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NEW BOOKS.

‘qUe d' Blectricitd Industrielle, by E. Cadiat et N.
Thy, (Paris : Baudry & Cie.)

n :::inirable work is designed for the use of electrical en-
mknowledmhet practical men. During the past few years
tayyy fncry &e of electricity and its applications has wonder-
php‘"‘tion %sed, and the literature relating to it has grown in
doaygy red & The authors of the work before us have en-
Uaefy) form condense ¢ this literatare ” into a convenient and
fy, The v and their endeavours have been largely snccess-
v Work is divided into six parts. The first part is de.
of ¢ a °°l.18idemtion of definitions, fandamental laws, and
%t important and most complex branch, electrical
u:l.eaanre,, The second part treats of apparatus for
ter; t‘?n of electricity, arranged under the heads of bat-
1€3, and acoymulators. The *theory and descrip-
trateq ® Various machines are plainly set forth and iilus-

of th yor;umeric“l examples, which add greatly to the value
the uest, - Inthe remaining four parts, the authors deal with
ey, 18 of electrig lighting, the electrical transmission of

. ee’ i :it’;‘f"hﬁniliatry, and the telephone.
l“’lnd%utg ting is discussed at length, the various arc and
Barg Poiat :y’“mﬂ being carefully described. The authors
fre; t 3 ut that in comparing gas with electric lighting, the
oy m,thQ latter is the most important item, the cost of
h"'ld, the ‘ng °°mpamtivelyL small. With gas, on the other
The o, 0 of working is the main consideration.

ly de‘c’fca transmission of energy is next minutely and
N‘slimin"ynbed, After a statement of general principles and
:%Dlrgd. exp_‘riments, the merits of the different motors are
b siemen;' 8rlous applications are then taken up, including

;:“lltor.. tal. mway, the Portrush railway, traction by aceu-
to, ang 1, © %8¢ Wse in the working of minos, electric
Per e‘?“‘l Davigation. This part concludes with a

ibution of electricity.

In the fifth part, the first chapter deals with electro-plating,
the composition of the baths, and general principles as to the
production and distribution of electricity, influence of con-
ductors, &c., and the second chapter with electro-metallurgy.

The sixth and last part of the work is devoted to the tele-
phone and microphone. Their theory is explained, and a de-
scription is given of the principal kinds, together with the
mode of applieation to practical purposes, includine the ar.
rangement for 4 central exchange in cities.

CANADIAN PAOIFIC RAILWAY.
BY VERNON SMITH, C.E.
(Continued from page 842.)

By a telegram received within the last few hours,
the heavy work oxpected in crossing some places
in the mountains which lies between the two crossings
of the Columbia have been found to be not nearly o
formidable as at first anticipated and a large saving
both in time and money can be effected in the con-
struction of this section. The completion of the Gov-~
ernment section from the Pacific to Kamloops Lake
enables the work upon-the third and last range of
mountains, the Gold Range, to be attacked from both
sides and no doubt now remains that next season will
see this great work completed from ocean to ocean, a
great mational highway across Canada; the shortest,
best and most economically worked communication be-
tween the Atlantic and Pacific, the northwest passage:
from Europe to the Orient which has been the aspira-
tion of so many centuries, and hitherto the grave of so:
many hopes. .

The construction of a railway through a new, un-
organized, almost unexplored, district thhqut qettle-
ment or fixed population, especia'ly when time is an
important element in the question is an entirely differ-
ent problem from constructing that same road a few
years later when population has come into the country,
the cultivation of the soil has commenced, roads have
been constructed, and the necessaries of life have been
introduced. ~ All the requirements for the second
operation are equally requisite for the. qngmal line,
but very much of the difficulty of obtaining them has
been removed and what is often most embarassing and
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almost impracticable for the pioneer is comparatively
easy and smooth for his successor. In the instance of
the Canadian Pacific Railway, and especially with
Messrs, Langdon and Shepard’s division of it, the case
was complicated by the immense distance that inter-
vened between the base of their operations or even the
end of the track and the points where the earthwork
and the bridging was being carried on, as well as by
the long length of line over which these operations
were being simultaneously executed. The removal of
10 million cubic yards of earth, as for instance in the
Suez or Panama Canals is a heavy undertaking, but
spread that same amount over 700 miles of country,
and every element of cost and difficulty is wonderfully
enhanced. An immense quantity of materials has in
all these cases to be accumulated an army of men has
to be fed and provided for, large quantities of plant
and tools and appliances have to be procured, and kept
in efficient repair and a vast machinery has to be main-
tained if the work has to be properly and systematically
executed, but in this instance all this had to be done
from one end of a thin line of communication and over
the extended chain of its own daily increasing length.
It was only by the most accurate knowledge, months
in advance of every detail that was required, the most
careful estimate of when and where and how each
party was to be provided for and the most energetic
maintenance of the long line of communication that
the desired result could be hoped for. It speaks
volumes for the executive ability, indomitable energy
and business management of the firm that the whole
was worked out with no serious hitch, that no impor
portant delays occurred and that everything progressed
in the same methodical orderly manner that was ob-
gervable in all their operations.

The work of grading was sub-let in small sections of
a mile or more in length to almost sixty different sub-
contractors according to the ability orf means of each man
to execute the length that he undertook, great care
being exercised that these sub-contracts should be well
within the limit of each man’s power to complete them
within the time specified and so well was this managed
that only in one or two instances out of 300 separate
contracts was any delay occasioned by these parties not
completing their work. As soon asa gang had finished
in one place they were removed forward to their next
length perhaps 100 or 150 miles ahead and here again
in another month or six weeks they were almost cer-
tain to be within sound of the track-laying locomotives
before their work was entirely finished, nearly all the
earthwork was what is usually known as side cuttings,
the line being almost exclusively on an embankment
the material for which is derived from two parallel
ditches on either side of the line,and purposely raised at
such an elevation above the prairie as to bring the rails
where possible above the average level of the winter’s
snow. This class of work was done in three different
ways ; the first by digging out the ditehes and casting
the material taken out of the trench on the embank-
ment. This work was generally let to three or four men
by the “ station ” or 100 feet length, and it suited the
Swedes, Norwegians and Italians who made this class
of work their specialty and who often removed on an
average 25 cubic yards a day for every man employed in
their gangs. Thereis little plant or capital required for
this work, and one man on the bank will level off and

dress up the labor of a score of casters employed oD the
ditches. The second mode, and most popular with the
American workmen for removing the earth was by scranj
ing. In this case the ditches are plowed for a length ©
150 or 200 yards and the loosened materialis then hauled
in a rounded iron box on to the bank by a pair of horsé
the scrapers removing at each haul about one-fifth of 8
cubic yard of material. Where the bank is alone seve®
or eight feet and the haul unusually long, 1878°
scrapers or boxes are used and they are mounted uP
wheels carrying as much as half a yard at each chatg®
This is undoubtedly the most economical way of *
moving earth or sand from a side ditch on %0 an
embankment. Two horses, one man driving and °°
man attending to the scraper will handle easily f“?:i
60 to 100 cubic yards per day in ordinary mater™
with the small scrapers where the haul is not long ?
double this quantity with the wheel scrapers where b
material is sandy, and the circumstances all favorable:
There is besides, this advantage with the scrapers, ¢ ;
the banks became thoroughly consolidated with
constant passage of the horses and their load ove
them, and that when once dressed off they aré es:
liable to subsidence and getting out of shape. -
third system adopted was by grading-machines, f?t!]
cumberous and clumsy-looking affair and requi® K
from 8 to 12 horses to ‘draw it but doing its W‘]’J ot
pretty well upon the whole and although some¥
complicated in its machinery giving less trouble th
might be expected, from break-downs or the necess!
of repairing the working parts. It consists of a plovg
mounted upon wheels and so arranged that it ¢a%
raised or lowered at pleasure by the ploughmaB
rides upon the framework immediately abov®
plough and can watch exactly the depth necesss™y af
cut to keep it properly working. The portion ¢ §y
by the plough is turned over onto a shell table Sl‘ghl
inclined and from which is is pushed on to an €8™ "
band one end of which is as close to the ground ble
can be arranged and the other passes over a ﬂ}"va .
pulley that can be raised or lowered and which foob
livers the earth at an elevation of from 4 t0 © %44
above the point from which it was excavated 0B to
railway embankment. These machines would “ver: £
from 800 to 1,000 c. y, per day but the “mounally
subsidence in the embankment which was gener in
under 107 in scraper work raised from 15 to 18,
the banks made by the graders. o of

Following the grading parties and just in adv3%° 5
the tracklayers were two bridge gangs, workiBg ...
night and the other day, and as every stick of * ‘¢
had to be brought by the completed road itse!f’ moand
from Rat Portage, 140 miles east of Winnipef _.
yenerally 500 or 600 miles from the place where light'
required, and as it was important to reduce the fre o0
ing from the end of the track to as short a dist0
possible, the bridge timber was generally brOUSh the
at night, so as to interfere as little as possible Wltaloﬂg
tracklaying. From this point it had to be hauled o 1O
the prairie eight or ten miles to the place W er oand
bridge was to be built. Openings for water cours orallY
the ordinary drainage of the country consisted ge% i
of four bends of piles, four in a row, an or ¥ nd
structures two pile drivers were brought forwards “ o
as soon as the piles were driven the framers Wed put”
to work cutting them off to the proper length an
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tu!g on the caps and stringers. It was no uncommon
1ng for the framers to be up to the pile drivers as the
i;st pile was being driven, with the bricklayers enter-
a‘g the bridge at one end as the last stringer was being
' af the other. The stringers were laid in pairs,
X 15 inches under each rail in one span, and in
'inl(;ies 6 x 15 under the adjoining span, resting 12
ithes on the cap piece, bolted together longitudinally
Splice plates 24 inches long, 24 x  inches, and
® Whole drift bolted onto the cap.
il © larggr structures were built mostly after the
or E;}‘1"’91‘6 laid, a temporary structure having been used
ang e track-!aying, and the permanent materials, iron
itaq Stone, being brought to the front by the railway
All the larger bridges are intended to be an
perstructure, resting upon stone piers and abut-
the 1 T_hese are not numerous on the prairie section,
R0st important being the one over the South Sas-
lengt}?wan’ at Medicine Hat, which is 1000 feet in
Spang 45 feet above the water, and consists of three
ot 1 of 217 feet each, two of 30 feet, and a draw 300
inn‘ length, The piers and abutments of this are
Dipeg limestone.

cr(,s:;ge‘?n Calgarry and the summit the Bow River is
v o 2ight times, requiring bridges, all of which are
400 8irders resting upon stone abutments, varying from
bon 4y, 00 feet in length, and altogether on this sec-
briq, ‘€re are over 13,000 lineal feet of first-class

8%, or over 2% miles in total length,
Mogt Z::ack_'laying gang was the one that attracted the
Teetly ontion, and their progress could be most di-
which%“aged_. and formed, as it were the basis upon
Nateq © daily advance of the whole work was esti-
2.28 s In 1882 the average day’s work varied from
for thel ©8 per day, in October to 3.22 miles, in August
Sven wecks ending Sept., 47, or in 42 con-
WOrklng days, they completed on an average
Ong g, o8 Per day, The greatest length laid in any
daj) ); Was 4,10 miles, and on three occasions the
In 35 ll)n?greas was 4 miles. The best record was a maile
Sxam eg“}tes. Remarkable as this progress was, un-
excﬁede d 10 any previous railroad experience, it was
» Whep lg 1883." The greatest day’s work was July
Prgregs 1-38 miles were laid, and the greatest month’s
Worg aizia 80 July, when 92.35 miles of main track
Wilgg ta besides 5.11 miles of side track, o1 97.46
J'lly, To O8ether. Tn the first six working days of
of rilyyo™ the 204 to the Tth inclusive, 25.86 miles
of 4.31 Y Were completed in one week, or an average
g‘an don lses per day. Towards the last of Messrs
AYS the hephard & Co's contract, in 48 working
tack-laying gang laid and finished 166.38

“‘011 su
g

88cyt:
3.2?““?

My,
Per da;r :}? 8verage for the whole time of 3.46 miles
te Slusive of the sidings which were laid about
Miles. The track-laying gang were kept in
me'ng cars, built in two stories ; in the upper

D slept, and in the lower they lived and

ch car afforded sleeping accommodation to
8% cars, with the necessary cooks, in-
WOrkshop cars, formed a permanent train

all d wr! and
tf))rthe yargl:ays left at the front. The rails, 57} lbs.

Th“%ian wo 0d 30 feet long, were about half from the
n %Y are 01‘ of Kr}lpp, and the remainder English.
81y byoor, the ordinary flat foot pattern, and were

“ud Win:-u 8ht up from Montreal by rail, via St. Paul

®8, a railway journey averaging 1500 miles.

After being landed in this country, they were taken
up, according to convenience, and stacked ready for
use at comstruction depots, which were placed about
100 miles apart, and where all the material for the

track was sent as near to the work as possible,. From
these construction depots trains were sent to the
nearest siding to the front, taking an accurately ad-
justed supply of rails, ties, and other requirements for
one mile of track. These trains consisted of 20 flat
cars ; the ties, or sleepers, of which there were 2,640
to a mile, were loaded 300 to a car; the rails were
loaded 30 pairs to a car, besides 5 boxes of spikes,
weighing 1 cwt. each, 60 pairs of fish-plates and one
box of bolts.

By this arrangement there were no surplus mate-
rials left scattering along the line, no redundancy of
supplies in one place and no scarcity in another. The
working construction trains brought up these materials
from the nearest siding to the end of the track. The
ties were here loaded into carts and carted along the
side of the line to where they were worked, distributed,
spaced and lined for a considerable distance ahead of
the track-layers. The rails were unloaded on each side
of the track in equal quantities. The engine then went
back, and a trolly drawn by horses was run up, on
which 15 pairs of rails were loaded with the necessary
fish-plates, bolts and spikes. When the trolly reached
the last rail laid, a pair of rails were taken off, laid in
place, guaged, and the trolly run forward. A gang
followed, linking on the fish-plates, then three gangs of
spikers, the first gang spiking the ends and the centre,
and the others following till the whole was spiked.
‘When the last rail was laid asecond trolly was brought
up, and the first thrown off the rails to let it pass, then
replaced and sent back for another load. On the Tth
July, when the six miles were laid, there were 24 men
to handle the iron—that is, 12 unloading it from the
cars and 12 to load the trollers. It took the same
number to lay it down in the track. The total number
of rails laid that day was 2,120, or 604 tons; 5 men
on each side of the front car handed down 1,060 rails,
whilst the two distributors of angle plates and bolts
handled 2,120 rails, 4,240 plates and 8,480 bolts.

These were followed by 15 bolters, who put in on
an average 565 bolts each; then 32 spikers, with a
nipper to each pair, drove 63,000 spikes, which were
distributed by 4 peddlers. The lead and gauge spikers
each drove 2,120 spikes, which, averaging 4 blows to
a spike, would require 600 blows an hour for 14 hours.
There were 16,000 ties or sleepers unloaded from the
trains and re-loaded into waggons by 32 men, and .33
teams hauled them forward onto the track, averaging
17 loads, of 30 sleepers to each team. On the track 8
men unloaded and distributed them and 4 others spaced
them, 20 others spaced and distanced the joint ties,
and 20 others arrangsd and adjusted displaced ties
immediately in front of the leading spikers. Four iron
car byys and six horses hauled the iron to the front.

When the great distance over which all this ‘matanal
was Brought is taken into account, with the immense
daily demand, continued without intermission week
after week, it will appear to have been no small feat to
have kept all this moving to the front so regularly and
with such punctuality that during the two seasons the
longest delay for material that ever occurred was not
over three hours' duration. At points about 130 miles
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THE “CASTALIA” HOSPITAL SHIP AND TENDER.
MR. ADAM MILLER, ENGINEER.
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apart, divisional depots were organized, with engine
sheds, coal yards and shunting grounds, and at every
alternate division repairing shops for the engines and
cars were fitted up with the best machinery. The tele-
graph line was built simultaneously with the track-
laying, and every night the wires were connected with
a temporary office at the end of the track, and placed
in communication with Winnipeg, about 150 men be-
ing employed on this service.

After the tracklayers came the surfacing gang. After
the rails were laid thesse men immediately lifted the
track, lined the rails and packed the sleepers with the
material of the embankments. The beams outside
the ends of the ties were then taken off, and the ma-
terial was thrown in between the rails to a height of
two inches above the ties, forming a regular convex sur-
face, which soon hardens with the sun and sheds the
water perfectly. By this means the necessity for bal-
lasting is not pressing, and none was put in in 1882
or within 12 months after the rails were laid, and the
surface of the sub-grade is in a better condition for the
ballast than without this preparation. 150 men were
employed on this surfacing, and their advance gang
was kept close to the track-layers, so that immediately
after the rails were laid the trains could run 25 or 30
miles an hour without any damage to the rails; the
line had a good surface, and the absence of ballast was
no detriment.

