity for providing what is called a distributer (such as 
Fig. 5), or a device which substitutes an equal resistance 
for an un used lamp or for one whose filament breaks, 
80 to preserve the balance of current divided or dis · 
tributed to the other lamps of the group. 

P;.,.. 5. 

Another mode o f  operating a limited number o f  in­
candescent lamps on arc l ight circuits is to use such 
lamps in branches or shunts around the arc lamps of 
the circuit, diverti ng a portion of the current from the 
arc lamf', and of course, lessening its l ight to some ex­
tent. 'Vhen thfl incandescent lalllps are selected t.o be 
equal in required pressure or volts, to that of the arc 
lamp, and when the regulating mechanism for the 
carbons of the arc lamp is sensitive, the incandescent 
lamp so used gives fair results and a good life. This 
plan is  used i n  a n umber of places in Lynn , Mass. , and 
in other places in stores where arc lights are in use, and 
�h ere a few incandescent lights are wanted as desk 
lIghts. The fiuctuations in brilliancy are much less 
than migh t be expected. 

Another combination of series working with the 
multiple arc system, may be termed the series multiple 
syst.em.  In this the distribution is essentially a 
m u ltiple arc system with series branches, while i n  the 
case of a multiple series l ine just alluded to, the distri­
bution is essentially a series system of Illultiple or 
branched groups. 

(The diagram, Fig. 6, shows the series multiple sys-

a 

tem.) Here the branches in parallel joining the main 
conductors contain two or more lamps in series. 

The only ad vantage in the runn ing of a given n umber 
of lamps the use of less copper in the mains, because 
more lamps can be fed from a given main current, but the pressure or potential between the mains must be so much the higher as to overcome the resistance of a series 
of lam ps in the branches instead of single lamps, as in 
the plain parallel or multiple arc system. 

The series mUltiple system has been introduced and 
used in some cases with a fair degree of success, pro­
vided tha:t all the lamps in any branch are required to be kept l Ighted together ; but if any lamp or lamps are 
cut off from such branches, the proper brilliancy of the 
remaining lamps in the branch can only be maintained 
by substituting resifltances for the unused lamps, and 
therefore consuming the same energy whether the 
lamps are alight or not. 

The so-called three wire systflrn is a modified multi­
ple series system. It was adopted by Mr. Edison in 
order to effect a large saving (62� per cent. )  of the 
copper req uired in the plain m ultiple arc system. This 
it unquestionably accomplishes. It confers the power 
to run a multiple arc system . with practically a series 
of two lamps of say 1 10 volt.�, in each branch be­
tween the outside mains, thus giving a pressure or 
potential of 220 volts between the outside mains. But 
in order to permit lamps to be extin�uished in such a 
system without substituting resistances, and for saving 
power wh ich otherwise would be consumed, a third 
wire or compensating wire is employed, joining the intermediate portions of all the branches, and giving rise 
to a multiple arc system as a whole, in series with an­other multiple arc system . If the number and power 
of lamps used in each multiple arc system ISO placed in series are equal, nothing further is required to be done 
than to connect the outer wires to a d ynamo giving 
double the potential that each set of lamps in multiple 

.Fi.? 7. 

requires . But if it is desired to take off and put on 
lamps in such a system fLd libitum, then there is needed 
a means for effecting at all times either a balance be­
tween the two systems coupled or of rendering them 
capa.ble of work i n g  independently. 

The usual plan of working (,Fig. 7) is to couple two 

matched dynamos to the mains in such a wa y that the 
compensator on middle main of the system is attached 
to the positive terminal of one dynamo and to the nega­
tive term inal of the other, while the other terminals of 
the dynamo!' are respectively connected with the other 
or outer mains of the systems. Each set of lamJ?s may 
then be worked together or independently, and Irregu­
larity or inequal ity in number of lamps on the t wo sides 
of the system has little effect, since the output of each 
dynamo is in correspondence with the load or lamps 
u sed upon that side of the system to which it is con­
nected. 

Another mode of working is  applicable to the ease in 
which a single dynamo has its terminals connected with 
the outer main!! of the system only. I n ·  this case 
(Fig. 8) the compensator or middle wire may be con-

nected through resistances with the outer wires, 
or positive and negative m ains respectively, the 
amount of which resistance can be varied. The use 
of more or less resistance enables a balance of work 
to be effected, so that the two multiple arc systems 
have equal total currents flowing through them. 'fhis 
mode of compensation, involvillg, a!< it does, the use of 
resistances to be traversed by the current, is wasteful 
of energy and is not applicable economicall y to the 
case of considerable differences in the nnmbers of lamps 
in use upon the two sides of a three wire system. 

A third DIode of working (Fig. 9), by which a balance 
can be effected , and with pconomy of energy, ill to em­
ploy a machine which trnnsfers energy from the light ­
ly loaded side of the system and deli vers it to the heav­
ily loaded side. Such an energy-transferring machine 
can be easily made. For exam ple, a dynamo machine 
with an armature with two equal systems of winding 
and two comllJ utators, the brushes of which are con­
nected respecti vely to the two sides of the system, will, 
if properly proport ioned , run as a m otor at high speed, 
abstracting only a slllall amount of energy from each 
side of the system to keep it moving, when the two 
sides are equal ly  loaded. But when they are unequally 
loaded, it runs as an electric motor by energy abstract­
ed f rom the lightly loaded side and delivers current 
energy as a generator, to the heavily loaded side. The 

machine may be termed a continuous current inducto­
rium whose primary and secon dary wi res are inter­
changeable and of equal size. In fact, with a three wire 
system using alternat.ing currcnts it would be only 

necessary to use a good form of induction coil wound 
with two equal coils, one b ridging from one main to the 
compensator or middl e  wire, and the other from the 
compensator line to the other main (Fig. 10). The 

action then is that either winding of the coil may be­
come a primary ind ucing coil, receiving current energy 
from that side of the system having a slight l y higher 
pressure or potential, and the other winding becoming 
the secondary induced conductor. delivering current 
energy to t.hat side of the system which is hflavi ly load­
ed or which has the lower potential or pressure. The 
experiments with such a system show that excellent 
compensation can be obtained in it. Alternating cnr­
rents, however, offer to us other means of equal izing 
currents. We can use a substitute in  place of lamps 
i n  alternating systems when it  is desired to extinguish 
the lamps, and when their extinguishment might seri­
ously affect the balance of work or current which 
ought to exist for preventing disturbance in the remain­
ing lamps of the system. Such substitutes I term 
.. reactive coil sub stitutes, "  and they may be made to 
waste very little energy in themselves, while fitting 
the condition of using a cert.ain electromotive force 
and a certain current, the equal of those of the lamps 
(or which they are substituted. The reactive coil 
Bubstitute (8, indicated &.II capable of being used to sup-

plant a lamp in Figs. 11 and 12) consists of nothing 
more complex than a single coil wound upon a core of 
iron wire or placed in a sheath of d ivided iron (S, Fig. 
13). The coil is made C'f copper wire, which gives but a 
small resistance compared with that of the lamp whose 
place in the circuit it may occupy. The length of wire 
is such that the alternating impulses of electromotive 
force to which, as a lamp substitute, it will be subj ect­
ed, just suffice to cause an average fiow of current 
equal to that which normally would traverse the lam p. 
Its effects are those of self-induction, which l imits th� 
current passing, and virtually re�urns to the circuit a 
large per cent. of the energy receIved at every alterna­
tion. It is practically an absorbent of enflrgy while 
the impulse of current in the alternat.ing circuit is in­
creasing, and a source of energy when the same im-

Yzj. 7/. 

pulse of current is decreasing. It is indeed surprising 
what a small coil if properly organized will supplant a 
lamp. The coil will not h eat., and apparently uses the 
same electromotive force and current that the incan­
descent lamp d i d .  It may be introduccd into the cir­
cuit instead of the lamp without apparently affecting 
the conditions. But if a num ber of  such reactive coil 
substitutes be used to supplant lam ps in a system, 
there is a very evident fal l ing off in energy consumed 
at the generator of the current. 

Further, if  an al ternating current system or circuit 
be loaded with nothing else than reactive coil substi­
tu tes, or with a single sufficiently large reactive coil, 
efficiently constructed, the dynamo consumes a very 
small amount of mechanical energy, although it has at 
its terminals perhaps 1 ,000 volts potential and 20 am­
peres, a condition which, with contin uous currents, 
means over 25 H. P. I ndeed, with alternating currents 
it is possible successfully and efficiently to run incan­
descent or other lamps in series, or in multiple, or in 
multiple series, or in series multiple, or in other com­
binations and arrangeluents, provi d ed that a . .  reactive 
coil substitute " be put in place of ... y lamp or lamps 
in the systmll which it is desired to extinguish. The 
energy consumed will fall off nearly in proportion to 
the lamps cut off, while the circuit arrangements, 
potential and current , at different parts will apparent-

I lY remain unchanged. 
There is not time to fully d iscuss this a.pparent para­

dox, but suffice it to say that the secret of the possi­
bilities just pointed out is in the fact that energy con-
sumed means a ce1·tain position of the waves of CU1'1'ent 
on the line with respect to the paTts of the genemting 
dynamo, and energy not consumed is comparable with 
a changed position of the waves d ue to the lagging or 
retarding effect upon the impul ses produced by the 
self-induction of the Teactive coils, one or more. It is 
this d i fference frolll the action s of direct currents 
which stimulates the interest and enthusiasm of the 

worker with alternating currents. Powers are conferred 
upon the electrical engineer which are unknown in 
d irect current working. The department of what may 
be called .. electro-harmonics " becomes one of the chief 
divisions of the science of electricity. These con­
siderations are also of great importance in relation to 
induction 8ystems. 

