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N notice witl be taken of arongmous enmmunical.ons

{ THE MANUFACTURE AND APPLICATION OF ARTIFI-

CIAL MANURES.—Bv MR, Suetuax.
(Continued from puge 139.)

All the valuable constituents of guano aro in & form readily
arailable, but the condition is sometimes unsuited for sowing
and the quality, moreover, varies considerably. Several large
firms, have, therefore, undertaken the manufacture of dissolved
guano, . ¢., guano treated with sulphuric acid, and send it out
at a guaranteed strength. This is a decided gain to the farmer
—who is thus protected against the fraudulent impostures of
some dealers who, keeping to the letter of the law, sell inferior
articles at high prices a3 pure Peruvian Guano. The credit of
first introducing this form of manure into England is due to
Messrs. Ohlendorff & Co., of London.

There is also in the market a class of so-called phosphatic
guanos, in which the phosphoric acid exists as dibasic instead
of tribasic phosphate of lime. To convert these inte soluble
phosphate only half the quantity of sulphuric acid is required,
as to convert the ordinary tribasic phosphates, and consequent.
ly products of high quality are produced, which find their
way into the marketas phospho-guano, biphosphated guano,
cte.

In conclusion I must express my indcbtedness to my friend
Mr. H. H. R. Shepherd for the kind assistance which he has
given to me while compling this paper.

Mr. King drew attention to tho fraudulent manuring mix.
tures that are palmed off on the public. He had lately bought
some manure as superphosphate of lime. Shortly afterwards
the agent came to say the wrong manure had besn delivered.
Being a little suspicions, ho hadsome of the lumps gathered off
the field (it had been sown) and analysed, wheu it was found
tho manure was worth about £24 per ton. He had contracted
for a quality at £12. He told the company from whom the
manure was bought that they could take it off the ground if
Eossxblo, but he was certainly not going to pay for it ; he then

ad some good manure applied, and all ho could gay was that
from the two be bad an excellent crop of cats. Now he ven.

« tured to say that if he had r ¢ mentioned that he was going to

have the manure analysed ho would never had heard anything
further stated that to

* show how valuabls the assistance-of thuanalyst was toa farmer,
that on another occasion he thought potesh would be capital
; stuff to put on a particalar field, so he put some down and
some time afterwards found on submitting some of the soil to
Mr. Smetham for avalysis, that thero was emough potash on

that ground, in 6 iu. depth, to grow crops for over thres hun-
dred years. He thought the information imparted by papers
liko the present was extremely valuable, and that if there were
some government standard for regulating the sale of manares
a great deal of good would be done. He thought thit unless
farmers were careful to make progress that not enly would
America and Canada be supplying us with general agricultural
produce, but we should be getting beef from the River Platte,
especially as refrigerating appliances were becoming so perfect.
1t seemed extraordinary that while in England we have about
one sheep per head of the population, in Australia they have
thirty.five times as many per head; altogether we have 28
millions and they have 70 millions. It seemed to him that the
value of land must largely go down unless Mr. Smetham or his
chewical friends could give us some assistance in obtaining
better results than have yet been obtained.

Mr. ClANTRELL said the subject of manures had boen fre.
quently brought before the Swieg, and especially in conneotion
with the treatment of sewage and disposal of town refuse,
number of limited companies had been formed to oarry out
various ingenious schemes, duly ga;;/anted. all of which Le be.
lieved had ended in failure, In his own case he had brought
two before this Society, in which the deodorlsin‘;f powers of
cha.coal was the main feature. As an old snd successful
}mtenteo of apparatus for the revivification of animal charcosl
or the use of sugar refiners, it was only natural that ue should
have great faith in charcoal. .

Peat Charcoal was the feature of one company and Carbonised
Street Sweepings Charcoal that of the other, and it is of this
latter he would say a few words,

The wonderful properties of charcoal bave been long known
and admitted amongst sanitarians, but the dificulty hasalways
been the procuring of it, at a very cheap rate,

In his studies as a microscopist years ago, he had been led
into an investigation of garden soil (amongst other substances
in studying the lowest forms of life, believing that he shov!
in the substance, called by the :’gricnlturd chemists “humus,”
find similar organisms to those fourd in vegetable decomposi-
tions, and he was right in this conclusion: he found the fa-
miliar smoeba and numereus other erganisms; It was thess
facts convinced him that garden soil would, when carbonised,

prodace & good charcoal.

It was then that the idea s ted itself that strest sweep-~
ings (town refuse), if carbonised, would make the cheapest of
all’ charcoals. After a number of experiments, he satisfied
himself that this would grove the universal charcoal desired.
A patent was taken out by him, snd a oomF;n formed, arran-
gements were made with the Corporation o Sa{fotﬂ for the use
of 3 building belonging to them at their Ordsall Lane Manure
Depot, in which to erect the carbonising furnaces and carry on
the manufactare of charcoal manure, the cornnﬁon mpplling
the company with the strest sweepings for carbonisation,and the
excrota from the pails on very ressonsble terms. The process
was & very simple one, the street sweepings were into
tho self-feeding revolving reterts which conveyed the contents




162 CANADIAN MAGAZINE OF SCIENCE

[June, 1‘883.

e v t—

gradually over the furnaces and thence into sheet.iron coolers,
when sufficiently cool these were emptied on to the floor, and
finally trenched ready to receive the contents of the pails, theso
latter and the charcoal were then thoroughly mixed, and in a
few days tho manure was ready for the furmer. [Large quanti

ties of this manure were sold to Lincolashire farmners at remu-
nerative rates and bid faiv to become » great suecess, but un.
fortunately the corporation advanced the rent of the premises
and inereased the prices of their refuse to that extent that the
manufacture was finally abandened  Mr Chautrell who hal
taken shares in payment for his patent, waq disgatisfied with
the chemst of the company and Ins mode of management, de.
termined to withdraw, and he was fortunate shortly afterwards
to sell ail hix shares at the highest price, realisinga very band.
gome sun.

One singular . .istake made by the chemist and manager was
the non-utilisation of the gases given off' in the carbonisation
of the street sweepings, which would lave largely increased
the value of this manure e might mention that this char.
coal manure was always dulled 1o with the seed, showing that
the Lancolushire farmers knew what they were about.

Mr. Chantrell then mentioned some interesting experiments
he was engaged upon in connection with the growth of plants,
and particularly the part played by fungus and crystallisation
in their decay. Some 12 mounths ago he examined s number
of leaves of the we.l-known Ameriean Water Thyme, which
has become such a pest in many of our canals as at times to
impede the navigation, this weed the “‘anacharis alsinastrum
is a great favorite amongst microscopists for showing tho cir.
culation, A stray leaf had been left in an ordinary brags live.
box, in fact thrown on one side, when ahout a mounth after.
wards hie by chance looked at it, and noticing something peca-
liar, he examined it under a microscope, and found to his sur-
prise a cutious fungus growth round about the leaf, a sort of
mycelium. He applied the polariscope and then were revealed
seme most beautiful crystals, evidently proceeding from the
fungus, and singular to say, this leaf continues to throw out
the mycelinm, and the cerystals go on forming although the
live-box is wrapped up m cotton wool and shut up in a tin
box excluding the light, air and moisture, the fungus and
crystals continne their growth, the only pabulum being this
leaf of anacharis, now 12 months old. ‘This investigation has
led to some new discoveries in conunection with portland ce-
ment, a manufacture which is assuming enormeus proportions,
aud may be particularly obscrved in Laverpool, inits extensive

2 in the construction of the umproved street pavements and
Iramways ; one can hardly believe that the first of these pave-
ments, that in North John Street, has been down 10 years,
and with one of the heaviest traflies in the world, is hardly a
bit worse ; 1t 18 the pavement of the future  The testing of
cements i3 becomng more general amongst Eugineers, and
tensile strain has been much increased of late, so that 5un 1bs,
to the inch (seven days after guaging) is by no means uncom-
mon. It bas always been said that the increase of the strength
of cement was due to crystallisation.  Mr. Grant’s (the Tngi-
neer to the Metropohitun Board of Works) well-known experi-
ments, ranging over years, points to this, but no one seems
to have thought of using the microscope and polariscope to
absolutely see, so to speak, the inner life of coment. I have
been engaged for several months past in watching the crystalli-
sation of portland cements, and 1 am able in 6 or 7 minutes to
see the needles of crystalhisation forimng round the minute par-
ticles of cement, in star-like forms, these needles in course of
a few days change, followed by erystals of earbonate of lime,
ctc., after a while the field assumes under the polariscope
beautiful aesthetic forms, and a continued variety of crystals
go on forming, ever changing and ever beautiful, and showing
that by continued erystallisation it is that cement wucreases in
tensile power.

The subject is an interesting one, and much of the quality
of cements may be judged with the yet mperfect data, and
promnises important results in the future.

Mr. Buchanan said the remark made by Mr. Chantrell
brought to his mind a connection he had with the *Carbon
Fertihzer Co.” of Oldham, who built large works in the out-
skirts of the town, and coutracted with the corporation for the
collection and treatmnent of the night soil and town’s refuse,
for manufucturing into artificial manure.

The Company supplied boxes in the closets for the collec-
tion of the refuse, which was deoderised with charcoal, and
then conveyed by carts to their works, emptied on floors, and
the liquid drained off into tanks belaw. The solid matters

were conveyed to drying ovens, entering one eud, thus carried

to tho further end by scrapers, and discharged in u somi dry
condition on to Yands, which carried it to a mill, to be broken
and sioved as required ; further bauds then conveyed it to an
elovator, which delivered it on to the top of a * Buchanan and
Vicker's Patent Kiln " to bo carbonized. This kiln was con.
structed so that all the moisture and gases given off could be
collected, condensed and utilised.

The material discharged from tho kiln was satisfactory in
quality, but the quantity was disappomnting, owing to the light
specific gravity of the material, o low temperature could only
be used in the kily, too much heat caused expansion. Flaborate
plans were prepared for pressing the wet materials into cubes
1o be dried the same as bricks, then to be ground and carbo-
nized, but through the stoppage of the company this work was
not executed.

He thought that had the same principle been carried on by
a private firm and wnder economical management, the results
financially would have been savisfactory.

Mr. Hill said he thought that the manure question was re.
ceiving miore attention, as durag the last year or two the
price of ammonjacal liquor from gas works had risen consi.
derably, .

The President thought that ho might mention that in Corn.
wall a great quantity of woollen rags was used on the land for
maunre, and also sea weed got from the shore, together with
the sand. In Cornwall they have to manure the land very
highly, as the rent per acre runs as high as £30 to £40.

Mr. Smetham in reference to Mr. King's remarks with re.
gard to successful farming in the future, thought it was not so
much a question of manures, as now manures were to be ap.
plied. Inreply to Mr. Chantrell he thought it very wiso for
him to get out of the company as soon as possible, for it was
perfectly evident that no charcoal of any commercial value
could Lo obtained from street sweepings on account of sand
being mixed with it, as to drilhing the manure into the seed
it was a very common practice. The crystals would probs” y
be due to the formation of acid oxalate of potassium.

In regard to Mr. Hill's remarks as to the price of sulphate of
ammonia, the principal cause of its enhanced value was scarcity
of the nitrate of soda coming from Pern and Chili, and the
nitrate being so expensive, more sulphate of ammonia has been
used as manure. Brumner, Mond & Co. used a consirderable
quantity of ammonia also, for the soda ammonia process. They
are the only makers in Fugland that used thus process, although
there are many on the continent who use it. In reference to
Mr. Siddeley’s remarks, if he, Mr. Smetham, remembered
rightly, someof the sand picked up from the Devoushire coast
contained 85 per cent. of carbonate of lhime, and consequently
the sand would be of counsiderable use as manure, especially if
the land were deficient in lime, He thought £40 an acre was
very high. He also thought market garﬁening could be en.
gaged iu profitably by farmers, many of theso round Liverpool
obtaining renumerative results by this means. The A B C pro-
cess for treating sewage consists in adding alum, blood and
charcoal ~ As far as s experience went ho could not say the
system was & profitable one, and he doubted very much
whether it could be made profitable. There were all sorts of
systems for treating sewage, but the cheapest plan was, where
practicable, to send it right ont to sea—the quantity of water
in it, where the water closet system is used, rendering the ex-
traction of the valuable constituents extremely difficult.

Gen. Scott had a system of treating scwage which consisted
in allowing the sewage to ferment until tho nitrogenous mat-
ters are converted to ammoma, then phosphoric acid and ma-
guesia were added, by which means the ammonia was preci-
pitated as ammonia maguesia phosphate, and then collected
and dried and used for manure. Certainly a very excellent
manure was obtained in experiments made at South Kensington.
But in actual practice the process was not remunerative,

A unanimous vote of thanks was awarded to Mr. Smetham.

—_— g

INCREASED EFFICIENCY OF RAILWAYS.

At a meeting of th- Am. Soc. of Civil Engineers, held on
the 16th of May, Mr. 0. Chanute made the following remarks
on the “Increased Efficiency of Railweys "—the subject of a !
pnyer read befora the Society at a previous meeting.

Ic sugpested that it was worth enquiring whether tho
diminishel average mileage obtained from cars 1s an unmixe
evil and whether there have not been changes in the methods
of transporting business, which, while requiring less move-
ment of cars, yot added {o economy of trade and convenience
of customers, and also whether the diminished mileage may

— a—
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ot be ofi-set by decrease of cmpty mileage, and by savings

affected to general business. Also that if oxpense can be saved
to owners in the receiving or dopositing of property, it enables
them to pay & better freight rate,

The methods of transacting business conuected with the

- trineportation and handling of commodities have changed

greatly during the past twenty years,  Itis worth investigat-
ing whether these changes wlich ate beneficial o the country
at large, Luve not cunduced to the dimimshed average move-

" uent of cary, and whetlier this diminished movemont hay not

really adided to the facilities for transacting basiness, and that
il these facilitics be curtailed, it may be necessary to make
corresponding reductions in freight charge. .

Mr. Chanuto also veferred to the figures given by Mr. Shinn,
which show that a large pereentage of freight cars run cmpty.
It roats nearly as much to travel an empty car as a full one,
and by designing and mauaging cars so_ that they can be
loaded back, and having a suflicient number to enable them
tu wait for such back loads, empty milenge may probably be
reduced,

I1e also referred to the economy likely to result from the
¢ tablichment of large warchouses at terminal points.

Ie also, while agrecing with Mr. Shinn that there are serious
defects in the present system of nnleage charges, suggested
sume ulyectivng tu the per diem charge which Mr, Shann pro-
poses to substitute.

First, that it may lead to a considerable increase injtho
nuleage of empty cars.

Second, that theve would be difficulty in following the per
Jdiem chargo vver the ditlerent roads over which the car passes
s0 as to atlord a check to the owner.

Third, the probable increased expense in keeping the
acconnts beyond the present system, with the probable neces-

- sity fur the establishment of & car clearmg house.

Fourth, the opposition which will arite to tho proposed
change.

Fifth, the confusion and hardship likely to occur from
changes of methods.

Mr. Chanuto suggested these nbjections, not as insuperable,
but to show that there must be a well matured plan presented,
rather than merely the suggestion of a plan.

1le also considered the charge of one dollar per day, proposed
by Mi. Shinn to be entirely too large because 1t yields much
more than the interest upon the cost, depreciation, and cost of
Teparts,

‘Hc presented figures showing the cost of the cars and of
their maintenace upon the Erte, and the Pennsylvania rail-
tuads, and from these figures drew the conclusion thata per
diem charge of 25 or 30 cents per day would be a fair one.

The paper was also discussed by Messrs. Cooper, Forney,
Fmery, Hamilton and Shinn.

B

THE GRANTHAM TRON WORKS.
(Drummondvrille, P. Q.)
BY B. J. HARRINGTON, PH. D,

Nearly a century and a half ago, the King of France,
Leunis XV,* displayed a most commendable zeal 1n
stirring up certain of his subjects in the New World
tu take advantagoe of the deposits of Log iron ore,
which had loug before been discovered 1 the vicinity
of Three livers, on the St. Lawrence. In 1730 ho
gave a Royal License to a company to work the ores, and
oven advanced 10,000 livres to aid in building a fur-

_ mace, &¢. No work having been done, ho subsequently

withdrew the license, but in 1735 granted it to
anothor company, which received 100,000 Jivres in

" aid, and in 1737 erected a blast furnace, the stack of

which is still standing. Secveral other furnaces have

~ since heon built in the same region, and also near the
* 8t. Francis River, south of the St. Lawrence, where

—

* Not Louis XIV, as stated in Mr. Swank’s Census Report
on the Iron and Steel Production of the United States,
{Washington, 1581.) T.ouis X1V died in 1715,

ores similar to those of the St. Maurico, have long beon
kuown tp exiat.

Of tho latter, one was orected in 1869, by the * St.
Franeis River Mining Company,” at St Pio, in Yamas-
ka County, and was sold in 1874 to Messrs. John
McDougall and Co., of Montreal. Mr. Robert McDou-
gall, of the St. Maurice Forges, was then appointod
managor of the St. Piec Works, and under Ius super-
intendence, smelting oporations were carried on for six
years, when tho furnace was abandoned, owing to the
difficulty of obtaining sufficient supplies of ore within
a reasonabls distance.

It was, huwever, found that bog ore of good quality
could be obtained in abundance in the vicinity of
Drummondville, on the St. Francis; and, according.y,
an excellent site having been acquired near the
town, a small blast furnace was erected in 1880. The
enterprise proving successful, a second furnace was
built, close to the first, in 1881; an office, store,
dwellings for the workmen, &c., have also been put up,
and now the scene presonted is one of busiest activity.

For convenience in charging, tho furnaces have been
placed mear the foot of the sloping bank of the St.
Francis, whero advantage can also be taken of the
water-power afforded by the river. One stack is built
of stone, the other of red brick, made of clay obtained
on the spot. The internal measurements of the brick
furriace are as follows :

Fr. Is,
Height........ Ceetsesannans 32 0
Diameter at boshes....... . 10 0
e of hearth,.eeee. 3 4
“  of throat..... . 4 0
Height of hearth......... . 5 0

The stone furnace is thirty-four feet high, but other-
wiso similar in dimensions to the above. Both furnaces
are lined with fire-bricks imported from England. ‘The
brick furnace has three tuyédres, and is worked with
hot blast ; the other has tho same number of tuyéres,
but the blast is cold. The blowing machinery is that
which was formerly used for the bloomaries at Moiste,
and is now driven by a Leftel turbine of forty-fivo horse-
power. Tach of the two horizontal blowing cylinders
is eight feet long, and four and a half feet in diameter,
the length of stroke being seven feet. When set up at
Drummondville, this machinery was only intended to
supply the blast for one furnace, and now it has to do
duty for two, and when the water in the river is low
the pressure obtained is insufficient, being at times
only from % to § of an inch of mercury. The hot-blast
stove is of the ordinary type with siphon.pipes, but is
defective in construction. The tomperature of the hot
blast on reaching the tuydres is said to be about 300°,
and the manager states that with the blast heated to
this temperature, the proeduction of ivon has been oniy
about 10p.c. greater than with culd blast, and that no
very marked difference in the quality of the iron has
been observed.