In addressing a British Association, it may not be
amiss to call attention for a moment to the relative
merits of the Canadian Pacific over other trans-conti-
nental railways in its commercial and political aspecta.
Our line is, from ocean to ocean, in round numbers,
400 miles less than the rival route from San Francisco
to New York. In alignment, curvature, and every
other engineering question, it is a superior line, and
can be proved more economical per mile. It has
nothing like the amount of capital involved, and both
mechanically and financially it has advantages that are
not discounted or offset by any inferiority in any re-
spect to its Southern rival. It passes over a summit
3,000 feet lower, and has not to contend with any
serious climatic difficulties, such as experience shows
are a heavy drawback on the Central Pacific. Montreal
is nearer to England than New York in summer by
200 miles, and the Canadian Pacific terminus is 400
miles nearer than San Francisco to any of the import-
ant Asiatic ports. There is a saving of 1000 miles
from Japan or China to Europe by the Canadian route,
and nothing to offset this disadvantage of the American
system. There is no mysterious difficulty in explain-
ing this. The one line follows pretty nearly the line
of the 41" parallel of latitude, the other averages about
50", the length of a degree, is about 8 miles shorter on
the Canadian line (so that the further the journey is
continued, the greater absolute saving in distance will
be shown). But Montreal is closed by the ice in win-
ter, and Canadian traffic must seek a more eastern port
and betake itself to one of the Nova Scotian harbors,
which, like New York, are open throughout the year.
From Louisburg, our most eastern harbour, to the
Pacific, will be about 3,600 miles, or 300 miles longer
than from New York to the Pacific. Louisburg is 750
nautical miles nearer to England than New York, and,
taking 15 knots per hour as the fastest winter speed
that we may look for on the Atlantic, and 30 miles per

" tion, the line that passes these coal fields woul

hour for railways, there is a saving of 40 hours, ‘elther
winter or summer, between England and the Pacific A
our Canadian route. The saving on the Pacific is qul}:ev
as much. The great Japan current sweeping to tth
north is deflected by the shape of the coast of the nort”
Pacific, and a vessel from China and Japan to take ak
vantage of this would follow very nearly the same trac™
whether she were bound to British Columbia or
Francisco, 700 miles to the south. .
Allowing that there is not the same advantage ln.gs
ing in the other direction, there is still over 400_11111e !
and the total saving in time at the speed estim? ©
would make about 72 hours, or three full days, 35 this
same time by the Canadian Pacific. As if to mark ¢
as the future route of commerce, nature has place .
either end of this route, in Nova Scotia and Vancou?®
Island, such immenss stores of coal, that whatever I]I:aiyr
be the anxiety in England on the subject of ,gn
mineral deposit of fuel, there need be no a.ppl‘(_aheﬂsl 0
on that head at either end of the Canadian Pacific. ;
only coal deposits on salt water that are comparablet
price and quality to these Canadian deposits, 8% & ;
Australian coal fields of Sydney, and it is somewﬁer
remarkable, that, in circum-navigating the globe & 1d
passing these last, no other available coal seams WO‘; i
be encountered until England would be again react o
As long as cheap coal is the basis of economical 1(113;’35 o
to be the one that possesses the greatest adv&nf‘g‘ge "
between England and the East. If coal is the OXY%n‘,
of commercial activity, that, in its tarn, is the spr’ m’f
of individual and collective wealth, of political g
portance, of natural prosperity. Itis in the hope * od
under the beliof that this Pacific Railway is destt
to be one of the principal factors in the future progt g
and development of this country that it has et l;i "
the sympathy of the great majority of the Cand 0
people, and it is the pledge given by its rapid Pw?t 0
and energetic managsment that has lifted it out 0 it of
position of a local or sectional enterprise and m& 93 i
Dominion and national importance. As Engla? .
mistress of the seas, and as this isthe most complet® "
convenient inter-oceanic link between the Atlanti¢ & ais
Pacific, Canada trusts to see her great railway t,he-mand
highway between Great Britain and all her AsiatiC
Australian dependencies.

oW

LuMINous PAINT.—Luminous paint continues to makﬁserul
but steady progress in its application to innumerable men”
purposes. Among its most recent applications may > ./ de-
tioned tapes for field useat night by the Royal Engine at 9
partment. Starting from a given point towards the fro reach
men leave a trail of luminous tape on their track, and on cks 10
ing a given point they mark the contour of the earth®2'% ).y
be executed by the same means, paying out the tape Jlo¥ the
return towards the camp. The working party then fo ithot
outward trail, execute the work, and return to camp ¥ ppe
having discovered a single ray of light to the ene“’y.'th the
Goerman War Office authorities have experimente wi per of
paiut for purposes of night attack, and Lieutenant Desrits in
the BelgianjSchool of Gunnery, is investigating 18 o m:ed
the same direction. Our own Government are also using - iptel’
framed glasses, or Alladin’s lamps, as they are called, ‘:) with
nal boiler inspections. General Lord Wolseley also t 5 8187
him a laminous compass for the Nile expedition. b kete
been applied in some large establishments to the fire lios
which are thus easily found in the dark. The latest 8PP’ d.clﬂs'
of luminous paint is thatof a South-Eastern Railway thi int op
carriage, the interior of which has been lined with the
he back of glass.
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h THE HOSPITAL SHIP " CASTALIA.”
by thz tWinship Costalia was bought some little time ago
Vert intman&gers of the Metropolitan Asylum Board, to con-
ad theo an hospital for small-pox patients. The managers
Pontogpe - Uter before them of making floating hospitals on
wel] - ltli’ and this vessel the Castalia, suited their views very
h°spi’tal €y entrusted the conversion of *he vessel into an
Lon don to Mr. Adam Miller, of Riches court, Lime street,
ra,{;:;:s decided to make five large wards of the old cabin ar-
then inent’ and to build other five wards on the top, and place
at apg) echg,lon (Figs. 1 and 2, page 356), so as to have them
hettelg]?s With the centre line of the ship ; giving more air,
Wary.. 180t and also reducing the number of patients in each
itgels’ in fﬂ(:t_these upper wards are each a cottage hospital of
height ;o oc dimensions of the wards vary a little, but the
9 fopy 20 ft., thatis to say, the walls are 13 ft. and the roof
talg 0;1 ) e windows are made similar to those in the hospi-
The ; and, and are 7 feet by 3 feet.
‘l“lntitmlet of airis by slides worked by a screw, so that the
Quireq Y of air admitted may be graduated to the amount re-
atorg . e air is drawn out by Boyle’s extracting ventil-
the ev’eeach ward has two of these large ventilators, and, in
ve"tila?: of calm, close, sultry weather, there is fitted to each
8°hiele’ T an air blast, sent up from a large Farmer blower of
of gjp -: Wake, fitted in the engine-room below. This blast
Warq curse“t up the pipes of the ventilators and causes an up-
the yqp d;eut of air to take place in these pipes. In this way
our are kept cool and the air changed so many times an
0 each ward, & Y
of the isolating rooms, bath rooms aund lavatories, is
oyle’s ventilators and air inlets similar to the
¢ hospital throughout is heated by steam coils,
hay; gy Mesrrg, Ridsdale & Co., Minories, London, each coil
The to Separate inlet and outlet into silent blow-off pipes.
requirpeamture in any compartment may be raised or lowered
he upp, or as the doctor decides.
Congy; gper hospitals with the isolating wards (Figs. 1 and 2)
“PPerw r arge cubical space. There are attached to these
Patigny, . > 2t each end of the vessel, outhouses for the use of
w&tebclo’aet €se contain four bath-rooms, ten wash basins, eight
Cloget or 1% four latrines or sinks, and two urinals. One hot
8t in Ot carving table (Fig. 4) is fitted up and heated by
foog warufach of the end upper wards ; this is to keep the
“ach of g for the patients. A scullery is also fitted up in
iroie “p;e:nﬁi warms for washing up dishes after meals.
l°n 15§ 0Spital wards are built with coamings of plate
r‘i’wer °Bx'lity1i In., rivetted to an iron deck, which covers the
&Vetted at r: (Fig. 7, page 357). Frames of angle iron are
&];; the mofg“.lar.mtervals. to this coaming, they stand up 13
ol Wade Pringipals spring from this height, and they are
e Vith vell. angle iron, The sides, ends, and roofs are plank-
t{%a lining ;’W deal huri.zontally. The sides ands have also a
lng, hickng 0 the outside of American yellow pine, making
Heaq of oo 2} in.  The roofs are covered all with 6 b, lead,
The low:OSS-lmed with yellow pine.
buy 3 Pager g‘?“ds of the hospital ship are five in number
k heagy th 6), and are arranged to make use of the iron
ullg to at are fixed across the two vessels, binding the
low .24 salogy, These divided the Castalia into first and
T Wardq :’ C., for passengers. The sides and ends of the
wigy ", the roofr'e made of iron plate ; the upper deck which
o 24 in, pinls Dlated all over with iron plating and covered
Dlirds ale thy, ® deck planks, caulked water tight. The lower
Wa:g With lavatrea'ny cased with iron. They are similarly sup-
giv 83 two 8k i’?les, hot closets, and sculleries, as the upper
ag 288 .li Ylights are provided in each ward to assist in
8

ibe, 1), °M above.
%Tges, sil;,itlhey are 3 ft. 6 in. by 1 ft. 6 in., divided into three
1°whe "lean:r ;0 the upper windows.
lap, T ¥ ! ventilation are, of course, much greater in the
d%gl:' ang notnn the upper ones ; the lower wards being much
ll))eing 8 1t 80 high in the roof, the height from deck to
W Oth ende ‘
0:‘{‘18 are ﬁt[:gg of the lower and upper wards large isolating
tha:ol“ing Pat‘up' These rooms are provided for the purpose
txq the 1°0ts who may have been sent under the mistake

’lle:,llined ae‘?“g“i!lg from ‘small-pox, and who prove, when
Othey %3, foyer & ship by the medical staff, to be atfected with
di **¢ Every care is taken that the patients with

8y
v "'na.ll.po; ;l;t;:?;all-pox shall not come into contact with

The windows are all made as large

The patients are brought to the hospital ship by the ambu-
lance steamers (Figs. 8, 9, end 10) and are taken first into the
reception room and there examined, and are then allotted to
the wards by the resident doctor. The separation of the sexes
is rigidly enforced. The Atlas is now kept as a female hospital
and the Castalia has been made a male hospital. The whole
of the Castalia has been painted with Griffith’s white paint and
the Sanitary Company’s enamel paint ; every precaution has
been taken, by painting, to prevent the germs of this disease
from getting into the woodwork. Mr. Wythe, of Dalston, ex-
ecuted the paintwork. Messrs. R. & H. Green were the con-
tractors to convert the Castalia into a hospital ship. Messrs.
Jas. Patterson and Co., of Ratcliff Engine Works, Stepney,
supplied and fitted up all the machinery and pipes for the air
blast and the pumps for throwing water, for the water closets,
washing decks, fire hose, &c. The engines are of the com-
pound type, with cylinders 10 in.and 20 in. respectively, with
a stroke of 2 ft. They are constructed to drive the Schiele’s
fan, and also a dynamo machine for the electric lighting if
required.

ery great attention and care was given to the ventilation of
the hospitals. Professors F. De Chaumont, Dr. Bridges, Sur-
geon-General Bostock, and Mr. Barrington Kenneth discussed
the matter fully and arranged that Boyle’s air-pump ventil-
ators should be adopted. They also fixed the dimensions of
these ventilators for the several wards according to the space to
be relieved. The ventilators were tested one day during a
smart breeze, and the speed, registered according to three ane-
mometers placed in the ventilators, was at the rate of 500 ft.
per minute, giving 50 per cent. of the speed of the wind blow-

 ing outside, so that the atmosphere in the hospitals may be

changed many times in an hour. Dr. Birdwood has since
found that he can raise or lower the temperature in a few min-
utes, and he has caused the wards (when empty) to be filled
with smoke by burning greasy waste, brown paper, cayenne
pepper, &c. The fan blowers were put on, and in from three
to four minutes all the smoke was cleared off.

The ventilators were made each with heads 6 ft. in diameter,
and were fitted with pipes varying from 38 ft, 9 in. to 2 ft. 6 in.
in diameter. The lower wards have two ventilators 3 ft. 9 in.
and eight of 3 ft. 3 in. The upper wards have four ventilators
of 3 ft. and six of 2 ft. 6 in. The lavatories and isolating-
rooms have sixteen ventilators of 16 in. diameter. The cubical
contents of the lower hospital are 78,465 ft. ; the superficial
area, 9308 ft. ; the window opening, 984,44 sq. ft. The cubi-
cal contents of the upper hospital are 84,607 ft. ; the superficial
square area, 6054 ft.; the window opening, 1792.52 sq. ft.

To provide for the satisfactory embarkation of passengers
piers are provided at various points by which they can be
transferred from the ambulance to the stearer free from con-
tact with the public. The first of these is the Longreach pier,
which is erected ciose to the hospital ships lying off Purfleet at
Longreach. The patients embark and disembark to and from
the ambulance steamers, and to the hospital ships, as may be
arranged, The pier also accommodates the laundryﬁ staff in
going and returning from their work from the staﬂ' ship J_E'ndg{-
mion. It is 193 ft. in length over all ; the moving portion is
125 ft. long, the fixed part is 68 ft. in length. Th_e pier is
lined throughout with yellow pine, and roofed over with glass,
80 as to keep the patients and others from getting wet. The
moving portion of the pier rests at one end on a pontoon,
which rises and falls with the tide ; the other epd is fixed to a
stack of piles by ajoint bolted to each of the_glrders, anq als‘o
securely bolted on the piles. The fixed portion of the pier is
also bolted to the same joint, thus making the connection of
the moving and fixed parts. The pier is made so that ambul-
ance may be taken down or up, with or wit.hopt the horsgs. A
porch bas been built upon the pontoon ; it is fitted with a
waiting-room, stove, water-closet, urinal, &c.

A similar porch with conveniences is erepted at the land' end
of the pier, The ambulance drive into this gorch to take in or
discharge patients under cover. The Rotherhithe Pier at Acorn
Wharf 1f of similar design and accpmmodatlon, but is not
roofedin. The length of Acorn Pier is two fixed spans each
of 84 ft. and one moving span of 125 ft., in all 293 feet. The
contractor for both piers is Mr. S. Cl}afen, Albion street,
Rotherhithe. The pier at Acorn Wharf is for t,l_le accommoda-
tion of patients lying in the south-eastern dlstncts,.

There is a pier building for Blaf:k.wall at Brown’s wharf for
the accommodation of patients living at the east end of Lon-
don. This pier will only consist of a moving part (?f 125 ft. in.
length, resting on a pontoon similar to the other in accommo-

—
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dations, &e. The wharf at which this pier is to be attached
will be roofed in so that all the ambulance may be accommo-
dated on the wharf, and shut in from the street, and that the
public may be kept clear.

The fourth pier is to be erected close to Wandsworth bridge;
it is to be for the accommodation of patients in that district.
This pier will be similar to Blackwall Pier. These piers have
been designed by Mr. Adam Miller, and are being erected un-
der his superintendence. The Endymion and the Castalia are
connected by a covered gallery (Figs. 6 and 7), which will
allow a certain relative motion of the two vessels.

There are, in connection with the Castalia, three steamers
for the ambulance service, viz., Red Cross, Albert Victor, and
Maltese Cross. The illustrations, Figs. 8, 9, and 10, page 357,
represent the latest, the Maltese Cross, built by Messrs. Ed-
wards and Symes, Cubitt Town, E.© This steamer is designed
with two hospitals, viz., one aft and oue forward, and is made
to carry twice as many patients as the first steamer, Red Cross,
constructed by the same builders. The dimensions of this
steamer are as follows : Length, 132 ft. ; breadth, 16 ft. 6 in.;
depth, 7 ft. 6 in. The engines are of the oscillating type, with
eylinpers of 23 in. diameter, with 30 in. stroke, steam pressure
of 40 1b.

The hospital arrangements for the patients in the matter of
beds and conveniences, ventilation, &c., have been carried out
to the instructions of Surgeon-General Bostock, who has taken
a great interest in all the ambulance arrangements. The ac-
commodation for the crew is put forward. The captain and
medical officer are placed on deck abaft the boiler casing. The
nurses have a berth in each hospital ; a store-room is made
under deck, right aft the transom for medical comfort. Filtered
water cisterns are placed on deck at each entrance to the
hospitals ; a galley, with a cooking range, is fitted at one of
the wings of the paddle-boxes, so that in the event of the am-
bulance steamer being delayed by fog in the river the patients
would have the same comfort as in the hospital proper.

The ambulance steamers have also been designed by Mr.
Adam Miller, and the Albert Victor has also been converted
by him into an ambulance steamer.

The ratepayers, or the outside world, have not any idea of
the great amount of attention and labour given to the asylums
of London by the chairman, Mr. Galsworths, and the man-
agers of the Metropolitan Asylums Board. During an epi-
demic many of the managers simply work night and day. The
chairman, Sir Edmund Hay Currie, of the General Purposes
Committee, and the members of that Committee, may be seen
at work often at midnight, on Sundays, as well as other days,
getting patients sent on to the hospital ships.—Engineering.

e O———————

THE COST OF MAKING STEEL RAILS.

The actual cost of producing a ton of steel rails in Pittsburgh
is placed by a local paper at $26.83, shown by the following
itemized statement :

COST OF PIG METAL.

11-10 tons of coke, at $2...evvrviiiiiiiiniiiiin
LAmestONn®. «vvvvreennneroisessoienanns
Ore, 8cale, €tC. ..vooveierirnnaiaarienss
Labor, including repairs.
(Gieneral expenses........

Interest........oovevaraaceens

Cost of aton of metal..........ccovvviinnnnnns $15 18
COST OF INGOTS.