It is not my purpose here to touch upon the u ses of 
the storage battery or accumulator as an addition to 
a system of distribution, because in reality the electri­
city may be said to have been distributed when it 
reaches the battery, where it takes the form of poten­
tial energy of chemical action, and in that form it has 
been distributed. It is a mere i ncident of the action 
that such chemical energy lIlay again take the form of 
electricity-a con venient way, it may be said , of dis­
posing of the battery ; but, in view of the other matters 
m hand . it is hoped that such disposition may be ac­
ceptable under the circulIlsta.n ces. I m ay say in pass­
ing that I do not mean to slight the batt�ry. Not at 
al l .  I bel i eve that it is de�tined to become a. generally 
used a.nd useful electrical appliance. 
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We may now consider the system of distribut!on 
which tllllploys induction coils as a means for changmg 
the volume of current and its pressure, and also as a 
means for practically rendering t,he local .lines of a 
building in a measnre independent of the mam or feed­
ing lines. In the induction system, the induction coils, 
transformers, or converters, a8 they are called, may be 
used in series, or in parallel or multiple arc, or in a com­
bination of the two. Their use in sel'ies is, however, not 
very easily practicable, unless reactive coil substitutes, 
S before referred to, are used in place of lamps when ex­rlDguished (as in Figs. 14 and 15) , or unless regulating 

Ii:? /-P'. 
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mechanism of a more or less complicated character be 
used to keep the balance of the circuit when changes 
in the number of lamps alight in the system are 
made. 

No Buch objections are to be found in the arrange-

ment of the induction coils in multiple arc from the 
mains (Figs. 16 and 1 7) .  The induction system then pos­
sesses all the merits of the plain multiple arc or parallel 
system, with constant potential, so far as the ability to 
change the l0ad or number of lamps in use with a cor­
responding economy is concerned, and perm its the use 
of high potentials or pressures in the current sent out 
to the lines leading to the induction coils, thereby 
greatly lessening the cost of wire, increasing the dis­
tance over which econolllY of transmission can be at­
tained, besides giving other advantages, with the sole 

disadvantage of requiring better insulat.ion to prevent 
leakages from the mains. In dealing with this system 
we cannot do better perhaps than to sketch briefly an 
exist,ing installation. My house, wit.h others in Lynn, 
is now lighted on the induction system, from the sta­
tion of the Lynn Electric Lighti ng Co. , a separate com­
pany from the Thomson-Houston Electric Co. The 
distance by wire of station from the house is about % 
of a mile. A self .;�citing alternating current dynamo. 
of much simpler and cheaper construction than is the 
case with continuous eurrent mach ines, is  driven by an 
engine used to supply the mains, which are rUII upon 
poles, and are of comparatively small wire. Branch 
wires from each main wire leave the pole line about 200 

ft. away, and tenninate in a small iron box (B, Fig. 18) 
at the back of the house, outside. 

This box contains fuses or safety wires, which, in case 
of a short circuit forming in the wires leading from the 
box into the house, will, by fusing, cut off the branches 
of the mai n  from all connection with the house wires. 
'I'he box also contains a lightning arrester, which will 
allow a discharge of induced current due to l ightning 
to reach earth. The box itself is gronnded. The wires 
leadin� into the box are, of C01ll'Se, designed to convey 

alternating currents or higb potential , and are therefore I induction, comparatively free from the self-inductive 
carefully protected against grounding. On leaving the \' actions found In continuous currents, and which pro­
box they continue their course through an iron pipe, long current or spark in any path taken by the cur­
P, from which they are very thoroughly insulated. I rent. Alternating currents do not tend to electrolyze 
This iron pipe passes through the wal l, to the ceiling [ mOist insulation, and by disseminating copper salts 
of the basement laundry, and thence to a small brick from the wire into the moist immlation, make it a worse 
inclosure, E, into the interior of which the wires, 1, con- insulator. 
veyed by the pipe, pass. These wireR are there con- Nevertheless, I do not wish to be understood as say­
nected 'with the primary wires of an inductive coil, con- ing, as I fear has been in a measure the case, from com­
structed for the purpose. parisons drawn by me between the dangers of high 

The secondary wire of the coil is much coarser than potential direct and high potential alternating cur­
the primary wire, so that the induced currents in it are rents, that the latter are safe from leakag-e, or not 
of not more than 50 volts average potential, and the liable to prod uce fatal shocks. It llIay have to be dis· 
volum� obtained is capable of feeding forty 16 c. p. tinctly stated that, far from encouraging a lack of 
lamps, each lamp requiring about an ampere. The caution in the handling of high potential lines and 
main line or primary line has a potential average of 660 current of either continuous or alternating character, 
volts and a capacity of over 30 amperes, capable of op- the writer urges the keeping of the body on open 
erating through the induction coils or transformers circuit. 
about 300 lights of 16 c. p. 

The secondary wire of the coil has its terminals car­
ried out of the brick inclosure, passing thence verti­
cally upward through nearly the center of the house as 
secondary main wires, M, from which at each floor 
branches with fusible safety strips are carried to the 
various rooms. 

One aide or wire of the lIeoonda.ry is solidly grounded 

by an attachment to the gas and water pipes, G. This 
grounding or connection to earth of the secondary dis­
poses of two elements of danger, i. e., the danger of 
shock, which could exist when by accident a connection 
of the primary wire or high potential line to the 
secondary occurred, and the danger of lightning strik­
ing the line, breaking through the insulation of the 
coil, and seeking ground from the wires to the water 
pipes or gas pipes. However, as the box outside, before 
described, contains an efficient lightning arrester whose 
earth plates are also connected to the ground wires, 
the danger from the latter cause is nothing. 

Provision is made with some of the lights to turn 
them up and down in brilliancy, which can be done 
with lamps run on alternating currents with a consid­
erable saving of energy. In this case we use a modified 
reactive coil, a portion or the whole of which is, by a 
switch, introd uced into circuit with the lamp and cuts 
down the impulses of current, and so dillls the lamp. 

Lights are turned off and on with almost a corre­
sponding saving of power at the station. The lights 
are very steady, and of course do not heat the air or 
vitiate it. The potential 1s  so low on the house wires 
that shocks are impossible, and leakage of current is 
easily prevented by the nse of well insulated wires. 
Indeed, there would seem to be no reason why well in­
sulated main wires may not be laid in the streets 
underground, adapted to carry alternating currents of 
1 ,000 volts or more, branch wires run therefrom to the 
houses, where, in the cellar, is to be found, built in the 
wal l ,  an iron or brick inclosure for the induction coil 
or transformer, for transferring electric current energy 
of high potential and small volume from the street 
lllains to the local or house l ines, in the form of low 
potential currents of large vol u me, doing away with 
gas and matches, or other gas l ighting devices, and 
substituting incandescent lamps, lighted or extin­
guished, or adjusted in brilliancy, at will from any 
desired part of the building. 

PELLAT'S ABSOLUTE AMPEREMETER. 
A NEW instrument for measuring current strengths 

in C. G. S. units, as well as in amperes, has been in­
vented by Pellat. The instrument is an electro-dyna­
mometer, and is arranged for the convenient measure­
ment of current strengths, so that an estima.tion of 

current strength can be made by the use of gramme 
weights. thus enabling one to obtain the weight equiv­
alent to the forces exerted in its passage through a 
wire by the current to be measured. Analogous instru­
ments have often been employed in their investigations 
by physicists. As the diagram, Fig. 1, shows, the appa­
ratus includes two coi ls, with axes at right angles to 
each other, one horizontal coil longer and of greater 

FIG. 1. 

diameter than the other, which latter is inaluded with· 
in it, and whose axis is vertical. 

The small spool is carried by the short arm of a scale 
beam, to whose other end a weight pan is suspended. 
The windin� of the coils is so arranged, by means of 
the standards of the balance, with reference to each 
other, that the current passes through both coils in 
succession. 

This being the case, the smaller coil , which l ies in the 
almost uniform electric field of the larger, stri ves to 
change the position of its axis ;  that is to say, tends to 
place its axis so that the direction of the current in 
Itself shall be parallel to that in the larger one. 

The measurement of the force developed by these 
tendencies of the coils, as effected by pla.cin g  weight.s on 
the scale pan, gives directly the current strength, as 
will be explained in what follows. 

Let p be the weight in grammes which is able to 
hold in equilibrium the force of the current, g the ac­
celeration of the mass, l the length of the balance arm 
on which p acts, e the distance between the axes of 
two eonsecutive windings of the large coil, I! the same 
dimension with reference to the smaller coil, N the 
number of layers of wire on the larger coil, and n the 
number of windings of the small spool, all being in a 
single layer, d the diameter of the cylinder referred to 
the axis of the wire of the small coil as perimeter, and 
i the intensity of the current to be measured. 

The intensity of the magnetic fleld excited by the 
large coil is expressed thus : 

4 1t l  -- N 
e 

whence the magnetic attraction of the inner coil as a 
solenoid for each face can be deduced, and is expressed 
thus : 

1t i dt 

4 1!  