The average charges employed are :

Bog iron ore 400-600 1bs.
Limestone 50 ¢
Charcoal 20 bu. = about 260 lbs, [

The daily production of pig iron (mostly numbers 2

and 3) has not averaged more than five tons.* The

——

* The iron is used entirely for car-wheels, and is worth from
$28.09 to $30.00 per ton in Montreal.
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bog ore appears to be of better quality than much of
that used at the St. Maurice Forges, and yields in the
furnace an average of 44 15 por cent. of iron. Some
of it is rich in manganese, and is only employed when
it is desired to produce white won. Tho limestone
used as flux is a slaty argillaceous variety, apparently

; derived from the Levis furmiation. Analyses of samples

made 1 the laburatory of McGill College, by Mossrs,
W, H. Howard (I), and L. H. Hatmlton (1I), gave:

1 11

Caleium carbonate ..vvvens.. 49.20 52,12
Magnesium ¢ tereassss 1,36 3.86
Ferrous b cerecseess 5,03 4.82
Alumiua cesessasss OU1 2,93
Insoluble matter R 1 R 141 $5.50
Copper seesseeass traces  traces

98.10 99,43

The charcoal is chiefly ubtained from soft wood and
wexghs about thirteen pounds to the bushel (the minot.)
It is made entirely in brick kilns or charring ovens,
of which there are fourteen, the internal dimensions
being .

Length .......... veenessss 5O feet

Width.. .. c.oviieens v 16 ¢
Hoight ...... ...

From thirty-five to fifty bushels of charcoal are ub-
tamed from a cord of wood, soft wood giving a larger
yield by measurement than hard wood. From seventy
to eighty men are coustantly employed at the works,
while, at certain seasons of the year, in addition to
these, from 20U to 300 men are engaged in cutting
wood and obtaining ore,

et — —
ELECTRICITY APPLIED TO EXPLOSIVE PURPOSES
BY PROF. ¥. A, ABEL, C B, F.R.8, ETC
(Concluded from Page 151.)

The conductivity of very fine wues could therefore be bat
slightly aftected by physical ditlerences in the metal, and
the considerable dulerence 1 conductivaty observed i dif-
terent samples ot platinum were therclore clucfly asenbable to
vartations e the degree of 1ts punity. It appeared likely that
defimte alloys nnght funmsh mere umform results than com-
mercial platinum ; expetiments were thetefure mads with fine
wires of German-stlver, aud of the allor of 66 of silver with 33
of platuum cmployed by Mattiuessen for the reproduction of
B. A. Standards of electiical 1esistance.  Both were greatly
superior to ordinary plavium ue nogard to the resistance
opposed 10 the passage of w cutient ; German suver Was iu ats
turh supcrior to the platinum-silver alloy , although the differ-
ence was only trithng in the small length of the fine wire used
i a fuse (U 25 inchy, while the comparatively ready fusibility
of the platinum-siver wire contiibuted, with othier physical
peculianities of the two alluy s, to reduce the fine Germanssilver
wire to about a level with at.  Moreover, the latter did not
testst the tendeney to cottusive action, exlubited by ganpow-
der, amd vther moie readily eaplosive agents, which had to be
placed 1 cluse cuntact with the wire-brudge tn the construction
of a fuze, while the piatinum-silver was found to raudin unal-
teted wider corropunding conditivns. Experiments having
alsu been miade \\'u}. «lloys of plativum with dehnite propoi-
tions of ierdian, the metal witli which 1t 1s chiefly associated,
very fine wates of the alloy contaiming 10 per cent. of irndiun
were eventually seloetad as deadedly the best materials for the
production of wire-fuzes of comparatively Jugh resistance and
uniformity, thas alluy bang found deadedly superior in the
latrer respct, s well as i poant of stcogth wnd therefore of
wmanagableness 1 the state of & very hine wire, 00Ul 1n. in
diawretery, to the plotinumesileer wire. The fuzes now used iu
wnhitary and stbtuatine services were made wath bridges of
indio-platinum wire, containing U per cent. of the first-
named metal.

The eleetnical gun-tubes in the navy wo ¢ fired by neans of
a specaally arrmgd Leclanchd battory, anl branch eircuits
worked to the dillerent guns, in b oadside firing, it was im.
portaut that the wite-bridge of any one of the gun-tubes whick
was first fired should be instantancously fused on the paseage
of the current, so as to cut this branch out of the circuit;
this respect the comparatively fusible platinum-silver alloy
nppcnm} to present an advantage, henee the naval electrical
fuses were made with Lridges of that alloy.
clectrical resstanco had become a mallor of such high fipor-
tanco mn the delicate arrangements connected with the system
of submarine mines, a8 now perfected, that the very greatest
care was bestowed upon the manufacture of service electric
fuzes aud detonators, which were in fact made, in all their
details, with almost the precision bestowed upon  delicato
sciontific instruments, and t‘m suceessful praduction of which
involved an attention to minute which would surprise a super-
ficial observer.

One of the earliest applications of cleetricity to the explo-
sion of gunpowder was tlhc firing of guns upon proof at Wool.
wich by means of 2 Grove battery and a gun-tube, which was
ficed by o platinum wive bridgs, o shunt arrangement being
used for directing the current successively into the distinet
ciremits comxecteﬁ with the guns tv be proved  When the
high-tension fuze had been devised, gun-tubes were made to
which it was applied, and an exploder was arranged by Wheat.
stone, having a large number of shunts, so that as many as
twenty-four guns might be brought into counection with the
wstrument, and successively fired by the depression of separate
keys connected with each.

The firing of cannon, as time-signals, was an ancient prac-
tico in garrison-towns, but the regulation of the time of firing
the gun, by clectnieal agency frows a distance, appears first to
have been accomplished in Ediuburgh, where, since 1861, the
time.gan had been fired by a mechanical arrangement, actu.
ated by a clock, the time ot which 1s controlled electireally by
thenmean time cluch, at the Royal Observatory ou Calton
Hill. .

Shortly alter the establishinent of the Edinburgh time-gun,
others were introduced at Newcastle, Sunderland, Shields,
Glasgow, and Greenock. The firing of the gun was arranged
for in various ways ; in some instances it was eflected cither
direct from the Observatory at Edinburgh, or from shorter
distances, by means of Wheatstone's magueto-clectric explo-
ders. At present thore were time-guns at West Hartlepool,
Swansea, Tynemouth, Kendal, and Aldershot, which were
fired electrically, either by currents direct from Lo dom, or
by local batteries, which were thrown into circnit at the right
nmoment by meaus of reluys, cuntrolled fro St. Martin's-le-
Grand.

About thirteen years ago the electrical firing of guns, espe-
cially tur broadsides, was first intioduce 1 into the Navy, with
the employment of the Abel high-tension gan-tabe and vol
taic piles. The gun-tubes then used were manufactured
sunply for the proof of caunon and for (ap rimental aitillery
operations, aud wero of very simple and Jhieap constiuction.
Experience proved them to be unfitted to w.thstand exposure
to the very ve~ 18 chmatic influences which they had to en-
counter in Her Majesty's ships, aud in store in diffcrent parts
of the wourld. The low-tension gui tulis, huving a bri lge of
vory fine platinumesilver wire, surrounded by re.dilvignitable
priming composition, was therefore adopted as wmuch moro
suitable for our naval requircments.

The arrangements for broadsides ur indepr nudeut firing, and
also fur the fiung of guns in turret-ships, Jiad Leen vy care-
fully and successfully elabiorated in every detail, including the
provision of & su-called dedl or dumituy electrical gua-tube,
which was used for practice, and refitted by wdl-dustructed
sailors.  The firing-heys, and all other wniangewents connected
with clectriceal gun-firing, were specially designed to cusure
safety and eflicieney at the night wmoment.

The electric detonators for fiting vut-rigged torpedoes, or for
other vperations to Le perfurmud from open boats, correspond-
ed, s0 far as the bndge was cuncerned, with the naval electric
gun tubes, and were fired with a specially-fitted Leclauché
battery.  These electnic appliances were now  distributed
throughout the navy, aud the men were kept, by instruction
and periodical practice, well versed in their use.

The application of electrcity to the explosion of submarine
mines, for purpuses of defence and attack, received somo
aitenuon frum the Russiaus during the Crimrean War nunder
the dircction of Jacobi; thus a torpedo, arranged to be ex-
ploded electrically when coming into collision with a vessel,

Unifoimity of |
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! was discoverrd at Yeni-Kale, during the Kertsch expedition
I in 1855. Some myrangements were made by the Bntish, at

the conclusion of the war, to apply electricity to the explusion
' flarge powd v charges for the removal of the sunken ships,
etr, it Nebastopol and Croustadt Harbours. In 1859, a sys-
tem of submarine mines, to be fired through the agency of
lectricity by operators on shore, was arranged by von Ebner
for the defence of Venice, which, however, never came into
[rutical opriation  Early in 1860, Henley’s Jarge magncto-
steetrie marchine, with a sapply of Abel fuzes, and stout india-
rubber bags, with fittings to resist water.pressure, were dis-
patehed to Chiua, for use in the Peihio River, but no appliea.
tion appeared to have been mude of them, The subject of the
wtilization of electricity for purposes of defence, however, did
not receive systematic investigation in England or othier coun-
tries until somo years afterwards, when the great importance
of snbmarine mines, as engines of war, was demonstrated by
the number of ships destroyed and injured during the war in
America,

The application of electricity to the explosion of submarine
mines was very limited during that war, but arran_ements for
its extensive employment were far advanced in the hands of
both the Federals and Confederates at the close of the war,
men of very high qualifications, such as Captain Maury, Mr.
N I Holmes, and Captain McEvoy having worked arduousiy
and successfully at the subject.

The explosion of submerged powder-charges, by mechanical
contrivances, either of self acting nature or to be set into
action at desired periods, was accomplished as far back as 1583,
during the seige of Antwerp, by the Duke of Parma, and from
that period to 1854, mechanical devices of more ov less ngeni.
ous and practicable character had been from time to time
applied, to some small exrent, in different countries, for the
explasion of torpedoes. The Russians were the first to apply
self-acting mechanical torpedoes with any prospect of success,
aud had the machines used for the defence of the Baltic Leen
of lavger size (they only contained 8 or 9 1b. of gunpowdws),
their presence would probably have proved very disastrous to
some of the English shipe which came into collision with and
exploded thew, = Various mechanwal deviees for effecting the
explosion of torpedoes by their collision with a ship were em-
ployed by the Americans, a few of which proved very eftective.
But although in point of simplicity and cost, a system of
defence by means of nwchnnicall torpedoes possessed decided
advantages over any extensive arrangements for exploding sub-
warine mines by clectric ageney. their employment was at.
tended by such considerable risk of accident to those at whose
hands they received application that, under many circume
stanees which were likely to occur they becam- almost as great
a source of danger to friend as to foe.

"The most important advauntages securad by the application of
electricity as an exploding-agent of submarine mines were as
follows *—They might be {‘]:IC(‘" in position with absolute safity
to the operitors, and rendered active or passiveat any moment
from the share ; the waters which they were employed to defend
were therefore wever closed to friendly vessels until imme-
dutely hefore the approach of au enemy ; they could be fixed
at any depth heneath the surface (while mechanical torpedoes
st be situated directly or nearly in the path of a passing
ship), and they might he removed with as much safety as
attended their application

There were two distinet systems of applying electricity to
the explosion of submarine mines  ‘The most simple was that
w whieh the explosion wus made dependent upon the comple-
tian of the eleetric eircuit by operators stationed at one or
wnre posts of observation on shore ; such a system depended
* however, for efficiency, on the experience, harmonious action,
¢ and coustant vigilanee of the oporators at the exploding —and
* observing —stations, and was, moreover, entirAy, useless at
night, and in any but clear weather,

The other, which might also be used in conjunction with
¢ the foregoing, was that of self-acting mines exploded either by
+ collision with the ship, whereby circuit was completed through

the enclosed fuse, or by the vessel striking a circuit closer,
whereupon cither the mine, moored at somoe depth beneath,
was at once fired, or the neevssary signal was given to the
operator on shore

Continental nations had followed in our footsteps, in provid-
ing themselves with equipments for defensive purposes by
submarine mines, and the Danes, Swedes, and ’Norwegiaus,
had pursued the subject of submarine mines with special acti-
vity and success.

In the United States the subject of the utilization of

| Al o —

clectricity as an explo ling agent for war purposes was being
actively pursued, and important wmprovements w exploding
instruments, clectne fuzes, and other appliances had been
made by Snath, Farmes, Hhil, striedinger, and others already
meutioned, wiale no indisrdual had contributed more .upor-
tantly to the developneent of the service of submanne explo.
sious thag General Abue, of the United States Engine vs,

Hlus rat1o 19 of actual results capavlo of being produce.’ in
warfare, by snbmarine operntions, had lutherto becn very few 3
bat of the mural cifects of submarine mines there Lud already
been abundant illustrations, Iu the war cartied ou for six
years by the Empire of Brazil and the Ropublic of Urugua
and the Argentine Republis of Paraguay, the latter mannged,
by nieans of submarine mines, to keep at bay, for the whole
period, the Brazillian fleet ot fifteen ronclads and sixty other
men-of-war. In the Russo-Turkish war submarine unnes and
torpedoes were a source of continued appreliension ; and the
French naval superiority was paralyzed, dwiing the Franco.
(lermnn war, by the existenee, or reputed existence of mines
in the Elbe.

The application of electricuy to the explosion of military
mines, and to the demolition of works and buildings, had
been of great uuportance i recent wars m expediting and
facilitating the work of the military engweer. The mapidity
with which guns, carriages, &c., were disabled and destroyed
by a small }uut,y of men who landed alter the silencing of the
forts at Alexandra, 1llustratod tho advantages of clectrical
exploding arrangements, combmed with the great facility
aflorded for rapid operations by the power possessed of develop-
ing the most violent action of gun-cotton, dynumite, &c.,
through the agency of a detonator.

T'he application of electricity to the explosion of mines for
laud delences during active war was not an easy operation,
inasmuch as not only the preparation of the mines, but also
the concealment of electric cables and all appliances from the
enemy, cntatled great dhfficulties, unless the necessary arrsnge.
tuents could have been made 1n ample timeto prevent a know-
ledge of them reaching the enemy.

But few words need be said to recall to the minds of Civil
Engineers the facilities which tho er-ployment of electricity
to explosive purposes afforded for expediting the carrying out
of many kinds of works in which they were immediately
interested.  Eleetrical blasting, especially in combinatiou
with rock-boring machines, had revolutiomized tho operation
of tunnelling and dnving of gallerivs; and, although in_ordi:
nary mining and quarrymg operations the additional cost
involved in the employment of fuzes, conductors, and the ex-
ploding machiue, was not unfrequently a serious consideration,
there were, even in thuse directions, many occastons when the
power of firing a number of shots simultancously was of great
importance. There was litle dvulbit, morcover, that accidents
in mimug and quarnning would be consuterably reduced n
number, 1f clectrical Yhlasting were nrore frequently em.
ployed.

The conveniences presented by electrical firing arrange.
ments, under speoial circunistauces, were mterestingly tllus.
trated by a novel proceeding at the launch of a large screw
steamer at Kioghorn, in Scotland, which was recently accom-
plished by plasing sinall charges of dynamte in the wedge-
blocks ulong tie sides of the keel, and exploding themn pairs,
hydraulic power being applied at the moment that the last
wedge wag shot away.

In the deepening of harbours and nivers, and in the removal
of natural or aruficial submerged obistructions, the advantages
of electric-firing were so obvious that extended veferences to
them were unnccessary.

A substitute for electrical-hnng, which had been applied
with suceess to the practically simultancous fining of several
charges, consisted of 8 simple modificution of the Bickford
fuze, which, instead of burning slowly, flashed rapidly wto
flame throughout its length, and honce had recaived the name
of instantaneous fuse, or hightening fuze. The fuze burned at
the rate of abuut 10v fect per second ; 1t had the general ap-
searance of the ordwary munng-fuze, but was distinguished
rom the latter by a coloured external coating. Numerons
lengths of this fuze were readily coupled up together, so as to
foriu branches leading to different shot-holes, which mught be
ignited together, so as te fire the holes almost simultancously.
1n the Navy this fuzo was used as a means of firng s.ail gua-
cotton charges to be thrown by hand nto boats when these
engaged each other, the fuze bemng fired from the attacking
boat by means of a small pistol, into the barrel of which the
extremity was inserted.
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. height of Guon o 7uyn ft,
: every winter a depth of over 3 ft. ; at 3500 ft, a depth of 6 ft. 3

ON THE ST. GOTHARD TUNNEL. as indicated above. An intermedinte position between Gos.
BY HEER E. WENDELSIEIN, OF LUCERNE. chienen and Iospeuthal would not have shortened tho tunuel

A Paper read before the Institution of Mechamceal Engineers, (Bug)

The present paper is intemled to give a brief sketeh of the
methods employed in constructing and working the great Tun.
nel piercing the chain of the Alps on the line of the St. Got.
lmnl Railway. A plan of the district passed through by the
tunnel is givenin Fig 1, Page 164, anda section of the tunne),
with the overlying rocks is given in Fig. 2, Page 165. Of the
approaches to the tunnel on erther side, which possess many
points of great interest, no iccount will be attempted in the
present paper ; but it is hoped that this may be given in a
future communication, which will also deal with the important
questions of ventilation aud temperature. The present paper
will be concerned with matters of construction only.

The subject may be converiently divided as follows :—

. General Design,

. Motive Power,

. Air-Compressors.
. Boring Muchines.
. Removal of Spoil.
Cost.

SOl OO~

1. GrxgRAL DEsiox,

The tunuel forms a straight line in plan, Fig. 1, Page 164,
having a total length of 14,900 metres (about 93 miles) between
the northern portal at Geschenen and the southern portal at
Airolo. The former is ut a height of 1,109 metres above the
sea (about 3,640 feet), and the latter of 1,145 muetres (about
3,760 feet). From the northern portal the line rises with a
gradient of 05 per cent. (1 in 200), to a point 7,501 metres
within the tunnel (about 49 miles), and then falls towards

! the southern portal with a gradient beginuing at 0-05 per cent.
! then chauging 10 0°2 per cent., and ending at 0-1 per cent.
. 'Fhe trigenometrical and other methods by which the centre

line of the tunnel was originally fixed, and adhered to during

i construction, will not here be entered upon.