11-5 tons of metal direct,at $15.18............. e, $18 12
Refractories.. .oocovereamcaisnreoienees PPN 20
Lubricants. ....covvernoeiimaccereesnsaresaen o 2
Repairs ccoaeevvvrircnniiaenes 24
General repairs . . 17
OF. . ovvvnneans. 113
General expenses 9
Spiegel ... 231
Interest. . 10
Cost of & tons of INGOtB..eesrmnceeiierreiennss $23 48

COST OF RAILS.

1.05 tons direct with initial heat, at $22.48 per ton.... $23 62
Labor and office expenses. .. .. 1

Repairs entire. ..... 49
Steam (natural gas) 10
General expenses 35
Interest........ . 22
Tools, files, etc.covieeeenns .- 15

Cost of a gross ton of steel rails............... $26 83

The paper also states that the cost of making a ton of steel
rails in England at present is $20.17.

[December, 184

AN ELECTRO-DYNAMOMETER WITH EXTREMELY
LIGHT SUSPENDED COIL..—(Nature.)

In my former communications to Nature it has, I beheve:
appeared (1) that the induction currents used by Du Bois Reyd
mond, Duchénne, and other observers for physiological al;ﬁ’
therapeutical purposes were only arbitrarily and very insU al.
ciently measured ; (2) that the simplest and most practl"a_
instrument for their measurement is a delicate electro-dy2 o
mometer ; (3) that in consequence of their extreme smal nes™
every available method must be employed to reduce the slﬂl-
gishness of such an instrument without impairing its 8¢°
acy ; (4) that an instrument of this character, shown by “;.
before the Physical Society at Oxford in June, 1882, had Br-
swered very well, indeed better than a more expensive app?
atus designed by Prof. Kohlrausch for larger currents. ble

It was, however, objected that there is an insurmounté
difficulty in keeping a good contact between the alumxﬂ‘“d,
and silver-gilt wires used in it for suspended coil and suspel
ing wire respectively. ble

At the British Association meeting in Montreal 1 was ahis
to show an improved form of the contrivance, in which ¢ of
difficulty was surmounted; and, in addition, a met}l°d 18-
damping the oscillations, which, while improving the .msuthe
tion, enabled the weight of the suspended coil, on which ot
force of the torsion couple depends, to be varied betwe
limits practically infinite. of

The contact difficulty is met by taking a small plate all
ebonite 3 mm. by 5 mm. in size, and tapping into it tWO0 *“?w
gold screws, long enough to project through, and esIy the
little nuts on the opposite sides. To the two screw heads 8
ends of the aluminium coil, bent into rings and filed ﬂath 8
firmly screwed ; under the two nuts are twisted the ends ‘;1 5
gilt-silver suspension wires; the nuts are then sui ano'
screwed home. Ebonite is elastic enough to render theJ®
tion air and fluid-proof i

The second requirement was attained by coiling the alu ol
nium wire in a thin tube of cork, and immersing it in # V8 alf
filled with petroleum oil. Aluminium is about two and 8 8
times heavier than water, nearly three times the specific
vity of this oil ; whereas cork floats on it. ConsequentIY’ pe
properly proportioning the amount of cork relatively t"] até
wire coiled on it, any desired specific gravity from abso g
flotation to that of aluminium itself can be obtained. 1818 €
practicable to load the coil, like a Sykes’s hydrometers
dropping glass beads on a vertical aluminium wire in the
of rotation. Here they have scarcely any influence o2 “ig
swing of the coil. The damping effect of the oil, WhI®h
contained in a small globular receptacle, like a fish-b0Ws 3
tween the fixed coils, is very complete and satisfactory- - _ge
the pleasure of presenting the first rough instrument th“"McGiu
to Prof. Johnson for the physical laboratory of
College.

i8
e

w. H. STo¥®

—_———————————

INCANDESCENCE ELECTRIC LAMPS. o
it

Recent improvements in the manufacture of inca"des‘:;iicnl
lamps have very much reduced the consumption of 919(; 0
energy, which was, say two years since, necessary for th
duction of a given candle power. stal”

For a lamp giving an illuminating power equal to 20 25h
dard candles, it is claimed that for this type of lamps ‘Cogts
appears to be the one most generally employed, only 2
per candle power are required. ecol”

It need not be said how important this is in the MOT® ped
omical production of the electric light, but it might b‘;, ved 88
whether the carbon filaments of such lamps are aslong !}
those older loops which demanded a greater exped
electrical energy to obtaina given result. .

1t has recently been brought to our notice that 1P
installations in which a well-known incandescence l‘mp&ftel‘
been used, the number of filaments which have given wey yere
a few weeks use is quite appalling, although the lamps Jower
worked at an electromotive force some 5 or 6 per cent-
than they were intended for. arred

The question, then, is whether the economy in the cre,;sod
strength is net more than counterbalanced by the iP¢
exYendituIe for new lamps. tem the

t is & very noticeable fact that in the Edison 8Y* re ard?
lamps appear to be in much the same condition, a8 1 ye
consumption of electrical energy, as they were sever®

erﬂ]
geV 18
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d for'a light of 16 candles more carrent is required than
In some other lamps for the production of 20 candle
On the other hand, it is very evident that the com-
Y low state of incandescence of the Edison filaments is

f O%Q(tl t0 2} watts per candle power with a probable duration

0 500 hours, or even less, as the ;life of the lamp, or
emanding 33 to 4 watts per candle power with a gertainty
8mp lasting over 1,000 hours?

€08t of incandescence lamps is not so small as to be
ed ag an item in the working expenses of an electric
‘nstallation ; indeed, at the present prices any exces-
mber of failures forms a most serious consideration.

gy
f\ taini;sg Mmatter has been brought forward with a view of ob-

» if possible, some degree of information for our readers
ether the structure of the filament has been sufficiently

Vesti
fro Uigated by the manufacturers of incandescence lamps

e long life point of view.

n .
:zatt, 38 the filaments can be made to last, when taking 23

llct?:; zsfmdle power, as many hours as they did before the
certain 1

| current strength formerly necessary to produce a
Uminosity, the value of the latest improvements must

om:w 8t discounted.
Statistician with time at his command might compile

Interesting set of figures on the points enumerated

le&st, l;ncel‘tainly results of practical value to the consumer, at

ight be tabulated.— Electric Review.
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ON OF THE FRANCKE “ TINA” OR VAT PRO-
CESS FOR THE AMALGAMATION OF
SILVER ORES.*
BY MR. EDGAR P. RATHBONE, |0OF LONDON.
€ year 1889, while on a,visit to'some of the great silver

v .
U Bolivia, an’opportunity was afforded the writer of in-

Bectip,
Silygy 88 new and successful process for the Treatment of

Tes, the invention of Herr Francke, a German gentle-

28 resident in Bolivia, whose acquaintance the writer
-the pleasure of making. After many years of tedious
R eVOtpd to,experiments bearing on the metallurgical

ful] frich but refractory silver ores, the inventor has
er{ Introdueed the process of which it is proposed in

O give a description, and which, has, by its satis-
Ing, entirely eclipsed all other plans hitherto tried

1vig, R . .
» tery, and Chili. The Francke *“ tina’’ process is

v Xlsame metallurgical principles as the system de-

at, 0nzo Barba in 1640, and also on those introduced

pr%:: in more recent times, under the name of the
3.

8
only after 5 Jong and careful study of these two pro-

ap . N .
Plang Y.making close observations and experiments on

?hlch had up to that time been tried with more or
on Bolivia, Peru and Chili—such as the Mexican
mn Process technicaliy known as the ** patio’ pro-
o {“‘°V6d Freiberg barrel amalgamation process, as
‘CVepn:PO: and the ¢ Kronke” process—that Herr
eagy ;mlly succeded in devising his;new process, and

feating economically the rich but refractory
aly h as those found at the celebrated Huanchaca
pm%spf :lllmmes'l’n Potosi, Bolivia. In this description
inty gy e writer will endeavour to enter as far as
n wi:}?lls having a practical bearing on the final re-
lon this view will commence with the actual
€ ores at the mines.

Cesg
matj
e j
t C

;hThis Ore Dressing, etc.

. Congjgtg o5 .
g,:al Ineg ;;tts 8imply in the separation of the ore by hand at
in L hapyp ov0 different qualities, by women and boys with

m : ”
to g‘)l’nwal °r8, the process being that known as ‘‘ cobbing

tate t.heT' € object of this separation is twofold : firstly
Tich parts from the poor as they come together
otherwise rich pieces might go un-

0 an -
fe md¥he ’mi o Secondly to reduce the whole body of ore coming
“’ect]y : 'O 8Uch convenient size as permits of its being

%o the stamps battery. The reason for this

3Der reaq b, .
2d before the Institution of Mechanical Engineers.—
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separation not being effected by those mechanical appliances so
common in most ore-dressing establishments, such as stone
breakers or crushing rolls, is simply because the ores are so
rich in silver, and frequently of such a brittle nature, that any
undue pulverisation would certainly resnlt in a great loss of
silver, as a large amount would be carried away in the form of
fine dust. So much attention is indeed required in this depart-
ment that it is found requisite to institute strict superinten-
dence in the sorting or cobbing sheds, in_order to prevent as
far practicable any improper diminution of the ores. According
to the above method the ores coming from the mine are classi-
fied into the four following divisions :—

1. Very rich ore, averaging about 6 per cent. of silver, or
containing say 2,000 ounces of silver to the ton (of 2,000 bs).

I1. Rich ore, averaging about 1 per cent. of silver, or say
from 390 to 400 ounces of silver to the ton.

I11. Ordinary ore, averaging about 4 per cent. of silver, or
say from 150 to 200 ounces of silver to the ton.

IV. Gangue or waste rock, thrown on the dump heaps.

The first of these qualities—the very rich ore—is so valuable
as to render advantageous its direct export in the raw state to
the coast for shipment to Europe. The cost of fuel in Bolivia
forms so considerable a charge in smelting operations that the
cost of freight to Kurope on very rich silver ores works out at
a relatively insignificant figure when compared with the cost
of smelting operations in that country. This rich ore is con.
sequently selected very carefully and packed up in tough raw
hide bags, so as to make small compact parcels some 18 inches
to 2 feet long, and 8 to 12 inches thick, each containing about
1 cwt. Two of such bags form a mule load, slung across the
animal’s back.

The second and third qualities of ore are taken direct to the
smelting works ; and where these are situated at some distance
from the mines, asat Huanchaca and Guadalupe, the transport
is effected by means of strong but lightly built iron carts,
specially constructed to meet the heavy and tear consequent
upon the rou.h mountain roads. These two classes of ores are
either treated separately, or mixed together in such preportion
as is found by experience to be most snitable for the smelting
process.

On its arrival at the reduction works the ore is taken direct
to the stamp mill. At the Huanchaca works there are sixty-
five heads of stamps, each head weighing about 500 lbs., with
five heads in each battery, and crushing about 50 cwts. per
head per 24 hours. The ore is stamped dry, without water, re-
quiring no coffers ; this is a decided advantage as regards first
cost, owing to the great weight of the coffers, from 2 to 3 tons
—a very heavy item when the cost of transport from Europe at
about £50 per ton is considered. As fast as the ore is stamped,
it is shovelled out by hand, and thrown upon inclined sieves of
40 holes per lineal inch ; the stuff which will not pass through
the mesh is returned to the stamps. L

Dry stamping may be said to be almost a necessity In deal-
ing with these rich silver ores, as with the employment of
water there is a geat loss of silver, owing to thg finer parthles
being carried away in suspension,and thus getting mixed with
the slimes, from which it is exceedingly difficult to recover them,
especially in those remote regions where the cost of maintatn-
ing large ore-dressing establishments is very heavy. Dry
stamping however prevents many serious drawbacks, some of
which could probably be eliminated if they received proper at-
tention. For instance, the very fine dust, which rises in a
dense cloud during the operation of stamping, not oqu settles
down on all parts of the machinery, interfering with its proper
working, so that some part of the battery 18 nearly always
stopped for repairs, but is also the cause of serious incon-
venience to the workmen. At the Huanchaca mines, owing to
the presence of galena or sulphide of lead in the ores, this fine
dust is of such an injurious character as not u.nfrequently to
cause the death of the workmen ; as a precautionary measure
they are accustomed to stuff cotton wool into their nostrils.
This however is only a partial preventive ; and the men find
the best method of overcoming the evil eﬁ'ect is to return to
their homes at intervals or a few weeks,their places being taken
by others for the same periods. In dry stamping there is also
a considerable loss of silver in the fine .pamcles of rich ore
which are carried away as dust and and irrevocably lost. To
prevent this loss the writer proposed whilst at Huanchaca that
a chamber should be constructed, into which all the fine dust
might be exhausted or blown by a powerful fan or venti-
lator. .
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tpe of 1 being built immediately above the other. This

Suiteq fm‘n&ce has proved, after various trials, to be that best

Bateq ¢ 01"1 the treatment of the Bolivian silver ores, and is

sumpt; © have been found the most economical as regards con-
o of fuel, and to give the least trouble in laboar.

tach, 3 :dHuanchm mines these furnaces cost about 2100

t"enty. fouam capable of roasting from 2 to 2} tons of ore in

. r hon 3
bems s folluwgr;s’..the quantity and cost of the fuel consumed

Tol Bolivian Dollars at 3s. 1d.
Ya;,:: kind of shrub), 3owts. at 80 ots. . . 180
Torh, (& reginous moss), 4 owts. at 80 ots. . 320

8 (tarh), 10 owts. at 40 ots. 400

9°00 say 28s¢.

One

twelm“ an attend to two furnaces, and earns 3s. per shift of
P ve houm.

M:‘?:abl Do revolving mechanical furnace is suited to the

and intge ﬁ’ these ores, as the operation requires to be carefally

the Frg, 1gently watched ; for it is essential to the success of

“ Qg dﬂ" © process that the ores should not be completely or

“ltimatg Toasted, inasmuch as certain salts pre{'udicial to the
the po,br Per Working of the process are liable to be formed

t the ©asting be too protracted. These salts are mainly due

Which apl’eunce of antimony, zine, lead, and arsenic, all of

. 01'0 unfavourable to amalgamation.
nalt g, :1.;2 &re roasted with 8 per cent. of sale, or 400 lbs, of

cha; .
?lilffi'nl’“ o (}s) :f 2% tons of ore ; the salts cost 70 cents or

Bolivian Dollars . . .

80 roasted the ores are only partially

llentllae &an_d their complete chlorinisation is effected sub-
re thusyf’o, uring the process of amalgamation ; the chlorides

o med progressively as required, and in fact it would

iy obi,ti:gpe" that the success of the process virtually consists

Oreg i, g8 the formation of injurious salts. ~All the sulphide

of c“l’rono 1¥V1a contain sufficient copper to form the quantity

Otder 4, rs chloride l'eqluisite for the first stages of roasting, in

lmenableender the silver contained in the ore thoroughly
to subsequent amalgamation.

Amalgamating,

Fro
Lay ell:,the furnaces the roasted ore is taken in ore-cars to
i .ma{'é):rs or bins situated immediately behind the grinding
l:le_ Ore g n‘l“‘tmg vats, locally known as ‘‘tinas,” into which

tlng slide 1 from the bin through a shoot fitted with a regu-
Pl‘omment f e tinas or amalgamating vats constitute the
:’Wien N ature of the Francke process; they are large
%et Qigm o’ S00wn in Figs, 1 and 2, page 360, from 6 to 10

ﬁi ns 0: O:ea::-,d 5tfeet deep, capacioug enough to treat about
ati

®ing by . me. Each vat is very strongly constructed,
Fith ;‘e’f ‘l’lth thick iron hoops. At the bottom it is fitted
Intep, Plates abont 3 inches thick, C in PFig. 1; and at

!‘;“g.fi the sides of the vat are fixed copper plates P,

2068, gl 1 igs. 8 and 4, page 361, with ribs on their inner

tho g;gh'ilx! Inclined to tgeiorizontal, for promoting a more

Ocesy th‘;lg- It is considered essential to the success of

Srface ft the bottom plates should present a clear rub-
¢ \Vithiy tho at least 10 square feet.

NG therg 1y 5 "2t and working on the tos) of the copper plates

Tov 1“ copper stirrer or muller M, Figs. 1 and 2,

* Miyype O, 0 Y the shaft § at the rate of 45 revolations

p luanchaca this stirrer has been made with

W ‘lt is ial arms AA, Figs. 1 and 2 ; but at Guada-

oy e,

T, P0iscting raq
Co] A . .

u der},i'({f,tf‘“m of one single bell-shaped piece B, Figs. 8

Th ang o, 2rms, but with slab-like arms fixed on its
e Stirvey can this latter is claimed to be the most effective.
F::n; of & woryy A lifted or depressed in the vat at will by

The'y, nd screw W at the top of the driving shaft,
8 Ve .

;to WRecteq Lf:‘nng of the stirrer shaft is revolved by shafting

o Rd 1y g 4 Pulloy wheels and belting, the wheels being 3

g"aced g dinmeter, and 6 ins. broad. The driving engine

ont" SHP, ® ond of the building, Each vat requires from

A°f ore 4. °F 10 other words an expenditure-of one HP. per
ot t the b .

tr:taced

B-coc 1 2Om of the vat and in f i

[ is ront of it a large wooden

fFat the of %,ted’ through which the liquid amalgagxe is drawn
® Process into another shallow-bottomed and
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P Roasting. sgmller vat V, Figs. 1 mﬁi 2. I;ir?ictlx lt;boveﬁ thisl last vat
Tom the gtg; h ; ; . there is is a water-hose H, supplied with a flexible spout,
t ) 8tamps the stamped ore is taken in small ore-cars o il
o‘;:lﬁ::ta}.;tmg furnaces, wbigfx are double-bedded iu design, through which a strong stream of water is directed upon the

amal?xm as it issues from the grinding vat in order to wash
off all impurities.