Consequently, the field acts with force equal to the 
product, or 

e • •  

Now, wben n I!t that is. the distance from face to face 
of the small coil, IS equal to the length of the short ann 
of the balance, an equality of stress is obtained as 
soon as 

z2 �" d' - n . I! N = g p l  
e . 1I 

On account of the relatively great economy of trans­
mission of high pressure or high potential currents, the 
lighting station for the dynamos can be placed where whence 
coal and water are easily obtained and condensing 

& / l engines run. i = VP'V g e 
With proper safeguards the system can be shorn of 

p 
11:' d' n N 

any great risks due to the Use of a.lternating currents _ 
of high potential. I The factol'S following � p maintain a «)nstant val •• 

The fact is that aiternatitlg currents consisting of )' with t he exception of g. Under similar conditions g ie 
waves are, while modified QI' caused to lag by self also constant. 
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If the dimensions are very accurately determined, 
tlie strength of current is given by the expresllion 

i = fi X constant, 
expressed either in C. G. S. units or in amperes (1 am­

pere = 0'1 C. G. S. unit). 
The factor following Vp changes somewhat. If the 

limiting dimensions of the outer coil are given, then 
the value for the current intensity becomes 

• • /- . / g l e 
t = 'V P 'V n" d" N n (1-a) 

in which a is a correction dependent on the length of 
the larger coil, which by calculation can be accurately 
determined. 

The most essential problem is the construction of a 
normal instrument and the most accurate determina­
tion of the unitary dimensions req uired in the formula. 
It goes without saying that the solution of this pro­
blem is extremely d ifficult. In the normal instrument 
constructed by Pel lat, the measurements were made 
partly by the international weights and measures 
bureau and partly by Pellat himself. 

It is admitted that the relative error which can enter 
into the estimation of current strength by this instru­
ment must not exceed nIH ; and it must be further noted 
that currents of 0 '2 to 0 ·4 am pere are best suited for 
accurate measurement. The error then involved will 
be from 0 '0001 to 0 ·0002 ampere. 

The balance adopted in the perfected construction is 
shown in Fig. 8, and, to make the arrangement of parts 
more intelligible, the ou ter coil is broken away, so as 
to sholV the inner one. Fig. 2 is an accurate represen-

system, using, of COUl1le, in these an absolute electro­
meter ; finally, to determine the mechanical equivalent 
of heat in this way: by passing a known current (J) 
through a circuit of known resistance (U) contained in 
a calorimeter.-Lumiere Eleatrique. 

move the danger of tearing, which is always more or 
less present in the perfectly homogeneous material. I t  
i s  made for such purposes as axles, chains, hoiler plates, 
rivets, burglar proof safes, etc. ,  and consists of fibrous 
iron of a high quality, in combination with mild steel. 
In other words, the author surrounds a series of 
strands of high quality iron ·by mild open hearth steel , 

COMPOSITE STEEL AND IRON. and rolls the ingots subsequently in bars, plates, or 
AT the recent meeting of;the Iron and Steel Institute any other desire<;l form. T.he com�ination is effected 

a paper was read on " Patent Composite Steel and through the castmg operatIOn, a.nd IS supplemented by 
Iron " by Mr. George Allan Corngreaves Works Bir- the �ork put 1l:pon the materIal by the subseql?-ent 
mingham. ' , heatmg and rolhng, when the surfaces of steel and Iron 

In this paper the author reviewed the previous are perfec�ly �elded together. . 
attempts which have been made by various inventors ComposIte mgots are gene.rally made 13 m. square, 
to produce composite material which should comhine and parallel �rom end, to. en� , but the arr!tngemen� of 
the good qualities of fi brous wrought iron and of cast the wrought Iron ba�s �Ithm the ste,;l v�rles al'cordmg 
steel without having the faults of either. He referred to the pu�poses f?r " hlCh t!:te mate�Ial IS to �e used. 
particularly to the failure of steel if  subjected to a �f for c�am makmg, t,,:o ple.ces of Iron plate % .of .an 
tearing action proper, such as would apply to the tear- lI�ch th�ck, and mea;surmg slIghtly less than the I!lsIde 
ing across of a sheet of paper. I n  these cases there is du-,?enslOns of t?e mgot mould, are pun!lhed WIth a 
no contraction whatever of the edges and no reduction serleR of forty-e�ght square holes, to recelye an equal 
of the fractional area, and under such strains the re- number of 1 % m. �quare bars of fibrous . Iron, cut to 

suIts given by steel are invariably inferior to those the length of the mgot, or about 4 ft. 6 �n . . The two 

given by good fibrous iron. �nd plates and the bar� form a cage, W�lCh IS heated 

He referred to a paper read by Mr. Jeremiah Head in m a ga� flame s.u�h as IS generally used �n st.eel works 
1885, in which it was pointed out that .• the homogene- for dr�mg the IImng of ladles. T�e .cage IS th�n plac�d 
ity of steel is the cause of extreme suscepti bility to , m the mgot mo�ld, a.nd stee.l contammg fro� 0 15 to 0 18 
tearing strains. Imagine for a moment a piece of steel ' per cent. of cal bon I� run mto t.he mould m the usual 
plate to be composed of a number of molecular columns, way, the m�)Ulds, whIch are placed round the central 
side by side, each column being equivalent in height to runner, bem� preferably fille<;l from the bOttOI? up­
the thickness of the plate. Let us now apply a split- war.d .  The lllgOtS thus obtamed are heat.ed !n an 
ting force j nst capable of overcoming the lateral cohe- or�lI�ary f.umace, and. cogged 

. . 
do�n so as to smt the 

sion of two contiguous columns forming the edge of mll l l.n whIch th.e c�alll Il�a�el \al IS to be rolle�. In 
the plate at a particular place. They are separated, treatmg composite mgots It .18  found t�at the OXIde on 
and offer no further resistance ; and thf; force is avai l - the surface of .the wr�>ught Iron bars IS no obstacl.e to 
able to act on the next pair of columns. These separ- the perfect �mon of Iron a!ld steel , nor does the Iron 
ate, and the split proceeds. The view that mysterious dUrI�g any subseque!1t ro�lmg e;xtend f,!,ster than the 
cracks in steel are all in the nature of tears seems to be steel , ane:. the rel�t.lv� plOportlOns of Iron and steel 
confirmed by the fact that in such cases there is  never are pra�tHlally m�I?t.ll.Ined, no matter how muc? .the 
any appearance of contraction at the fractured edges, sectIOn I S  drawn 01 l olled d�wn. The a!lthor exhIbited 
notwithstanding the general ductility of the metal. a l�rge number o! s�mples, m all of whIch t�e �wo ma­
This also may, I think, be explained. Let us suppose te�lals couJd be dlstmctly se�n. The material IS ��de 
that one pair of molecular columns in the line of a WIth va�ymg degrees of.teJ?slle strength �nd elastICIty. 
crack has come in its turn under the separating strain , For chams and cables, It IS prepare� With a strength 
and tended to shorten before parting company. It is ?f from 26 t� 32 t.ons, and an. elongatlOn .of from 25 to 
evident that the pair of columns last torn apart and 35 p�r cent.  m a length o! 8 m .  For bOIler plat�s, the 
now free from strain, and the next pair ahead not yet tenSile �trength chosen �s from 25 to 28 tons, With an 
strained, would both act as props and afford support elongatlOli of fr�1ll �5 to _6 per cent. . . . 
so as to prevent shortening of the then strained pair. Another applicatIon �f the composIte materIIl:I ls for 
In this they would be assisted by all other contiguous t,he manufacture of b!ll glar proof safes: In thiS case, 

tation of the smaller coil and end of the balance beam. col umns, whereas if the whole piece of plate were mstead of th� bars of Iron, the author us.es bars of hard 
The connection of the winding of the small coil with strained equally across while being pulled in two in a steel; �all.ufacturers of safes have . hItherto always 
that of the large one by means of the standards which testing machine, each molecular column across the line consldmed It necessary to place th!l rIvets �o .that th�y 
carry the balance beam is effected by two fine spiral of fractm'e would be under identical conditions, and cannot be reached f�om th� out.slde. prllhng out .IS, 
silver wires, of which one can be seen in front. The none would int.erfere with the tendency in its neighbors h.owever, rendered ImpOSSIble by ?smg . composIte 
delicacy of the scales is thereby not at all impaired. to shorten. CrackA in soft steel plates, unaccompanied rIvets made of a soft an� tough mate�lal, �Ith three or 

It is obvious that no part of the instrument can be by contraction at the fractured edges, must t.hen of four strands of very hal d s�eel runnlDg rIght. through 
made of iron or steel. necessity be tears ; and tears cannot show evidences of them from end to eJ?d. 'l hese strands, bemg oJ?ly 

With regard to the sensibility of the balance, it is  contraction. A wrought iron plate is not liable to small, ta.ke but !l; nO�lInal area from the tough por�lOn 
stated that it must show 0 ·1  milligramme. A current of tears of this kind ,  because possibly the cinder which Of 