It will Le seen by Fig. 1 that the actual carriage pass of the
§t. Gothard lies considerably to the west of the tunuel, and
at a much greater clevation, namely 2,114 metres, (about
6,910 feet) above the sea. 1t was at first proposed to carry
the railway over the plain of Andermatt, and for some dis-
tance further up the valley, aud to pierce the main chain with
a comparatively short tunnel not far from the pass. This
tuunel could have been executed by means of shafts from
above ; but it was found that the plan would not have resulted
in any true cconomy. The proposal Lelongs in fact to the
period when there were still many who doubted the practic-
ability of constractmg tunnels of such a length as 9 miles.
Even in 1859, M. Flachat, in his work “‘De la Traversée des
Alpes,” advised the giving up of the work already begun at
Mont Cems, and the substitution of a shorter tunnel at a
higher level.  He even maintained that all the Swiss passes
might be crossed by summit railways, at a height of say 2,000
or 2,140 metres above the sca (6310 to 7000 ft Y.  Uut the
conditions of climate forbid any such attempt. The snow lies
for 3 to 4 mouths of the vear at the height of 2300 feet, for 5
to 6 months at a height of 3300 ft., and for 8 or 9 months at a
At the level of 2300 ft. it attsins

at 4500 ft. .. a1 Bardonnecchia an the Mons Cenis lin-) an
average depth of 11 ft. ; and at 5000 ft. a depth of about 13 ft.
In addition, the well.-known effect of suow drifis has to he con-
sidered. At heights of 5010 to 60U feet a storm will often
drift the spow to a depth of 50 ft. or more. Such masses
cannot bie attacked by the snow plough, and can only be re-

* moved by hand labour ; which obviously could not be obtained
© to an extent suflicient to keep clear an ordinary reilway, cspe-

cialy as such drifts may occur at any point, and snow storms in
sueh regions sometimes last for a week together.

Tie covering in of the ralways by gallerus, as practised on
the Pacific line across the Kocky Mountans, would not selve

. the dufliculty , both on account of the much greater cost of
_ construction in that case, and from the fact that the hftiag of
. trans to a higher level would largely and pennanently increase

the cost of haulage. In the cascof the St. Gathard line, the
only practical question was whether 1t should be continued

" over the plain of Andermatt to Heospenthal, at the height of

about $,500 ft. above the level of the sca. The tunnel would

. then have had a leugth of about 63 miles, say 3 miles less than
' its iength as made.

But this shortaning of the tuunel would
not have outweighed the disadvantages due to its lngherlevel,

by any wateral amount. It cannot be dunbted therefore that
the Iine actually chiosen was the best for the St. Gothard Rail.
way, especially looking to its great importanco with regard to
the trallic of Central Europe.  For lines of less consequence,
and in more southern latitudes, a higher lovel might of course
be advantageous. .

The coustruction of the long tunnel having thus been decided
on, und the actual trace laid ont, & contract was entered into
with Messrs. Favre aud Co., of Geuevy, for the completion of
the work. ln thiscontract it was provided that tho tunnel
should be completed within eight years. This time is much
shorter than that occupied 1 the case of the Mont Cenis Tun.
nel ; but that was blasted by gunpowder instead of dynamite,
and the boring maclines had also been much improved in the
mterval.  As a matter of fact, the time occupied was about 93
years of continuous labour day and night, the work having
been commenced in the summer of 1872, and cownpleted tawards
the eud of 1881,

It would have been possible to sinl. e shaft near Ander-
matt, at a distance of about 34 kilome .. s (2:2 miles) from the
northern portal.  This shaft would have been about 300 metres
deep (say 1000 feet), It is obvious that little would have
been gained by this step, and the contractor never entertained
the pioposal.

The actual method of driving the tunnel is shown by the
section Fig. 3, Page 16S. and is known as the Belgian method.
A heading A (in German Furst-stollen) was first driven at the
top of the tunnel, 2'5 metres broad and 2 5 metres high 13:20
ft. square). Side widenings I3 B were then made on cither side
of this heading, so as to complete the whole arch of the tunnel
{Calotte), which was then lined with brickwork. A bottom
cut (Nolklenschldz) was then made m the tloor, extending to
the bottowm of the tuunel, but lying almost wholly on one sida
of the centre line. This was made in two cuts C and D, and
when it was completed, an abutment (Strossc) was still left on
each side, oue of them much wider thau the other. The par-’
rower one E, was then cleared out and the side wall put in,
as shown by dotted lines ; and a singlo line of rails was laid,
the laying of the second line being reserved for some later
period when a double line should be made necessary by the
inerease of the traflic. This however was so large, from the
period of opening, that the second line is already being laid.
A drain F is cut at the corner. .

The vocks passed throngh in the tunnel have bren deseribed
as follows by the oflicial geologist, Dr. Staplf, taking them in
order from the north end,

1. The *¢ Finsteraathorn Massiv,” A B, Fig. 2, Page 165,
which is gramtic gneise, very hard and compact, aud extends
for about one-seventh of the distance.

2. The ** Ursern Mulde,*” B C, which is gacise, rich in miea,
with intervening quartzose and greenish layers- There was
some amount of water in this rock.

3. The **Gothard Massiv,"” of pure gneiss, © D, the beds
intersecting the axis of the tunuel ata high angle, and occu-
Pying sbout one-half the total length.

4. The “Tessin Mulde” D E, which is mica schist, occupy-
ing one-fifth of the length at the southern end. This rock
varied much, and yielded a good deal of water,

The whole of the rock lay in beds nearly at right angles to
the axis of the tunuel, and was favourable both far boring and
blasting ; except the granite, No. 1 above, and a length of
about 100 yards of scrpentine, situat-d about 5,300 yards from
the north entrance @ these proved v. ry hard.

There was also, abont 2,500 yards from the notth entrance,
8 length of ahout S5 yards at F. Fig. 2, whire the gneiss
changed into a specics of china-clay. This became known,
during the making of the tuunel, as the * pressure-length ™
(Druck-partic), and gave great trouble by collapsing. Unfor-
tunately the critical nature of this clay was not at first vecog-
nised. 1t was worked by the Brlgian method described above,
duvang the heading alonis the top: but in this compressible
matental 1t would have been better to :ulol»i the German sys-
tew, Tunmung the first heading alony the hottom, and making
gooil the walling on each sade as the work proceeded. Iustea
of this, the arch at the top was first put in, and this, having
no proper abutmnent or cross-tie, gradually spread at the
sprnngings and let down the crown. The first rc};airs attempted
were not suflicieptly systematic, and the length continucd to
move and collspse. 1t was finally made sccure by walling of
great thickuess, and capable of resisting the extraordinary
Ppressure,

e ——
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. by the streams 1 the peighhouthood, but the conditions were

C e teoy 17000 enb, ft.) per second.  To obtain suflicient power

¢ of the revolving turbines, forms a serious evil ; ince any want
' of adjusttnent or mferior workinanship canses groat uusteadi-

i 1500 HL.P. at Goschenen and 1120 H.P, at Airolo, was made

. gentul veloaity at the outside of 245 mctres (S0 3S ft.) per
© seeond.
. blades, having five orilices, any of which can be closed by a
. curved slide-valve,

- centre of 1t Tins smaller valve is opened first and closed 1ast,
" and thus diminshes the shock occasioned by starting and

. outside diameter (16-56 ft.), aud each using 450 htres (17 cub.

¢ arected in 1878, Ly the ““Compagnic de Counstruction® of

" turbines T are vertical. Above each turbine isa horizontal shaft
" on the vettieal turbins-shaft, Fig. 5.

" shaft 1, and i line withat, is another horizontal shaft L, hav-
" ing tnee cranks at 120%, to wiinch are attached conncc:inﬁ-
4

© desired.

—

2. Mornive Power,

The motive power at both ends of the tunnel was furnished

by no means the e tat the two cuds. At Airolo the only
available source at first was the Tremols torrent, from which
the supply in the dupth of winter sometimes fell to 200 cubie

1t was ne cessary to le-ud the water from a vertical height of 181
mettes (594 (€Y Sueh a head, apphed to powers above 200
H P, s very rare, and occasions great practical difliculties.
Bestdes the tendency to leakage in the pipes nuder sach a
wressure, the Tagh speed of the wsuing water, and consequently

wess and concequent wear und tear.  The water at such speeds
has an extraordinary effect on both cast and wronght iron, and
even on steel, riddling them witha number of small holes, and
rendering renewal necessary i a few months. This elfect is
suppesed to be due to exidixation, stimulated by impact and
by the air contained in the water. Subsequently, in 1874, a
long channel was constructed from the Bedretta ‘Phal, so as to
ofenn a second source of supply.

At Goschenen the supply was taken from the Leuss witha
head of 93 metres (305 t.), and the minimun supply was from
1200 to 2000 cubic metres (42,000 to 70,000 cubic ft ) per
seeond.  The power thus obtained, amounting on the whole 10

to actuate turbines driving high.speed air-compressors.

At Airolo the turbines, oniginally three in uumber, wore
<upphied by Escher Wyss and Co., of Zurich, aud are of the
type catled ¢ tangent wheels” with vertical shafts. The dia-
weter s 1°20 metre (3-94 ft.), thickness of metal, 27°7 milli-
wettes (1°09 in.), and speed 390 rev. per min., giving a tav-

The water is passed through a Jistributor with guide-

The distributor and gmide-blades are of
Lronze, which in these cases lasts five or six times as long us
wron or steel. Belund the distribuator s a stop-valve, composed
of a principal valve having a second and smaller one in the

steppug the water under so ngh a pressure.  The pivot of the
tarbine rests on foyr dises of hutd bronze and two of hardened
steel, all pohshied.  The surfaces in contact are one concave
aud the other convex.

At Goschenen the turbines were on the Girard system, con-
structed by B, Roy and Co., of Vevey. These have horizontal
axes and receive the water on a portion only of thewr arcume
terence.  The water passes through a distributor with sight
« rfices, rezulated by a cireular valve placed 1side the revolving
crown, The speed1s 160 rev. per min., the outside diamster
2 4 mietres (7°S7 ft.) aud the number of vanes 0. There were
sniginally three of these turbines, each using S00 istres per
second (35 cub. ft.), and each giving a net power of 250 H.P.
m 1876 two similar turhines were added, each 3°05 metres

ft.s per second, with 2 head of 73 etres (239 ft.), and giving
et powerat the shaft of 323 H.P., at 7u rev. per min. A
sumular pair were fixed at the samne tune at JAarolo.

3. Air CompnEssons.
At Airolo thres sets of air-compressory, threein a set, were

Geneva,  These were of the Colladon type, and was made with
interchangeable parts, 1 or to reduce the time of repar to a
winimum.

Fhie three sets of compressors and the three turbines were
mounted n suzcession along the shop, Figs. 4 to 6, Pages 165
16¢ and 172, the compressors C lying horizontally, whilst the

I, carrying a level wheel H, which gears into a besel pinion
At each end of this

rods from the three compressing cylinders €. These »hafts
-an be connected with the first shaft 1 by clutch.gear V. Fig.
4, so that one or both scts of compressors can be worked as

The compressors, Fig. G, Page 172, arc double-acting, and
piaced parallel to each other. The piston-rods N pass through
buth ends of the cylinders, and are worked by connecting-rods

eemenemom—

M from the three cranks. The diameter of the cylinders is
046 m. (18°11 in.), and the stroke of the piston 0-45 (17:72in.)
which at 390 revolutions per min. of the turbine gives a mean
piston.gpeed of 1-35 m. per second (266 ft. per mn.). The
position of the eranks gives a uniform motion without the em.
ployment of a governor,

‘'o cool the air during compression, two methods are adop-
ted. In the first place the eylinder is pnovided with a jacket,
in which there iz a continual circulation of cold water. The
piston.rod N is also made hollow, and carries within it a cop.
per water-tube O, 0°04 metre diam. (1°57 in.). Thie tabe,
which is open at each end, has, near the wnddle, a collar 7
outside 1t, of draumeter equal to the Vore of the rod, which it
therefore closes.  On each side of this collar the rod is prerced
with three holes commumnicating with the mterior of the pis.
ton, thus putting in commuuication the annular spaces within
the piston-rod N, on erther side of the collar Z. A small fixed
tube Q passes through a stufling-box into the water tube O,
The cold water enters through the tube Q, returns from the
other end outside the tube O, passes through the interior of
the piston, to get from oue side to the othor of the collar, Z,
and returns to the pipe Y, whence it is conducted away
through a flexible hose. By this means the surfaces in contact
with the cowpressed air, both inside and out, are kept always
¢oo), whatever the speed 5 and if the air be dry, no other cool.
ing arrangement is necessary.

Secondly, there are two spray injectors fixed at each end of
the cylinder. ‘The water for these is filtered first through a
sand filter M, Fig. 4, Page 169, and then through a wire sieve
into a reservoir N.  The object of this filtration is to get rid
of the fine granite silt found in Alpino water, and so to prevent
the wear of the packings, &e.  The filtered water arrives at the
compressors through the pipes P, pasces through the air.vessels
E, is compressed by a pump attached to the cross-head of the
compressor, and is forced as fine spray into the cylinder. The
volume of injected water is less than 1g's5 part of the siv used
in the sae period. 1t passes with the compressed air through
the exhaust 8, Fig. 6, and through the pipes R, to the Jarge
n-se(;voirs shown in Fig. 4, Plate 9, where the water is depo.
sited.

The compressors at Goschenen are similar in arrangement
to those at Airolo, and have the same method of cooling the
piston and cylinder, They were made by Messrs. B. Roy and
Co., of Vevey. The turbines make 160 revs, and the driving.
shaft 80 revs. per min. : the diameter of the cylinder is 042
wetre (16°5 in.), and the stroke 065 (23°6 in.). Each set of
three compressors will deliver 4 cb. m. (141 cub. ft.) per min.,
compressed to 8 atme. total. The piston packing is formed of
two bronze rings, with a space between thewn, which is filted
with water through a hole from the intside of the piston. This
water forms a liquid packing, and at the same time cools the
walls of the cylinder during the stroke. Some of it also es-
capes past the rings, and entering the cylinder takes the place
of the spray in cooling the cumnpressed air; for this purpose it
is maised to a higher pressurewhen necessary by & special pump.

At each end of the tunuel two groups of compressors were
added in February 1875 to the three sets of compressors first
laid down and described above ; the power of the latter falling
shoct of the requirem-nis of the work. Finally, in the sum.
mer of 1576, still larger power bewng required, two further
Snirs of large compressors of improved construction were laid

own in a fresh building.

(T'o b Continued.)

et e el e

A Graxite shaft weighing 212 tons has been cut at Hurri-

, cane Island, Maine, and taken to Portland on a vessel, where

it was loaded oun four flat car, and isto be carried to Washing.
ton. It is to be a part of the great Wachington monument.

TrLvuesacs. —The Englishk Mecchanic remarks : Besides clec.
tricat railways proper, there 13 a probalulity that Professor
Fleeming Jenkin's system of telpherage will, before long, be
practically tested on a working scale, it differs from a railosy
in being construcned of metallic cables stretchied on nsulating
posts in sections: these will serve as the conductor of the

Scurrent, «nd as support for the load, which wiil consist of an
clectro-motor as the “enging,” and of suitably-shaped cars as
the passenger or goods cariiages, the trains being coupled u
$0 as not to be longer thao = section.  The current is supplics
by a dynamodriven by a stationaryengine.  In a modification,
Prefessor Jenkin uses trough.like conductors instead of wire
TOpes. :

e e
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Ordinary V'assenger or Empg7
Light, Engine, or Engiro an
Exp. ess Goods, Cattle or Fish Train
Fast Goods Train ......

Ordinary Goods, Mmeml.orBallastTmm .
Bank Engine in rear of Train........... PN

Signal Given in Error ¢......

Imperative Obstruction.,.oeus. ..

Shunt Train for Fast Crain to Pass.. .

Stop and Examine Train .......

I'rain Past without
Tail Lamp...... {

to boz in advance
to bux in rear .

Avpprouaching Train Separated..........

veseees @
Train or Engine Ihmning} ©e%20-0060-

Opening or Closing Switch ..
Train Running Back .......

away Yorward..... .e
Inspector's Signal for”
‘Testing Apparatus..
Testing Slots
on Siguals ..

“THE COMB INATION OF THE BLOCE AND INTER-
LOCKING SYSTEMS ON RAILWAYS, "*

By Hexery Artour DippiN, M, Inst. C. E.

The subject which we propose this evening to bring before
you, may, at first sight, seom to be one which belongs wholly
to the domain of practicel railway management ; but, when we
reflect that our engineerini profession, in its adaptation of the
great forces of pature to the beuefit of mavkind is a very res-
ponsible stewardship, so to speak, aud when we find, as but
too often, that our application of steam to the mighty high-
ways of this age is accompanied by a constant sacrifice of life,
it is surely incumbent on the engineer to adopt all measures
that avert what are conventionally called raiiway accidents, but
which, nevertheless, in the greater part, occur from theoreti-
cally proventible causes.

We would premise that although (ss is only to be expected)
all appliances for regulating our railway travelling, from year
to year, arc in a traunsitionary state of improvement, they may
slways be classed—as regards signalling—umnder two chief
heads, viz :—The Intellifencc, or olectric signals, and the
Demonstrative, or visible semaphore signals. With the
visible signals ure classed the noints, by which trains are di-
verted from one track to another, and, it may be remarked,
should of course be worked in exuct harmony with the signals.

These observations will lead us shortly to one of the main
topics of our paper, namely, the Interlocking of Points and
Signals, which has, for tho last few years, formed s subject
of tho deepest solicitude to railway companies, aud has
cost them colossal sums of money in carrying out, but, no
doubt, with the result of saving still greater sums, in compen-
sation for accidents, whichk would have arisen = hundred-fold
moro had these precautions been neglected.

When railways were in their early infancy, and the whole
subject was, as yet, an experimont, therc was, probably, no
inducement to furnish those signals which, in modern days,
we have been forced to recognise as the whole and sole safe-
guard of our magnificent steam roads.