The following is the mode of working usually employed. The
ﬁrinding vat or tina is first charged to about one-fifth of its

epth with water and from 8 to 7 cwts, of common salt. The
amount of salt required in the process depends naturally on
the character of the ore to be treated, as ascertained by actual
experiment, and averages from 150 to 300 lbs. per ton of ore.
Into this brine a jet of steam is then directed, and the stirrer
is set to work for about half an hour, until the liquid is in a
thoroughly boiling condition, in which state it must be kept
until the end of the process.

As soon as the liquid reaches boiling point, the stamped and

roasted ore is run into the vat, and at the end of another half-
hour about 1 cwt. of mercury is added, farther quantities being
added as required at different stages of the process. The stir-
ring is kept up continuously for 8 to 12 hours, according to the
character and richuess of the ores. At the end of this time the
amalgam is run out through the stop-cock at bottom of the vat,
is washed, and is putinto hydraulic presses, by means of which
the mercury is squeezed out, leaving behind a thick pulpy
mass, composed mainly of silver, and Iocally termed a ‘‘pina,”
from its resembling in shape the'cone of a pine-tree. These
“‘pinas” are then carefully weighed and put into & subliming
furnace, Figs. 5 and 6, page 384, in order to drive off the rest
of the mercury, the silver being subsequently ran into bars.
Al:iut four ounces of mercury are lost for every pound of silver
made.
The actual quantities of mercury to be added in the grinding
vat, and the times of“its addition, are based entirely on prac-
tical experience of the process. With ore assaying 150 to 175
ounces of silver to the ton, 75 lbs. of mercury are put in at the
commencement, another 75 1bs. at intervals during the middle
of the process, and finally a third lot of 75 lbs, shortly before
the termination. When treating *‘ pacos” or earthy chlorides
of silver, assaying only 20 to 30 ounces of silver to the tonm,
mercury in instalments of 36 lbs. to 2} tons of ore at three
different stages of the process as just described.

The rationale of the process therefore appears to be that the
chlorinisation of the ores is only partially effected during the
roasting, so as to prevent the formation of injurious salts, and
is completed in the vats, in which the chloride of copper is
formed progressively as required, by the gradual grinding away
of the copper by friction between the bottem copper plates and
the stirrer ; aund this chloride subsequently becoming incor-
porated with the boiling brine is considered to quicken the
action of the mercury upon the silver. '

Subliming.

The subliming furnace, shown in Fifs. 5 and 6, page 864, is
s plain oylindrical chumber A, about 4 ft. diameter inside and
4} ft, high, lined with fire-brick, in the centre of which is
fixed the upright cast-iron cylinder or bell B of 1ft, Qnmetor,
closed st top and open at bottom. The farnace top is closed
by & cast-iron lid, which is lifted off for charging the fael.
Round the top of the farnace is a t.er of radial outlet holes for -
the fuel smoke to escape through ; and round the bottom is &
corresponding tier of inlet air-holes, through which the fuel is
continually rabbled with poles by hand. The fuel used is
llama dung, costing 80 cents or 2s. 6d. per 250 lbs. ; it makes
a very excellent fuel for smelting purposes, smouldering snd
mainiaining sieadily the low heat required for subliming the
mercury from the amalgam. Beneath the farnace is & vault
containing a wrought-iron water-tank W, into which the b(;i)en
mouth of the bell B projects downward and is submerged below
the water. For charging the bell, the water-tank in placed on
a trolly; and standing upright on s stool inside the tank is

laced the pina, or conical mass of silver amalgam, which is

eld together by being built up on the core-bar C fitted with
a series of horizontal discs. The trolly is then put into the
vault, and the water-tank containing the t{m is lifted t;i
screw-jacks, s0 as to raise the pina into the bell, in 'h’l“ho
position the tank is then supported by a cross-beam. The
sublimed mercury is coendensed and collected in the water ;
and on the completion of the process the tank is lowered, snd
the spongy or porous bone of silver is withdrawn from the bell.
The subliming farnaces are ranged in a row, and commenicate
by lines of rails with the weigh house.
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ON DOMESTIC ELECTRIC LIGHTING.
BY W. H. PREECE,

1 have now to deal with a question which I think will appeal
to you more than the technical subject I have so rapidly run
through, and that is the question of domestie electric lighting.
I am rather surprised to find that in Canada, so far as I have
observed, there is no single example of a private house being
lighted by the aid of electricity. One instance, by-the-bye,
Professor Bovey tells me of, though he did not mention where
it is. Our experience of electric lighting in England is rather
limited. 'The tirst person, [ believe, to take the bull by the
horns and settle the question of applying electricity to house
lighting was that gentleman whose name has cropped up every
time we have had occasion to speak, I mean Sir William
Thomson. He fitted up his house with the light, and his ex-
ample has inspired several others. Amongst others I have
taken the matter in hand, and I could not do better than de-
scribe on this occasion exactly what I have done in this direc-
tion, As I remarked, we are backward, generally, as to this
subject in England. We cannot get electricity supplied at our
doors. We look forward to the day when we shall be able to
have it delivered in some form or other, like you have your ice
delivered at your doors every morning out upon your doorstep,
though not, as some one suggested, in the form of secondary
batteries. I do believe that the day is not far distant when
electricity will be supplied at our doors just like water and gas
are at present. ’

I wanted to find out the expense, the difficulty and the
trouble involved. 'To do this I obtained estimates, and calcu-~
lations of the cost ; but these, though honest, are very often
ll;ot reliable, and you all know that figures may be twisted any-

ow.

I am lighting up my house with gas, but I am burning that
gas in my garden, and extracting from it that which I want,
namely, light, and am discharging into the air of my garden
that which I do not want, namely, poison. I want to explain
this. It sounds magical, but it is a simple fact. In my gar-
den I have built a pretty little engine-house, in size only 18
feet by 10, and in that house I have fixed a two horse gas en-
gine. Inthis gas engine my gas is burned, and instead of be-
ing burned in the form of light it is burned in the form of
power. That gas engine rotates a dynamo, and that dynamo
machine produces a current of electricity. It is a small
Gramme dynamo machine weighing two hundredweight, and
it gives me ample current for my purpose ; in fact the current
1 get is 36 amperes with 42 volts. And I get from my two.
horse gas-engine 1,512 Watts, that is just a little more than
two-horses; 8o that the efficiency of my gas eugine and my
dynamo is good indeed. Now this cnrrent which is produced
is thrown into secondary batteries. I have gone back to the
original form of secondary battery invented by Planté twenty-
five years ago, which consists of lead plates (two, square) fitted
opposite each other in a solution of sulphuric acid. I have
seventeen cells, On my gardener going to duty in the morn-
ing he starts the gas engine ; that engine works from about 9
till 1, and it puts into those secondary batteries sufficient elec-
tricity to supply me the whole of the next evening and the
next night. ~Electricity is directed into the house by means
of thick copper mains coated with India-rubber. Lamps are
fixed in eveiy room, just where they are wanted.

My house is not fitted up with the idea of making a show,
but so that I can get exactly what light I want, and and get
it in the place where I want it. The lamp fittings are ex-
tremely ingenious; the most beautiful, indeed, of the ma-
chinery. The fixtures are on the movable principle, after the
design which Sir William Thomson has introduced ; but there
are also little movable lamps which enable me to go to my wine
cellar, or to search under any bed, or in any dark corner of the
house, and go round the garden with a portable lamp. When
carrying it [ pay out a wire that carries the electricity, which
is just like a fishing line. You know how easily that can be
paid out and wound in. I have done more than that. I have
1udulged in the luxury of supplying my little girl with a very
large doll’s house of four rooms, each room nicely furnished and
populated with well-dressed dolls, and each of these rooms has
a little electric light of its own.

I have brought with me one of these tiny electric lamps, and
will endeavour to show you one of them alight. [Mr. Preece
then, amidst considerable applause, with the aid of batteries
supplied to the platform, connecting with them & wire in his
hand, which was attached to his scarf pin, at a given moment

produced a blaze of electricity on his scarf, and as quickly d’:}
connected and reconnected it.] I show you in the interest
science, and for the welfare of those who think of apply!?
electric lighting to their houses. g0

This same idea of using the electric light for general purP® ot
is carried out to a large extent in our theatres and differe
places, and last year when I visited Vienna I had my 5”“
thus fitted up with one of the tiny lamps ; and it attracted B
good deal of attention. I have astonished many people Wln‘
it at different times; sometimes I have worn it as a butto
hole, and have frequently attached it to the heads of my Ia
friends as a coronet. ity

Now all these things show how easily and readily electrict o
can be applied to various everyday-life purposes. In my h‘,’“g
I use lamps that require only 30 volts to keep them gm:ht;
with safety from shock and fire. 1 often put the wires int 1
mouths of my little children in order to illustrate practl"‘;.ke
to my guests that there is no danger. They do not much M
it, but it does not hurt them. m

At the door of each room is a little switch that you can f":‘“
and produce a light in the room before you enter, thus req“‘no
no match or other assistance. When you go out of the r° 0
you turn the handle again to extinguish the light ; thus ynt
only make the lamp consume electricity when you really W&
it. This is naturally a great economy. S

Many people say that this light costs twice or three times it
much as gas. But you must remember that you only ®
one third or one half of the time that you use gas, by e
ising in the way I have mentioned. Therefore, perhaps
comes to about the same thing.

I have instruments about my house that emable me o
the condition of the batteries, the amount of my current “t 1
exactly what is going on : in fact up to the present mome"ﬁe’
have really had no difficulty whatever. It has been, of colle o
a hobby for some months. I have left the house in charg
my sister, who was rather timid for the moment in regarkiﬂZ
using the electric light, and I set the question at rest by #° '
away all the gas fittings and leaving her nothing else, 81 Jettet
in my absence here in Canada I have recently received 2 .
saying she has had no trouble about it yet. oy

As regards the expense, I have not studied economy’su[
desire first being to secure efficiency, and T have domé =
could to illuminate the house thoroughly. My expensés
fore, is no criterion. 1 estimate that a house like miné
fitted in all its details for about £7 10s. per lamp. a8
think I shall spend more than I have been spending for gthﬁ
I know 1 shall not consume so much of the gas, but I Payoney
gardener a little extra wages fer his trouble, and I gpend M <tr
in cotton waste and oil, but the result will be that the exus
outlay will represent a mere fleabite compared with the 10 able
I get, which amply compensates one for expense an ro
incurred. T

I have come to one or two conclusions on this matter: T8
first is, that until we can get electricity supplied 1o our 14 b8
we must look upon electric lighting as'a luxnry, and Shouthing
prepared to pay for it as such. But as a luxury, it is no pill
compared with the cost of a carriage, or with une's w”fiecolﬂ'
The next thing notable is the steadiness and charm an o pob
fort of the light ; the durability of decorations, which ”f e
injured by the electric light; the absence of heat and l?) nge"
structive gases ; the non-vitiation of the air, and the |2 %he
life one gets. I shall live three or four years longer W‘tmake
electric light than I should with gas, and all these things 4
up a splendid result for any amount of mouney you may 5P‘i] n

There are difficulties, of course, which will bother 81* 4
technical person ; but when we have investigated anc r
overcome these matters others will be able to folloW n e
steps and obtain some of the advantages and benefits the anb
do. Youounly require to use the electric light when yo"ful st
it, and you thoroughly appreciate it. I am myself w2 e ant
night, and especially if I have indigestion. Suppositg and
a light to obtain a book or a paper I simply toucha butto™ " .
my room is at once bathed in a delicious light ; ha'vmsg:hﬁt
tained what T want, 1 touch the button again and out 897 “she
light. Once more, there is no danger from fire. .A tioD:
trouble and difficulties exist in the matter of dlsm_b:ribu-
When we succeed in getting central stations for the dlf swill
tion of the electric light, difficulties will cease and trouble
be infinitely less than we experience in the case of gas- he oked

In London the progress of the electric light has been ¢ .
by the most unfortunate Act of legislation which the ¢ ; Par
ment has committed for some time. In 1882 our Engli3
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,,ng]e;;l)assed an Act restricting the operations of the light,

a ctically checking its progress. In fact it has put a
Mper on thig enterprise which 1 do not suppose we shall get
wver for years, At the the same time there are notable experi-
Dents béing tried, At Colchester, in Essex, they are establish-
o g a centra] station, and they are going to do the same thing
cire 5Wall scale in London. There are also sne or two other
Tea Wwhich contemplate the plan. I think, in fact, that Lon-
f 2 would have been lighted by this time with electricity but
or the unfortunate Act to which I have referred.
illiam Thomson remarked : T have listened with great
Eaorse oy i e ot e e e 0!
?ﬁalthinels gf it iz th:z h;:se. * To chose rv?vho would carry out
a ¢ S¥stem of lighting private houses, large country houses
l'nd the like, gt great distances from towns, where central
‘ghting cannot be obtained, are patiicularly available. The
uestion of expense takes a’diﬁ“c' ‘nt position from that in the
S If the house is in the ueigﬁbc})urhood of water-power.
st,:,c tric lighting will then be an economy. Sir William Arm-
fal] -8 Produces the light at his house at Craigside from a water-
8 ! aboyt one and a-half miles distant. Nothing can be more
t:nsf“tﬁl‘y than the result. I wish to point out the vast na-
tvzgtages which American cities enjoy in regard to water
eir disposal. Here in Montreal you have the La-
of th apids within five miles. The problem of making use
2t power is eagy enough from an engineering point of view.
of © electric light might easily be transmitted hither by means
enai%per wire. It is only where the power at the working
dif_ﬁc: :;stily, as with §tea11} power or expense olf fuel, tl}at _the
w,lth suchBbvery serious from an economical point of view.
Wighy w:s g!:idancii of wtater asd you have, ha%f tc{le po;vlt:r
W ed, and yet a good economy realized on the
enhczln' It is unfortunatye thatglegislation i}; England has not
ho raﬁ;ﬁi.but l}]ln_ats hmtther ls‘enFan ]gbsxtaclena.gi;lninsgzl h(_)use-tt{l)-
: ing hitherto. Sir F. Bramwell has during the
Eeetmgs exprgssed hfmself warmly, but not more warmlygthan
ot CCC88ion demands on this point. England, however, will
h;t' ! think be kept long haakpby (;bstrugtive 'legislatioil. I
"lﬁfnthat le,gislation «ill soon be modified to meet the pre-
f"‘lndg Wants, and that the true economy of the light will be
thet o Ut in practice. In Mr. Preece’s first paper it was shown
ﬂame% times ag much expenditure of energy took place in a gas
vk ient 1 st dosbt s
Ctprin1; 3]
lighi?lf 112!11: has a good tuture before it, and that incandescent
hopg, 8 Will become general, wherever a sufficient number of
Wap $ can be grouped together. Say we have a place that
ce“tl‘ala Machine of some 5,000 or 6,000 light-power. From a
they, a 8tation in that case you use the light economically, for
f the . 20Uble the cost of gas it would bé a positive economy
Seqip °1”d1nary gas lamp is kept burning the whole of the night,
l!ghtgmth“t gas cannot be out and lighted again as the electric
tl‘"late 3y be in anything like reasonable time. The propor-
ang ;. CO8t of electricity to gasis, I think, aboat two to one ;
ivlew of this a central system, enabling a person to pay
tory,. "€ to the time the light is used, would be an economy
"lthpared With gas.  You may add the great advantage secured
hﬁalthespeCt to your decorations, your ventilation, and your
tity " The balance, then, will be rather in favour of electri-
:luti"llal ool)e the discussion may en«? in promoting a great
| gl et in the application of science for the benefit of
4 D, Frillld. (Applause.) ] .
l_bn. wh, endervelt described a photographic gallery in Lon-
‘ght, a €Te gas was used for the development of the electric
%llgy ~ S¥namo being worked_b)tr; %g.sb enﬁine’ la?edhin lthe
(D1 ¢ negatives were printed off by the aid of the elec-
Y Pl‘olfg h;' The convenience of this he need not dwell upon.
[e‘rti]‘ f°“be§ said: I think we all have to thank Mr. Preece
f"'thi Or his address. His subject is one of much interest
€1t oq, €eting at Montreal, because] must say that I have
Qg, 28 y

1r
!Dterest

Wer
ching &

t llad?:?hed that during the whole time we have been in

% Jugg have not seen a single incandesceut lamp, except
he ROW noticed in Mr. Preece’s scarf. (Laughter.) Really
of lecteef’“bject of domestic lighting seems to have been
lbt ig citm Montreal and in Canada generally. The interest
le% ¥ ought to be awakened to the remarkably favour-
tlons under which it is placed, owing to the fact of
Such ap, unlimited water power at its disposal at
hu'Sir We.xPeDse. I would draw attention to the fact stated
a 1.11“}111 Thomson, which may have struck some people

1 isa gerious matter to take up electric lighting if
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its cost may amount to something like double the price of gas.
I can understand many people saying that it is an enormous
outlay to pay in Ottawa and Quebec treble the cost of our gas
in Montreal, that is, 8 dollars 40 cents. But two thingsshould
enter into your calculations. One is the enormous price of
gas here, and the other the infinitesimal price of water power.
We find in England that with gas at 3s. per 1,000 feet, the
electric light can almost compete with gas on a large scale. If
we used water power we could considerably surpass the gas in
economy. If then, we can do that, and when we come out
here and find gas at 3 dollars per 1,600 feet, it is perfectly
clear that with such ample water power it is only a question of
the time within which the electric light will be introduced into
every one of your cities. (Hear, hear.)