. . 
tJ:Ie rIvet, whIch IS, .therefore, hroof both agamst 

0'3 a. represents in PariR an equivalent weight of 0 '418 permeates it acts as a sort of padding between the mo- dullIng out and k?ockmg .?ff. � e author also sug­
gramme. The movements of the balance are observed lecular columns. Suppose a similar strain to be ap- g�sted that (lompo�lte matel lal nught be. made to com­
by a microscope of low magnifying power, which can pl ied to the edge of an iron plate, and to leave the first blI�e toughness with '!' very hard outSide su�face to 
be seen in Fig. 3, whose eye-piece is provided with a pair of columns separated just beyond the range of resIst wear for use In plowshares, mouthpIeces of 
grating or spider lines. For more accurate estimation cohesion.  If we were dealing with steel, the next pair of dredger buckets, etc. 
of the equivalent weight, horizontal divisions marked columns would now be sustaining the full brunt of the ========= npon the scale beam are provided for the use of the ob- force. But iron being the material concerned, there server. would be a padding of cinder intervening, and the next 

The influence of the magnetism of the earth is over- pair (or possibly group) of columlls would be some dis­come by causing the movements of the beam to take tance off. The gap commenced would have to be place at right angles to the magnetic meridian. To widened or wedged out, as it were, before the second exercise a perfect control over this, the (lurrent, after row or group was strained beyond cohesion, and for the balance has been brought into equilibrium, is al- this the range of the original force would, perhaps, be lowed to pass through the movable coil alone, when no insufficient. To put the case another way, a very finely movement of the balance should be percept.ible. woven muslin fabric may easily be rent across ; but if The aluminum used by Pellat in the construction of the threads composing it were rearranged so as to the cylinder of the smaller coil shows in the tests ap- form a coarse net, it  would no longer be easily torn, plied, in spite of the traces of iron, that thA aluminum I though its combined tensile strength would be un­persistently retains so little magnetism that no un- affected. " 
favorable effects on the accuracy of the measurements The author, after quoting the above passage, referred could be detected. to the alarm which was caused at the Forth Bridge An important and equally difficult determination is works some time ago by the failure of a steel plate 17f offered by the determination of the constant (C) of the in. thick, which, while being bent cold to a radius of 6 instrument. The calculation gives 0·0498, while actual ft. ,  broke like a piece of cast iron. There was no fault 
tests give 0 '0495. in the qual ity of the material, and it was found that From the normal instrument made by Carpentier, the failurA was caused by oamage which was set up 
Pellat proposes to construct copies for sale of the same locally by shearing. The difficulty was overcome by 

FIG. 8. 

MACCORD'S TABLE. 

To the Editor of the Scientifio A meriaan : 
In an article on the Limiting Numbers of Teeth, by 

Mr. George B. Grant, of Boston, puhlished in SCIEN­
TIFIC AMERICAN SUPPLEMENT, No. 592, appears the 
following : 

" MacCord's table, when recess is three quarters of 
the p itch. makes a pinion of 5 ·46 d1·ive nothing less 
than a 1'aok, when in fact it will drive anything from a 
gear of 16 ·39 teeth to a rack. Similarly, when recess 
equals two thirds the pitch, he finds that 5 30 teeth wilt 
d1'ive nothing less than a raok, when it can really drive 
any gear with 10 ·61 o� more teeth . " (1 tal ics mine. ) 

The above is a striking example of what is called in 
homely metaphor" putting the cart before the horse," 
though I do not for a moment suppose that the writer 
mistook the animal for the vehicle, or was himself 
laboring under the misapprehension into which his 
words would lead others. The simple truth is this : 
that under the conditions named, my table shows that 
nothing less than the numbers quoted wilt drive a 
raak. It does not show that these numbers will drive 
nothing less than a rack, as asserted by_Mr. Grant . 

C. W. MACCORD. 
Stevens Institute of Technology, 

Hoboken, N. J. , May 12, 1887. 

CORRECTION. 
THE WAVE THEORY OF SOUND CONSIDERED. 

To the Editor of the Scientifio A meriaan : 

construction, whose constant factor (C) shall be deter­
mined by measurements in comparison with the nor­
mal standard, and which then can be used for practi­
cal use ill measuring electric currents, doing good ser­
vice in adjusting ampere and volt meters. 

While the difficulty of preparing a normal instrument 
is  very great with regard to each new estimation of the 
di mensions, it appears from what has been shown that 
the overcoming of the same difficulty has been brought 
up to the point of leaving only a small and known 
error. 

Please note the correction : Line 52, third column, 
page 9,508, should read, . ,  or less than one foot 
in five minutes,"  instead of "or less than one foot in 
one hour. " The third line from the bottom reads : 
" Just imagine the finger to be moved through the 
air at a velocity of one foot in one hour. Is it possible 
that any scientist who considers the problem in con­
nection with the mohility of the air could risk his repu­
tation by saying that the air would be compressed ? "  
This is exactly what I intended to say-as I offered 
such statement for criticism ; the error was as above 
mentioned, and introduced while copying the article. 
A tuning fork can be heard to sound audibly for four 
minutes, when placed close to the ear or through a planing l6 of an inch off the sheared edge. In another tube. At the end of three minutes it can be demon­

case, which carne under the author's personal observa- strated that the amplitude of swing of the prong of the tion, some soft steel bars which were used for axles tuning fork is not the .. JiiOif of an inch, and that its fai led because a brand which had been stamped in velocity of motion is less than one foot in one hour and error was removed by filing, all the fractureR taking a half. 
place at the filed portion, whereas those axles which As some reader may thi n k  the wpight assigned to had been made from the rest of the bars were perfectly the supposed molecule of oxygen, viz. , 0 ·0000000054044 sound.  This experience was rather a startling one, ounce, is too high, I am willing to have this weight showing how sensitive a piece of homogeneous material divided by a million or a billion, for the absurdit.y will like steel is to a tearing action, i f  only a means of start- be sufficiently great, as Tait gives the number of Illole­ing the tear exist.s. A difficulty is sometimes experi- cules in one cubic inch as 300, 000,000, 000,000, 000,000 (or enced in welding steel, and although it is possible to 3 X 1020)� while in my article I gave only the modest obtain perfect welds, this requires far more skill than number 3,505,519, 800,000,000, 000 (or 3511). 

Pellat proposes by his balance to first undertake 
the determination of the electromotive force of Clark's 

·)rmal battery, then relative measurements of the 
ctrostatic and electromagnetic units of the C. G. S. 

with wrought iron. The composite material of the I HENRY A. MOTT, Ph.D. 
author il:l devised to render welding easier, and to re- New York. June 1, 18S7. 
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IRON AND STEEL ANALYSIS. 
By .1 , J AS. MORGAN. 

THE chetpicals 118P,d in the analysis of iron and ste el 
must be pure, and in all ca.ses the weight of the filter 
paper ash subtracted from the weight of the precipi­
t.ates, etc. 'I'hat, this is  necessary will be seen from the 
following example : The silica (SiO.) + .ash of filter 
paper was found to weigh on 4 graullues of steel, 0'004 
gramme, which equals 0 '046 per cent .  of silicon. The 
weight of the filter paper ash was 0·,)02 gramme, there­
fore the correct weight of the silica was 0 '002 gramme, 
and not 0'004 gramme ; which equals 0 '0�3 per cent. of 
silicon. We shall  give directions for the estimation of 
the following substances : Graphite, silicon, sulphur, 
manganese, phosphorus, and carbon 

GRAPHI'.rE AND SI ,LICoN.-Place 4 grammes of the 
sample in a state of fine division in a porcelain dish of 
about 500 c. c. capacity, add 50 c. c. of nitro-hydro­
chloric acid (made by mixing one part nitric sp. gr. 
1 '42 with three parts hydroch loric acid), and evaporate 
to dryness on a hot plate or sand bath. Heat strongly 
until the mass becomes black, allow to cool, moisten 
with 50 c. c. of hydrochloric acid, and evaporate down 
until a crust begins to form on the top of the solution. 
Add the least possible quantity of hydrochloric acid 
!mfficient to dissolve the crust, dilute with hot distilled 
water (when water is spoken of, distilled water is 
meant), and f ilter off the residue, which consists of silica 
and graphite, through an English filter paper, receiv­
ing the filtrate in a beaker. The residue adhering to 
the sides of the dish is removed by rubbing it with a 
piece of caoutchouc tubing attached to the end of a 
glasi!' rod (called a " rubber "), rinsing it into the filter. 
Wash the filter and its contents ; 1st, twice with a two 
per cent. solution of hydrochloric acid : 2d, with hot 
water until a drop of the washings, placed on a por­
celain slab, gives no coloration with sulphocyanide of 
potassium. The filter and its contents are then placed 
in a fireclay dish, and the paper burnt off at a low 
heat, great care being taken not to employ too great a 
heat or else some of the graphite will be burnt off as 
well. Upon cooling, the residue, consisting of graphite 
and silica, is weighed, replaced in dish, and the graphite 
burnt off at a bright red heat, allow to cool and again 
weigh. The second weight (silica) subtracted from the 
first weight will equal the graphite on the number of 
grammes used. 

To find percentage, multiply by 100 and divide by 
number of grammes taken. 

Example : 4 grammes of the sample taken : 
Weight of 1st residue (graphite and silica). 0 '300 grm. 

" 2d residue (sil ica) . . .  " . . . . . . . . . .  0 '200 . .  
Graphite on 4 grammes . . . . . . . . . . . . . . . . . . . .  0'100 " 

Percentage equals . . .  . . . .  Gramme. 
As 4 :  100 : : 4 )  0 ' 100 

0 '025 
1 00 

2'5 =2 '50 per cent. 