Novertheless, only a fow years' experience sufficed to prove
howindispensable was somecode of visible sigoals, however crude
their nature. Thus, onlooking at fig. 3, Pago 185 we notice what
formed the first signals on the Liverpool and Msuchester Rail-

| way, in 1834, and which, like the Great Western signal (below
" it) of 1838, up to the prosent time, turned bedily round on an

upright pivot, and was worked by a man at the foot. These

31§nals, it will be observed, give two distinctive signs for

“danger’’ and ““all clear,” but both possess the great drawback,

in practice, of being scen by the engine driver (as he travels

vound the curvs at & junction) from rapidly changing points of

view, Thua bo aees tho board and disc, either, perhaps
o A Papar read before (he Liverpool Eagineering Society.
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obliquely. or else gradually changing from full against him to
all right, or vicc terse, just according to what portion of the
curve he may be on, which is, obviously, & very objectionable
state of things. We como down, then, to what must be deemed
the most superior of all visible sigoals, namcly, the semaphors
(as shown in fiz. 4) and which was introduced on railways by
Chas. Hutton Gregory, in 1841, although the plan of convey-
ing messages by the up-and-down action of the semaphore arm
haﬁ been used long Kzfore, both by the French and our own
Government, and is, we beliove, still used for that purpose in
some places. .

We do not suppose this simple and beautifal signal—as it
now prevails over nineteen-twentieths of our railway system—
will ever be supplanted. On looking to the right of
fig. 5, this particular signal will again be observed—somewhst
in perspective,—and explains itself ; the disc srm at the left
doing duty to the goods siding, (shown coming from the left)

lower arw on the right hand is for the branch line.

Findin;, however, that the visible signel, however improved,
fell very far short of meeting the needs of railway traffic as it
increased, and trains began to follow each other in more rapid
succession, it became a matter of pressing importance to regu.
late the mixed goods and passenger traflic with safety, and
henco was introduced the ‘‘timeinterval ” or permissive block
system, which, as_doubtless many present will recollect, was
generally effected by allowing a five minutes sand-glass to run
out between the departures of any two trains on the same line.
It soon became obvious that this *‘tire interval”’ afforded no
real safeguard in the event of the breakdown of the foremost
train, or engine, and thus, with the practical introduction of
Cook and Wheatstone's telegraph, in 1842, the surpassing va.
lue of the electrie current, as a regulator, waa apparent, and,
after a while, obliterated every other mcthod. The system
grew by degrecs into the highly-organised Block system, as
we now know if, and substituted a definite space betwreen each
train on the line for the very inadequate and misleading *‘time
interval,”

Haviog thus glanced at the progress of matters up to the
present time, we will now examine more closely the practical
working of the Block system, and aftorwards, that of the ays-
tem of wechanical interlocking of the pointsand signals in the
hands of the pointswan.

Above may be scen the Bell signal-code of the Block
system, a8 in daily and hourly use on most railways,
and which, as is familiar (we presume) to most preseunt, con-
veys, by beats on a bell, the premonitory intelligence which is
the forernnner of cveory spectes of train—very often for miles
in advance of its pro that the ne path may be
cleared for that particular train on towards its destination.

. This, it will be seen, is almost a speaking telegraph, and is,
in itself, no small matter for a poiutsman to retain in his me.
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mory, and act upon hundreds of times inaday ; nevertheless, it
has come te be absolately indispensableto the every-day working
of trainy. These bell signals again, are supplemonted frequently
by the ordinary speahing telegrapl, by which messuges are
trausmitted for special purposes from one pointsman to another.
Aund atall further, there are, 1 must busy signal cabins, clee-
trically worked dial-plates, with the names of the principal
deatinations of trains marked un them, so that each and every
train for either place is announced from one signal-box to
another without mistake, and there are, also, nnumerable
other cautrivances for different purpuses, so well as the **train
register” books, involving thousauds ot entries per diem.

For those who never have been m a large signal-cabn, it is
diflicult to realise what a babel all thus cuucentration of me.
chanisin creates —there s the busy clicking of twenty duls,
each carrying all-impurtant intelligence—there 1s the silver
clanging of twenty little bells, heralding coming trams—there
iy the never-ceasing and distressaing racket of o hundred heavy
iron levers, as they work the points and signals, and outaude,
may be, the clamcur of shouting goods-guards, and the dn of
sereechirg engine whistles, whilst ever and anou, trawns thun.
der alorg the trachs past the cabin , and 1t mght well, we
say, hewilder the most shilful and courageous of us were such
a mass of complications placed suddenly m our hands to cone
trol ; anlit is well that a skiltul, hardy race of men exists, as
pointsmen, who, with clear head and stout heart, patiently
work the great battle of the railway, from morning to night,
and from night to mormng, all the year round, and who have
a heavy strain on buth mental and physical facnlties, and
w}i(l).se hands lies very nearly the whole salety of ralway tra.
velling.

On again looking at fig. 5, it will be seen that we have as.
sumed four block stations, or signals cabins on a line of rail.
way, and marked A. B. C. D. A train, we will say, wants to
proceed from A. The semaphore or wisible signals are, of
course--to begin with —at “ Danger.”” A then gives B one
beat on the electric bell, which B achnowledges by repeating
it hark to A. A theun gives B the “Be ready” signa), as it is
called, and, as we just now saw from the co le, tins “Be ready”
indicates to the man at B —hy the order and number of beats
—the nuture of the tiamm at A. Therefore, B (the lne, wa
assume, being clear: repeats A's “Be ready’’ back to lnm, and
this, it is agreed, gives permission to A to let the tramn depart,
which he does, by lowering lns mamm signal outside to “* All
clear ” as, say, in fig. No. 4, and he at the same tune gaves B
two beats on the bell to shew that the train hasleft. 13 then,
with another electric 1ustrument, works a dial-plate in A’s
cabin to the words “Trun on hine,” and this acts as a standing
reminder to 4, in case he wants shortly to send anether tran
on, that he must not do so. B, it will be understood, has,
means hile, gine through the same programme with G, and so
has C with D—if there 1s nothing to arrest the train—and so
on to its destination. But B dues not release the warning
dial-plate at A until the trmin has actually approached and
passed his hox, when he agmn works A's dial-plate to ** Lane
clear ™ and thus it will b seen, a dehinito space 1s preserved
between the trains.  With this woditication however, supposo
the train from A happens to be a stopping passenger tram, and
draws up at the platform lLeyond C, 1t is very evadent that at
would be must undesirable to keep back and delay a trun at
B on this account onlv. ¢, therefore, permits B's second or
following train to come on, of whatever nature 1t may be, mve
ing him also No. 14 bell signal, so that B thence gives the
driver a sprcial cantion w3 to the obstruction at L. At the
same time, C's dial plate a5, of < urse, kept standing at “Train
on line” Ly D, aud therefore C porcerves that he must keep
his home and distant signals at *Danger,”” and so brings B's
train to a stop somewher between these two signals; and, as
will be understoed, the same thing occurs with any other ob.
struction on either of the tracks, such as a breakdown, we will
say at ) The Blocking b.ck sigual «6 beats) maven each way,
effectually retards the approach of trams within dangerons
proximity (if it cannot be given in time so to act, this is ano-
ther thing, and iuvelves a luss of acctdens 1o system, proba.
by, will provide sgainst) and then the hue wall stand blocked
nutil the obstruction is cicared.

This, then, wo know as the absolute block system, and 1t 1s,
on the whole, a very perfect mode of working. The wrniter
would, however, here point out how much sull remams at
in the discretion of the various pomtsmen concernad : and
how possible, nay, alwmost certain, that notwithstanding ah
these medhanical precautions, trass will be brought
rollision, owing te some nusapprehension of the bell or dial

signale In the case of the Tamworth accident, the pointsma
through mistaking the nuwher of beats an the o ready
bell, made, wath his point levers, a blind siling ready lor, as
he supposed, the arrtval af a shunting gooda train, fustead of
which the Insh Mail came thundering through, and went (o
wreck i the niver, at the ead of the blind siling  Recontly,
agan, at the Bleamonr Tunnel, a peintsman, heginning with |
nervous unstake, wilfully gives the ¢ AL clear” to the
rear station’s dial-plate ¢ “and, while his own yet stands
at “Tramn on hne™ lor ane just left hiwm) he suflers the
secoud—the jlast train—to pase him at foll speed, aunl
the foremost train having broken down in the tnunel,
the sueeeeding express rans rixht in and both are wrecked.
I'he Nine-Elms accident, mear Waterlon terminus, on
the South Western Railway, is nunther case in point,
where an  engine, having proceeded  lovond the signal
cabm for the nurpose of shunting back into the locomotive
vard, the pointsman took it for granted that this had been
done, aud gave the fatal “Lincelear” to the rear station, which
sent on a fust pagsenger train. It so happenad that the dreiver
of the single rngme haid wmost culpably stood still with lis en-
gme, to o1l 1t, on the main hine ; and in the piteh dark night,
and with the engine out of sight of the eabin, on rushes the
express, and the morning's papers reconnt tha woful loss of
hife that ensued.

These instances which might be multiplied indefinitely, and
are taking place evéry diy ina greater or lesser degree, while
the record of hair-breadth eseapes, by thousands in a year,
wotld, of 1tself, form volumes.

But,—says some strenunous champion of the block system—
¢ these accilents are not owing to the use of it, but to its
direct and flagrant disregard.” ‘FThis, we think, is rather a
“beggmg of the question,” for reasons which will shostly be
noticed. We will, however, meamvchile, briefly consider the
great subject of the interlacking of points and sigoals, which
has an egnal, if not greater, claim on onr consideration even
than the Block  As a1l may not be familiar with this subject,
the wnter wonld, m the fint place. ask attention to fig. 2,
which shews all the comhinations of the wmaiu signals which
which can he effected at an erdinary junction of two lines of
rallway, and, as will be noticed, no two of the sixteen pairs, or
couples of arms are alike, Out of these four arms, and the
yponts, can be effected sixty-fonr different arrangements, of
which only thirteen are safe. The dangerous phases are marked
with a cross.

At great stations and junetions, the nnmbor of changes thus
possible 18 almost incaleulable, and in a signil-box with one
hundred levers (now no uncommon thing) the changes which |
may be rang, so to speak, with these 100 levers, amouant to
some millions, and only ahout 1,600 of snrh combinations can
be practically safe to the transit of trains; all the rest, if
effected, wonld certainly bring about disaster and collision.
For mstanee, 1t 1s evident (fig 1Y that a train coming off the
brauch on to the main line would foul, cither an up main or a
down main lme train  Under the interlorking, then, all such
possible dangerous cambinations are weeded out, so to say, by
a most elaborate complicated plan of ernss-hais. and quadrants,
und locks, &c., in conuectian with the signal-levers, and so is ‘
mechanmically prevented the possibility of the pointsman for- |
aotfully exhibiting false ar misleading signals to a driver of a
tramm, or, 1t way be, making a track for him which must
mevitably hrine hrm into dicaster with another train.  Thus,
so effectually has this heen earried out, that it is no unusual
thang te «ift Gu alargs signal frame) at least 40 lovers, before
the particular one needed is found unlocked and free to he
used.  Aud such a frame as this will demand weeks and even
months of anxtons eare, befarehand, 1+ seheme all the locking
e theoretieal carrectness, and so as also to comply with
the nigorons tequurements of the Boird of Trade, which, it
wast be admatted, have proved to the last degree beneficial, in
developing these and ather impartant appliances for the safety
of railways.

Assunune, thevefare, that it is no longer, theoretically, in a
signalmar’s pawer to give <asntaneusty, dangerons, or fatal
signats to trams (which I t, of course, was an almost cer-
tainty befare the interlocking was dane) the writer wonld now
beg 10 lav before vou the premises of the argument of this
paper, namely 1=

That although the Blork and Interlocking am each perfect
{or as nearly s0 ns bunan pridensce and skill ean make them) 3
vet, masmueh as they are distinet in mechanism and opera-
tion from each other, therefare until they are combined, it will |
ever be m the pointsman’s power or discretion to givo signale

——

e ————
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and to work points in direct opposition to each other, and in
antagonism to all fact and safoty. And it must bo remembered
that the wholo aim and object of the block and interlocking
18 to pive one final and unerring sign, at each stage of the
traun's progress, the result of the combined judgment and per-
mussion of three, if not four, agents, Yot, we sce that this
nual g rests too often with an overworked and fallible human
agent.

“Suppose, now, that (as we recently noticed) C has a pas-
senger train standing at the lutform,. and & fast express is
signalled from B, there is, really, nothing to prevent C, if he
be so forgetful, or mervous, or foolish, or wicked, asto give
“Lane clear” to B (as was literally done in the Bleamoor
accident, just referred to) and he can take off all his visible
semaphore signals to *‘All right” and thus he Jraws the fast
tran into tho terrible disaster which awaits it, as on it comes,
wto the standing train at C.  Or again, there may be no oxist-
wiz obstruction, but B, for instance, shall in like manner have
given *Lino clear” for a fast through-train from A, and then,
totally forgetting that he has done so, amidst the turmeil of
other working trains around him, and the badgering of impa.
tient goods guards, or drivers. or, it may be, other pointsmens’
bell-siguals, he *“loses his head,” and may, either as the ex.
press thunders up unpereeived by him through the steam of
other engines, or in fog, or in darkuess ; he may, we say, turn
the express on to a branch line, or a siding where a goods train
stands ready and whistling to come out ; or if at D, he might
turn it on to a branch where a slow train had been shunted ; or
he might havo already brought the goods out of the siding, right
mto t%lc teeth of the express at the last moment ; or, by merely
shifting the main signals back to ¢ Danger” for a second, and
so liberating the points in front of it, he could *split the
trun,” as it is called ; (as was done at Wigan, and spite of the
locking-bar, could be done at any junction, to day.) He can,
we say, do all this under the most perfect state of the Block
and Interlocking, so lang as they are uncombined and indepen-
dent 1n their action. And hence, although the champion of

, the Block says it is ouly by flagrant neglect of its provisions

that such catastroplies as the furegoing ate possible, we say that
this argument rather begs the question, and really points out
its whole defeet. Jt should not be riecchanically possible to
disobey the regulations of the Bluck signal, and that signal—be
o> amport what 1t may —must_reswlt from the co-operatton of
all the prime movers wn the chain of circumstances, as before
recited.

It is not denied that these or similar considerations have
forced themselves vory seriously upon railway managers and
engneers for some years past. Consequently, very numerous
plans have been devised for meeting the difticalty in some form
or other, and for combining, mechanically, the two systems of
electric and semaphore signals, so that they cannot conflict.
Though theoretically correct, it would appear, practically, that
an uverwhelming olijection agaiust all this 1s, that to carry it
out 1s stuply loading one serics of mechanical complications
ou top of another, until the whole fabric drops to picces by 1ts
onn weight, and, therefore, there hardly seems wmuch likeli-
hood of the means being adopted. Be this as it may, the writer
strongly contends then, that the optional powers at present
possessed by the pointsiman must be very considerably restricted
before we can consider we have attamed to a theoretically cor-
rect and safe mode of workinﬁ trains. And this, we say, can
only be done by the organised co-operation of all the elements
at work, namely, tho preliminary or electric warning signal,
and the aceepting or rejecting of that signal from the advanced
section, and the visible-signal and point levers, and the train
that finally follows, and which may either fimsh —or fail to
finish—its passage. All these, we sav, must act in perfect
accord with each ather ; and thus, no one step be taken but
what is the result of the consent of each agent at work.

The wniter thinks that this can only be answered by assum.
ing a very considerable abrudgment of the present Block svs-
tem ; whick, with ijts intricate code, and its train-dials and
indicators, und its three-wire system, and other things which
we have not time to discuss, should be swept away , and then,
substituting for a1l this a partially automatic system of electric
block, combined mechanically with the pointand signal levers
of the interlocking—all forming a circuit upon ove electric
wire, in which circuit the tmin iteelf forms an clement of the
first importance, and so fills what the writer deems to be the
fatal gap in our present milway working—the train, having,
hitherto, had no share or active control in the physical chain
of events which regulate its transit. There would, of course,
be no objection under this method to the use, as well, of in-
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dependent dial-plates, and the speaking telegraph, if desired.
It is now many years since the writer, imbued with these con-
victions, constructed the apparatus which he has the pleasure
of now showing to you, and his object, when at first put into
tlis practical shape, was, hereby, to so effoct the safe working
of siugle lines as it should be physically impossible for two
trains to meet thereon, as in the disastrous event at Thorpe,
near Norwich, whon, as will be remembered, two passenger
trains were (under some verbal misunderstanding ot the sta-
tions) both despatched simultancously from opposite ends of
tho siogle line, and shorly afterwards met midway with the
most terrific consequences.

The principle of thess instruments (now exhibiteds wonld
remaiin the same—but would have to be somewhat modified—
for double-line working, and this the writer has never vet had
leisure or opportunity for working out; and so, also, the
never ceasing dativs of his a.ocation have entirely prevented
his bringing the method into actual working, as yet, on any
railway.

We will now —looking at the lower portion of Page 185.—
illustrate a case of working for which theso instruments were
designed, and which serves to expliin the argument for partly-
automatic working, as just announced by the writer,

Wao have here a single line with two terminations, called for
distinction, North and South, and ourinstruments are marked
in accorlance.

Suppose, therefore, that the man in the N, box wishes to
send a train away to S., he gives, fint of all, say 4 beats, to
that station, as a preliminary to getting his own levers un-
locked, for if he goes to them thoy ave locked against hin ;
and, did the tmin really depart, 1t would only go into the
siding at ¥, or F. Then, if no signuls be off at S. or N, S.
can give a reply which, properly cffected, uulocks N*s depar-
ture or main signal, and the train can depart. At the same
time, 1t will be noticed that S. gives his perrission in such a
way, on the instrument, that it remains a self-locked tell-talo
against him, and nothing that he can do can cancel that per-
mission so givan. What, then, revokes this self-locking ? We
sce that nothing short of the boua-fide arrival of the tran at
S. liberates the electric lock of the instrument, and once again
the signals are put to their normal pogition, aud the line can
be again used in either direction. We see, also, that no bell.
signals can bo cither given or taken whilst the trun 1s in the
section between N. and S. And, likewise, under the ordinary
interlocking, the main arrival or departure signals being off,
no second engine or train cin possibly get on to the main line;
and, as before stated, even were a driver to ““run through”
these main signals, in disobedience, he would only just drive
into w blind siding, and might simply look to be suspended,
instead of contributing to or causing some direful collision, as,
but for this control, would be the casc.

