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influx of water became 1\0 great as to require IL.ore power­
ful pumping engineB, and then the contractors, discouraged, 
sought and received permission to reliJ::q uish the work. 

Then the directors attempted to continue on the Windsor 
end by means of two parallel trial drifts, and to begin a 
second one at the shore shaft, at a level 10 feet above the 
grade of the drainage tunnel, leaving the latter to be used 
as a Band holder in case of further irruption, the idea being 
that, in either one or the other drift, some p rogress might 
be made. Experience, it seems, had shown that a stream 
of sand and water flowing into the tunnel at one point 
would never be accompanied by a troublesome one flowing 
in at another_ It is unnecessary to enter into the details 
of the last eftort. The actual a:ivance in new ground during 
the last two months was only 64 feet, and the cost about 
$7,500, or more than 6r times the contract price, and the 
dlrecto[p, in turn dieconraged, abandoned the enterprize. 

Mr. Chesborough answers various cri'.icisms on the mode 
of carrying on the work, and statel reasons why the orifices 
througu which the irruptions occurred could not be stopped. 
A sbield, he remarks. �ould not be used to advantage, nor 
could sucoess have been assured by the pneumatic proCf'ss. 
The cause3 of the irruption were springs and water courses, 
having their source 1�0 feet higher than the tunnel, and 
much abwe the level of tide water. Mr. McAlpine notes a 
similar case in the building of the dry docks at Brooklyn, 
N. Y., where fresh water came in with a head of 50 feet 
higher than that of the salt wllter. The water entering at 
Detroit was sulphur water, and without doubt owed its ori­
gin to Sulphur S;>lings at Sandwich, below Detroit, where 
the level rises flom 30 to 40 feet o.bove that of the river. 

------.... .-. ........ ------

A HILL OF SULPHUR. 

One of the most remarkable deposits of native sulphur, a8 
yet discovered, is a great hill composed of the almost pure 
article, found some two years ago at a distance of thirty 
milos south of the Union Pacific Railway and nine hundred 
miles west o�Omaha. This marvelous deposit is found to 
consist al most wholly of sulphur, cJntaining only 15 per 
cent of impurities. The beRt deposits heretofore available 
are those found in Sicily. The principal supplies for the 
manufacture of sulphuriC acid come f.om there; the deposits 
coutain 35 per cent of impurities and 65 per cent of sulphur. 
Our western sulphur hill,therefore, is much the most valua­
ble, and promisps to become ero Ion.; of great importance to 
the country. 

------................ ------

THE LAUNCH OF THE CITY OF PEKING. 

The country has good cause for self.congratulation in the 
efforts which our prominent shipbuilders and capitalists are 
puttiDg forth to regain the commer�e which, during the war, 
passed from under our flag. Another gr�at vessel has been 
launched, one of the largest ships ever constructed, save the 
Great Eastern, which is to form part of the Pacific Mail 
steamshi!> line; a second vessel of similar proportions is on 
the stocks, and the same builders, we learn, are maturing 
plans for a line of European steamers. The City of Peking, 
which was recently successfully launched at Chester,Pa., was 
c'lnstructfd by the Delaware River Iron ShipbUilding and 
Engine \Vorks, of which Mr. John Roach is President,and is 
without doubt one of the most magnlticent vessels, in 
con�truction, form, and fittings, ever built. Her length is 
420 feet, beam 47 feet 4 Inches,and tunnage 6,000 tuns. She 
has comp)und engines of 4,500 horse power, and a Hirsch 
four bladed Bcrew 20 feet 3 inches in diameter. There are 
four deck�, with accommodations for 2,000 passengers, fitted 
up in almost palatial ftyle. No improvement in interior con­
venienCeS has been omitted; the machinery,soon to be inserted, 
is said to be a masterpiece of workmanship. 

The ship is entirely of iron, flve million pounds of the 
metal beiug used in her hull. She has four masts, three of 
which. are of iron and are used as ventilatore,and she spreads 
33,000 s:j,uare feet of canvas. Here8timated consumption of 
coal under her ten boilers is estimated at between fifty and 
sixty tnns per twenty four hours, and her speed will be 
about fifteen and a half knots. 