To find percentage of silicon, m ultiply the second 
weight by 0 '466, divide by number of grammes taken, 
and multiply by 100. As steel contains only very min­
ute quantities, if any, of graphite, the residue obtained 
upon treating the sample as descri bed is burnt at a 
bright red heat and weighed as silica, SiO., which con­
tains 46 '67 per cent. of silicon (Si). 

SULPHUR.-Is usually estimated as barium sulphate 
(BaSO.). Evaporate the fi ltrate from the silicon down 
to about 50 c. c. , dilute with 700 c. c. of water, and add 
5 c. c. of barium chloride solution-made by dissolving 
1 part of the salt in 10 parts of water-mix : cover the 
mouth of the beaker with a watch glass, and allow the 
solution to stand in a warm place for twenty-four 
hours. At the end of this time filter the solution (the 
greater portion of which ma,y be siphoned off, care 
being taken not to disturb the precipitate) through a 
Swedish filter paper, removing tht precipitate adher­
ing to the bottom and sides of the beaker by means of 
the rubber. Wash, 1st, three times with a 3 per cent. 
solution of hydrochloric acid ; 2d, well with hot water ; 
burn in a platinum crucible, and weigh the barium sul­
phate, which contains 13'73 per cent. of sulphur. A 
quick and fairly accurate method for the estimation of 
lsulphur is to treat the steel 01' iron with dilute sul­
phuric acid, pa ssing the evolved gases through a solu­
tion of copper sulphate, which precipitates the sulphur 
as copper sulphide, Cu.S, which is collected, burnt into 
C uO, and weighed. 

The process is as follows : The flask, A, which has a 
tube, C, bent at right angles welded to the neck, is  
fitted with a caoutchouc cork, through which passeR 
the safety acid funnel, B, reaching nearly to the bot­
tom of flask, and in it placed 10 grammes of the steel 
or iron. Fill the cylinder, D (of 200 c. c. capacity), with 
160 c. c. of sulphate of copper solution, made by dis· 
solving 50 grammes of the crystals in one liter of 
water, and place the flask over a Bunsen burner or 
spirit lamp, so that tube, C, reaches nearly to the bot­
tom (inside) of the cyl iuder, D, containing the copper 
sulphate sol ution. Through funnel, B, pour upon the 
sample sufficient d i l ute sulph uric acid to cover the 
bottom of the filu;k to a depth of two inches. The 
evol ved gases, consist ing of · sulphureted hydrogen, 
etc" pass through into the copper sulphate solution, 
w here the sulp h u r  of the sulphu reted hydrogen com­
bines with the copper, forming a black precipitate of 
copper sulphide, Cu.S. Toward the end the action 
lIlay be ha�tened by applying a gentle heat. When 
gas cea�es to be evolved, pour hot water th rough B 
until mark, E, is reached ; remove tube, C (by raising 
the flask), wa8hing any of the precipitate adhflring to 
it back into D with fJold water. Filter contents of D, 
well wash with cold water, ignite at a " ed heat, and 
weigh the resulting copper oxide, CuO. 'I'o convert the 
CuO into sulphur. multiply by 0 '7985. 

MANGANESE. -Dissolve 2 grammes of thfl sample in 
50 c. c. of nitro-hydrochloric acid, and upon complete 
solution transfer to a flask of 2 liters capacity, add 17,4' 
liters of hot water. To this sol ution, ammonia is 
cautiously added, shaking well after each addition, 
until a slight permanent precipitate commences to 
form. and then 200 c. c. of hot ammonium acetate, the 
iron will be precipitated as 0. basic acetate of iron, boil, 

and allow the precipitate to settle. Filter through a 
large filter, and well wash the filter and its contents. 
In all probabi lity, the filtrate wi l l  not run through 
clear, showing that the precipitation of the iron is in­
complete. This is rather to be desired than otherwise, 
because if all the iron has been precipitated, in all 
likelihood it would have carried down some of the 
manganese with it. Should this be the case, the fi l­
trate is boiled and refiltel·ed. It is then evaporated 
down to 500 c. c. ; filtering off any precipitate which 
lllay have come down during the operation, and allowed 
to cool. 

To the solution add a slight excess of ammonia, then 
a small quantity of bromine, and finally an excells of 
ammonia, agitating after the addition of each reagent. 
Boil and filter oft' the precipitated hydrated oxide of 
manganese, wash well with hot water, convert into tri­
manganic tetl'aoxide, MnIO., by ignition at a white 
heat, and weigh. The MnIO. contains 72 '00 per cent. 

of manganese. It is advisable to test the manganese 
precipitate for iron, which is done by d issolving it in 
hydrochloric acid, withdrawing a drop on the end of a 
glass rod and bringing it in contact with a drop of sul­
phocyanide of potassium on a porcelain slab, when, if 
Iron is present, a red coloration will be formed. If 
iron is detected, the remainder of the solution is d i­
luted with about 60 c. c. of water, ammonia added un­
til neutral, and the iron precipitated with am monium 
acetate, boil, filter, burn, and weigh the ferric oxide, 
the weight of which is subtracted from the weight of 
Mn.O. found. 

The method given below, which is a combination of 
the . .  potassium chlorate " and " bromine methods, " 
and which the author has found to give accurate re­
sults, has several advantages over the bromine method 
-1st, a larger quantity of the sample may be taken ; 
2d, the larger bulk of iron is got rid of ; 3d, the time 
occupied in performing the analyses is less. 

The method is as follows : Weigh 4 grammes of the 
sample, place in a conical flask, and dissolve in 50 
c. c. of nitric acid, sp. gr. 1 '20. When dissolved, add 
22 c. c. nitric acid (sp. gr. 1 '42) and 6 gramnles potas­
sium chlorate, and boil for ten minutes. At the end of 
this time add 10 c. c. nitric acid (sp. gr. 1 '42) and 8 
grammes of potassium chlorate, and boil for fifteen 
minutes. Allow to cool, and dilute with cold water. 
Pass the supernatant solution through a Swedish filter 
paper, allowing the precipitate of manganese dioxide 
(MnO.) and a little iron oxide to remain in the precipi­
tating vessel. Dissol ve in hydrochloric acid any of the 
precipitate which may be on the filter, receiving it in 
the flask which contains the_ precipitate ; add hydro­
chloric acid to dissolve the MnO. precipitate ; dilute i 

thrvw down the iron with ammonia and ammonium 
acetate : filter ; cool the filtrate ; and precipitate the 
manganese with ammonia and bromine. 

Phosphorus may be estilllatfld either as phospho­
molybdate or pyro-magnesium phosphate, but we 
shall only give a description of the former process. 
Take 4 grammes of the sample (in the case of high per­
centage, two or even one gramme is quite sufficient), 
dissolve in 50 c. c. nitro-hydrochloric acid, and evap­orate down to dryness. Heat the mass until it be­comes black, as in the estimation of silicon. Unless the 
mass is heated, all the phosphorus will not be oxidized 
into phosphoric acid, some of it remaining as phosphor­
ous acid, which is not precipitated by ammonium 
m()lybdate. 

When cool add 50 c. c. hydrochloric acid, evaporate 
down to a small bulk, dilute, and filter off the silica, 
etc. To the filtrate add 40 c. c. nit;.'ic acid (sp. gr. 1 '42), 
and evaporate down until it measures 50 c. c. To this 

solution add 10 c. c. nitric acid ( 1 '42) and 50 c. c. of the 
ammonium molrbdate solution ; shake wel l ,  and 
allow to stand III a warm place for ten minutes. 
If all has gone well, the phosphorus will be precipi ­
tated as a yellow precipitate. Ascertain, as far 
as can be judged by smell, whether the solution is acid 
or ammoniacal ; if strongly acid, add ammonia until i t  
i s  only slightly s o  (it is advisable t o  have the solution 
sligh tly acid to prevent ammonium molybdate being 
precipitated) : i f  ammoniacal , add nitric acid unti l 
slightly acid� When this point is reached, allow to stand 
in a warm place until the supernatant liquid is perfectly 
clear, fi lter th rough a weighed Swedish filter, rinsing 
the precipitate on the filter with a dilute solution of nit­
ric acid (one part acid to ten water). Wash four times 
with the nitric acid ; dry the filter paper and its con­
tents in the water oven and weigh. 'l'he weight. minus 
the weight of the filter paper, equals the phospho­
molybdate, which contains 1 '63 per cent. of phos­
phorus. 

PREPARA'fION OF AMMONIUM MOL YBDATE SOLU­
TION.-Dissolve 50 grammes of ammonium molybdate 
in one liter of water, and add 150 c. c. ammonia (sp. gr. 
0'880). Allow the solution to stand for a few days and 
decant from any precipitate which may have formed. 

CARBON.-(Colorimetric method. )-When steel or 
iron containing combined carbon is dissolved in nitric 
acid, the solution becomes of It brown color, varying in 
depth in proportion to the amount of carbon present. 
Upon this Eggertz's color test is founded. With steels 
that have been hardened or contain more than 0 '80 per 
cent. of combined carbon, the method does not give re­
liable results. In using the method it is necessary to 
have a standard steel of the same make, in which the 
carbon has been carefully estimated by the combustion 
process, and. containing, as near as possible, the !Same 
percentage as the sample to be tested. 