Mr. Carpenter described some experiments made by a friend
of his at Hawick, in the south of Scotland, who had an advan-
tage which Mr. Preece had not. He had builta new house and
fitted it up 5 miles out of the town of Hawick. He went into
the question of the relative cost of gas and electricity for light-
ing purposes. Through the grounds of his house there runs
a small stream falling into the Teviot. He dammed this little
stream, which never runs dry, and thed he got a fall of 25 feet.
The lake, moreover, which he thus made improved the appear-
ance of his grounds. At the foot of the fall thus obtained he
erected an American turbine with a dynamo machine attached.
He led the wires in and fixed 90 lamps. The cost of all this
was very considerably less than that of bringing out gas from
the town. The total cost amounted, not as in Mr. Preece's
cose, to £7 per lamp, but to a very little over £4 ; the total
estimate being a little over £360 for the 90 lamps. This in-
stallation was started last Faster. I had a note from him a few
days ago, in which he said that he never had the smallest diffi-
culty. My friend decided to be master in his own house, and
he had an arrangement by his bedside so that when he retired
he could not only cut the lighting off, but he could save his
water-power, for it was simply necessary for him to send a
current from his bedside to the sluice half-a-mile off, and that
allowed the water to accumulate till the next day. A somewhat
similar arrangement was laid down by Mr. Hammond in High-
gate. He lives at the top of the hill, and is not so fortunate
as to have water-power at his command. He has laid down a
gas engine in one of his houses. Gas is tolerably cheap there,
and his experience was this, that if he spent 300 cubic feet of
gas on his engine, and measured the amount of light produced,
he would have had to burn 400 cubic feet of gas at the burner
for the same lighting effect. This illustrates a comparison be-
tween gas and electric lighting. When gas lighting first came
in people insisted on having a much greater quantity of light
than they had had from the old oil lamps, and they paid more
for it. Precisely the same thing has happened in England as
to €lectric lighting. One reason of its heavier cost is that
people insist on having more light. At the conference of the
Society of engineers a good dea! was said on this aspect of the
matter. I may add that neitherin Boston ner New York could
I hear of any incandescent lighting. .

Sir F. Bramwell testified that Mr. Preece had by the aid of
the gas engine and secondary batteries lit up his house to abso-
lute perfection. His house was old-fashioned, with a charming
dining-room, but too low aceerding to our modern ideas. That
room was lit with four lights when some dozen of guests were
gathered round one evening, and the appearance ot thg table
was all that could be desired. There was not the slightest
fluctuation in the light, and the temperature was not more
than that outside. There was no necessity in Mr. Preece’s
system of any permanent light outside. When they left the
house a light flashed out and bade them farcwell. Nothing
could be imagined more complete or charming. As to the gas
question, he had experimented one whole day at the Royal
Institution, with the result that the amount of gas for the
otive power of a gas engine would not give an equal amount
of light as an illuminant. But the point was not can electric
lighting be as cheap asgas? but can it be made as cheap to
persons who value their furniture and health, and who now can
pay for wax candles and good lamps? If it could be made
cheap to that class there were a large number in Loundon who
would be glad to use it. There was no doubt that the develop-
ment of electric lighting had been_checked by the legislation
which had been referred to, He hoped thot some day people
would come to their senses, The present Act said that at the
end of 21 years they should have to part with the rights they
had. They got nothing based on prespects, but simply the
value of the materials then existing. He could not believe that
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that injustice would be allowed to continue. It might be that nxaxl.75
the delay in electric light development would be advantageous, « rivets ¢ ¢ =—————x100X 'H'
because improvements might be made in the interim. If pxt

electric lighting only had had fair play it would ere this have
been largely used in the best part: of London as a luxury.

Mr. Preece, in responding, said :—In answer to the question
how do 1 store electricity for my pin ? I may say that I do not
store it at all. No more ridiculous term than that could be
employed. I use a secondary battery. The only instance I
know of where electricity is stored is the case of a Leyden jar
or bondenser. What s stored, if you use the term, is energy ;
that is, we put something into the battery and take it out
again ; but it is not electricity. As to my arrangements, 1
mean in future to use my engine on Monday only, for the pur-
pose of doing what is deseribed by the misuomer of * storing ”
electricity. It will charge the batteries, which I shall have
big enough to give me sufficient power for the rest of the week.

N.B.—A paper read before the British Association at the Montreal
Meeting.

————a———————

AN IMPROVED JIG SAW.

The saw illustrated on page 368 shows a very superior ma-
chine for all kinds of inside and outside sawing. Bya peculiar
arrangement of the spring fulerums, the tension of the saw is
mainiained uniform throughout all parts of the stroke; and
by a hand screw the springs which are of steel, can be adjusted
to any desired tension, or, when not in use, wholly relieved.

The lower cross head is fitted with dog wood faces, the end
grain forming the bearings. This, by coming saturated with
oil, is rendered self-lubricating and never gives the trouble
incidental to the use of metal slides, which the sawdust quickly
deprives of all the oil which can be put on them.

Both upper and lower slides are provided with adjustable
gibs, and the lower slide and its connections are contaimed in
a recess cast in the face of the body. The reciprocating parts
are thereby brought within the frame and the machine rendered
very steady.

The saw guide is held vpou an adjustable slide which enables
it to be set close to the work, the belt shifter is provided with
a brake which stops the machine the moment the belt isshifted
to loose pulley, and the machine is furnished with a blower
which keep the work clear of sawdust.

The table is of iron, and the loose pulley is self-oiling.

Tight and loose pulleys, 7 inches diameter, for 2 inch belt.

Speed, from 900 to 1,100 revolutions per minute.

This saw is manufactured by P. Pryibil, 461 467 West 40th
street, New York city, where further information as to price,
etc., may be obtained. — Ex.

——————t e P —————

THOM'S IMPROVED BOILER JOINT.

We illustrate on page 369 a new form of boiler joint invented
by Mr. John Thom, of 8, Storey-square, Barrow-in-Furuess,
The engraving shows the armangement so clearly that very few
words of explanation will suffice. The lines of rivets form zig-
zags or vandykes, and the edges of the covering strip are cut
to a corresponding contour in order that they may not spring
away from the plat: when caulked. This disposition of the
rivets permits of the minimum of reduction of the cross section
of the plate, the number of rivet holes in the outer row, where
the plate encounters the maximum strain, being only one-half
of that of the inner rows. The joiut has a strength equal to
about 90 per cent. of that of the solid plate, and by its use a
saving of 15 per cent. of that of the weight of plates can be ob-
tained with equal strength. 1t has been passed by the Board
of Trade for some boilers now building. The following are the
fourmulz by which the strength is computed :

Let t=Thickness of plate.
S=Pitch diagonally,
p=Pitch of rivets (greatest),
d=Diameter of rivets,
a=Sectional area (one rivet),
n=Number of rivets in p=3,

1.75="For rivets in double shear,
%%:F or steel plates and steel rivets.

p—d
Percentage of plate to solid plate=——x100.

S=#8p + Hhatd
Lap joints can be made in a similar manner.

SLIDING JAW BENCH VISE.

We illustrate on page 369 the latest improvement in P¢Ly,
vises, devised by Wm. H. Northall, and manufactured b{rng
Leet Manufacturing Co., of Bridgeport, Ct. Thisis & sli ‘w,
jaw vise with swivel bottom, so designed as to_slide t0 t esed
quired opening and then grip its work securely or to be U ad
like an ordinary vise. The screw is novel in that the tbfik’
is square on the strain side, flat on top and beveled _&t '?“h s
thus permitting a finer pitch and more powerful grip wi gub
thread of strongest form. The screw works throngh & split be
which opens or closes by turning to the left or right an a0
comes practically a jam nut under strain, thus obviatiog
tendency to slip or loosen under the severest tests.  pe

In turaing the lever to the left, the pawl E drops int0 o
spline of the screw and rotates the cam sleeve D, which fo 13
the wedge and locking device H back, opening the nut 01 "y
allowing the sliding of the jaw B. In turning the lever Oinw
right a spring forces the wedge and locking device H back %,
position, thus closing and locking the nut. Turning 1? 08
small screw O locks the nut permanently, and thus trad® oeaﬂ’
the vise from a sliding jaw to a common screw vise.
of the capstan screw, shown at the base, the vise msy
swivelled in any direction and locked with facility. diust

The vise, as a whole, seems to provide for as many 8 Jduo
ments and conditions of work as is possible without un
complication.

bench

—_———— P —————

A NOVEL HAMMER-HEAD AND DIE.* P W
8

In the ordinary construction of steam hammers the heaC 1
die are usually secured to the piston-rod, which 18 '3,11 he
tapering at the end, by means of keys applied to & slot 1t etat]

connection between the piston.rod and head, and 8 3bje"t‘
)

joint in the connection between the head and die. 18 of
tion to this and all other modes of connection by meabotb
keys is, that the unequal expansion and contraction of atte’
the head and die continually knocks the keys loose—10 =
how tight they may be driven—necessitating frequel® -
pages to tighten up, which are sufficientiy annoying n pees
selves even if they do not lead to more serious conseq el ).
such as the bursting of & head or cracxing of a die; “u"ents
though tlese parts are generally made of cast-steel sl}ch "wheﬂ
are not of uncommon occurrence, especially in shinglie8
fou! hlows are frequent. r ol
The device which I present to your notice in this pBP“ks of
applied a few years ago to a Sellers hammer in the WO diff’

the Trenton Iron Co., and has effectually overcome © . ar
culties mentioned, beinz a much cheaper as well a8 bet
rangement. A

Referring to the sketches (Figs. 1 and 2, page 3692;;;1‘1
is the piston-rod ; B, the head secured to the lower ext ,d 8
of the piston rud by means of a tapering split rin‘fy ’
circumscribing wrought-iron baund, J. is the di¢-
are a series of lugs projecting radially from the exterior corr®®
the lowermost portion of the head, and H', H' 8r€ 8 " ot
ponding series of lugs projecting similarly from the & of
face of tne uppermost portion of the die. The tWO s:ticnlly
lugs in the set of the parts are so disposed as to be ve
aligned in corresponding pairs. .. The

The parts are joined in the following maBper  yeeP
wrought-iron band J, is first shrunk upou the head 5 i 0P
it from fracturing. and the head, with the band Shruno, rink
it, is then heated to a red heat. The tapering sleev® qer the
C, which is split like a piston ring, is now 8 ipPed ggw“n
end of the piston-rod ; the head B while red-hot place dirﬁ"dy
this; and the die placed so that the lugs on it pomz, is th";
opposite those on the head. The tapering ripg  y. a0
driven down tightly with a sledge ; the head left t0 % tb®
finally, the bands shrunk around the lugs as sho®®

»
anics!

_ %A Paper read before the American Society of Meoh
gineers, Nov. 5th, 1884, by Wm. Hewitt, Trenton, N.J.
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sket,.
Etches, 1y, opposing faces of the lugs are faced off eor

w‘;rﬁliid 80 that they do not touch in the contact of the die
their o, € head, in order to provide against the possibility of

lowsg chexvmg or sustaining any portion of the shock from the
the of the hammer, which otherwise would break or destroy
s“bje;:t a e bands around the_lugs in shrinkipg are of course
in Posi:' to an enormous tension, which retains them fixedly
Worn ¢ 10 and holds the die immovably in place, until it is
Placeq U% when it is removed by cutting the bands and re.
cient)y 3 3 New die. The head B on cooling shrinks suffi-
frq sy ? 8 practice has proved, to prevent the tapering ring C
Yetwee, PPINg or shaking loose. A leather washer is placed
8lighy the end of the piston-rod and die, to provide for a
of the Emomlt of elasticity and ameliorate somewhat the force
Ig tq drFVere blows. The tendency of the blows, it is obvious,
xerteq Ve the tapering ring in tighter, and the force thus
Soop 3, CBtwardly against the head is so great that it would
%hie :fer” 1t if it were not for the wrought-iron band J,
of °a8t-j,::tua“y prevents this. The head and die are made

———— e

GOOD MORTAR.
Mﬂchi

“Ppendem?ts and engineers who use mortar, will value the
thay is Information’: Good mortar is a solid silicate of lime,
Cate of'); ¢ 11Me unites with the silicia or sand to form a sili-
e w'me. In ancient days those who had some conception

but no 4y the two things united superintended their mixing ;
tar, i?days anybody is supposed to know how to make mor-
.3 Bobody knows much about it. Dry lime and dry
tocether or mixed and kept dry for a thousand years
1 oluite to jorm silicate of lime any more than acetic
e sil; ATbonate of soda dry in abottle would effervesce. To
a i:“e of lime just as good as was made by the Romans,
; Becessary is to proeeed intelligently; procure good
. "&ir’-sz"e" fresh-hurued lime, and if you find it all Kowder,
(if Possib]a ed, don’t uge it ; use only clear lumps. Slake this,
CUgg g, ‘]3,“’ a covered vessel), using only enough water to
tng, g o Me to form a powder. To this while hot add clean
%and gq dirt and Joam called sand, but sand—and with the
It wiy n ‘hough water toform a paste.  Then let it lie where
the p, :’t €come dry by evaporation—in a cellar, so much
8abgy, % for 45 s00n as you have mixed the sand and lime
Ved % they begin to react one on the other, and if not stop-
;lhcat,eoe".‘g ¢yrived of moisture will go on reacting until
Ofmeq — olMe (as hard as any silicate of lime ever was) is
Magq ang IM' if you take this so-called mortar as soon as
et You g 8y bricks with it, unless the bricks are thoroughly
ey, 7 0P the formation of silicate of lime, and might as
""Xed, mly‘;l“” bricks in mud. Lime and sand, after being
gs.es, Bllchg tll'e two years with advantage, and for certain
ek apg g boiler setting, or where the whole structure of
MOrtar is t5 be dried, the mortar ought to be mixed

acjy uot
C.

le

for one
i’;‘!ldinie?; béfure use, and two would be better ; but for house
u itg (;iatthe bricks are so wetted as not to rob the mortar
is Mt i) }\re a3 £00n as used, mortar that has been mixed a
yelald With ionn £00d solid silicate of lime among the bricks it
LS. Tpe o €0 years, and will be still harder in a hundred

3t onee i Practice of mixing mortar in the streets and using
E;Qvemeus “Efqolish as it is ignorant, and would be no im-
of Caugy;, li ilicate of lime is made only by the slow action
% m('i‘tum € and sand, one on the other—under the influence
the"?w Ty they will never unite, and mixing mortar

or

mij N -
"Ja:i(gg (t’nd using it at once, so as to dry it out and stop

\hutthe mixing induced, is wrong.
Miscellancons RAotes.

ExpLo

: SIon

::’:‘ of “’I‘(}))i;:i FRGM SUPERHEATED WATER.—An extended
1o e“.ha convments and a study of the records of such pheno-
heat"ldencet nced Hirsch a French engineer, that there is
are ed Water at boiler explosions have been caused by super-
gy ang from they occur at all, the instances are very
beg, el & Combination of circumstances seldom observed,

lup
Me:: feportggr:teod or clearly defined. The conclusions have
hineg Iy "ﬂp:uind adopted by the Commission Centrale des
Posx-“ _

and F. Kohlrausch have made a number of experimentson
ordinary long bar magnets in order to determine with exacti-
tude the true position of the poles in the length of the bars.
Fourteen magnets were used, some of various conditions of
hardness, and in general they were in the form of steel cylin-

ders magnetid in the direction of their axes. Their results,
taken in connection with those of Schneebeli and Helmholiz,
agree in showing that the effective poles of a magnet are about
one-twelfth of the distance of the length from the ends. This
result is, according to the observers, in all probability correct
to within five per cent.

ARTIFICIAL RAIN-5TORMS.—Among the latest inventions
reported from Australia is a machine for producing rain-storms.
It is intended to force a rain supply from the clouds during a
period of drought. The apparatus is in the form of a balloon,
with a charge of dynamite attached underneath it. The bal-
loon is to be sent into the clouds, and when there the dynamite
is to be fired by a wire connecting it with the earth. ~ A trial
of this novel contrivance is to be given upon the dry districts
of New South Wales, and the result is looked forwnrd to with
interest by some of the residents of that colony. If the ma-
chine is a success, perhaps the Australian fire underwriters
may employ it with benefit to wet down the arid districts in
that country and reduce the losses by fire.— Insurance
Chronicle.

—

A VARNISH has been patented in Germany for foundry pat-
terns and machinery which, it is claimed, dries as soon as put
on, gives the patterns a smooth surfacce, thus inuring an easy
slip out of the mould, and which prevents the pattern from
warping, shrinking, or swelling, and is qnite impervious to
moisture. This varnish is prepired in the followin s manner :
Thirty pounds of shellac, 10 pounds of manilla copal, and 18
pounds of Zanzibar copal are placed in a vessel, which is heated
externally by steam, and stirred during four to six hours, after
which 150 parts of the finest potatu spivit are added, and the
whole heated during four hours to 87 d-g. C. This Yiquid is
dyed by the addition of orange colour, and can then be used
for painting the patterns. When u<ed for painting and glaz-.
ing machinery, it consists of 35 pounds of shellac, 5 pounds of
manilla copal, and 150 pounds of spirits.