The ceremony of launching was made the occasion of a 
holiday in Chester, and the town was thronged with vieitors 
from New York, Philadelphia, and Washington. Large 
numbers of prominent men were present, including senators, 
representatives, chiefs of bureaus and other government 
officials. The ship, as the last shore was romoved, glided 
into the wliter in splendid style, and was duly christened by 
the daughter of the builder, breaking the traditional bottle 
of wine over the bows. Speeches were afterwards made by 
�tnators Cameron and Bogy, and by Mr. Roach, the latter 
gdntleman detailiag the operation� of the company since its 
formation two years ago. The CJity of Peking will be com­
manded by Captain J eff<'rsQn Maury, and will shortly b� 
brought. to this city to receive her machinery at the Morgan 
Jron Works. 

------.... .-. ......... ------

THE CHARACTER OF METALS AS EXHIBITED BY 

THEIR FRACTURE. 
BY PROFESSOR B. B. THURSTON, 

In an article publlshed in the SCIENTIFIC AMERICAN ot 
January 17*, a series of finely executed engravings illustrated 
the value of an inspection of the ttactured surfaces of test 
pieces of metals broken by torsion as a meanll of judging of 
their character. 

During the rese&rch there reterred to, of which the results 
are given at length in a paper now in course of publication 
by the American S()ciety of Civil Engineers, in the" Trans­
aetions" of that eocietyt, the effect of various changes of 

• Te"lllg the quality of Irou, steel, aud other metale without .peclal ap­
paratus. 
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condition, in production of alteration in the characteristics 
of fracture, has been found to preeent an interellting and 
useful study. 

Referring to that article, the reader will observe the 
marked difference between numbers 16 and 22 as exhibiting 
the effect of a difference in thlJroughness of working, the 
former being a good iron badly worked, and the latter being 
the most perfectly worked piece of iron which has ever come 
under the observation of the writer. Nos. 23 and 30 show 
the difference between a cast iron highly charged with carbon 
and a specimen containing a minimum percentage, while 
IItill other illustrations exhibit the low steels 58, 68, 71, con­
taining only iron and a low portion of carbon, and the mal­
leableized cast irons, 33,35, which are steels which retain 
thfl impurities of cast iron, and are somewhat irregular in 
structure. 

The effect of cold upon the properties of iron has been but 
little understood. One pazty of experimenters claim 'to have 
proven an increase, others a decrease, of strength with de­
crease of t€mperaturll!. In a paper, originally prepared for 
the Iron Age* and since republished by several other periodi­
cals,t the writer collated such information, as then existed, 
from both scientific and engineering authorities, which 
showed that the general effect of low temperature seemed to 
be a decrease in power of resisting blows and an increase in 
power of resisting a. steady strain, these seemingly contra­
dictory effects being the consequence of increased tenacity 
�ccqmpanied by a simultaneous and yet greater decrease of 
d�ctility. Subsequent experiments by the writer, with the 
autographic testing machine designed by him for the 
Stevens Institute of Technology, in which errors of observa­
tion are avoided by so arranging the apparatus that the speci­
men tested shall write legibly its own story, have to some 
extent confirmed those deductions, but have revealed some 
reversals of the rule and have indicated that good materials 
are better in both res�Jects at temperatures not far removed 
from zero. 

The paper referred to was called forth by tbe request of 
the cditor of the paper in which it first appeared, to whom 
Mr. Oliver Williams had forwarded a specimen of metal 
which had been broken at one point at a temperature of 75° 

Fah., and at another place when at a temperature of 20°. 
This specimen was afterwards placed in the cabinet of metals 
and minerals, in the lecture room of thA writer, at the 
Stevens Institute of Technology. The method. or fracture is 
stated to have been precisely the same in each �ase. The 
difference in appearance is very remarkable. The fracturll 
at 70° is a strikingly perfect illustration of the fibrous, as 
that at 20' is of the granular, fracture. 