METHoD.-In a dry test tube, % in. diameter and 6 in. 
long, place 0 '2 gramme of the sample to be tested, and 
in a similar tube the same quantity of the standard 
steel ; to each I) c. c. of nitric acid (sp. gr. 1 '20), free from 
chlorine. When all action is at an end, the tubes are 
placed in a beaker containing boiling water,and allowed 
to remain for fifteen minutes ; the tubes are then with­
drawn and placed in a beaker of water (cold) to cool . 
Into a graduated tube of 200 c. c. capacity (divided in T\r 
c. c.) pour the standard solution, rinsing the last portion 
in with the smallest quantity of water (cold) possible ; 
dilute with water, and mix, by placing thnmb on top 
of tube, and turning upside down. 

A good plan is to dilute the standard until the num­
ber of c. c. it occupies is divisible into the percent­
Rbe of carbon it contains. Thus, if the steel contains 
0 '14 per cent. carbon, dilute to 7 c. c. ; if 0 '36 per cent. , 
to 9 c. c. ; and so on. The Rolution of the steel to be 
tested is then transferred to graduated tube of the same 
caliber as that usad for the standard, and after rinsing 
in the last portions mixed without dilntion. Compare 
the color with that of the standard, and if darker, 
cautiously add cold distilled water until the tints are 
similar. (To compare the colors, hold the tu bes side by 
side before a window with a piece of plain white paper 
behind "them.)  When the colors correspond, read oft' 
the numbers of c. c . ,  which, multiplied by the quotient 
obtained by dividing the number of c. c. to which the 
standard was diluted into the per cent. of carbons it 
contains, will give the per cent. of carbon in the steel. 

ESTIMATION BY COMBUSTION.-When steel or iron is 
placed in a solution of copper sulphate, the iron dis­
places the copper and enters into solution ; while the 
copper. together with the phosphorus, com. carbon, 
graphite, silicon, and sulphur, is deposited. Upon treat­
ing the carbonaceous residue with sulphuric and 
chromic acids, carbon dioxide is formed, which may be 
absorbed by passing through a solution of caustic 
potash. This is the principle of Ullgren's method. 

In a beaker containing 150 c. c. of copper sulphate 
solution-made by dissolving 200 grammes of sulphate 
of copper crystals in one liter of water-place 4 grammes 
of the sample, and heat gently with constant stirring. 
Should the solution become colorless, add more of the 
SUlphate solution. When the iron has completely dis­
solved, allow the residue to settle, and pour off as much 
a.s possible of the supernatant solution. Rinse the 
residue, together with the remainder of the copper 
sulphate solution, into the flask, A, using the smallest 
quantity of water . possible, and connect with the rest 
of the apparatus. Through the acid funnel add 100 c. c. 
strong sulphuric and 16 grammes chromic acids (dissolve 
16 grammes chromic acid crystals in 10 c. c. water) and 

apply a gentle heat, regulating it so that a regular 
evolution of gas is maintained. 

The gas passes through B, containing a solution of 
sulphate of silver in sulphuric acid,  to absorb any 
chlorine, into C and D (which contain sulphuric acid 
and calcium chloride to dry the gas), and then into t,he 
U tube, E, containing caustic potash, which absorbs 
the carbon dioxide. When white fumes begin to appear 
in A, the heat is withdrawn, and a current of air drawn 
through the apparatus, and when cool the tube, E, is 
weighed. The difference in the weight before and after 
the experiment equals the carbon dioxide absorbed, 
which contains 27 '27 per cent. of carbon. The tube, F, 
which is weighed before and after the experiment, con­
tains calcium chloride. so absorbs any water which 
may be driven off from the caustic potash solution by 
the heated gas. H and K are filled with caustic potash 
and calcium chloride to rid the atmospheric air of its 
carbon dioxide and moisture.-Industrial ReView. 
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ANTOINE LAURENT L A V O I S I ER. education A student at the Mazarin College, he gave 
much attention to the natural sciences. The astrono-

THE science of chemistry is aptly said to be based I l ler La Cai I le, the chemist Rouelle, ' and botanist De 
IIpon the foundations laid by three men, Lavoisier, Jussieu, names now almost forgotten, are mentioned 
Priestley, and Scheele. Just as p hysics. had been h alll - alllong h is preceptors. Among his first researches may 
pered by the material theory of heat or " caloric, " so be mentioned his work on the i l lumination of the 
chemistry had been retarded by the phlogiston theor y .  streets of large cities. In those days, before the inven­
Facts had acculllulated. The work of Scheele's l i fe had tion of gas, it was a most serious problem bow to pro­
h rought the knowledge of chemical com pounds WOIl- perl y lig'ht the cities. Crime took every advantage of 
derful ly forward. Yet the weight-annihi lating phlogis- the darkness that prevailed. To q ualify hilllself for 
t.UIl,  simi lar to the " negative gravity " of Stockton, the t.h is i n vestigation he lived in a darkened rool l1 for six 
l Iovelist and story writer, had prevented the formula- weeks, i n  order to i ncrease the sensitiveness of his 
lion of a tangible theory. Lavoisier was one of the first I reti na. For his memoir on the subject, presented in 
to apply rigorous quantitative methods to chemistry. 1 766, he recei ved a prize from the Paris AcadelllY of 
He made the balance the arbiter of all questions . He Sciences. In 1768 he was admitted to the AcadelllY in 
fo und that a su bstance i n variably  gained weight in virtue of th is and other eS8ays, some on geological sub­
burning, and deterlu ined the allloullt of this increase. jects. In 1 776 Turgot put him at the head of the regie 
According to th e  che lll istry of those days, of Stahl and des salpetl'es, to whose charge was confided the powder 
the scienti sts of h is age , burning was de phlogisticating, manufacture of the kingdom of France. Into this art 
or removing phlogiston from the substance burned . he at once int roduced important im provements, that 
'1'h us, if metal lic t in was calcined, producing in varia- made the French gunpowder one third stronger than 
b ly a quantity of oxide exceeding in weight the original formerly. From 1778 to 1785 he gave much attention 
t. i ll , it was assumed t.hat phlogiston had been removed to scielltific agriculture. In  1 787 he was a member of 
from it, and this removal was assumed to increase the the Orleans provi ueial assembly. He had a part tn 
weight. preparing the new decimal system of weights and 

In 1 774, Priest.ley discovered that by heating red ox- measures i n  1 790. In 1 791  he became commissary to 
ide of mercury a gas was produced. H e  confined the the treasury, and establ ished a new and un heard of 
oxide of mercury in an inverted bell jar, where it system of pnnctual ity. At the request of the national 
floated upon metallic mercury with which the rest of assembl y he set forth a scheme of national taxation, 
the vessel was filled. The  oxide was pressed upward and his memoir on t.he su bject shows him to have been 
by the metal agai nst the top. By a burning-glass he a skillful pol i t.ical econom ist. In 1 769 he had obtained 
concentrated the rays of the sun upon the oxide thus the  posi tion of farmer-general of the revenues, and had 
confined, whereupon the level of the metal rapidl y held it for t wenty-one years. He had obtained it in 
sank as the gas was evolved. The gas was oxygen. order to have sufficient revlln ue to devote himself ex­
About the same time Scheelll also discovered it, but did clusively to science. His  position was made the basis  
not  make known h i s  results. of  an a.ccusat.ion agamst h im . 

This discovery was the death blow to the phlogistoIl The fa.l'lllers of the I'evenue of a preceding genera-

LAVOISIER. 
theory of chemistry. The anomalous phlogiston, the tion had accumulated immense fortunes from their 
weight-destroying substance, was done away with for- positions, and had led lives that by their extravagance 
ever. A year after his discovery Priestley went to Paris, and l u x ury were a standing reproach to the system. 
and com lllunicated his results to Lavoisier. The latter This  had been reformed under Louis XVI. , and the 
was in the full tide of his work of reorganizing chem- farmers of the revenue of the time were free from cause 
ist ry. The discovery of oxygen gave him the stepping for reproach . But they had to suffer for the sins of 
stone on which to build his theory. Scheele by h is  their predecessors, though innocent themselves. 
long life of discoveI·ies had furnished additional facts I II 1 79a the subject was brought before the national 
fOI' the new science. Lavoisier by his severely  logical asse lll bly. A series of accusations were made, and most 
mind and wonderfu l ly perfect methods of working of the farm!'rs were placed under arrest. Lavoisier had 
founded the science as an entirety. eluded the po l ice, but fearing that his absence would 