—_——————————

THE STEERING OF BALLOONS.

M. Duroy do Bruignac has brought before the French
Academy of Sciencrs some theoreticil considerations with re-
spect to the steering of hallons, which have a special interest
at the present time. Oune importaut cond tion to be fulﬁlled
is the approximation of 1he centres of traction and resistinces
in order to deminish the perturbing moment of the vertical
stability. It is prabab'y because this condition was not quite
fulfilled that MM, Renard and Krebs, in their halloon ascent
at Meudon, experienced on ¢ several ocsasions " os-iilations of
2 deg. or 3 deg. of amplitude. A still more important con.
sideration is that of resistance to progre:s cius:d by the air. A
simp'e calculation shows that the resistauce of tue air to the
translation of a baloon is proportionl to the cube of the sine
of the angle of incidence of the relative air-current or wind.
Consequently, for small angles, which are those naturally
adopted, a variation of angle from 2 ‘:leg. to 4 dgg. vearly
doubles or triples the resistance. This is a fact which ought
always to be borne in min{; and it becomes alvisable, not
ouly to bring the centres of traction and resistanc: near eich
other, but to make them actually coincide. This last con-
dition will be somewhat difficult to carry out, but it is not
impossible to doso. 1fwith one aérostat 1t is very d.ficult it
will be much more easily done with two parallel ones. With
proper attention to this matter M. de Biuignac thinks that
aéronautics will at once enter oo a practical phase, even with
motors less efficient than those which have been known for
8eme years past.—FEngineering.

— P

EARTHQUAKES,—(Nature.)

Most of those observers who have undertaken the de-
tailed study of a region severely injured by an earthquake

——

o : dad ES
2 N OF 1pg POLES OF MAGNETS—Mesars, W. Hallock | are well acquainted with the difficulties that attend on
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such a perilous and unthankful work as examining the
ruins. The necessity is soon felt for some means of accu-
rately registering the various characters of the earth’s
movement. The imperfect record of the features of an
earthquake afforded by broken walls, fissured roofs, and
overturned objects is dependent upon a variety of causes.

1. The earthquake consists of a series of movements
that do not radiate from a mathematical point, or even
from the focal cavity, with perfect uniformity.

2. The group of disturbances which constitute a shock
(of variable duration) may not arise from the same point,
as, for instance, in the rending of a fissure in an upward
direction, the first impulses would be derived from a
much lower point than the last.

3. The great variation in the physical qualities of the
rocks traversed, dependent upon théir composition, inti-
mate structure, and mode of arrangement. Also we may
here include the irregular conformation of the surface.

4 The want of homogeneity and of regularity in the
structure of houses and walls, and also the presence of
door and window openings.

5. The presence of old fissures in buildings, either the
result of displacement, shrinkage, or former earthquakes.

"Were it possible to construct absolutely perfect instru-
ments for registering the complex movements of an earth-
quake, weshould be able to exclude the two important causes
of error coming under the heads (4) and (5), but the others
can never be removed, unless that under head (3) might
be so by a complete knowledge of the subterranean
geology of a district in question-—a far from easy matter.

After perusing the recent paper by Prof. J. A, Ewing on
“ Measuring Earthquakes ”#(NATURE, vol. xxx. pp. 149
and 174), one might despair of ever understanding the
complex tracings the author obtained. A more careful
consideration of the subject would seem to help us out of
the difficulty to a considerable extent in so far as theo-
retical reasons will permit us, and it is not till suitable
seismographs have been fairly tried in other districts than
the unsuitable alluvial plain of Yeddo that we shall learn
whether there is any practical use in instrumental obser-
‘vation of earthquake movements.

In an alluvial plain like that of Yeddo, reposing as it
probably does on the irregular surface of different but
more elastic rocks, from which are transmitted to it the
vibrations, the condition is such that a number of waves
would be reflected and refracted so as to meet each other
at various angles interfering with each other and pro-
ducing very comFIex results on any pendulum instrument.

1 am personally neither acquainted with the geology of
the region in question nor with the type of disturbances
constituting its earthquakes, yet from descriptions of the
latter one would feel inclined to regard them as the tail-
end movements of powerful shocks far below the surface,
conditions highly favourable to complexity from reflection
and refraction. Besides, the incoberent alluvium, often
water-logged, is subject to a remarkable disturbance when
vibrations are communicated to it from without, as may

. experimengally be illustrated by spreading jelly, or, better,
mud, over the irregular surface of a piece of wood and
taEIPing with 2 hammer.

hese remarks may at first sight appear beyond the
question, but we must not leave the subject without further
trial. Any one who has studied the injuries resulting from
destructive earthquakes such as that of 1857, described
in Mallet’s classical memoir, or of those of 1881 and
1883 in Ischia, cannot but be struck with the regularity of
the injuries when the observer carefully excludes the large
number of modifying influences, as heterogeneity in
structure of buildings or the surface configuration of the
point in question.  ~

The following: instruments were suggested by the study
of the two great Ischian earthquakes, and with suitable
modifications might be made appropriate to study small
or great shocks as the case might require. The use of a
pendulum as the main part of the mechanism bas man
objections, which have often been pointed out,and I thin
that future investigations will strongly confirm such

o

pendulum may be used, or replaced by other M€

. 1 o
employing the same type of registering apparatis (F:ﬁ; o:

@ is a pendulum with preferably a pear-shape

great weight, which has attached to its lowest Po";scs
| strong plaited thread of dentist’s silk, ¢, which P

through a perforated glass plate, 2. The hole in the
plate is smoothly drilled of the exact size of the silk tf ts
so as to allow it to run easily but no more ; it has lee
smoothly rounded off so that a section of the edge %y
1s semicircular. The glass plate is firmly gripped

horizontal metal plate ¢, which is rigidly fixed to

f : n
masonry or rock basement. The silk thread is con 1i

by a light wire cage, /, to the cylinder g, whic¢? “rpe’
easily up and down the fixed triangular column .'which'

cylinder ¢ is connected to the writing arm lever %

i
K “|

ig} °

N

F16. 1.—~Pendulum apparatus to register amplitude of wa

ve Con&iﬂ

. dr®
may be short, and write directly on the recording ‘i,ged

being then a simple stylus, or, as in the figuré; & .

magnify the amplitude two or more times at Clﬁcf‘dﬂ,”'ﬁ
When any earth-movements take place, t3° .4 if

horizontal swings of the pendulum are conve
vertical movements of the silk thread, cyhpdel_'v e
which on a time-ruled recording sheet will g1V

amplitude tracing minus the friction of the argPor‘iov’.
which, if well constructed and the pendulum P b‘.?],(
ally very heavy, may be excluded. By usiP8 eos»‘i‘ﬂ,(l

%

pendulum with short suspension we may measur op

tions of short period, or, by using a long S?SPefsen
a delicate apparatus with greatly magnifying _,qur®
apparatus might be a useful tromometer, OF m

slow earth oscillations or tiltings (Fig. 2)-

ar
s
Three solidly-fixed cast-iron uprights, 4, SUP anl ’P{f

: A s 3¢
cular massive cast-iron plate, 4, which has 2 O pett
ture at its centre. Resting upon this is 2 lec:n er ‘;‘si
plate-glass drilled at its centre in the same M2 © sif?

silk thread perforation in Fig. 1, iy

c threa

the “d.
ports &, which in their turn are embedded in aected

4
[Decemben 188
/

the
opinions. Nevertheless I have given examples Wh";;‘,ds

255
d,

3
the:
uP”

des

h
10
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1 Bur .
A qpr(,):zﬁ' This glass plane must be perfectly horizontal.
'd, rar isk of lead, g, is inclosed between glass planes,
?Preferab?StS on three perfect spheres, f, which should be
1% the v Of glass or ivery. Rigidly attached at its centre

, e >y or . : :

Teache :OWET side is  conical spire, m, whose point

% it g, U5t the level of the glass
€ silk thread »,

plane ¢, and has fixed
From the centre of the upper side

2.—p
Al and plgne seismograph for indicating amplitude and azimuth in
all phases of a shock.

teel stylus o, bearing a fine platinum wire at
Y> Which may be used with the double azimuth
Fiakes) or '€ 31in a direct manner in case of large earth-

tug . Apc: @ lever supported in gimbals, as also in
N T at s Rother giass plane, ¢, with a large circular aper-
Ylug Centre for tie free movement of the azimuth

0
reD()ses’ 2“5 3 wrought-iron trellis work backing £ This
n springs 4, which are regulated by the

the

hases of an earthquake.

ul “aq SCray
5Di‘irlg:u;"De:~ b;}’{:sf/, ¢S that it is only pressing sufficiently

the registering apparatus in

tq : o keep them in pl Th

r ra i zep them in place. e upper |
O ﬁ;r‘;ent h e;:'““i“&‘?u to aliow slight freedom of mo}iipon !
Wk g th _:QSQ of the plates in almost vertical shocks }
! the s {5 2USIon of the lead disk, balls, &c. The
!“‘xll n‘g Ing, ‘f“nttctcd te th

Srasin
to raw b n g

1z. 1, the slight weight of which
ack the rolling lead disk to its central ,

e

i
position, and so prevent it shuffling out of its place, and -
yet have almost no effect in modifying the register of the |
absolute wave amplitude. I

In working over an earth-shaken district of small area, |
such as that of Ischia,an error of observation of azimuth
of even a few degrees matters little in determining the..
exact position of the epicentre. But on the contrary, in :
large areas such as the Neapolitan earthquake of 1857, |
and to a far greater extent in widespread disturbances !
such as the great Lisbon catastrophe, an error of a few
minutes of a degree is sufficient to produce great diver- ,
gence in the orientation of the azimuth and a consequent |
incorrectness in the location of the epicentre. In most '
seismographs so far employed, especially those of 1taly,
no attempt has been made to divide the cizcle into eight
divisions, so that an error of nearly 435° could occur.

Fig. 3 represents a separate apparatus, although it
would probably in practice be found preferable to replace
the pendulum’ by the rolling disk and balls as already
mentioned when describing Fig. 2, except that the contact
rings /2 would then be inverted. A pendulum, 4, with a

Fi1G. 4.—WHo-izontal cemponent of wave-path register fur strong and destruc-
tive earthquakes.

length of suspensioi suitable to circumstarnices of observa-
tion, carries a steel spring wire, 4, which slides in the
Cyl'mder‘ ¢, which, together with the light wire arm /, for.ms
a universal lever moving about the fulcrum at 4, which
are gimbals, This lever should be so balanced that, if
placed in a horizontal position, the part above & should
counterpoise the part £ The lever carries a fise platinum
wire, ¢, which, when at rest, is the centre of the two con-
tact circles %, 4, &”. This part of the mechanism is in
connection with one pole of a battery. . )

The contact circles 4 seen in detail, 4, 4, consist of a
suitable number of brass scgments, /, which have a
V-shaped groove on their upper surface, and thg e{lges,
both inner and outer, are bevelled off. Each one is insu-
lated from its fellow by the vulcanite plates m, which
project a little o.. the inner, upper, 2nd outer sides, and
are sharpened to a knife edge.

The registering apparatus, consist of a numfber' of long
soft-iron spring styles bolted to the column 7, with their
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points near the revolving register eylinder k. A pile of electro-
magnets j, cach of which ix in connection with the two corres-
pond ng segments of the two contact circles and the battery
when the current passes, draws one sofi-iron spring style to-
wards its poles, and brings the point in contact with the
ceylivder k. The pendulum might be made to act directly on
the contact citcles witheut the magnifying lever ¢ f, if thought
necessaly, and the breadth of the outer circle might be greater
and give a correspondingly long-r dash so as to distinguish
those derived from the two circles.

It will be seen that the most complex movements of the
pendulum or rolling disk c:n be accurately registered, since
four coutas's will be marked in each semiphase of the oscilla-
ticn of the pendu'um, and a fifth point can be obtained by
calculation from the instrument for registering amplitude,
which, together with the position of rest, will give sufficient
data to obtain the loops for each s:miphase throughout the dis-
tur bance.

In large earthquakes where the wave-amplitude is very greaf,
the rolling disk and talls would require to Dbe of very great
size, which in many cases it might be impracticable to carry
into exccuticn, although the results might be of great perfec-
tion in so doing. The present instrument (Fig. 4) is intended
to replace the rolling disk where that cannot be used of suffi-
cient size.

A strong rectangular frame, e, carraying two strong uprights
at its two extiemities, is made so as to rotate with great
facility around the vertical axis . It supports the registering
drum % with the clockwork arraigement f and a counterpoise
g. It practice it might be found advisable to attach those be-
neath the frame and so luwer the centre of gravity of the whole
apparatus. At aswitalle distance above the drum a crossbar
p, 18 atrached, which should be highly polished and square in
seciion. The weight j should be made very heavy, and be
allowed a very easy motion by means of four pairs of wheels,
k, which are in contact with the crossbar p ; these might be
mounted on friction wheels (not shown in diagram). Attached
on both sides of the weight are the silk threads i ¢, which
traverse the upright, 1un over the pulley m, and are attaceed
to the weights 0 o, which are only heavy enough to draw the
weight j back to its place when it has been disturbed, that is
to say, only just sufficient to overcome the friction of the
wheels k. These weights, o o, are traversed by the guide wire
n to prevent them dangling about during the swinging round
of the frame.

The upper part of the frame carries two parallel bars, d, be-
tween which is a narrow groove to allow of the sliding of the
plate ¢. They form the segment of a circle whose radius is
equal to the lenght of the entire pendulum and its suspension.
The pendulum a has fixed rigidly to its inferior extremity the
steel axle b, which passes through the rectangular flat block
¢, which is prevented from slipping off by a bolt-head below,
s0 that the flat block can rotate arouud the axle without fall-
ing off.

The action of the apparatus is as follows :— When an earth
movement takes place the whole apparatus is brought into the
azimuth of the wave-path by the oscillations of the pendulum
« in that direction, which is affected by the block ¢ sliding in
the groove between the bars «. The pendulum should, in
preference, have a short suspension, so that the period of its
oscillations should te less than the wave intended to be regis-
tered by the apparatus, and should posses sufficient weight to
have complete command over the frame, keeping it always in
the wave-path azimuth. The weight will now appear to slide
backwards and forwards on the bar p, registering its move-
ments by the writing stylus, attached beneath it, on the drum
h. The moment that j is moved from its central position one
of the weights o is raised from its position of rest (these weights
should preferably be hollow brass boxes into which only suffi-
cient fine shot could be poured to overcome the friction of ),
and rises as long as j continues to roll along the bar; if then
the second half of the semiphase is not sufficient to bring it
back to its normal position this will de done by o. When j
has reached its central position, o will have come to rest at the
base of the guide wiie, and so no longer has any action, but is
replaced in the second semiphase by 1ts tellow of the opposite
side. Of course the influence of the counterweights in retard-
ing the roliing mass mus. be experimentalty tried and taken
into cousideration in the calculations mads from the tracings.