These instruments, be it observed, do not differ very essen.
tially in mechanism from most other similar contrivances on
the Block system already in use ; and, it is imagined, that the
chief drawbacks or objections to such a plan of partly-automatic
train signalling conld be overcome by careful mawtenance
and inspection of the apparatus employed , such care, in fact,
as it is at present bestowed on existing appliances; such coun-
tingencies also as the self-failure of tho mechanisia should be
brought within very narrow hmits. It 1s only right to observe
that even the breakage of one single wire, anywhere, in this
system, would have the effict of locking the line up complotely
at the section whercon it occurred.  Nevertheless, if this hap.
pers on the present Block system, virtually, the sime result
ensues for a whale, and it is not so lony since the whole trunk
linc of the North Western was, at every 200 yards, furnished
with loops on the Block telegraph wires, by the side of the
railway, made so as to be purposely broken by the guard, in
the event of a train coming to grief; but, owing to frequent
mischievous 1uterference, this scheme has now been revoked.
We tlhunk that means could be devised for removing this oh-
Jection to the automatic plan, by the keeping in reserve of
duplicate parts, &c.; and that, moreover, nny such temporary
disadvantage, from failure, would he more than connterbalanced
by the general and constant gain i safety to human life—oven
regarding the matter from a purely economic point of view,
which 13, after all, we fear, the principal test in this utilitarian
sgo of whother any invention be good or not. And, as regards
the cost of introducing such = schemne, it is well known that a
very few catastrophes to fast trains 1nvolve railway companies
n far greater sums, for compensation, than would cover the
whole cost of the Block system over hundreds of miles of rail-
way.

—



o«

o
P4

m f JO2LJUCLY “3add)N® 1ADY" QIOIUDLL 4 RPNy UoI Y puY

s SPUDLGUT CWOPUNE (051 qon € Y Y Y oD L Sespuy

g -~ S e i Tias =
”\ LR A L) o 2

CANADIAN MAGAZINE OF SCIENCE

R A i e Er T T R R B
e A e e T i i i o o
b o e PR e T e e o -
TERLE

e L

o W e

SONIATING TVAIDINAKW MODSVTIO

‘NOIS3g 93LVIW3INY ONODI3g



-1
-3

June, 1883.] AND THE INTUSTRIAL ARTS. ) 1

~

o ane

- e e

-, ares s na

VAT H vl

d 1
L:mirf;x,!',—*»I
=2 e ey

Coonas  Squans.
PLAN or D& CROURD FLOOR

GLASGOW MUNICIPAL BUILDINGS.
The city of Glasgow, Scotland, having outgrown the
- present accommodation for the Municipal authori-
ties and City Officials, ard having long felt the
inconvenience of having the public offices in different
parts of the city, recently determined to erect a large
and complete building in which all the city officials
could be accommodated and which could embrace a
new and more commodious Council Chamber, a large
Banquotting Hall and Reception rooms for official ac-
casions, and, in addition, a series of gallerics which
could be available for pictures and sculpture. Steps
were accordingly taken by the Council, to obtain de-
sigus by open ccmpetitions for a building to cost
£150,000 aterling. A large number of designs were
sent in, but the result was unsatisfactory, as it was
found that the sum was too small for the accommoda-
tion and style of building asked for.

The Counci} then roconsidered the whole matter and
invited archilects to engage in a second competition,
increasing the sum proposed to be spent to £350,000
sterling. They wisely requested Mr, Charles Barry,
ox-President of the Royal [ustilute of British Archi-
tect and son of Sir Charles Barry, the architect of the
. Houses of Parliament, to act as their adviser in the
reatier, assooiating with him their city architect, Mr.
Carrick, who had devoted much thought and time to
the scheme. 3
The competition was a specially interosting and im-

portant one, not only from the magnitude of the un-
dertaking, but from the fact that 8 new principle was
recommended by Mr., Barry, namely, that of having
iwo competitions, a preliminary arnd a final one. The
preliminary was to be open to every one and from the
designs thus sent in, ten designs were to be selected
and their authors invited to join in a final competition,
elaborating their plans and fully thinking out the
whole matter in all its parte and bearings. Tach of
the ten were to receive a honorarium, and the author
of the design considered best to be appointed architect.

This method was adoptea.

One hundred and twenty-five designs wore sent
in, from England, Scotland, Ireland, France and
Germany.

Ten woere selected, and in due course the designs for
the final competition were sent in.

The accompanying design, of which the illustration
(page 176) gives a perapective view, was not ounly ono
of the ten in the preliminary competition, but was
placed second by the arbiters in the final competition,
which decision was endorsed by the Lord Provost and
Council.

The author of the design placed first was Mr. Young,
of London, but as some of tho arrangements of the de-
sign we illustrate, were considered superior to those in
the successful design, the Council asked permission to
adopt and embody these in the buildings to be erected,
which was granted. The siteis & fine one, as the build-
ings will form the whole of the East side of Goorge
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Square, and aro bounded by strects on the remaining
threo sides.

As will he seen by the accompanying plaus, the
buildings were arranged round & Central Court’ and
the main entrance is ptaced under & hand some
logaia.

The style of the Luilding is Renaissanco of a French
character and suitablo for a civic structuro in which
dignity as well as a certain amount of richness is
seemly.

‘The architect of the design we illustrate, on pages
176, 177 187, (in asse~iation with another), is Mr.
Andrew T. Taylor, M.Q.LB.A., of Union Buildings,
St. Frangois-Navier Street, Montreal.
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ELECTRICAL UNITS OF MEASUREMENT.

By Sk WiLniad Trnosresoxn, I, K, 5. 8. L. and E.,
M. Inst. C.E. *

The Lecturer began by abse ving that no real advance could
be made in any branch of physical science until practical me-
thods for a numencal reckomng of phenomena were established.
The **scale of hardness” for stones and mictals used by mner-
alogists and engineers wero alluded toas a mere test in order of
merit 1n respect to a hittle understood quahty, regarding which
no scientific prineiple constituting & foundation for definite
measurenment has beon discovered. Indeed 1t must be confessed,
that the scienco of the strength of matenials, so all importantin
engincering, is but little advanced, and the part of it relating
to the quality known as hardness least of al}.

In the last century Cavendish and Coulomb made the first
advances towards a system of measurementin electrical science,
and rapid progress towards a complete foundation of the system
was eflected by Ampere, Peisson, Green, Gauss and others.
As [ate as ten years ago, however, regular and systematic mea-
surement 1 electneal science was almost unknown 1n the cluef
physical laboratories of the world ; although as early as 1858 a
practical beginning of systematic electric measurement had been
mtroduced in the testing of submarine cables.

A few years have sufliced to change all this, and at this time
electric measurements are ot daily occurrence, not 1 our scien-
tific laboratories ouly, but alsv in our voorkshops and factories
where 1s carried on the maunufacture ot electric and telegraphic
apparatus. Thus, ohius, volts, ampetes, conlombs and micro.
farads are now consmon terms, and measurements 1n these units
are commonly practised to within 1 per cent. of accuracy. It
seems, indeed, as if tho commercial requirements of the appli-
cation of electnicity to ighting and other wses of cvery-day life
were destined to mfluence the higher region ot saentific mves-
tigation with a secoud unpulise, not less important than that
glvc? thirty years ago by the requireruents of subimarine tele-
graphy.

A first step toward the numencal reckoning of properties of
matter,1s the discovery of a continuously-varying action of some
kind, and the means of vbserving and measuring 1tn terms of
some arbitary umt or scale divison ; while the sccond step is
necessarily that of ixing on sumething absolutely definite as the
unit of reckomng.

A shoit hastorieal sketeh was given of the development of
scientific measurement, as applied to electricity and magnetism,
from its beginmng with Cavendish, about 1uv years ago, to the
adoption of t'.e absolute system of measurcment by this country
in 1869, at the instance of the British Association Committec
on Electric Standards, The mmportance i tius development
of the onginating works of Gauss und Weber, was ponted out,
as also of the eight years’ labours of the British Association
Committee. Tins Committee not only farly launched the
absolute system for general use, but also effected arrangements
for the supply of standards for resistance coils,in terms of &
unit, to be as nearly as possible 109 cemtimeters per second.
This unit afterwards reccived the name of the ohm, which was
adapted from a highly suggestive paper which had been com.
mumeated to the Briish Asseciation 1n 1861, by Mr. Latimer
Clark and Sir Charles Brght, in which some very valuable

(E. A) le cture delivered hefure tho Institution of Civil Engineers,
N0,
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scientific methods and principles of electric measurement were
given, and a system of nomenclature—ohmas, kilohmas, farads,
kilofarads, volts and kilovolts—now universally adopted with
ounly unessential modification, was praposed for a complete ays.
tem of intor-dependent olectric units of ineasuromont, At the
International Conference for the Determination of the Flectrical
Units, held at Paris in 1882, tho absolute system was accopted
by France, Germany, and the other Edropeau countries ; and
Clark and Bright's nomenclature was adopted in principle and
oxtended,

Gauss' principle of absolute monsurement for magnetism and
electricity is merely an cxtension of the astronomer’s method of
reckoning mass in terms of what may be called the universal
gravitation unit of mattor, and the reckoning of force, according
to which the unit of force is that force which, acting on unit
of mass for unit of titie, generates a velocity equal to the unit
of velocity. The universal-gravitation unit o? mass is such a
quantity of matter, that if two quantities, each equal to it,
be placed at unit distance apart, tho force between them is
unity. .

Here mass is defined in terms of force and space, and in the
preceding definition force was defined in terms of mass, space,
and timo. Eliminating mass between the two, it will bo found
that any given force is numerically equal to the fourth power
of the velocity with which any mass whatever must revolve
round an equal mass, fixed at such a distance from it asto
attract it with a force equal to the given force. And, elimina.
ting force between the two primative definitions of the univer.
sal-gravitation system it will be found that any given mass is
numerically equal to the square of the velocity with which a
free particle must move to revolve around it in'a circlo of any
radius, multiplied by this radius. Thus, take a centimetre as
the unit of length, and a mean solar record as the unit of time,
aud adopt 5:67 grammes per cubic centimetre asthe mean den-
sity of tho earth from Baily's repetition of Cavendish's experi-
ment, and suppose the length of the seconds’ pendulum to be
100 centimetres, and neglect the oblateness of the earth and
the centrifugal force of its rotation (being at the equator only

3%y of gravity) the result for tho universal-gravitation units of
muss and force is respectively 15-36 French tons, and 15 36
dynes, or 15 07 times the tetrestrial surface weight of a kilo.
gram.

The ultinate principles of scientific measurement were illus.
trated by the ideal case of a traveller through the universe who
has brought with hwm on his tour, no weights, no measures,
nor watch or chronometer, nor any standard vibrator or spring
balance, but merely Everett’s units and constants and a com.
H]ete momory and understanding of its contents, and who

esires to make for luniself a metrical system agreeing with
that which he left behind him on the earth. To rocover his
centimetre the readiest and most accurate way is to find how
many wave lengths of sodium light there are in the distauce
from bar to bar of a plating which he can_engrave for himself
on a piece of glass. Ilow easily this is done, supposing the
grating once made, was illustrated by a rapud experiment per-
formed in the course of the lecture, withuut other apparatus
than a little piece of glass with 250 fine parallel lines engraved
on it by a diamond, and two caundles and a measuring tape of
unhnown divisions of l:ugth (only used to measure the ratiwo
of the distance between the candles to the distance of the
grating from either.) The experiment showed the distance
from centre to centre of consecutive bars of the grating to be
32 times the wave length of yellow light. This being remem.
bered to be 5 89 ~ 105 of a centimetre, it was concluded that
the breadth of the space on which the 250 lines are engraved is
25(-32. 5:892, 10'5, or *4726 of a contimetre. According to
the instrument maker it is really 5 of a centimetre! Five
minutes spent on the experiment instead of one, and sodium
flames behind fiue slits, instead of open candles blowing about
in the air, might casily have given the result within one.half
per cent. instead of 43 per cent. Thus the cosmic traveller
can easily recover s centimetre and metre measure. To
recover his unit of tuno is less easy. One way isto go through
1Fo;u::mlt's experimental determiuation of the velocity of
ight.

gBut, he must not be imagined as electrically.minded ; and he
will certainly, therefore, think of *v,” the number of electro-
static units in the electro-magaetic unit of electricity ; but he
will, probably, sco his wuy better to doing what he wants by
making for himself a Siemens’ mercury unit (which he can do
easily, now that he has his centimetre), and finding (by the
British Association method, or Lorenz's with Lord Rayleigh’s
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" modification, or both), the velocity which méasures its resis.

tance in absolute measuro, This velocity, as is known from
Lord Rayleigh and Mrs. Sidgwick, is 9,413 kilomet.es per
wean solar record, and thus he finds, in mean solar seconds the
periud of the vibrator, or arbitrary-unit chronometer, which he
used in his oxperiments,

Still, even though this method might be chosen as the
readiest und most accurate, according to present knowledge of
the fundamental data for recovering the mnean solar second, the
method by * v is too interesting and too instructive in respect
to chnunation of properties of matter from our ultimate motri-
cal foundations to be unconsidered. One vary simple way of
experimentally determining ¢“v" is derivable from an important
suggestion of Clark and Bright's Paper, referred toabove. Take
a Leyden jar, or other condenser of moderate capacity (for ex.
ample, in electrostatic measure, about 1,000, centimetres),
wh.ch must be accurately measured. Arrange a mechamsm to
charge it to an accurately measured potential of moderate
amount (for example, in electrostatic measure, about 1v c.g.s.,
which is about 3,000 volts), and dischargo it through a gal-
vanometer coil at frequent regular intervals (for example, ten
times per second.) This will give an intermittent current of
known average strength (in the example, 105 olectrostatic c.g.
8., or about 1-300,000 c.g.s. electro-maguetic, or 1.30,000 ofan
ampere), which is to be measured in electro.magnetic measure
by an ordinary galvanometer. The number found by dividing
the electrostatic reckoning of the current, by the experimentally
found electro-magnetic reckoning of the same, 1 ¢“v," 1n cen-
tunetres per the arbitrary unit of time, which the experimenter
i search of the mean solar second has used in his electrostatic
and electro-magnetic details. The unit of mass which he has
chusen, also arditrarily, disappears from the resulting ratio.
It 13 to bo hoped that before long 2" will be known within
1-10 per cent. At present it is only known that it does not
probably differ 3 per cent. from 29 x1010 centimetres
per mean solar second.  When it is known with satisfactory
aceuracy, an experitenter, provided with a centimetre measure,
may, anywhere in the naiverse, rate his experimental chrono-
meter to mean solar seconds by the mers elcctrostatic and
electio-maguetic operations described above, without any refer-
euce to the sun or other natural chronometer.

The remainder of the lecture was occupied with an explana-
tiun of the application of the absolute system in all branches
of electric measurement, and tbe definition of the now well
huown practical units founded on it, called ohms, volts, farads,
nucro-fatads, amperes, coulpmbs, watts. The name mho,
found by saying ohm to a phonograph and then turning the
diuau backwards, was suggested for a unit of conductivity, the
reviprocal of resistance, The sub-division, mullimbo, will be
]e.\ceedingly convenient for the designation of incandescent
amyps.

‘The British Association unit has been found by Lord Ray-
lugh and Mrs. Sidgwick to be 9868 of the true ohm (109 cen-
tileters per second), which differs by only 1-50 per cent. from
9~7u, the number derived from Joule’s electrothermal measure-
tuents deseribed in the British Association Commaittee's report
of 1867, with 772 Manchester foot-pounds taken as the dyna-
mical equivalent of the thermal unit trom the measurement
disuniled 1n bis Royal Society paper of 1849, and confirmed by
Lis fresh measurement of 20 years later, published in his last
lioyal Secicety paper on the subject.

It is satisfactory that, whethor for interpreting old results,
or tor making resistance-coils anew, electricians may now
safely use the British Association unit as 9868, or the Sie-
lens’ unit as “9413, of the ohm defined as 10°9 centimetres per

second.
———eaor—

Puorocrarmxe Srercii.—Deaf-mutes are taught to speak
and comprebend by watching the movements of the lips. ~ Ac-
cording to the Photographic News M. Wanerke has photo-
graphed the face of a man in which these movements were
perfectly defined, so as to have the exact form corresponding
to each sound. By meaus of these photograpbs inexperienced
persons have been enabled to recognize the different articula.
tions,

A TrRp¥ER, which will be a landmark in the history of elec-
tric hghting, has been made by the Telegraph Construction
and Maintenanco Company, to carry out an installation in
Notthingham of 60,000 Swan lamps of 20-candle power. Five
dynamos are proposed to be fitted, each weighing 45 tons, and
rach capable of maiutaining 15,000 lamps. The total power
employed or available wifl be 6,360 indicated horse.power.
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Theo cost of the installation will be £220,000, and the annual
cost for maintaining the system is estimated at £46,608. Com-
pared with gas at 23, 6d. per 1,000 feet consumed at 60,000 at
burners, each giving a light of 12 to 14.candle power, a saving
of £93,750 per annum will be offected, or sufficient to pay a
dividond of 23.18 per cent. The stability of the Maintenance
Company is sufficient to warrant usin believing that the above
estimate is calculated on fair bases.

DOV S s

ON A NEW FORM OF RESISTANCE WITH SPIRAL
COILS OF WIRE.—FElecirical Review.

By Hexny F. Jorn, C.E.

In most of the installations of tho electric light an adjust.
able resistance is as much a necessity as a current moasurer,
switch, or such apparatus ; but these several instruments help
to make the electric light plant expensive. It has been the
object of the writer to make a complete set of such necessary
apparatus in the most simpe, reliable, and econowica) man.
ner, and the resistauce now described forms part of such a sct
of apparatus.

A spiral of German silver, iron, or platinum wire is bent
round a central block of wood or is otherwise fixed in Fosition s
in tke centre of the spiral there is pivoted a metal contact
arm, which presses on its outer end directly upon the top sur-
faces of the spirals; the pivot end of the covtact arm is con-
nected to one terminal, and one end of the spiral is connected
to the other terminal, the other end of the spiral being insn.
lated. It is obvious that, as the contact arm is woved round,
more or less of the wire spiral resistance is inserted in the
circuit.

This form of resistance possesses some important practical
advantages, the spring of the coils of wire enables a good con-
tact to be made without much friction, whilst the resistanrs
can be adjusted to ulmost any degree of nicety, and at the
same time the apparatus is simple and inexpensive.

In fig. 1, page 180, a complete spiral resistance, the contact
arm is provideg with a knob for convenience of moving, and a
divided scale indicates the resistance to be introduced; a
supplementary short (ircuit plug is shown ; this is at times
very useful.

Fig. 2 shows the wire coiled in the form of a volute spiral.
In this form the contact arm has two pins fitted with rollers
projectiug downwards on each side of the wire coils, and the
other cnd of the arm is slotted ; when the contact arm is
moved the pins act as gnides, whilst the slotted end cnables
the contact arm to follow the convolutions of the spiral; this
ﬁ}rm of resistance gives a greater range than the circular form
of fig. 1.

hgg 3 shows a detail of the contuct arm and spiral.

Tig. 4 shows an application of the spiral resistance to regu-
late the discharge of a number of accumulators, or any other
electric generator, such as a dynamo-machine, and this arran-
gement also answers for keeping the resistance of a cireuit
constant should any of the lamps be turned out.