Lavoisier calcined a weighed amount of tin,  and had aff!'ct the others unfavorably, gave himself up. The 
weighed the oxide produced. He burned the diamond, story of the proceedings is told at great length in the 
and found that carbonic acid gas was produced. He Revue des Deux Mondes of Feb. 15, 1 887. To this we 
acted upon air with phosphorus, and found that one m ust refer our readers for the details of the proceed­
fi fth of its volume disappeared. The discovery of oxy- ings. A series of frivolous and unproved charges was 
gen, cOllllllunicated t.o him by the English theologian enough to b l'i ng them all to the guillotine. Lavoisier 
Priest ley, gave the clew to the explanation of all these antici pated the confiscation of his property, and had 
facts. Here was a weight-possessing element that produc· reso lved to practi ce pharmacy for his living. He was 
ed oxidation, so that tire latter phenomenon became one desi rol ls  to col lect his writings for publication. But 
of com bination instead of dissociation. At once the new t.he t.elll PilI' of the times did not permit this. On the 
chemistry was built upon this fouudation. So eagerly 6th of May, 1794, he, with twenty-seven other farmer­
(l id  Lavois ier promUlgate the new theories that he ex- generals, was condemned to the guillotine, and on the 
cited j ealousy among his brother scientists, a jealousy 8th of May the sentence was executed. He was en­
which, in the extraordinary days he lived in, may hav!' gaged in pr!'paring a collection of his works, but his 
contributed to his death at the hands of the French revo· ' eX!'<lution callie before he had completed it. 
lutionists. So great W/l.8 h is part in laying out the IIew H is g'l'!'at work was in chemistry. Eagerly availing 
scheme of chem istry that the French , with mUllh reason ,  h imself of the d iscovery of Priestley, and of his own 
claim it as a French science. Thus he established the work on carbonic acid gas, embodied in a memoir 
constitution of oxides, of oxygen acids, and of oxygen of 1 792, he applied his lll l equaled intellect to the plan 
salts. For many years the haloid salts were cunsidered, an d th eory of th e science, and became the founder of 
uuder the impetus of the new discovery, to also COIl- modern chemist.ry. 
tain oxygen. He determined the constitution of me- The letter whose translation we give below shows 
tallic su l phides . what marvelous quantitative work he execllted. In this 

The rece l l t.  discovery of a hitherto unpublished letter he was hal f a century in advance of his time. As h as 
by Lavoisier is the Illotive of thus presenting h is por- j ust been stat.ed, he remorselessl y applind the balance 
trait. The let.ter will be found below. The leading to t.esting the theory of chemistry, and the results de-
features of his l i fe lIIay be properly R U lll m arized h ere . scri bed in this letter show how well he did his work. 

He was bom in Paris, i ll A ugust, 1743. H i s  father 'fhe engaging tone of Illodesty ai-,d candor are very 
was weal thy, so that he enjoyed every advantage of noticeable, and display a most awiable character. 

The portrait ilS from a painting by the great Da\· i d .  It 
is curious that David, who voted in th e natiollal  as­
sembly for the death of Louis XV!.,  should have been 
the painter of Lavoisier's portrait, who h i lllsel f was a 
victim of the revolution. It makes the paiuteI' i n  some 
sort responsible for the death of the greatest uf France's 
chemists, him whose features he himself had with such 
inspiration transferred to canvas. The death of La­
voisier reminds us of the death of Archimedes. Both 
are blots upon the pages of h istory. 

He was married in 1771 to Mlle. Panlze, but left no 
posterity. 

The last of Lavoisier's memoirs on physiology was 
one embodying the results of experiments undertaken 
by him in consort with Seguin,  and which, after being 
read at the Academy on April 14. 1790, was not published 
until  1797, by the effort s of Seguin (see Oeuvres Com­
pletes, vol . iL , p.  704). But later than this period 
Lavoisier continued his researches, as the following 
letter to Black testifies, which is in Lavoisier's minute 
autograph : 

M. Black , Professor in the University of Edinburgh. 
Sent N ovember 13, 1790. 

M. Terray, monsieur. forwarded to me, on reaching 
Paris, the letter you did me the h onor to write on the 
24th of October. He could have made me no more 
agreeable present. I believed that you would not ob­
ject to my communicating it to the Academy of 
Sciences. The elegance of t he style was lIO less admired 
than the depth of phi losophy and clearness that per­
vades your letter, and I was requested by it (the 
Academy) that it should be deposited in its arch i ves, 
but I only consented to thi s  on condition that a copy 
certified to by the lSecretary should be sent to me. I 
have another favor to ask of you, but concerning which 
I await your instructions. It is to permit me to publish 
a translation of it in the Annales de ehimie. * 

M. Gillan, during h is sojourn in Paris, witnessed some 
experiments which I made upon respiration, and he 
was so kind as to assist in them. We cOllvinced our­
selves of the following facts : 

1. The quan tity of vital air, or oxygen gas, which a 
man at rest and fasting consumes, or, rather, converts 
into fixed air or carbonic acid . during one hour, is about 
1 , 200 French cubic inches, when he is placed in a tem­

perature of 26 degrees. 
2. This quantity rises to 1 ,400 inches under the same 

circumstances if the person is placed in a temperature 
of only 12 degree�. 

3. The quantity of oxygen gas consumed or converted 
into carbonic  aci d i ncrea;;es during the time of diges­
tion, and rises to 1 , 800 or 1,900 i nches. 

4. By movement and exercise it  llIay be raised to 4,000 
inches per hour, and even more. 

5. The animal heltt is constantly the sallie in all the 
cases. 

6. Animals can l ive in vital air or oxygen which is not 
renewed as long as is j udged proper, provided care is 
taken to absorb by caustic alkali liquor t.he carbonic 
acid gas as fast as it forms, so that this gas does not 
need azote or mophette gas, as has been believed, to be 
salubrious or fit for respiration. 

7. An imal s  do not. seem to suffer in a mixture of fifteen 
parts of azote gas and one part of oxygen gas, provided 
one takes the precaution of absorbing the carbonic acid 
gas by means of caustic alkali as fast as it forms. 

8. 'I'he consumption of oxygen gas and its conversion 
into carbonic acid is the sallie ill pure oxygen gas and 
in oxygen gas m ixed with azote gas, so that the respira­
tion is not at all accelerated on account of the PUl'ity of 
the air. 

9. AnimalH live quite a long t ime in a mixture of two 
parts of inflammable gas and one of oxygen gas. 

10. Azote gas performs absolutely no service in the act 
of respiration , and i t  leaves the lungs in the same 
quantity and quality with which it entered. 

11. When by exercise and motion the consumption oC 
oxygen gas in the lungs is increased, of which it is easy 
to assure one's self by the beating of t h e  pulse, anu in 
general when a person breathes wi thout disturbing 
himself, the quantity of oxygen gas consullled is pro­
portional to the increase of the n umber of pulsations 
mutiplied by the number of inspirations. 

It is proper, sir, that you should be one of the first to 
be inforllled of the progress which is made in a mU'eer 
which you have opened, and in which we all regard 
ourselve8 as your disciples. We pursue the salDe ex­
periments. I will  have the honor to inform you of 
our later discoveries. 

I have the honor to be, with a respectful at.tachment, 
etc. 

TAKING A BULLET FROM T H E  BRAIN. 
THE instances when Illen h ave carried bullets in their 

brains and lived are nearly as rare as the fabulous hen's 
teeth. Colonel Henry Pickens, wh o was discharged 
from Bellevue H ospital recently, afforded a notable 
case. He was an officer in the Confederate army. 
His home is at Lexingt.on, Ky. He was wounded at 
the battle of Gettysburg in 1863. Since that time he 
has carried a bullet constantly in h is brain. It gave 
him pain from time to time, varying in intensity. Of 
late years it had been more painful. Physicians who 
were acquainted with his case told him that it would 
kill him , yet he went horne to Lexington, sound in body 
and mind, with the bullet extracted. How narrowly he 
escaped death IIIay be gathered from the particula.rs of 
his case. 

Nearly eight weeks ago the bystanders at the corner 
of Broad way and Fourt.h street saw a well dressed 
Illan walkillg slowly up the street, leaning heavi ly on a 
cane. Just as he got to the corner he staggered against 
a window. He seemed to recover his  balance by the 
power of will,  b u t  after taking a few more steps he 
stopped sudden ly, raised h is  hands to h i s  head, and 
fell prostrate. Blood oozed from a wound in the  fore­
head where he had struck. An ambulance was SUlll­
moned. It was some time before it caIlle clattering 
along the street, sounding the sharp gong. 'l'he al l l­
bulance surgeon .saw that t.he prostrate Ulan was breath­
ing heavily . There was no odor of alcohol about h i m .  
He was picked up and h urriedly driven t o  t h e  hospital. 
There was noth i l lg in his clothes to lead to his identifi­
cation. The word " u n known," that is so often writt en 
on the records of the hospital , was entered in the book. 
at the end of a brief desC l'iption of his  appearance. 

From what cou ld be learned about the case, it  was 
• Black's letter appeared in the Annates de C1iimie or 1791 (vol. Tili., p. 

225). 
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thought that the man was suffering from a stroke of 
paralysis. The left side seemed to be most affected, 
thou gh the entire body showed the distinguishing 
marks of the disease. The patient was kept quiet for 
r� veral hours, awaiting a possible abatement of the 
shock. '.Phen, as there were no signs of improvement, 
a stl'ong electric bath was given. It was kept up for 
about an hour, and was followed by vigorous rubbing, 
sharp skin irritations, cold applications to the head 
and warm ones to the feet. There was an improve­
ment in the patient's condition, but it was only tem­
porary. There was no lucid interval. Whatever 
there was of virtue in medicine was tried. When 
nothing more could be done to revi ve the patient, he 
was put into a cot and left in quietness to await the 
coming of the dread messenger, who it was thought 
was close at hand. 