The principle of this instrument is the acceleration and re-
tardation of a falling body during each semiphase of an earth-
wave. Fig. 5, p. 384 shows a menus of registering such changes

in the rate of a falling body so acted on, although some Oth‘;
person better acquainted with mechanical movements mig '
possibly suggest some improvement. A rigil vertisal sunpor
of considerable length, @, is attached to the side of a well 80
is conected at its upper end to the table ¢; and by a %7
bracket b two verticarguide wires n, pass through rings 10 L
sides of the weight g, so far resembling Morin's appard :
illustrating the falling of bodies. Attach-d to tie weight ¢ l'l
the silk thread f, which turns once or twics aronnd the Whe'{l
d, and is supplied from the drum k. The wheel d is COﬂ“Patei
by the axle ¢ and the continuous screw % to the apparaths t';
which is a skeleton of flat steel springs, generally U3 (
illustrate the distortion of a sphere by centrifugal motion: .
have proposed this in prefereuce to the ball governors a3 TPF“?te
ing less impresced energy, which woul-l unneces-arily complic? f
and even modify the results.) Sliding on the central aX13
the spring sphere is a small cylinder, j, which is prevet.® s
from rotating by means of a ridge omn its inner surface 80 At
corresponding groove on the upright bar. This cvlinder cd»r
ries the writing arm and stylus, which regist-rs on the cylin o
the rising and falling of the former; I is the motive powell'_n‘7
the cylinder m. The apparatus for detaching the filll ;
weight g is not shown in the diagram, but might be© nd
following arrangement :—A bob suspended by a apiral Sl’“o]d
is made to make contact with a cup of mercurv, as in eﬁrst
form if vertical seismometers, besides a small lever of the ing
order attached at one end to the bob, the other extremity bethe
above another cup of mercury. In this way, whet et
movement of the bob be either up or down, in relation to 236
mercury cups, contact will be either made in the first {7 e
through the lever, or in the second directly by the bob.
current thus established could be used by an eloctro-magn® 1
apparatus for removing a catch which holds the welght 7 -
could also start the cylinder m and stop a clock. The diag
will sufficiently explain the action of the apparatus.
1f we review the advantages and disadvantages of th :
instraments, 1 venture to say that, though far from pert: ‘ciP"1
they have much to be said in their faveur. Their prifciie
feature is the capability of registering continuously 8" fig
variations of the earth’s movement during the ¢ up X arg?
turbance known as an earthquake ; that by employing
tracing drums with a spiral arrangement and time-ruled afiod
accurate time records can be obtained for a considerable P"ilﬂve
and without interruption, so that a single observer cou 2 8t
under his command a large number of instruments eve 4
gtations some considerable distance apart, thus resl!m“%rds
much economy of trained observers. Then again the T gt
are all permanent, being geographically inscribed. The 1[tl)le of
ments lor registering azimuth and awplitude, and 2P qe8
doing so with the greatest delicacy and friction, in & .} re-
can be reduced to a minimum or easily calculated. Wis? he
gard to the registration of the vertical cbmponent of an
wave, the old form of spiral spring and bob principle
excluded from consideration as perfectly unreliable ; 8% "jo-
the improvements by Messrs, Milne and Ewing, a2 pev”
genious idea of Mr. T. Gray, with its mercury trough €
sator, cannot give accurate indication of the ch\racwgr' |8
group of earth-waves. Another instrament worthy ©
the hydrometer vertical-motion seismograph of Mr. " that
(Phil.” Mag., September 1881, p. 209). I think, howeve 'gmss
this instrument might be improved by using a long t llf]ini
tube filled with air and floating in ether or some other U " pat
very low viscosity. 1 would, however, venture to precics cing
a seismometer based on the principal of a falling wel8 ity Jow®
accelerated or retarded according as the earth moves up o oan8
will supersede other methods, although no doubt suc gly 1%
of registering as described in this paper may be gred
proved upon. nsiderﬂ'
The instruments described in this paper are all of c0 anle®
ble size, but it seems impossible to get good rest S 1908
heavy weights and their attendant mechanisms are useesults'
to reduce Iriction toa minimum in the consideratiot of I an?
for it is certainly a pity to have imperfect results 10 cons 1100 t0
of limiting the size of the apparatus. One great © ject el
the falling weight seismometer is the necessity for eel | of
to give sufficient time to register an earthquake ¢ ing the
twenty or even more seconds’ duration ; yet, by g"{;iplying
weight more work to do by the introduction ol m -t 4%
wheels, this might be reduced as the circumstances wig
mand. outcom:
These instraments and the remarks on them are the &/ gres

t

of long meditation while wandering over the ruins 0
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Erthquake
fowiedge of
€88 suffi ciey

and although expressed without a technical
mechanical construction, I hope 1 have made my
tly clear,

H. J. Jouxsroxn-Lavis,

——— e
ELECTRIC LIGHTING FOR STEAMSHIPS.*
¥ AxDrpw JaMmiesoN, Assoc. M. Inst. C.E., F.R.S.E.

it wl:::m-hm' commenced with the statement that, although
“1<:t\nde;.,0t more than three years since the first application of
stanHshicence electric lighting to the general illumination of

i l’salls’ he advantages accruing therefrom had been so
8hipg haq ). TeCOENised, that more than one hundred and fifty
first.) s ooen fitted with it, and scarcely a man-of-waror a
oug h"is Passenger.steamer now left the builler's hands with-
the fol] U8 it onboard. This rapid success was mainly due to
Cence 4.\ U8 causes :—(1). Electric lighting on the incandes-
More €asi) 0, when properly fitted, was more healthful, cooler,
hghtin .y handled, and more artistic than other systems of
to tarpjgp there wag no smell, and no products of combustion
Ay of oy BUIltwork ; it was more agreeable in every way than
from i, '€ Older methods of illumination. (2). The danger
reflmred Was less, g neither matches nor lighted tapers were
8 e 1 (3). The daily cleaning and replenishing of lamps,
Parafg 28 the keeping in store of highly inflammable oil,
), Th’em' candles, could toa greater extent be dispersed with.
they of €Xpense of maintenance was not much in excess of
"hilst th € older methods of illumination (in some cases less),
p"!ition € Space occupied by the plant was not great, and its
Pagg 8T to, or in, the engine-rucm caused no annoyance to

.

owi

e
*Dgerg

he incgf,gyuamo which furnished the electricity for feeding
er ¢p Scelice lamps had to be driven at a uniform velocity,
i”ginea € ship's main engines, nor the doukey, nor winch-
3V an :'e.:e Suitable for the purpose. The dynamo must
e thig Rine for itself. It was, in most cases, necessary to
8¢ th Special engine and the dynamo in such a position
Rigj umm‘“‘ on watch at the main engines could, with a
p'l‘altion tof trouble, also attend to the electric plant. This
B.‘tform' ae"ﬂf‘"e; was naturally somewhere near the starting-
v‘hf‘lgio !; nd if posgible on the ship’s floors, so that undue
tﬁnlent re:“d Doise might be avoided. Frequently a con-
or: Majy ste"ﬂ. could be provided, either immediately behind
tiuts‘de e&“mg-platform or opposite to the thrust-block, just
te“'ls Woy] 8crew-shaft-tunnel door. Only in large installa-
%nd to 1t pay to have on board an electrician solely to at-
de“"éuient Yuamo, its engine, and lamps. In such cases, a
m_el.;s’ in th:lld cool position was generally selected between
onngemtin Same compartment with, or in that next to, the
® map mig Machinery, if such should be on board, so that
3 Wbere pght attend to both of these novel appliances.
p:”‘?tures suctlcable the axes of dynamos with large, heavy
vef“‘!)le t eould be placed fore and aft, to obviate as much as
hex-oclty due te ects of gyrostatic action, since the angular
sh 0" Bave Siro Tolling was greatest athwartship. The Author
diﬂ'w the pre illiam Thomson’s formula and examples, to
Iereht Cirg Ssure produced on the dynamo bearings, under
or .2 selectinumsmn-c“: by gyrostatic action.
\‘-le:ot it fl.lﬁ%la dy. Ramo it was necessary to determine whether
o tro otive ed certain requirements :—(1). It must develop
Crtaiy efi force suitable for a certain lamp when driven at
ecinte Speed. (2). It must be self-regulating ; that
Tomotive foree generated at the given speed must
by OF More 0t to within 5 per cent., whether working one
876 & gl »hor the full number of lamps. It was preferable
'Par?: ag rﬁg tfall in electromotive force as the number of
or W‘! at the Uced, (8). There must be no undue emission of
‘lndl h legg thco'"mlltator-brushes. (4). When running light,
the o hegtiy 20 the full number of lamps, there must be no
9§, °Pber wigro a0y of the parts. (5). The conductivity of
thep:r Cent, ° With which it was wound must not be less than
0gg rmllt.ul'e ap&x fe copper. (6). The insulation-resistance of
dyna*’hmg pern electro-magnets should not be less than 10,-
bgjp 00 shoylq ‘k’)olt generated at the required speed. The
tion >, Put op 1 °© tested mechanically and electrically before
» by fina) O8rd ship, and afterwards, when fixed in posi-
ine trial of not jess than six hours’ duration with
e i’v“’lfi with all the lamps in circuit. There was

ersity of opinion regarding the limit of speed

ofa dynamo on board ship. As a consequence of the general
desire for low speeds, most of the best forms of dynamos, the
Siemens, the Elison, the Eeison-Hopkinson, the Victoria, the
Ferranti-Thomson, and the Pilsen Schuckert, had been
specially modified for ship use, so as to produced the required
electromotive force and current, at speeds varying from four
hundred to six hundred and fifty revolutions per minute.

The success or failure of an installation on board ship ce-
pended as much upon the engine as upon the dynamo, and
every care should be taken to procure one that needed the
minimum of attention, and was not likely to break down. The
engine should be capable of driving the dynamo duriug a voy-
age to Australia and back, without a hitch and without requir-
ing overhauling. The demand for such engines, more
especially for those driving direct, had 1:d to the proluction
of a great variety, many of them excellent in workmanship
and in detail. It was frequently necessary that the engine
should te capable of doing its work when supplied with steam
either from the main, or from the donkey-boilers, so that the
electric light might be available in port as well as at sea.
This entailed capability for working under variable prescures,
and thus the size of the engine must be adopted for the lower
pressure.  One of the most important adjuncts to the engine
was its governor. It should be suffiviently sensitive and
reliable in action to keep the engine within 5 per cent. of its
normal speed, with a load varying 90 per cent., and a boiler-
pressure varying 10 ibs, per square inch. No mechanical
governor could do this, and consequently a go d electrical
governor, which would automatically open and close the
throttle-valve, in perfect synchronism with the load, or work
to be done, and leave the valus in its last position until a
change was made either in the lowd or in the steam-pressure,
was greatly to be desired. The Author showed how this prob-
lem had been solved by means of his electrical governor.

Then were detailed the different methods of driving dynamos
on board ship by belts, ropes, gearing, direct-driving fast-speed
engines, such as Brotherhood's, the Westinghouse, Messrs.
Siemens’ Frictional Drive, etc. The Author explained the
methods of fitting leading wires into vessels, instancing certain
well-known cases by plans of the S.S. ‘ Adelaide” and the
S.8. ¢ Arawa ;** and gave a practical rule which he had been
in the habit of using for the dimensions of such wires. ) Iu.sul~
ation-resistance was too often neglected by electric-light
engineers. Amongst submarine-telegraph engineers it was
considered of vital importance to watch the insulation-resis-
tance with the most rigid accuracy, not only during the manu-
facture ofa cable, but during its submersion and after it had
been laid ; whereas, in the case of electric lighting, those
charged with the fitting up of an installation very seldom
thought of, or even kuew how to take, insulation-tests, either
of the dynamo or of the leading wires. It was far from right
to allow leads to be run up like bell-wires, without the slightest
knowledge as to whether a flaw or a fault had crept in, and all
engineers should insist upon rigid inspectgou, as ‘well as
thorough and searching tests, before an installation was
passed. The insulation-resistance-standard need not be near!y
so high as in the case of submarine cables ; but nevertheless it
did require to be several hundred times more than the copper-
resistance, otherwise a fault would soon develop, and short-
circuiting occur, under the combined influences of the electro-
motive lorce, and damp or wet. The dielectric should, there-
fore, in addition to being a good insulator, be thoroughly
water-tight, and as littte liable as possible to be affected by
atmospheric changes. The Author then gave a description of
what he found to be the best form of switches, fusible plugs,
lamp-holders, lanterns, and globes. Finally he directed at-
tention to the powerful search-lights usqd on board men-of-
war, and to the novel application of are-lighting for salvage
and fishing. purposes. .

The Paper was illustrated by a large number of diagrams.

——— O

‘WHo thought that America could boast of a church nearly
370 years old ? It is said that the oldest church in America is
situated in the village of Tadousac, where the Canadian river
Saguenay flows into the St. Lawrence. The church was built
by the French discoverer, Jacques Cartier, for the French
colony he had founded. It is only a small building, being
about 20 ft. cquare, with a very low ceiling, and was erected in
1517, 25 years after the discovery of the continent. It coné
tains 8 very remarkable picture of the Virgin Mary, painte
more than 300 years ago by one of the Jesuit fathers at the
mission.

Ap
aper T
ad before the Institution of Civil Engineers, Eng.
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THE SANITARY CONDITION OF THE PANAMA
CANAL WORKS

| —
l
a

. A report on the sanitary measurrs adopted for preserving the
heslth of workmen engaged on the Panama Cunal works nas
been made to M. de Lesseps by M. Regnier. According to

. this report the climate is warm and humid, but does not
exercise on Europeans that depressing influence which is
observed in some other tropical countries. The temperature

. varies from -+ 24 deg. to 30 deg. Cent. in winter, and rises to
+85 deg. Cent. in summer. Winter is the rainy season.
Two great hospitals have been erected, one at Panama, the
. other at Coloh, into which sick workmen are received ; and
i along the entire length of the canal, doctors are stationed to
visit workmen in their homes, and if necessary order them into
the hospitals, Sisters of Mercy are the nurses of the latter.
A service of inspection has been organised since 1881 to
examine the men sent to the works, for it was found best only
to send men in sound health and in the prime of life. The
administration have also established a sanatorium at Tobago
for convalescents ; and some of those recovering from grave
maladies are sent home. Workmen who have laboured for
eighteen months or two years, and desire a visit home to
recruit, are also permitted to do so, and most of these retarn
afterwards to their duties at the works. Thanks to these
excellent precautions the mortality smongst workmen in the
isthmus i3 even below that in great cities and large manu-
factories.

e el @ e

THE ENTOMOLOCY OF A POND.~(Knuwledge.)

BY E. A. BUTLER.
(Continued from page 351.)
ABOVE THE SURFACE.

| 'HOSE insects that make their home in the pond-in
j F their early life only, when fully grown still haunt
. the neighbourhood, never straying far from the scene of
! their juvenile associations. Their movements will, of]
| course, he very largely determined by the functions they
| have to perform. Those whose only business it is to found
" pew families, and which so thoroughly devote themselves
. to this work as to have but little thought about their own
| sustenance, will evidently have no temptation to leave
‘ the arena of their family labours, but will hover about
'close to the pond till they have fulfilled their task,
‘and thep, after but a brief stage of enjoyment in
the performance of parental duties, either die of old
age, or mwore probably fall victims to the voracious
. appetites of predatory insects, or of insectivorous birds or
I fisk, Such as these will either be found executing merry
" dances just above the surface, lurking amongst the rank
vegetaticn that fringes the banks, or resting on over-
' hanging trees, from which positions they may easily be
dislodged by disturbing their place of retreat. But those
that are destined for a longer existence, and so have to
make vigerous onslaught upon nature on their own account,
s well as o give birth to new generations, will often take
" {oraging excursions intc neighbouring woods and fields,
, though ike procreative instinct will with them, too, suggest
. o speedy return o tie waber which ig to be the nursery of
. their expected brood.

Cowirg under the former category are first the Ephe-

 inerides, or May-flies, whose larvie formed the subject of!

part of our last paper. There is no mistaking a May-fly
{Fig. 1). A most fragile croature, with four membranous
2nd reticulated wings, of which the hinder pair are very
. much smaller than ths others, and sometimes, indeed,

- have no chance of holding their own against the numerous

. sbsent altogether, with two or three long fllaments at the
| O —

;ﬂ
tail generally much longer than the insect itself, and with
the organs of the mouth in the most rudimentary coB
dition possible—such is the insect that, in consequenc®
of the sudden appearance and the as sudden di”P’,
pearance of its myriad swarms, and the extraordinafy,
brevity of its adult life, has attracted popular atte®
tion from the times of Greeks and Romans, to 88
present day, and has, more often than almost any other
insect, been used to point a moral to human kind. The
name Ephemeride, a Greek word meaning living for @ dat)s
indicates what is usually considered to be the extrem®
duration of their perfoct existence. In captivity the¥
!mve, it is true, been kept alive for upwards of & woek 5
indeed Stephens reportas having kept one for more

three weeks ; but there is no doubt that, in a natural 60%
dition, this longevity would not have been attained, and 1°
the majority of cases the perfect existence seems to ast
little more than a few hours. They have no power Wha
ever of taking food, and are utterly defenceless, so that they

foes that with hungry eyes are looking longingly upo®
them. Their sole busineis is to becomge mag;dgaynd 1oy
their eggs, and this exhausts all their energies.

antenne are extremely short, but, as if to counterbalsn®
this, the forelegs are sometimes extraordinarily 1oB&
The wings have a number of nervures running long"
tudinally at short intervals, and the spaces betwee™

Fig. 1.

them are divided into tiny quadrilateral figures by put
bers of short transverse nervures, so that the whole B“rf‘_’cf
of the wing is composed of minute enclosed areas W 10
are largest in the centre and smallest at the outel‘“’dgea'
Several species of these insects are known to inhabit *
British Isles, but their preservation is & matter o b
siderable difficulty. Their texture is so fragile that ’“c‘_
parts of the body as are of most importance in the sep
ration of the species shrivel up to mere shapeless ™ ally
after death, if they are simply allowed to dry as is ust¥ 4
done with insects. A collection of them, therefore, B of
but little value to a systematist unless they are preser™’
in spirit into which they have been plunged when

and soft.