Judging from general experience, I should be inclined to 
consider this iron far less reliable in cold than in warm 
weather. Careful experiment, bowever, is daily coll.vincing 
engineers that the distinction, here so well shown, is a far 
less reliable indication of the strength and ductilil,y of iron 
than was fo�merly supposed. 

A kind of fracture which is probably always indicative of 
brittleness is generally, and possibly correctly, termed crys­
taline. It is supposed to be produced by a long continued 
succession of shocks, w'bich, straining the metal to the elastic 
limit, permit the crystaline grouping of molecules to take 
place. Dr. Percy, the leading metallurgical anthority of the 
world, seems to have beea fully convinced of the possibility 
of the formation, in this way, of true crystals; but direct ex­
periment is still desir&.ble to fully determine it. A singular 
instance of this peculiar mo:ecular action recently occurred 
at the Morgan Iron Works, New York. While a powerful 
steam hammer was at work upon the red hot end of a very 
large ehaft, originally designed for the engines of a large 
naval steamer, a piece of the opposite end ,which was cold,and 
which was supposed to be strong enough to transmit several 
thousand horse power, dropped off. This was an extraordi­
nary event, but not unprecedented. In all such instances, 
the fracture seems to follow a plane passing through a com­
paratively sharp angle atthe side of a collar or at the end of 
a journal. 

The effect of cold is not always observable, particularly 
with ductile iron,of which two specimens were tellted, one, at 
10° Fah., and the other at 70' Fah. The metal was a cheap 
grade of wrought iron, quite cold'lIhort, and very irregular. 
Two specimens from the same bar of good tool sttel. were 
also tested, one baving been broken at 18' Fah.,and the other 
at 70°. 

The purest irons and low steels, and even the shear steels, 
do not usually show a change in form of fracture with 
change of temperature. At all temperatures likely to be ex­
perienced in this latitude, at least, they are equally re­
liable. 

Two Rpecimens of copper were also tested. The first wae 
cast in dry sand and broken at 10° Fah., the second wall cast in 
grepJl. sand and broken at 70°. The beautiful cryotaline 
structure of the former is apparently due, principally, to low 
temperature. The unsound structure of the latter is the 
consequence of using a damp mold, and exhibits the advisa­
bility of using dry sand whenever possible. The two are 
very characteristic specimens. Copper is strongest at low tem· 
peratures and seems to lose none of its ductility. Forged 
specimens of copper, in all but color, resemble, when frac­
tured, the toughest and most ductile kinds of iron. 

The wonderful difference in properties of steel, under dir. 
teI<3nt methods of treatment, is shown by two �pecimens 
from the same bar ot fine cast steel. The first has been care­
fully annealed, the second as thoroughly hardened. The 
close resemblance of the former to the low steels, shown in 
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the former communication, was at once noticed. It does not 
appear likE! a true IIteel, not having even the faintest resem­
blance to the hardened specimen, which prellentll the uneven 
fracture and fine grain characteristic of the bellt tool IIteds. 

Still another illustration of a peculiar modification of hon 
produced by special methods of treatment ill Been in a piece 

of iron which bad been SUbjected to the process of cold roll­
ing. The effect of this action is to produce a marked in­
crease of strength and of elasticity. In precisely what way 
this effect was produced was long a disputed point. No change 
of density had been detected. and some of the most talented 
and distinguished scientific men and engineers who had occa­
sion to examine this singular material, &1\ members of the 
International Jury at the Vienna Exhibition,found it exceed­
ingly difficult to credit the claims made tor it, although sus­
tained by reports of experiments made upon it by well known 
authorities at home and abroad. 

It has lately been shown by the' writer that tbe effect of 
cold rolling is to render the iron more perfectly bomogeneous 
and to produce such a dbposition of internal etrains all to 
greatly increase its elastic r!:>sietance. * 

The thready appearance of the side of tbe broken speci­
mens, and the toughne8s and compactnells, of which good 
evidence is seen by an Inspection of the end of the test piece, 
are the peculiar characteristics ot this material. Those of 
the readers of the SCIENTIFIC AMERICAN who have occaelon 
to adopt the method of testing metalB, described in the issue 
of Jar.uary 17, will be interested in learning the effloct of 
varying the proportions of copper, tin, and zinc, in broJ:ze, 
brass, and other compositions. 