In this application the accumulators are shown at the
top, connected on the one side to some electric lamps in
multiple are, and on the other to a solenoid coil. The spiral
resistance is introduced between the two, a core is free to mpve
in the solenoid, and when no current is passing is pulled over
by a spring attached to one end ; on the other end of the core
a rack is fixed which gears into a pinion ; on the same axis as
the pinion a ratchet-wheel is pivoted, and this wheel by means
of a spring pawl is connected to the contact arm. When the
coutact arm is moved the resistance is decreased or increased ;
with the ratchet-wheel and pawl it decreases the resisiance
only, but without the ratchet-wheel and pawls it acts beth
ways.

\yVhen tho current passes through the solenoid the attraction
of the core overcomes the spring, and the racks moves forward ;
should the current decrease in streng'h, the spring pulls the
core back, and this moves the contact arm in the direction of
tho arrow, and thus decreases the resistance ; the current is
then again restored to the required strength, and the rack
pulled back ready for further action.

This application of resistance coilsin a spiral form should
be of cousiderable service in many instances, and will help to
surmount ove of the difliculties in the way of the successful
application of clectric lightiny, viz., keeping the circuit at a
constant resistance.

_— 1
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RESISTANCE WITH SPIRAL COILS.
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ELECTRIC LIGHT INSTALLATIONS FOR OFFICES, &c.
At the ollices of The Electrical Power Storage Compuny,
Limited, 30 Swan incandescence lamps illuminate the wholo
suite of rooms pleasantly and thoroughly. All the lamips are
susjiended by tastefully.exeented edeetroliers and wallsbrackets,
made by Messrs. Benjamin Verity & Sous, of Stanhope Street,
Euston Road.

Nono of the wires are visible, Plug switches are provided
for cach room, and these, as well as all the circuit tittings and
the gearing were made at the works of the companv.

‘The engine-room in the basement of the Great Winchester
Street Buildings measures only I3 feet long, 6 feet wide and §
feet high, and therein stand the prime mover, the dynamo, the
accumulutor and necessary aceessorics, leaving nmple room to
walk round aud examine everything casily.

The motive power isaone H. P, Otto gas-engine, running
at 18v revolutions per minute; this drives a Siewens' S Dj
dynawo at 1,6uv revolutions, by which a secries of 23 one
H. I\ accumulators are charged. The charging is done
during the day for a few hours, according to the demand, and
little attention is required for the mechanism, as the oflice
wessenger starts the engine and oils the beariugs, examines
the deflections on the ammeter, and returns to his ordinary
duties.  When he considers that the current has been flowing

room and stops the whole apparatus, which is always ready
for unmediate use.  Livery kind of nowse and vibration had to
be carefully avoided, and in order to comply with these con-
ditions, the engne, dynamo, aud brackets carrying moving
parts, thar bases, jointug the wall and tloor, were providc&
with felt and india-rubber packing.

The one H. I. Fau:c-Sollon-\'oﬁ’ckmar accumulators occupy
cach an area of half a square foot, and they staud 12 inches
high ; these cells, when tully charged, can supply the whole of
the lamps for nine hours and still leave the economical resi-
dual charge in the boxes, the engine being at rest all the
time ; in many cases it is fouud convenient to ruu the dynamo
at the same time whilst the lights are fed by accumulators, and
this method increases the period of lighting in exact proportion
to the extra current from the dyvame,

Ve of the mteresting features of this installation is proba-
bly in the gearing which trausmts the power from the engine
shaft to the dynamo spindle. Tlus method of driving was
devised by M. Ratlard, of Paris, and it has been applicd by
the Licctrnieal owner Storage Company 1 several installations
where moderate power is used ; it works very well indeed, and
without the trouble often experienced in small strap and pulley
transmissions.

The drawings on page 180 will sufficiently explain the
details of this gear.  The fly-wheel of the gas-engine has two
V' greoves cut in its rim, and in these grooves ruusa cat-gut
band 5.16 inch iu diameter. The loose guide pulley and the
pulley on the dynamo spindle are each provided with two
com;sponding V' groover. The uumbvers against the band
show the wode of placing it on the three rotating parts ; the
! pin of the guide-pulley is supported by a stretehing lever,
y wlach preannis o adjustment whon the cat-gut becomes cloug-
j ated through wear.  Nearly the whole of the circumference of
i thedynamo pudey s taken up by the Land, giving it a goud
i grp and proventing ship, whidh ds of the ntmost importance
; constlentug that this pulley is anly 332 wches 1o diameter.
¢ There 1s a perloct equilibnum in the tension of the bands, and
i consequently the firction on the dy nawo bearings is practically

nedy the atmature of the maching maintaius 1ts central position

and the wear 15 nueessatily avoided.  The whole pressure is
“ taken up by the bearing and pin of the guide pulley, which
y runsat a very mach slower speed than the armature, requir-
, ang, therclore, less labnication, aud the friction of the enlire
, apparatus 1s considerably iess than of any other wechanism at
+ present known to transmt power at a lugh speed.  This ins-
v tallation has béen i sucuensful operation since August, 1582
i In the drawings, A 1s the motor, » the dynamo, ¢ Faure-
y Sellon-Volchmar accutaulators, 1 switch, & cutrent reverser,
‘ F Tesistance cotls, o shunt wire, it amueter, 1 Jawnp circuit,
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I ditto, ® ditte. The positive wires are shown thus,
| o = —— -, and the negative, - - -« - « Eleclrical Revicic.
- o —

1 TELRGRArE EXTENS108.—A short while ago the construction
| of a telegraph line betwwen Shanghai and Tientsin was autor-
! azed.  This hine 18 now to be eixended to P'ekin. Telegrams
; ave to be forwarded tn French or English.  Two inandarins have
| lieen appointed to keep a ngid survellance over all telegrams.
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a sutlicient length of time, he once moro enters the engine.
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RULES AND REGULATIONS YOR THE PREVENTION
OF FIRE RISKS ARISING FROM ELECTRIC .
LIGHTING.

"Iheso rules and regulations are drawn up for the reduction
to a minimum, in the case of electric lighting, of those risks of
fire which arc inherent in every system of artificial illumina.
tion, aud also for the guidance and ingtruction of those who
have, or who comtemplate having, electric lighting apparatus
installed on their premises.

The difticulties that beset the electrical engineer wre chiefly
internal and invisible, and they can only be etfectually guarded
against by ¢ testing,” or probing with clectric currents. They
depend chietly on leakage, undue resistance in the conductor,
and bad joints, which lead to waste of energy and the danger.
ous production of heat. These defects can only be detected by
measuring, by means of special apparatus, the currents that are
cither ordinarily or for the purpose of testing, passed through
the circuit.  Should wires become perceptibly warmed by the
ordinary currents, it is an indication that tley are too small
for the work they have to do, and that they should be replaced
by larger wires. Bare or exposed conductors should always
be within visual inspection and as far out of reach as possible,
since the accidental falling on to, or the thoughtless placing of
other conducting bodies upon such conductors, would lead to
¢ short circuiting,” and the consequent sudden generation of
heat due to an increased curtent in conductors not adapted to
carry it with safety.

The necessity cannot b~ too strongly urged for guarding
against the presence of moisture and the use of ¢ carth ” as
part of the circuit. Moisture leads to loss of current and to
the destruction of the conductor by electrolytic corrosion, and
the injudicious use of *‘ earth ** as a part of the circuit tends to
magnify every other source ¢f difliculty and danger.

The chief dangers of cvery new application of electricity
arise from ignorance and inexperience on the part of those who
supply and fit up the requisite plant.

The greatest clement of safety is therefore the employment
of skilled and experienced eclectricians to supervise the
carth.

1. ‘Tnk Dryaso MacmiNeg,

1. The dynamo machine should be fixed in a dry place.

2. 1t should not be exposed to dust or flyings.

3. It should be kept perfectly clean and its bearings well
oiled.

4. The iusulation of its coils and conductors should be prac-
tically perfect.

5. All conductors in the dynamo room should be firmly sup-
ported, well insulated, conveniently arranged for inspection,
and marked or numbered.

1I. Tug WieEes.

6. Every switch or commutator used for turning the current
o or off should be constructed so that when it is woved and
left it cannot permit of a permanent arc or of heating.

7. bvery part of the circunit should be so determined, that
the gauge of wite to be used is properly proportioned to the
currents 1t will have to carty, and all juuctions with a smaller
conductor should be fitted with a swtable safety fuse or pro-
tector, so that no portion of the condactor should ever be
allowed to attaun a temperature exceeding 150° I,

9. Under ordinary circumstances complete metallic circuits
should be used ; the employment of gas or wat-r pipes as con-
ductors for the puré!oso of completing the circuit should not in
any case be allowed.

9. Bare wires passing over the tops of houses should never
be less than seven feet clear of any part of the roof, and 31l wires
crossing throughfares should invariably be high enough to allow
fire.cscapes to pass under them.

10. It 13 most cssential that joints should be electrically and
mechanically perfect and umted by solder.

11. The position of wires when naderground should be clear-
ly mdxcau:gf and they should be latd down so as to be casily
inspected and repaired. .

12. AN wires used for indoor purposes should be eliciently
insulated, cither Ly being covered throughout with some
insulating medium, or, if bare, by resting on insulated sup-

ports.

13. When these wires pass through roofs, floors, walls, or
partitions, or when they cross or are liable to touch metallic
masses, like iron girders or pipes, they should be thoroughly
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protocted by suitablo additioual coveriny , and where they are
liable to abmsion f{rom any cause, or to the depredations of
rats or mice, they should be efliciently incased in some hard
material.

14. Where indoor wires are put out of sight, as beneath
flooring, they should be thoroughly protected from mechanical
- 1pjury, avd their position should be indicated.

N.B.—The value of frequently testing the apparatus and
circuits cannot be too strongly urged. The escape of electricity
cannot be detected by a seuse of sinell, as can gas, butit can be
detected by apparatus far wmore certain and delicate. Leakage
not only means waste, but in the presence of moisture it means
destruction of the conductor and its insulating covering, by
electric action.

111

15. Arc lamnps should always be guarded by proper lanterns
to prevent danger from fallinf incandescent pieces of carbon,
am‘ from ascending sparks. Their globes should be protected
with wire netting.

16, ‘The lanterns, and all parts which are to be bandled,
should be insulated from the circuit.

1 1V.

17. Where bare wire out of doors rests on insulating sup-
posts, it should be coated with insulating material, such as
mdia-rubber tape or tube, for at least two feet on each side of
the support.

18. Lo secure persons from danger imside buildings, it is
! essential so to arrange and protect the conductors and fittings
that no one can be exposed to the shocks of alternating currents
of 2 mean electromotive force exceeding 100 volts, or to com-
tinuous currents of 200 volts.

19. If the difference of potentisl within any home exceeds
2uv volts, the house should be provided with a *switch,” so
arranged that the supply of electricity can be at once cut off.

ety A s
THE CHAMBERLAIN GASLIGHT.—Electrical Meriew.

Thero is to Le secn at 43 New Broad Street, E.C., anew gas-
light, recently patented by Colonel Chamberlain.

It seems at present that there 1s but little chaace of the elec.
tric light ousting ordinary coal gas illumination from the
position it has occupied for so many years, but 1t may be that
Colonel Chamberlain's process will accomplish to some extent
that which electricity is doing but slowly. It is, however,
| scarccly within our province to speculate on that which is now

produced on as minute a scale as were the first dovelogments
of lighting by electricity. As the matter stands Colonel
Chainberlain not only shows the superiority of his new light
over that of coal gas, but_he also manufactures his gas on a
miniature scale at the address given above.

This process has been the subject of elaborate tests made by
Mr. Heury Hutchinson, C.E,, ¥.C.S., and we cannot do better
than describe Colonel Chamberlain's invention in Mr. Hut-
chinson’s words. This gentleman says thut Colonel Chamber-
lain's process may be briefly stated to consist of decomposing
petroleum o1 and water (four parts petroleum and one of water)
1 a small iron retort heated to redness by means of coke, coal,
wood, or gas. Tho gas, as it issues from the retort, containg
no other impurity than a small amount of tar and carbonic
acid gas, which are got 1:d of 1n passing through a small pori-
fier coutaining water, whero 1t is cooled, condensed in volume,
:m,d‘l deposits its tar, thence proceeding into suitable gas-

wlders. .

The gas is next diluted with three times ats volume of **red
hot " atmospheric air (bat not cold air), and herein consists
the atest novelty of Colonel Chamberlin’s invention,
nanely, the introduction of red hot air during the decomposi-
tion of the petroleum oil and the generation of the petroleum
g9, in which condition the expenimenter proved by numerouns
cxperiments the air must be admitted to the retort to bnung
about the necessary combination for producing a permanent
and non-condensible illuminating gas.

In reference to tho proportions of materials used, &c., he
found, from = series of experiments, that by the nse of 10 gal-
lop: of refined petroleum aud two and a-half gallons of water,
with the necessary quantity of *“ved hot air,” 3,000 cubic feet
of 18 to 20 candles 3,15, with a residual product of tar equal to
halfa ﬁ&llon, could be relied upon. For comparison, and to
sbow the great superiority of Colonel Chamberlain's gas, as

Lamrs,
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conpared with ordinary coal gas and water gas withont petro-
leum, he shows their percentage compositions :—

COLONEL CHAMBERLAIN'S GAS.

Carbonic acid

Oxygen = .
Illuminating gusoes
Nou-illuwivating do.
Nitrogen e

COMPOSITION GF ‘*COAL GAs."”

Non-illuminating gases = 68.%
Itluminating gases .. . = 6.4
Sulphur compounds .... = 029

100.00

“ WATER GAS WITHOUT PETROLEUM."”
(Non-illuinating gases.)

Nitrogen 36.0
Hydrogen 25.0

Carbonio oxide
Carbonio acid

coal gas, whilst the latter only contains about 63 per cent. of
available light.giving gases, Colenel Chamberlain's petrolenm
gas, on the other hand, gives light-producing gas equal to 21}
per cent. ; and even if Colonel Chawmberlain’s gas were-sold to
the public at the same price as ordinary coal gas, this petro-
leum gas shows, and also confers upon the public, 2 clear gain
of light-giving power equal to 15 per cent., and by the use of
the ¢ New Douglas® burner will give & light of very great and
unusual brilliancy, superior to any yet exhibited or known to
the public.”

In reference to the cost of Cblonel Chamberlain’s gas, from
the numerous experiments cargied on, Mr. Hutchinson thinks
he may safely say, taking iuto consideration the increased il-
luminating ¥ower peor foot of gas, as compared with coal gas,
and the small cost of production, putification, &c. (the latter
very costly and offensive process necessary in coal gas making),
that from 10 gallons refined petroleum, with two and a kalf of

candle gas.

ESTIMATE OF COST OF 3,000 CUBIC FEET OF CHAMBERLAIN'S
GAS
Ton gallons potroleum oil, &t 6d. per gal
Water ...
1T arne - -
Coal and labour vene
Interost on capitul, wear and tear .

2| eaiy

Total for 3,000 cubic feet

Equalto 2s. per 1,000 feet of gas, havirg an illuminating
power of from 18 to 20 candles,

Aund deducting the valuo of the tar, which contains about
balfits weight of a valuable lubricating oil, as well as = small
amount of brown colouring matter of great qcnetutugg snd
ataining power, with other valuable commercial properties, at
1s. 6d. per gallon only leaves 4s. 6d.. as the uctual cost of
3,000 feet of the petroleum gas, or 1s. 6d. for 1,000 cubic feet,
which is a very small cost for a first-rate gas containing no im-
purities, such as sulphur and sulphur compounds .

Another important advantage of Colonel Chamberlain’s gas
lies in the fact that §00 cubic feet of it will go as far as 1,000
cubic feet of ordinary coal gas.

Mr. Hutchinson concludes after threo wecks' intimate ac.

naintance with the details of this process of manufacturing
tho patent petrolcum gas, by asserting that the patent is 2
very valuable invention, of t public atility, simple in its
manipulation and free from an%er, giving & purc gas of great
illuminating power, and will fulfil & public want long felt,
more especially by the higher classes of society, where an inde.
pendent and domestic method of manufacturing good illumia.
ating and heating gas is required. .

17 we mistake not, oil gases have been tried many times
before, and thereforc it would be premature to assert that
Colonel Chamberlain's invention could be applied as success.
fully on & Iarge scale for lighting districts as it is now for what

4.0
100.00
¢ Thus,” says Mr. Hutchinson, * we see in comparison with

water, gas of sufficient illuminating power is generated, when
combined with red hot air, to give 3,000 cubic feet of 18 to 21
A N Ll
gas
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might be termed home manafzeture.  That tho gas will trave]
through loug distances has yet to be proved, but, on the whole,
the system appears to be highly promising. A general view of

the apparatus for mannfacturing the gas is shown in the draw
ing. The airis forced into the retort by mosns of a smal
** Roots ** blower, seen on the left of tho sketch.
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** OUR BODIES, * (Knowledie )
By D Aspiew Winson, FLS K, &e.,
i THE CIRCTLATION OF TIE BLOOD.

‘That blood aireulates perpetually through our bodies, is, of
course, one of the acknowledged truisms of our physical life.
So tacitly, however, is the fact taken for grauted, that very
} few persons seemn to trouble themselves further regarding the
mechamsm which keeps tins perpetual flow in motion. Vos-
s1bly the most sahieut features of the blood circulation consist
1n the knowledge that the keart, by 1ts incessant movement,
19 charged with the duty of sendibg blood through the body :
and that the vlood, secondly, flows, or is thus driven, through
certan pipes or dloodresseds. The heart an this light is a kind
of force pump ; and if we add that it is & museular force pump,
we shall have toulud x rough and ready, but essentially correct,
wlea of the nature ot the heart.  As a hollow muscle, the heart
no longer appears as a mystertous organ. It is hollow, to
allow blood to pass through 1t ; 1t is a muscle (or rather collec-
tion of musclesl, that 1t may propel the blood through the hody
by 1ts for¢ible contractions.  For, after all, the same force by
means of which we wnite a letter, or move our legs in walking,
is that which drives blood through our bodies. ‘The muscles
of our fingers and arm coatract when we write; the heart’s
muscular substauce, in the same way, confracts when the heart
¢ beats.” ‘I'he description of a heart asa ‘¢ hollow muscle ”
is one also winch applies with equal force to all hearts ; and
the heart of an msect or the pulsatilo organ of asnail or oyster
as fully conforms to tins defimtion as that of a man.