While putting a bandage on the patient's head, Dr. 
Parker, who makes a specialty of the brain and its in­
j uries, noticed an old scar on the left side of the head. 
Upon putting a light pressure on the skull at this 
point it was found to be indented and to be formed of 
an elastic cartilagenous substance. What could have 
been the cause of this condition ? In Dr. Parker's 
opinion there had been an injury to the bone, prob­
ably a fraClture, and relief had been given by trephin' 
ing. This threw new l ight on the patient's case. It 
awakened a strong probability that the brain had 
been injured by a b low, and that the unconscious con· 
dition was the resu lt  of the gradual development of an 
obstruction to the normal action of the brain. What 
the obstruction was could onl y be a matter of conject­
ure. There was no history of the inj ury that could 
be obtai ned either from the patient himself or his 
friends, as they were unknown. It was evident from 
the peculiar formation of the inden tation that there 
had been a serious laceration of the brain substance, 

Dr. Ferrier has demonstrated by experim ent upon 
living animals that the brain consists of Illotor areas, 
and that by applying a galvanic current to a particu­
lar portion of the brain it would always be followed 
by certain movements in the same muscles. Dr. 
Parker was with Dr. Ferrier for a long time in France, 
and became deeply interested in the subject of the 
motor areas in the brain as indicating a method of 
relief in inj uries to the brain. He has been a deep 
student, and both on animals and the human being he 
has cond ucted experiments to localize to areas in the 
brain the control of particular muscles. He has found 
by experiment that the muscles of the left hand and arm 
were seemingly controlled by a section of the brain in 
the right side of the h ead near the center. In the un­
conscious man it was found by close watching that he 
could move his left leg much better t han he could his 
left arm, though not as well as he could the hand and 
arm on the right side of the body. The left arm was 
cold and was entire ly  without moving power. From 
these conditions Dr. Parker concl uded that there was 
some brain inteference in the right side of the head, 
near the top. Well, of what value was this to the sur­
geon ? It pointed out a probable means of relief. It 
is true that there was nothing certainly demonstrated, 
and to fol low the ind ications was largely experimental 
and hazardous : but as there was none of the pat.ient's 
friends to consult with, and the patient himself could 
not speak, the surgeon did what he thought was best 
for the patient and the interests of science. 

The patient was removed to the operating room, 
and, in the presence of a large number of physicians, 
the surgeon cut off the patient's hair on the right side, 
and made a triangular incision in the scalp about three 
inches long. The flesh was dissected up within the 
lines of the incision, and a long flap was made. With­
out a moment's hesitation the surgeon forced a trephine 
of the largest size through the skull, which was un­
usually thick and hard. A button of bone was reo 
moved about an inch and a half in diameter, and the 
brain substance carne up through the opening in the 
skull, showing that there was pressure within. There 
was nothing in the appearance of the brain to indicate 
that there was anything wrong near the surface. Upon 
pressing the brain back through the opening, which 
could be easily done, as the membrane was not rup­
tured, the snrgeon detected with his fingers a hard sub­
stance on the u nder side of the opening. A piece of 
bone was removed at this point with fine forceps, and 
a cystic tumor was found embedded in the brain. How 
deep it extended could not be told , but the surgeon 
at a venture sank his knife into the brai n substance 
and began cutting the tumor out. It was delicate 
work and skillfully done. After about an inch and a 
half of the brain had been di vided, the end of the 
tumor was found, and the entire maslS was removed 
without  much difficulty. A large hole was left in the 
brain,  and there was considerable hemorrhagf', which 
fortunately did not last long. While the flap was 
being returned to position on the skull, one of the as­
sistants cut the tumor in half  to discover its nature, 
and was surprised to find firmly embedded on one side 
a large bullet. It was much flattened, and looked like 
one of the largest revol vel' bullets. 

The patient lingered between life and death for 
many days, and then there was a marked improve­
ment in the condition of his body. The temperature 
became normal and the power of motion slowly re­
turned. The i mprovement was steady, and at the end 
of four weeks the patient had become conscious, and 
soon afterward was able to tal k without trouble. It 
was then that his name and the circumstanCles told in 
regard to him first became known.-N. Y. S1m, May 
23, 1887. 

CURIO US OPTICAL ILLUSION. 
TAKE a whitewood rectangular box, and into one of 

the sides drive a nail. To the head of the latter affix a 
ten cent piece by llIeans of wax or resin. Alongside of 
the nail, and directly to the surface of the wood, affix a 
silver five cent piece. If, now, you look at these two 
coins through a minute round aperture made in a 
cardboard screen, it will he impossible to distinguish 
one from the other, fO!' both will  appear to be of the 
same size. 

It is unnecessary to say that the two coins should be 
fixed " tai l " down, �o that only the " head," which 
gives no indication of the value, shall be seen. The 
distance at which the coins should be placed from the 
observer's eye varies according to the quality of the 
sight. In order to succeed with the experiment, it is 

well to place the eye against the hole in the screen 
(which should be rendered immovable), and to move 
the box backward and forward. A point will be finally 
obtained (varying in distance from six to ten inches) at 
which the eye sees the two coins of the same size. 
Upon then gradually diminishing the distance, the 
five cent piece will even seem to be larger than the ten 
cent one. 

This experi ment is explained by the fact that the eye; 
when situated under the conditions indicated, no longer 
estimates the distance that separates two objects. It 

AN OPTICAL ILLUSION. 

is through an analogous phenomenon that the moon, 
when observed in the finder of an astronomical tele­
scope, appears smal ler than it does to the naked eye, 
while it is really magnifif'd by the instrument.-La 
Nature. 

RECENTLY the Emperor William laid the foundation 
stone of the great sh ip canal which is to connect the 
North Sea with the Baltic, and to be finished in seven 
years. Running from Kiel to the estuary of the Elbe 
below H amburg, it will be of sufficient width and 
depth to give passage to the laJ;gest ironclads in the 
imperial navy, and give easy access for her fleets to the 
North Sea, not only increasing her ability to defend 
her coast, but enabling her to take the offensive 
afloat. 
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PATENTS. 
In connection with the Scientific American, 

Messrs. MUNN & Co. are solicitors of American and 
Foreign Patents, have had 42 years' experience, and 
now have the largest establishment in the world. 
Patents are obtained on the best terms. 

A special notice is made in the Scientific Ameri­
can of all inventions patented through this Agency, 
with the nallle and residence of the Patentee. By the 
immense circulation thus given, public attention is 
directed to the merits of the new patent, and sales or 
introduction often easily effected. 

Any person who has made a new discovery or inven­
tion can ascertain, free of charge, whether a patent 
can probably be obtained, by writing to MUNN & Co. 

We also send free our Hand Book about the Patent. 
Laws, Patents, Caveats, Trade Marks, their costs, and 
how procured. Address 

:MUNN d3 00., 
36 1 Broadway, New York. 

Braneb Ofllee, 6U Ind 6U F St., Washington, D. I). 

THE SCIENTIF IC AMER ICAN 

Arcbitocts and Bnildors Edition. 
$2.50 a Year. Single Copies, 25 cts. 

This is a Special Edition of the SCIENTIFIC AMERI­
CAN, issued monthly-on the first day of the m onth. 
Each number contains about forty large quarto pages, 
equal to about two h undred ordinary book pages, 
forming, practically, a large and splendid Magazine 
of Architecture, richly adorned with elegant plates 
in colors and with fine engravings, i l lustrating the 
most interesting examples of modern Architectural 
Construction and allied subjects. 

A special feat.ure is the presentation in each number 
of a variety of the latest and best plans for private 
residences, city and country, including those of very 
moderate cost as well as the more expensive. Draw­
ings in perspective and in color are given, together 
with full Plans, Specifications, Costs, Bills of Estimate, 
and Sheets of Details. 

No other building paper contains so many plans, 
details, and specifications regularly presented as the 
ScIENTIFIC AMERICAN. Hundreds of dwellings have 
already been erected on the various plans we havil 
issued during the past year, and many others are in 
process of construction. 

Architects, Builders, and Owners will find this work 
valuable in furnishing fresh and useful suggestions. 
All who contemplate building or improving homes, or 
erecting structures of any kind, have before them in 
this work an almost endless series of the latest and best 
examples from which to make selections, thus saving 
time and money. 

Many other subjects, including Sewerage, Piping, 
Lighting, Warming, Ventilating, Decorating, Laying 
out of Grounds, etc. , are illustrated. An extensive 
Compendium of Manufacturers' Announcements is also 
given, in which the most reliable and approved B uild­
ing Materials, Goods, Machines, Tools, and Appliances 
are described and illustrated, with addresses of the 
makers, etc. 
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of any Architectural publication in the world. 

MUNN & CO., Publishers, 
36 1 Broadway, New York. 

A Catalogue of valuable books on Architecture, 
Building, Carpentry, Masonry, Heating, Warming, 
Lighting, Ventilation, and all branches of industry 
pertaining to the art of Building, is supplied free of 
charge, sent to any address. 

Bu i l d ing Plans and Spec ifications. 
In connection with the publication of  the BUILDING 

EDIT I ON of the SCIENTIFIC AMERICAN, Messrs. Munn 
& Co. furnish plans and specifications for buildings 
of every kind, including Churches, Schools, Stores, 
Dwellings, Carriage Houses, Barns, etc. 

In this work they are assisted by able and experi­
enced architects. Full plans, details, and specifica­
tions fer the various buildings illustrated in this paper 
can be supplied. 

Those who contemplate building, or who wish to 
alter, improve, extend, or add to existing buildings, 
whether wings, porches, bay windows, or attic rooms, 
are invited to communicate with the uudersigned. 
Our work extends to all parts of the country. Esti­
mates, plans, and drawings promptly prepared. Terms 
moderate. Address 

MUNN & CO. , 361 BROADWA"t, NEW YORK. 

© 1887 SCIENTIFIC AMRICAN, INC.