An alloy of ten parts copper to one pa. tin has two thirdll 
the strength of iron and about one half its ductility. Sneh a 
metal is very valuable wherever strength and tougbness are 
required in a cast metal. An increased proportion of tin 
product's increased hardnefs and a loss of ductility. Sixty. 
nine parts copper to thirty-one parts tin is an alloy which is 
very hard and as brittle as glass. Increasing the proportion 
of copper g!ves greater ductility at the expense of strength, 
and castings become liable to uneoundness. 

Zinc ill a brittle metal of crystaline structure, and vastly 
different from tin. Yet an alloy of zinc and copper may be 
made of considerable etrength and of great ductility, as ts the 
case with wire brass where the proportions are about two of 
copper to one of zinc,and with an unusually beautiful special 
grade of brass made at the Stevens Institute. This specimen 
exhibits ch9racterhtic� common to all the more ductile alloys 
as well as of the metal tin. The curious, irregularly wavy 
appearance of the exterior,and the half fibrous, half granu· 
lar fracture, are seen in gun metal, soft brass, oroide, phos· 
phor bronze, and many other alloys which have been tested. 
Metal workers often make a free working and fine looking 
alloy by rrniting copper, tin. and zinc. For �ome purposes 
such a mixture is well adapted, but it often happens that, 
without suspecting it, the workman seriously Injures his ma­
terial by adding,for appearance sake, zinc to a bronze in pro­
portions seemingly too small to effect its mechanical pro­
perties. 

The writer has tound the addition of but a fraction over 
one per cent of lead, to a good brass, to reduce its strength 
nearly a half, and to cause a corresponding loss of ductility, 
thus making it but about one fourth as valuable in resisting 
blows as the clean alloy. 

A good bronze, containing about ten ot copper to one of. 
tin, to which less than tbree per cent of zinc wall added, was 
also tested in comparison with a brass in which lead was 
thus a component. The former is a metal of fine looking 
exterior, works well and takes a good polish. Its strength 
is slightly increased by the addition of the zinc, but its duc­
tility is hardly a sixth that of the pure copper and tiit alloy. 
The tracture shows this change to the eye with unmi�takea­
ble clearness. Int!tead of the toughness and extensibility 
shown so plainly in the specimen with lead in it, is exhibited 
a rag-ged, dull, irregular break like caet iron. 

Such experiments as these are exceedingly instructive; 
and every worker in metals, every iron and brass foonder, 
would find himself well repaid tor time expende,l in such re­
searches by the discovery of the mixtures best fitttd for hill 
work; and if each were to make public the reeults of hill 
work, whenever evidently important, he would benefit the 
world without loss to himself. 

------------.... �, .. � .... -------------

Dr. Arnott. 
The decease is Rnnounced of the celebrated Dr. Nell Arnott. 

at the advanced age of eighty-five years. He was not only 
a physician of eminence, but an author, a scientist, and an 
inventor. His" Elements ot Physics," published in 1827, 
wall largely circulated, and greatly promoted the study of 
the IIclences. His lfsearchl's upon warming and ventilation, 
and bis inventions of stoves and vl'ntilators, have greatly 
added to human comfort, and have led tlte way to various 
other important discoveries. Dr. Arnott wa� th" recipient of 
many honors, and no one more justly deserved them. His 
life was a most useful one. 

------------.... -....... ------------

TO NEW SUBSCRIBERS, 

It hall been our custom to commence at the beginninl/: of 
the year, all SUbscriptions received previous to the first ot 
April, and to eelid the back numbers from the first of 
January. Hereafter the paper will be lIent from the date of 
receipt of subscription; but to tbose who wbh them, the back 
numberll trom tbe commencement of Ithe Tolume will be 
furnished, and the lIubscription dated from the first of the 
year. 
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