We have already seen that the blood in the course of its
circulation exists under a double phase. It goes forth frome
one side (the left) of the heart and from the lungs to novrish
the body. It isthen pure blood ; it travels through pipes or
tubes called arteries, and hence it is often spoken o?a: arterial
blood. If we trace any arterial bloodvessel through its ramifi-
cations, we may see that it divides and subdivides, and finally
spreads out 1nto a netwark of fine, delicate walled vessels,
known as the capilarics. So mmnute are these capillaries that,
as a rule, they will allow only a single row of red blood cor-
puscles to pass along their interior at ome time, like soldiers

m singlefile.  Tho diameter of these capillaries is, therefore,

about the one three-thousaudth of an inch. Wo can readily

see that as the tissues of our frames are permeated by such a
denso network of bloodvessels, they mmnst roceive not only a
very large and constant supply of blood, but must have that
fimd hikewise brought into connection with the most minute
patts ot “cells.”  Teo flmd part of the blood straius through
tho capiflary walls, and thus bathes tho tissues in nutriment ;
and 1t 1s this fluad part of the blood which, in turn, is taken
up by the absorbeat vessels, as descnibed in a former paper.

We may further observe that at no part of thecirculation do
the bloodvessels end abruptly, or l:ke a street without open-
mgs.  Un the contrary, the special feature of the circulation
1, that 1t1s carned on 1n a set of closed tubes, which are
everywhere continuous. If blood escapes from any bloodvessel
at all, it must do so either natarally, that is, by straining
through 1ts walls, as already described ; or 1t must escape
through injury in the vessel. A wound of any bloodvescel,
small or large, 18 thus really an opening into a system of close
and continuous pipes.

The blood, then, which the arteries have carried to nourish
the body, passes ito the capillaries.  The nutritive functions
of any part part of the blood flow has been discharged when
the tissues have received their quantum of blood through the
capillary walls. If we traco the blood flow onwards — as we
may do when the web of the frog's foot 1s microscopically
viewed—we sce that the capillaries gradually tend to become
of larger diameter; and finally, by their union, we discover
that the capiltanes torm rewss. The name ¢ vein *’ is familiar
cnough in common parlance. We kuow also, as a matter of
everyday knowledge, that the name *“vein is given to the
bluish looking vessels we sce in the back of the hand, and still
more plamly in the arm itself  For the veins, as a rule, e
near the surface, wlilst the arteries are deep seated.

1f we grasp an object firmly in the hand, 2nd tie a bandage
say, in ch mddle of the arm, we notice that the veins grow
larger and more prominent. Why is this? The reply is
evident. We have by our handage obstructed a flow of blood
which is passing wp the arm tncards the heart and lungs.
Hence the veins swell on the side of the bandage furthest from
tho heart.  We cannot shose experimentally in such a simple
manner the fact that i the arteries the flow takes place in the

e
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opposito direction, namely, from the heart and lungs o the
body. RBut, if we wero to place a ligature round any avtery —
such as the radial artery, in which the “pulse’’ is felt, at ™ the
thumb side of the arm, about a couple of inches above the
wrist--we should find the vessel to swell abore the lhigature,
instead of below, as in tho case of the vein. In other words,
we should then be interruptinga tlow of bload, which is pass
ing down the arm, to nourish the hand.

Wo learn from these plain facts, that the circulation of the
Llood renlly mmerits that name. It 18 an incessant round, from
the heart and lungs as pure blood, through the body, and back
to the heart and lungs as  impure or renous blood. The
uupurities, or waste matters, which 1t has received from the
body in its course, are got rid of by lungs, skin, and kidneys,
and this latter work constitutes that known as *“excretion.”
The cuurse of the circulation «= fully wrought out by tho im-
mortal Harvey — is as follows. The heart1s two-sided (right
and left) ; and each side consists of gwo compartments — an
aarwcle and a veatricle.  The right side of the heart deals with
cenvus or unpure blvod alono ; whilst the left side is concerned
only with arterial or pure blood. The unpure blood is return.
ed by the veins to the right auricle ; thence it passes to the
right ventricle, which pumps it into the lungs. This is one.
half, so to speak, of the circulation. In the lungs the blood
is purified. Then it is pagsed on to the left auricle of the
heart ; and thenco to the left ventricle, which propels it
through the arteries all over the body. No mixture of pure
and impure blood, therefore, takes place in the heart ; but in
frogs and reptiles such a mixture actually takes place, beoause
in these animals the heart is not completely tw--sided, or
double, as it is in birds, quadrupeds, and ourselves.

———— e —

POISONOUS COI.CURS IN GERMANY.

The following de-ive, concerning the prohibition of poison:
ous colours for the coloring of certain alimentary substnces and
:]\rticlea of fuod, came into operation 1n Germany, on 13t Aprl

ast.

1. The use of poisonous colors for the manufacture of food-
products or articles of food intended for sale 1s prohibited.
Those which contain the following materials or compositions
are considered as poisonous colors within the meamng of this
enactment :-—antimony (oxide of antimony), arsenic, barium
{except sulphate of baryta), lead, chromwm (except pure
chromic oxide), cadmum, copper, mercury (excepturg cinna.
bar), zine, tin, gamboge, picric acid.

2. The prestrving and packing of food-stuffs or food-products
intended for sale 1 wrappers colored with the above-cited
poisonous colours, or in barzels in which the poisonous color is
so cmployed that the poisonous coloning matter can pass into
the contents of the barrel, is prohibited.

3. The employment of the poisonous colors enumerated in
Art. 1 is prohibited for the manufacture of playthings, with
the exception of varmsh and oil-paiuts made of zinc-white and
chrome-yellow (chromate of lead).

4. The use of colors prepared with arsenic for the manufac-
ture of paper-hangings, as well as that of pigments containing
copper prepared with arsenic, and of watters containing simi-
Lar c;)lors for the manufacture of materals of dress, is prohi-

ited.

5. The putting on sale, and the sale, wholesale or retail, of
food-stuffs and food-products preserved or packed contrary to
the regulations of Articles 1 and 2, as well as playthings,
paper-hangings, and dress-materials manufactured in_countra-
vention of the dircctions in Articles 3 and 4, are prohbited.

-

Tut metrical system is made compulsory i Havauna from
July next.

Srrr Lviviars Paint. - Boil for an hour 2} ounces caus.
tic lime, recently prepared Ly calcining clean white shells at
a strong red heat, with one ounce of pure sulphur (floured) and
a quart of soft water. Set asido in & covered vessel for a few
days ; then pour of the liquid, collect the clear orange-coloured
crystals which have deposited and let them drain and dry on
bibulous paper. PUlace the dried sulphide in a clean black-
lead crucible provided with a cover.  eat for half an hour at
a temnperatare just short of redness, then quickly for about
fiftees minutes at a white heat. The addition of a small quan-
tity of pure calcium fluoride to the sulphide before heating it

is made. It may be mixed with alcoholic copal varnish
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RECENT EXPLORATIONS IN THE REGIONS OF THE
. GULF STREAM OFF THE EASTERN COAST OF

! THE UNITED STATES BY THE U. S.

: FISH-COMMISSION.*—Scicuee.

| INTRODUCTORY,

U

Althongh several extended surveys alouy, the region of the
. Gulf Stream had beew made by the officers of the U, 8. coast-
. suivey since 1844, no systematic dredging had been done aloug
. ils wolirse, north of Florida, uutil 1880, During the previons
. sutveys, large numbers of bottom samples hiad been saved.
. Sutne ut these were stadied many years ago by Professor Bailey,
" aud later by Mr. L. F. de Pourtalis. Many of the Forannumifera
atel uther microscopic forms have been described by them. A
Jew stall shells fram the same source were descnibed by Dr. A,
~ A Gould an 1862, These investigation gave a general 1dea of
, the nature of the materials of the bottom and the depth, but
mati errors exsted in the carlier sutveys in the determinations
of tcmperature, and 1 many cases the recorded depths were
anreliable,  The eatensive surveys made by the Blake, sinee
1850, have been conducted with much Detter apparatus and
! yreater aceuracy.
The real character of the fauna inhabiting the bottom be-
| neath the Gulf Stream, oft our coast, was completely unknown
©until 1880, when numerous and successful diedgings were
made, first, by Mr. Alexander Agasiz, on the coast-survey
, stamer Blake (J. R. Bartlett, U. 8. N., commanding), and,
, later 1 the season. by the U. 8. fish-commission party, on the
. bish Hawk. The Challenger, on her celgbrated voysge, made
. a line of dredgings from Bermuda towards New York ; but, on
J approaching our coast, she turned northward, and went to
. Hahfax.  Her station nearest to out const wasabouy 160 niles
off New York, in 1,240 fathoms. This is much further off the
coast than any of the fish-commission dredgings, and outside
the Gulf Stream slope. The few dredgings made by the
, Challanger oft Haifax were partly o the shallow fishing-banks
" Le Have bank), and partly in the deep water of the Atlantic
| asin. By mere chance, therefore, the Challenger missed the
. liscovery of the exceedingly rich and varied deep water fauna
, fauna that is now kuown to cceupy the Gull Stream slope all
. along vur coast  In 1572 one haul was made by Messrs §. I.
swith and O. Harger, on the Bache, in 430 fathoms, south of
! tivorge's bank, on this slope ; but it happened to be on a com-
| paratively barren spot. In 1877 the U S. fish-commission
. party dredged on the northward continuation of the slepe,
, alout 120 miles south of Halifax, 1n 90 and 190 fathoms ; but
, the buttom was of barren gravel, and the results meagre and
. unfatisfactory. In that region the vold currents are rapid, an
. the slope of the bottom is exceuldingly steep, making the
. liedging very diflicult.  In 1880 Mr. A. Agassiz, while on the
; Blake, mude several lines of dredgings ofl our castern coast,
' (ressing the Gulf Stream slope, The most southern of these
, were off the Carolina coasts, oud the most northern stations
w.re just south of George's bank. ‘These dredgings extended
y from shallow water to 1,632 fathoms. The Blake was furnished
. with exceilent apparatus for sounding and dredging, tempera-
, ture determinations, ete. The officers of the Blake sccured by
, Lis exploration a large amount of reliable physical data; and
Mr Agassiz obtained very interesting collections, including
. large numbers of new forms of aniwmal life, many of which have
" already been described in the bulletin of the dluseurm of com-
. parative zoology.
" Later in the scason of 1850, the U. §. fish-commission
Jredging-party under the direction of the writer, made its first
+x1 edition to the Gulf Streaw slope in the steamer Gsh Hawk
tacut. R, D. Tauner commanding). The region visited was
about 75 to 80 nules south of Martha’s Vineyard, in 65 to 192
_ fathoms. On Sept. 4, when this ground was first visited by
. s, a long day was spent in dredging and trawlivg, and with
' marvellous results. The bottom was found to be oceupied by
_ an eacecdingly rich and abundant fauna, including great num-
. burs of new and strange forms of ammais belovging to nearly
, il the warine orders.  Many fishes never before taken on our
. coust were scured. Thousands of beautiful and undeseribed
_ star-fishes of many specics, with varied shaped and colors, en-
* cumbered our deck. Crabs and shrimps of strange kinds,
. some of them of large size, were taken by thousands.  Numer-
. ous new and curious species of shells, some of them very beau-
| tiful ; bushels of large and brilliantly coloured sea-anomones,
. several of them over a foot across, and most of them previously
unknown, with sea-pens and corals of clegantly forms and
, culours,—were among the more conspicuous treasures secured
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on that ever memorable day. So suceessful were we, that it
required the most diligent and devoted labour on the part of
our entire party,—though aidcd by the oflicers and sailors of
the steamer, who shared wore or lessin our enthusiusi ,—from
daylight in the morning till late at night, to preserve what we
had secured, notwithstanding wo threw away many thousand
of duplicates. Some idea of the richness of the fauna, and of
the abundance of life on the bottomn in the region, may be
gathered from the fact that it required above five barrels of
alcohol to preserve the portion of the catch that we saved on
this one day, and a similar amount was used by us on various
subsequent trips in o single day.  On our first day eight hauls
were made, mostly with a large beam-trawl. There was a very
heavy swell, due to a violent cyclone that had prevailed fur-
ther south a few days before. Under these circumstances, tho
dredging and tho care of the specinens were unusually tiresome .
otherwise our enthwsiasm would. perhaps, not have allowed us
toretire, even at midnight. But a touch of genuine seasickness
will dampen tho ardor even of the most enthosiastic naturalists
when hundreds of new and strango species aro before them.

This first trip having been so successful, two others wero
made, later in the seasou, to other parts of the slope, in depths
ranging from S5 to 500 fathows. Each trip proved equally
productive, and added many species to the long list of disco-
veries.

In 1850 the headquaters of the fish-commission were at
Newport, R.1; but in 1881 and 1882 they were at Wood’s
Holl, Masg., where a laboratory had already been fitted up in
1875. In 18S1 and 1882 the exploration of the Gulf Stream
slope was countinued whenever tho” weather was sufliciently
favorable to permit us to make a trip in the Fish Hawk without
too much risk.

The steamner Fish Hawk, with which we have explored this
regions the past three seasons, was built particularly for use in
the batching of shad-eggs in the mouths of shallow rivers, and
was therefore not adapted for service at sea, unless in fine
weather. A much largeriron steamer—the Albatross, of 1,000
tons —has recently been built for the use of the fish-commission,
and is now being fitted up expressly for decp-sea service, for
which she will be in every respect well adapted, and will have
the best cquipment possible for such nvestigations at all
deptbs. The examination of the bottomn beyond the depth of
abuut 700 fathoms has, therefore, been deferred until the com-
pletion of the Albatross.

In addition to the three trips made in 1380, seven trips were
made by us in 1881 from Wood’s Holl, and in 1882 five trips.
During these fifteen trips, on each of which a single entire day
was usually emploved in dredging, we occupied about 118
stations- At nearly all these stations wo u-ed a large beam-
trawl of improved construction (fig. 1, page 188). In a few
instances we used a large rake-dredge (fig. 2). On every tripfino
surface-nets, or towing nets (fig. 3), were used to capture free-
swimminf animals, whenever the motion of the steamer was
suthiciently slow to permit this mode of collecting. In these
towing-nets, and iu long-handled dip-nets, we secured a great
variety of pelagic creatures, such as jelly-fishes, Salpa, Sagitta,
various small Crustaces, and cspecially {arge numbers of Euto-
MOStTaca, .

Our dredgings in this region now cover a belt about 160
miles long, cast and west, and about 10 to 25 miles wide. Tho
most castern stations are south-east of Cape Cod ; the wost
western are south of Long Island. They aro mostly between S0
and 110 iniles from the coast-liue of southern New England
(sce map, 1. 444.) The depths are mostly between 65 and 700
fathoms. Probably no othor vqually large part of the ocean
basin, in similar depths, has been more fully examived than
this. In addition to the regular work of the party during the
scason, Capt. Tauner made a special trip to the Gulf Stream
slope, off Chesapeake Bay, in 1580, aud another off Delaware
Bay in 18%1.  On both of these occasions valuable collections
were made, and additional data in regard to the depth and
temnperature were obtained.  He oceupied seven stations, m 18
to 3u0 fathoms, 1n 1SSu, and eight stations, 1n 104 to 435
tathoms mn 1881,  These dredgings show the direct southward
coniinuation of the wmshore cold belt, and the warm belt out-
side of 1t, as well as the cold deep-water belt, with but lttle
change in the fauna of each.

==

PHYSICAL FEATURES OF THE REGION.

The total number of species of animals already obtained by
us from the deep water in this area 13 not less than 800. The
number slready identified or described, sud entered on our
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Mar J. —Southern coast of New England to the Gulf Stream slope, showing lines of depth and the posi-
tions of the principal dicdging-stations of the-U. S. fish-commission, 1871, 1874, 1875, 1880-82. "The crosses
(+) indicate dredging-stations, part of which are accompanied by their serial numbers corresponding to

‘Those bearing numbers between 300 and 347 weve occupied by the Blake

the records and published lists,
in 1880,

F1a. 1 —The beam-trawl,
beam, a, a, varies from 12 to 15 feet in those used by
us. The height of the iron runners, b, b, supportin
the beam, varies from 24 to 30 inches; the length o

The length of the

the net, d, from 25 to 35 feetor more. The pockets, e,
within the net, are to prevent the escape of flshes.
The drag-rope, ¢, c, is weighted with lead sinkers.

F16. 8. — The towing-net, in the position that it
takes while in use, hall burled beneath the surface of
the water. Those used by us are mostly 10 to 14
inches in diameter.

lists of the fauna, is about 650. This numberincludes neither
the Foraminifera nor the Entomostraca, which are numerous,
and bat few of the sponges.  Of this list, less than one-half
were known on our coast before 1850, and a large number were
entirely unknown to science. Of fishes there are, perhaps, 70
species.  Of the whole number, alicady determined, about 265
are Mollusca, including 14 Cephalopnda , 90 are Crustacea,
60, Echinodermata ; 85, Anthozoa ; and 635, Anneclida.

The apparatus used on the Fish Hawk has been better in
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FiG, 2.--The rake.dredge rigged for use. The
iron frawe carrying the teeth, d, is about 8 feet wide;
the tech, about a foot long. The frame, «; carrying
the net, d, is 4 fect long; ¢ is a canvas bag to pro-
tect the net.

many respects than most other vessels ongaged in such work
have had. Each yoar new improvements have heen made.
Tho *trawl.wings,’ first introduced by us in 1881, have been
used with great success ; for they have brought up numerous
frec.swimming animals from close to the bottom, which would
not otherwise have been taken. The use of stesl wire for sound.
ing, and of wire rope for dredging, has enabled us to obtain a
much greater number of dredgings and temperature observa.
tions tﬁan would have been possible under the old syste of
using rope, employed even on tnc Challenger. The use of
stecl-wiro rope for dredging, first invented by Mr. A. Agassiz,
and very successfully employod by him ou the Blake, has
proved to be an improvement of very great value in deop water.
Bat its use there is an immense saving of time, aund conse.

uoutly a great increase in the valus of the rosults. Asan
ﬁmstmtion of the rapidity with which dredgiug has becndone
by the Fish Hawk by using the wire rope reoled upon u large
drum, 1 give hure memoranda of the time required to mako a
very successful haul.  1n 640 fathoms, at station No. 1124, the
large trawl was put over at 4,29 P M ; it was at the bottom at
4.44, with 830 fathoms of ropesout, commenced leaving in
at 5.17 ; it was on dock at 5.44 r.n.. total time for the haul,
1 hour and }d minutes. Tho net contained several barrels of
specimens, including & great number and large variety of fishes,
as well as of all classes of invertebrata,—probably more than
150 speciesaltogether, mauy of them new.

At all the localities that we have examined, the temperature
of the water, both at the bottom and surface, was taken, as
well 1g that of the air. In many cages, series of temperatures
at ~various depths were also taken. Many other physical
observations have also been made and recorded. -Lists of the
animals from each haul have been made with care, and arranged
in tables, so far as the species bave been determined up to

ate.

South of New England the bottom slopes very gradually frown
tho shore to near the 100.fathom line, which is situated from
80 to 100 miles from the main land. ‘This broad, shallow belt
forms, therefore, a nearly level, submarine );la.tmu, with a
ﬁentle slope seaward. Beyond the 100-fathom line the bottom

escends rapidly to more than 1,200 fathoms into the great
ocean-basin, thus forming o rapidly sloping bank, usuall{vl' as
steep as the slope of large mountains, and about as high as
Mount Washington, New Hampshire. This is well shown by
diagrama 1, which illustrates the relative slope at several lines
of dredging, and the actual slope n*0' along the line 9. We
call this the Gulf Stream slope, because it underlies the inger
portion of the Gulf Stream all along our coast, from Cape Hat-
teras to Nova Scotia. In our explorations a change of position
of less than 10 miles, transverse to the slope, sometimes made
a diffe.nce of more than 3,300 feet in depth.

(Z'0 be continued).
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Diagran 1. — To illustrate the relative slopd or profile of the huttom, from the shore to the Gulf Stream
slope, and across portions of the slope in saveral Jines. Vertical to horizontal scale, 1: 360, The line n'~o"

chows the actual slope along the line n-o.

The vertical shading indicstes the. position of th -
tively warm water, both of thesurface and of the Guif Stream; oblfq gt R otapara

ue shiding to the right indicates the

cold water of the shallow plateau; cblique to the left, the cold water of the greater depths,
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THE HEAT OF THE SUN.
BY ERNESC I COUK, B.SC. (LUND.), F.C.S.

(Centinued from page 147 )

1

’ The additions wlnch the sun has received during these
| times must have caused a great change in the periods
I of planetary rovolution and 1t 1s hardly possible to
avoid the conclusion that 1f such is taking placo, that
soma cvidence of it would have been found ere this,

Considerations somoewhat of this nature induced the
h great German philosopher Ielmholtz to discard tho

theory and to propoce in its stead one founded on the
heat given out by the contracting of the body of the
sun and hence called the contraction theory. Speak-
ing of this theory ina receut lecture at New York,
Prof. Young of Vermont, says: It is the one held
by most scientific men and is one which [ think will
be found more than half true.”  Without entirely on-
dorsing Prof. Young's words, thers can be no doubt
that we have 1 it a thoroughly competent cause to
produce the eflects.

Starting at the beginning, llclmholtz assumes tho
truth of Laplace’s great conception known as the Ne-
bular Hypothesis. This theory supposes, as 1s well
known, that at one time millions of years azo, the
wholo of the matter composing the varions members of
the solar svsteln together with any interplanetary sub-
stanco which may oxist was diffused in space in the
form of highly rarefied gas, The only kuown cause
capable of keeping such materials in such a condition
is heat and it is thus further assumed that the whole
of the heat in our system together with alarge quaatity
which has been wasted in space (i.o. space beyund the
confines of the orint of Neptune) was stored up in the
nebulous matter in the form of latent heat. This
highly rarefied .aatter gradually radiated its heat into
space, and in con<equence hegan to dimnnish in bulk,
and at the same time to increase in specific gravity.
Planets and satellites began to form out of it, and the
process of cooling and contraction continued until the
system assumed its present condition. In this process,
assuming the specific heat of the condensing matter to
he equal to that of water, Helimholt7 ealenlates that the
q heat given vut would raise the temperature 28,000 -

OO0 © centigrade. What then has become of this
mmense amount of heatd  All of 1, exeept a very
small fraction has been radiated into stellar spaes, and
practically lost amid the vast recesses which exist be-
tween subs or between tho satellites of suns. The
small fraction has been interccpted by the matter of
some of the planetay hodiea and it= energy, or some
portion of it used up in rearranging the matenals of
the planet. In this way perhaps the vast store of
energy which the depusits of earbonaceous matter 1n
the carth pussess, may hLave Lien derived frum the
condentation of the nelmions matter, and was employed
at ono time in keeping tne molecules of that substance
in a state of vibration. But the process of cundensa-
ting having gene on from the remotest times up to the
present dues not stup here.  Helmblioltz supposes it to
to he still going en, and m this way he accounts for
the heat which we and our fellow worlds
derive from the sun. Accerding o this themy the
cantral orb is vadiating heat into epace at the enormous
rate indicated at the commercement of this paper and
is heing conled by the loss thus experienced.  In con-

———

seyquence of the cooling the materials compusing the
sun must neeupy less space and consequently its dia-
metor hecomes less.

Morcuver the more rapid the shrinkago the greater |
the amount of heat radiated. Or, in other words;
knowing the amount of 2adiation taking place, the
woight and volume of the raliating body and its spe-
cific beat, it is pussiblo to caleulate the rate of shrin
Kage necessary w heop up the energy exponded, With
ot going farther the supetfizial realer would at once
diseard the theory as untenable, ¢ Iere, he would say,
vou hLavo the sun emitting radiant energy at this
enormous rate which has been demoustrably, not di-
minished during Listoric times and has propably con-
tinued for 20,000,000 years ; and all produced by the
shrinkage of his substance  Why loug ere this he
would have shruk into a cold dead mass.”

Jut let no one imagine the celebrated German guilty
of want of care in examining the subjoct. IHe has
made the calculation indicated alwve, and he proves
that & shrinking of the sun’s diameter by ;5.3,4th of
its present length (ie. 88 miles) would produce an
amount of euergy capable of kesping up the solar
emission at the present rate for 2,000 years. But if
the sun be suppused tu go on contracting, and its spe-
cific gravity to go on increasing until it equals that of
our earth, then Ilelnholtz shows that the heat evolved
would supply the sun with energy for no less than
17,000,000 years! In brief outlino this is the cele-
brated theory of contraction. Simple in it assump-
tions, and quite competent to fulfil tha demands made
upon it, it is not a matter of surprise that it is held by
many of the first thinkers of our time, Yet we cannot
help thinking that two considerations weigh heavily
againgt it. First, the researches of modern spectio-
scopy seem to indicate that we have in the sun an
mtensely hot nucleus surronnded by an atmosphere or
shell of less intensely heated matter. Now 1f the heat
1s pruduced by condensativn the whole body would be
equally heated, and consequently no such partial sepa-
ration wuuld take place. Also the formation of a
nucleus is diflicult of explanation on such a theory for
although the temperatura of the nurleus may be greater,
the actual Feat an the =olar atmousphere must he greater.
Secondly as S-imens has puinted out, the heat being
prodaced throughout the mass must reach tho surface
by conduction.and convection. Bat we know of no
substanco capable of conducting the immense amount
of heat which we hind being radiated.

THE RIGENERATIVE THEORY.

This theory, which T have su named because of its
most characteristic feature, 1s at present hterally and
abrolutely in its infancy. It first saw the hght in
March, 1882, having been proposed in a paper entitled
tho ** Conservauon of Solar lunergy,” read before the
Royal Society of Lundon, Ly Dr. C. W, Siemens, F.R.S,
the great electrician, and president for th Briush
Assceiation for 1832-83.

It essentially differs from all the other theories, in
that 1t supposes the action of the sun in sending out
light and heat to be eternal.  The precoding causes
which we have considered, yield the sun energy
enoagh to last hiun for millions ot vears. This one
affurds « cause which ils author cunsiders will last for
ever. But if 1t is to last for ever, then it is a physical
impossibility that anything should be used up or

——
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| state Dr. Siomon's theory, in as nearly as possible his

- tbe aren which each umat of 1t could be made to srrgato.
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oxpended. Accordingly, the everlasting nature of the
action is maintained by the energy being conserved
and protected from loss. This is accomplished by
supposing reciprocal action t0 go on using only the
eame materials, but under different conditions. The
differont conditions are those which obtain in or near
the sun, and those of interplanetary space. In tho
ono wo have intonse heat, and in the other equally
intense cold, and I may here remark that it would be
impossible to conceive of matter boing placed in posi-
tons which afford conditions possessing a greater
cuntrast. Matter is supposed to bo subjected at dif-
forent times to these different conditions, and its
behavior undor such conditions, produces, in the one
case, the heat and light of ths sun, and in the other,
tho matorials necessary for maintaining this heat and
Without further preface, I will endeavor to

own words,

After briefly stating the various theories and offering
cortain objections to them, he says :— * The true
solution of the problem will be furnished by a theory,
according to which the radiaut emergy which is now
supposed to be dissipated into space, and irrecoverably
lost to our solar system, could be arrested and brought
back in another form to the sun itself, there to con-
tinue the work of radiation.”

(7' be concluded in the next number.)

- @

PROCEEDINGS OF SOCIETIES.

Ture Insuizenion oF Crvit, Excixerrs, (Bug)—At the Meeting ton
the lth ot April, Mr. Brunlees, President, in the Chair, the Paper
read was on ** "Tho Introduction of Irrigation into New Countries, as
illustrated in North-Eastern Colurado,” by Mr 1, O°Meara, M. Inst.

The ubjeet of the Paper wero stated 1o be three-fold :—first, to givo
an account of the develupment of irrigation in Nurth-Eastern Colora
do, secundly, to enquire jnto the principles which should gaide the
antroduction of irrigation inte new cunntries : and thirdly, to oxaming
how far the methods being pursued in North Eastern Colurady were
i accord with them,  The develupme talluded to was influenced by
wiost uf the defeets iwamitested in vlder countries, such as—inacenraio
meazurement of water, krowth of ill-defined rights, eaecssive waste of
water, ete,, but there was a prospeet of improvement through betler

Ulesrslation. The climate of Colurado was deseribed as such, that

arniculture was all but impossible without irrigttion. Both were
berun in 1560, There were 15000 acres winder cultivation in 1820,

< atd it was estimated that in 1853 there wonid bo 460,000 acres, with

precpects of still taether development, The amuunt of iengation
goreiblo would bo baited by the quaniaty of wates obitanable, and by
It would
amsunt to W00 aerex ttider o by potbetical water-duty ot 12

, inchesin depth for one season,

It was laid down that the duty of water n arrigation must vary
witle Uy the character and conditiun of the sul, 12 the saandall, tom-
puitlate, and evaporation, 3y the mthed of applicaton . 14 the kand
ul erop, and, 1in ome cages, 0) the depth of the water-liue betow tho
suriacy of the ground. As regarded (1), tho nfluence ot difterent
sals, this must affeet the duty ot water, heeanse, on the nature of the
soil depended the quantity of water it would absorb, and tho rato of
filtraiton and of evaporation from withinait. The Author gave detgals
of experiments made by him to aseertam the amounts of wator, and
the umes required to masten two diflerent typical sails 1 the Cache
Lt Poudre Valles, and he drew sume anferenees trom thew.  The fore
mation of swampy lands and the prevalence of rust i wheat on fome
ul tho older tarms were held tondicate, that the quantity of waier
required for beneficinl irrigation became gradaally les< vear by year
tur a few sears ater the commencement. 2 The raumalt of the
suntsun showld be added to the aruticsal srrgaton, and accvum shivuid
bo taken of the surplus water not absorbed by the suil, otherwige all
ostuttiates of water<duty must be susjeading.  1ho use ot ordwary
statistics of temperature and evaporation was at present vague and
unsatsfactory, onmg to the absonco of expernments on tho dryws of
sl Nevertheloss the question ol evapuration was $o unportant,
that it swas doubtful if any luss of irrigating powor oceurred in Colo-
radv other than that which was due to 1t. 3 Irngation methods
wore conducted on W ARtagoSLC PrnCIPIes, Rz, o mereise to the
most profitablo extent, n the one case, the quantity of water supphed
o given area, and in the other, the e 1IrLIRated by a given voluo
of wacer. Tho ** Mareite'" cultivation of Italy and the ** ashesting
sub-trngation method  of Californin were eated ax stauces of these,
Mcthods ot arnigaton wore classed ander fourheads. - by sprinking,
by tlooding, by distributing throngh furrows, and by distributing
through pipes or druns under-ground.  sprinkhng had been tned i
Seotland on 7 acres of land by the Duke of Sutherland. The methods
of flooding with compartients, and of distributing through turrows,
wero desenbed in detail, as also the methiod of flooding without cume

partmonts, as practised in Colomade. This was charactenzed as
extremely wasteful, It was shown from tho exporiments on dry soil,
befuro alluded to, that 6 or 8 inches 1 depth, 1ustead of 42%4 mehes
as at present oxpended, ought to suflico for corealy in Colorado. 'The
experionce of P’rofessor Blonnt, of the State Agricultural Collego,
was quuted to show that oxeeliont crops of wheat cuwdd bo gruwn with
a rainfall of 4} inches only, without irrigation  As reganded () the
water-daty for diffcrent crops, it was tho degreo of mossture required
in the soil arvund its vots, and st the absolate quaatits which tho
plant itzelf aborhed that had to bo considered. ’ﬂxo Author furnish-
ed, ina tubular form, a hist of stagistics, denved frum yarivus sourcos,
in which he had endeavoured to include the cssential elements  Ho
considered 1t, howovor, to bo nothug more than an appreximation,
Leenuse of the ihcumpfutmlw.‘ uf almust svery stateent of the kind.
In the column of **totals,” the limits of water-duty appeared much
narrower, beeruso of the rawmfall being added to the iengaton depth,
thau they would be otherwise. Countries where goud crops wero
grown withont irnigation were ncluded 1n the Tabie, bomg considered
to furnish o’ natural duty of water.” which <hould be useful for
comparison with water-duties in place where irrigation was practised.
Some remarks followed with respect to the pecalmrities ot certun
erops--viz.. rice, alfalla, sugar cano, sumeer meadowe, potatoys,
coreals, and tea,

Tho Aathor then discassed tho suurces and works of

Aauth CH discl supply, and
tho legislation of irrigation. vi

The xources wore atated to be two, viz,,
spriugs and nivers  The supplies were hunto aviulablo for direct irre
gation by canals, and for indirect irnigation, after storage, by
reservoirs.  The works of the * North Poudre Irrigation Canal,” of a
capacity of abuut 300 cubie feet per second, which had beon earried
out under the Anthor’s charge, woro doseribed. 'Fhose most worthy
of remurk were u enih dam, 30 feot 6 inches high, somo shelf-work,
tunnsls, and ° guleh ™ bridges, Dietails wore wlso given of a larger
canal, tho “* Northern Colorado.” These works showed n consider-
able depurturo from the practico of older countries, owing to the
abundance of timbor, and to the preference of Americans for
cconomy and rapidity in coustruction over durability, Tho principal
supplies of water, in Colorado came frow the snows of the Rocky
Mountains. The rivers rose, reached their maximum and foll again,
frequently before the end of the wrngation xeason.  leuco measuros
monts of the suuw remainiug v the mountains were of unportauco to
agriculturists. Tho constriction of reservoirs was dealt with as o
means of reducing nisk an cadtivation 1 cotnries where tho rivers
fuiled in the crop-season. Resorvoirs wero distinguished as of threo
kinds :=* river-bed ** reservoirs for equahzing the flow, “main® re-
servoirs which received the entire volume of a canal, and “detached”
resorvors which received a portion_only, A serious crror in tho
construction of some reservoirs in Colorado was pointed out, The
gauge first used for measuring water in Colorado was the Max Clark’s
gauxe, and the improved system at present in use, with tho furmula
of Franciz :—
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were deecribed and commented on, A short account of tho legisla-
ton affecting 1rngation 1 Colorado totlowed.  The legal defimtion of
an **inch of water” was given in full.  Thoso lnws wero such, that
any holder ot land wn the Stato was entitled totake and uso the wators
of the nvers, and any one could construct rezerivoirs and store unap-
proprinted water. A fruntul crop of htigation had, as a matter of
course, been developed i the State : and sowe cases wero =till pend-
Ing. A series of lawe were passed in 1879 to determmno the order and
prionty of existing and tuture cliams, to fix the price of water, and
to control ats distribunio. The Kuthor tinally directed attention to
the Report of the State Eugucer of Calitornin on sunilar laws, con-
curning genorally with the principles advocated theren, and suggest-
g # freo oachange of water-rights, and the condemnation ot suoch
reservoir sites as were used for direct irnigation only.,

Astrican Sounnty of Civn. Excastens.—Mre. FJ, Cuinoros, who
rocently vistted the Jsthmus of Fanama presented an informal state-
tment of tho Yrugrc*s of tho work upun the Pavama Ship Canal. He
stated that the purchaze of the Panama Rastroat by the Canal Com-
pany seemed to promise most eacellent rosalty, aud suggested that
proper methods in the management of the railread, and lower charges
for both fresght and passeugers, would certainly increase s revenue,

In referencd to the Canal he saud that (he Line had been completely
ataked, cruss sectivis taken and the lucation made and stakes sct for
defintte work for alange portion of the e, Tho live s entirels
cleared and grubbed from kijometro 4t to the mouth ot the o
Grande, and 1s rapidly advancing at other points.  The Valley of tho
Chagres has been survoyed, and it has been found that the high water
hes abovoe the hugh dam will cover an aren of about 6850 acres, and
that the volume of water storod will Le about Luto000000 cubic me-
tres, Actaal work apon the Caunal has been custnanecd at six points.

The cuntractora, .{lc:srb. Slaven & Co., for dredging the Caual frum
Colon, hase their fiest herculean dredse i place, and will eommenco
work dircetls. The Canal Company have bean workivg waith two
Freuch machiues, at the rate of 1100 cubic mctros per day for each
machine.  The Frauco-Ameriean Trading Uo. have contracted for the
exemvabion of abuut 1 kilving, of the Canal beyoud the Bay of Pana
wa. Their machines are being built at Lockport. Thero ave now
about 6 men on the work, chuefly Jamaicans, Cartheronians, anda
few Martiniqueaus ,

Many diwwelbng bouses, machine shops, &e., have been constructed.
The machiness 18 buth French and American, and_the cleven Amen-
can excavators are working with great cconomy.  Borings have been
madv along the whole liney amd bavo extended to tho hottom of the
Canal giving in a general way the fullowing results. From Colon to
kilom. 10. material easily dredre, From Mamey to Obispo, mostly
ciny with occasional scams of ruck, From m"sll.-:' to Emperador abyut
7 kilins, of hard trmp of Conglomorates. From Emperador to Paraiso,
about 8 kils, clay for about 15 meters, then indurated clay followed
by schist il reaching roch near the Luttom of the Canal  From
Paraiso to Pedro Miguel 10 to 12 mctres clay followed by fock.
From Pedro Miguel (o the sea, mostly clay aed mad with the excep
tion of a few seawns of rock. . i

Considerablo work has heen done at the Part of Colon including the
conunencetnent of a broak water.
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