They are remarkably regular in their times of app!
and immense swarms arrive at maturity at almost the
instant, and few phenomena have excited more hese
and wouder than the sudden appearance of myriads of 299”'
insects where a few mements before not one was to be
and where their presence would be hardly likely t:hey
expected ; for, owing to their mud-loving propensities; * 4
are seldom noticed during their long larva- and pup® ¢
and thousands may be close at hand without anyone ex(i:sef-
those who specially search for them being any the ¥

88

earanc®
pa®
tiod

To the naturalists of a century and a half ago, cot?
fresh to the observation ef natare at first hand, Whe:-'ect,
yot there was but the most scanty literature on the sull®
the sudden appearance of these gigantic swarms wa8 m:he'
of such intense interest, excitement, and delight, 88 > ol
more matter-of-fact days of ours, with the charm of no%

destroyed by an abundant literature, can scarcely be
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! tor:% things with the eyes with which they saw them.
i minuten"wned French naturalist, Réaumur, gives a most

Yag i tby of recapitulation, if for the thousandth time. It
Hj, ger de year 1738 that the experience occurred to him.
on N wag situated on the barks of the Marne, and
Dreyioug:st 19 a fisherman informed him that on the
or, day the flies had begun to appear along the river;
Mety :exPTeBsed it, the *manna had begun to fall”—a
Swary, r Commonly used to express the advent of the
Ringg e illustrious naturalist, therefore, being deter-
Seature 8ve a near view of the hatching of the
anq, S, 8¢t into a boat about three hours before sunset,
Breat :‘ceedmg down the river, detached from the banks
Pupg, %8 of earth which contained abundance of
| With ’himnsfemng them to a tub of water he had taken
Dteppe o HPVing stayed out till about eight o’clock,
Ve 3; Watching both banks and tub, but without seeing
to hrn Hies, he bethought him that, as a storm seemed
; owing, terra firma would be preferable to an open
hi gar ® therefore landed, and had the tub conveyed into
to em €0, Byt just at this moment the insects began
from 7 B¢ from the tub in vast numbers, crowding up
' 4 ter on to every exposed piece of earth, in order
€Ir gking and put on their wings. The scene
1 & most entertaining one ; but, in the midst
a po_F8in came on 8o severely that the observer,
Sver, befy, ® was, was obliged to beat a retreat, not, how-
00t Jogg piC COVering up the tub with a cloth, that he might
3ain vig Precious insects. The storm soon abated, and he
Much i ore the tub, when he found the crowd of insects
thejp -m‘b.ﬂ-‘ﬂed, many of them having been drowned through
el“ﬂx. ll“'y. to find sufficient standing room under the
tiony 1.7, this time it was quite dark, eo that the obser-
Poveq a s Y0 be conducted by torchlight ; but the light
Yere: no trong attraction to the multitudes of flies that
d in o onerging from the river, and they flocked
th? cloth s‘;:’.h Dumbers that they soon completely covered
:uxht eve: hlch had again been thrown over the tub, and
ﬁ‘b“l'&]in a ave been taken up in handfuls. The delighted
7%, ang i‘d his atténdants now made their way to the
tz" % b ere the spectacle was far more astonishing,
| e over Y% “the myriads of ephemere which filled
i ;' the current of the river and over the bank
X Stood are neither to be expressed nor con-
2y With len the snow falls with the largest flakes,
‘ot % fulleut interval between them, the air is
% fal of of them as that which surrounded me
;M Place phemers.  Scarcely had I remained in
t Btoog w' fe‘f minutes, when the step on which
,,?’.“ two to“ quite concealed with a layer of them
.hhﬂed to four inches in depth. Many times I was
00°" of epp don my station, ot being able to bear the
ﬁ:'hnt thp ®mere, which, falling with an obliquity less
M‘“"’ ;n that of an ordinary shower, struck con-
my ¢, 8 manner extremely uncomfortable, every
Wy ult.":e. Eyes, mouth, and nostrils were filled with
tag U] Stream, ltud?'» of course, were drowned, but as fast
Ao, theiy ]“‘med them away, new ones were ready to
&‘;:ty til) {:e:%. e swarms continually increaged in
T oy, . :'gen 9 and 9.30, when they reached their
;peldly di’Ini:' In the succeeding half-hour their numbers
h&d%le haq lshed, ang by ten o'clock the marvellous
) edﬁlled the completely vanished ; the vast hosts that
Othex-i 8ir g0 short a time before, having ful-
‘gnih i

eir deg
‘hrae sy uch

the w

Btcheg o DY) Were now numbered with the dead.
Qg ame forth some nights afterwards, but net
fDormous numbers. The fishermen reckon

Aq UCcegyjy,
w&. d“}’_ﬂ for the greatest “ fall of the manna,”
\'\t"ﬂe, of course, the fish hold a grand

80d graphic account of the first swarm of May-flies | indeed, to
OTe“ed, and the details are so remarkable that they | dark night.

L T o
time lli 18 delightfully refreshing to place oneself for a. carnival, gorging themselves on the delicate morsels as they:
COMmmunication with these great spirits of old and | fall into the river. ‘

It is remarkable that in Ceylon there is a species of’
May-fly the abdomen of which is luminous—sufficiently so,
enable one to capture the insect, even on a very

The caddis-flies, which we left a short time ago, just emerg-
ing from pupahoed, may now engage our attention. Of these
insects we have upwards of 150 species alr‘en.dy rgcorded from
the British Isles, but, no doubt, others exist which have not
yet fallen into the hands of the very small band of entomo-
Jogists specially interested in the group. The larger kinds,
which in some cases reach an expanse of wing of almost two
inches, are nocturnal in habits, concealing themselves by day
amongst herbage and on the trunks of trees. But many of the
smaller ones may be seen during the daytime flitting backwards
and forwards with an uncertain kind of movement just above
the surface, seeming sometimes to be trying }xow near they can
approach the water, without sctually fouching it. All these
insects are delicate in texture, their four membranous wings
being easily damaged, and their soft bodies, like those of the
May-flies, shrivelling up in an unsightly manoer after death,

a peculiarity which does not tend to lesson the difficulties
that, at the best of times, beset the discrimination of the
species. The wings, which are always some shade of brown o
black, are sometimes, like those of moths, adorned with pat-
terns, and as, in many respects, they closely resemble the latter
insects, for which, indeed, they are often mistaken, it will ba
bes. first of all to point out the differences between the two
orders, Lepidoptera (moths) and Trichoptera (caddis-flies).

On glacing examples.of each side by side, with wings ex-
panded, a superficia! glance will detect little more difference
than that the wings of the caddis-fly, especially the hind pair,
have a semi-transparent and somewhat glossy and iridescent
appearance which is absent from those of the moth, and the
most important structural differen ces will need microscopic work
for their complete determination. Applying the microscopes
first to the wings, we find that in the moth the pattern is due
not to the colour of the wings themselves, but to innumerable
minute appendages in the form of tiny scales attached to the
wing by the pointed end only, lapping over one another like
slates on the roof of a house, and producing by their different
colours a sort of mosaic pattern, the elements of which are se
small that the mosaic effect is lost when viewed simply by the
naked eye. On removing the scales, which can be done by
geutly brushing with a camel’s hair brush, we find that the
true wing consists of a transparent, colourless membrane with
nervares forming its framework. Examining the caddis-fly in
the same way, we see that the nervures are more numerous,
and that such pattern as there may be, which is generally not
a great deal, is produced partly by the coloration of the mem-
branous wing itself, and partly by minute Aairs, not scales,
scattered more or less thickly over the surface. These differ-
ences will generally suffice zar the separation of moths from
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caddis-flies ; but there are a few moths that, so far as appear-
ance and clothing of wings are concerned, approach very near to
the Trichopterous type, the wings being semi-transparent,
glessy, and iridescent, and the scales attenuated to such a de-
gree as to be scarcely distingunishable from hairs, a condition
best exemplified in the common pale brownish moth, Nudaria
mundana. The antennz of a caddis-fly are generally propor-
tionately longer and stouter than those of 4 moth and are car-
ried, pointing straight forward in front of the head. In the
organs of the mouth (p. 377) there is a great difference. The
mouth carries a pair of long, flexible appendages closely applied
to one another, and curled up in a flat coil which is placed in a
vertical plane underneath the head ; no such coiled apparatus
exists in any other kinds of insects. On each side of this coil
is a jointed organ, clothed more or less thickly with scales, the
pair of which form between them a sort of groove, into which
the coil fits. These two pairs of organs are called respectively
maxille and labial palpi, and are the principal organs of the
mouth in the Lepidoptera. The maxille, which can be un-
coiled at pleasure, carry along their inner edge, which is
grooved, numerous short hooks, those of one side interlocking
with those of the other, and thus forming a central tube, up
which the liquid food taken by the insect must passin order
to enter the mouth, an eperture between the bases of the
maxille. In the caddis-fly the only organs distinctly percep-
tible are two pairs of delicate, jointed appendages, the maxil-
lary and labial palpi. Though its larva possessed a pair of
stout jaws, and was able to make good use of them, the perfect
insect is, equally with the moth, entirely destitue of any such
organs ; the moth’s coiled maxillz, however, sufficiently distin-
guish the insect. In a few moths the maxille are quite rudi.
mentary, the palpi being almost the only recognisable mouth
organs ; this manifestly approximates the mouth in appearance
to the Trichopterous type, and there is a noteworthy instance
in which even competent entomologists were for a time misled
by this condition. The insect in question is a small, whitish
moth, called Aceniropus niveus, which, as it is a genuine lover
of ponds, will come in for mere lengthened notice later on ; it
was bandied about from one order to the other, at one time
being considered a caddis-fly, at another a moth, till, the dis-
cussion having waxed hot and strong, it found a final resting-
place amongst the Lepidoptera.

Some of the caddis-flies, viz., those of the family Leptoceride,
are remarkable for the enormous length of their antenne,
which are sometimes four or five times as long as the body. It
is these little creatures, some of them sooty black in colour,
that form dancing groups just above the surface of the water.
By entomological beginners they are sure to be mistaken for
moths, especially as there is a well-known family of moths of
the same size, of similar shape, with equally disproportionate
antenne, and with their colours, too, sometimes not unlike
those of the Leptoceride. Attention to the structural
characteristics mentioned above will, however, infallibly lead
the observer to their true systematic position. It should con-
stantly be borne in mind that mere superficial resemblances
count for nothing to the systematist ; insects that look some-
thing alike in general appearance are not necessarily at all re-
lated, for there are numerous instances of mimicry between
gpecies belonging to altogether different orders ; an examina-
tion, theretore, which pays more attention to general effect than
to matters of detail, will often fail to detect either real pointsof
similiarity or of disagreement; and students of entomology
should be very careful in forming an opinion as to an insect’s
systematic position without the closest scrutiny of all essential
garts, assisted by at least a hand-lens, and, if necessary, even

y the compound microscope.

Caddies-flies are to be found during the summer months.
They fly with a heavy. zigzag sort of flight, and when in the
net often simulate death, bringing the wings close alongside
the body (the bind pair, which are much larger than the fore,
being folded up like a fan), relaxing their hold, and failing
over on their side. But any attempt to secure their persons
will speedily convince them of the futility of this pretence, and
elicit spasmodic struggles for liberty.

There are some other water-frequenting, winged creatures,
such as the stone-flies, willow-fly. and alder-fly, that, like the
caddises, are used as bait by anglers, and are therefore some-
times confounded with them. These, however, though in
habits resembling the subjects of the present paper, are preity
easily seen, by examination of the wings, not to belong to quite
the same group ; their wings are more or less closely reticulated
by means of & number of {ransverse nervures in addition to the

‘__—_—______—__——"7'

longitudinal ones (those of caddis flies being chiefly 10“8‘,’2:_
dinal), and are only very slightly hairy, generally, indeed, li
perceptibly so, without considerable magnification ; an Hies.
consequence, are more transparent than those of caqdls' l'c
Most of them, too, carry two long filaments at the tail, W,hl
the true caddis-flies never do. These insects, together wit!
number of others, such as May-flies, dragon-flies, snake: ‘“:
and lacewing-flies, constitute the wonderfully mixed 35”,‘:
blage known as the order Neuroptera—a group with ¥ lnd
some people associate the caddis flies. The stone-flies “n.
willow-fly, together with the angler's ** Yellow Sally, °§er
stitute the family Perlide, a group of that section of the or ,
called Psendo-neuroptera. The alder-fly belongs to the Sml‘f’m
a family of another section called Planipennia, which coll“; .
also the beautiful lacewing-flies, or *‘golden-eyes.” Bu
more detailed notice of these must be reserved for our 1

paper.

xt

(To be continued.)
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IVY.
BY GRANT ALLEN.

Though every one of us has been perfectly familiar Wﬂ‘zh
common ivy from his boyhood, upward, I wonder how
people have ever noticed its pretty bunches of thickly-cluste i
pale yellowish-green flowers that form such large and pl‘ommom,
masses in the early autumn. They are just now in full bloss
and are attracting, as usual, the flies and beesin great num s
to their abundant stores of easily accessible honey. lose
stop for a while beside some knotted stem that clambers cri
against some low wall, and examine this old, familar f.&‘wuics
in the light cast upon it by the discoveries of modern biolog
science.

Ivy is a native English evergreen creeper, one o 83
few large-leaved evergreens really indig-nous to our lslﬁnsnd
for though the laurels, and aucubas, and ]aurustmuses; iy
rhododendrons of our shrubberies have made us now Pe"ue otf
at home among the class by naturalisation, yet almost 8. ot
true British evergreens are more or less needle-leaved CO“H'ouy,
such as the Scotch fir, the yew-tree, and the junipers. £0°
an undoubted native of England, and box, which 1S.Ve'y gct'
bably an introduced alien, are its chief compeers in this l'f”iong
In its truly wild state, the lower branches of ivy creep ack
the soil, while the main stems climb up tress. walls, of 10

redy

kss
ike
to which they adhere by means of small fibrous footéhby
excrescences. ~This is one out of the many ways adop asitl-
comparatively feeble plants to raise themselves, half P8T™p,
cally (so far as support alone is concerned, I mean u'P(orS-
stout trunks of other and more sturdy woodland compet! ches
Compare it, in thisrespect, with the straggling arched-bra? ¢aDS
of the common blackberry bramble, loosely festooned by m and
of their curved and hooked prickles over the blackthomslitt]e
May-bushes in the wastes and hedges; or with the to the
sucker-like supports of the virginia creeper, clinging fast d, 88
tiny crannies and asperities of a brick wall here in Engls o9 iD
it clings in its native woodlands to the chinks and rugost pews
the bark of trees; or with the twining tendrils of the ven
really abortive leaflets, that twist twice or thrice orortiﬂg
oftener round the twigs and branchlets of the SuPPe opel
bushes ; or with the curling leaf-stalks of the canary )
where the petiole of a true and active leaf performs thf’ne i
clasping function. In every case, the end to be att®!% . of
the same—the plant endeavours to raise itself by mefoliﬂge
some tree, shrub, or bush, above the competing mass of suB*
on the ground below, and to reach the open air and fre® it
light overhead ; but by what an immense variety of meaick of
attains in various cases this desired result! Any trswg;s
habit, be it hooked hair (as in goosegrass), or twinit er)s of
(as in convolvulus), or mouth-like suckers (as in d0 ) this
twisted leaf-stalk (as in clemantis), that happens to 81‘? 1n d
object, is immediately seized upon by natural 3‘?190,“"0’ the
developed and encouraged into an organic peculiarity o “g0
whole species. In our little English flora alone, 80 By,
further, it is an interesting study to look at all the case® ® 4i1d
enumerated side by side with those of bryony, tam.“s;nkle:
madder, dog-rose, cinquefoil, vetches, hop, and Pe"“:l be
whose diverse modes of obtaining this single end sho
noticed in detail by the country walker. . ¢t 0

The leaves of ivy form by far the most conspwupllsg po i
the plant to most ordinary outside observers. Their ’1‘ “ed'
very characteristic, so much so that the epithet “jyy-ie

e
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ha .
ra:ul:f:"lg"'en to many other plants, such as the ivy-leaved
flay, 1.5 the ivy.leaved veronica, and the ivy-leaved toad-
folsage 18 & noteworthy faet, too, that all the plants possessing
climberao.f this peculiar broadly-lobed form are trailers or
Single . and in most of them the leaves habitually form a
OF 8g) Oyel'fhe one deep only—over the wall, or tree-trunk,
leag e ! Which the plant is creeping. In short, this form of
dovetaims Specially adapted for climbing plants; its angles
hollow beatly into one another, and the tip of each fills the
the fn]laé the ttalk of its neighbour, so that every leaf obtains
ferip wi enefit af the sunlight on all its Yarts, without inter-
I 4o %otlth the equal illumination of its like-minded fellows.
Obtainjy fay that this is the only, or even the best, way for
ang atg‘ that result ; but it is one way, and a sufficient way ;
Securjy 1s all that natural selection can, as a rule, succeed in
Up g “‘5]-1 Oue has only to look at a mass of wild ivy creeping
drapeq th OT tree in order to see how admirably the whole body
et ge], © entire space it covers, leaving very few interstices,
I sy om Lasting a shadow over any part of its own surface.
va'if:lies Wild ivy,” tecause many of the cultivated exoti.c
uxuriantm our gardens being grown for the sake of.thelr
Danureq oliage alone, under artificial conditions, in richly-
Yery dify Soil, produces copious masses of overlapping leaves
fiel o, . Tent from the native parsimony of the indigenous
Ohspecles,
brancs}?(::e’ hC‘Wever, that the leaves upon the upper flowering
ake Waalre extremely unlike in form to those which cover the
f'eely int Wwith their bright verdure. These upper shoots rice
‘i ¥-sh 0 ”"}, air, and have rounded or oval leaves, not at all
h aped,” disposed pretty equally on every side, so as to
Ubpey le: oben sunlight into they have raised themselves. The
tigy,, ea ves often somewhat resemble lime-leaves or laurus-
ucl, e in general outline ; and they clearly show how
Qonditio: 8hape of the foliage depends upon the surrounding
8roy asof air and sunshine. Where these conditions of
“_11 t‘ll‘ne(;e Supplied one-sidedly, as on the wall, the foliage is
“011; whe UtWard, and so shaped as to economise every por-
Rrow’ gut e'i? they are equally diffused all round, the foliage
Oy itg Spi: ike on every side, and avoids mutual interference
vy, on . &l arrangement along the central axis. Very starved
s, Witry wall, has usually very reduced and deeply-divided
Over ops it finger-like lobes; very luxuriant ivy, when it
Often Withs Support, has usually very full and rounded leaves,
In Shap, 1O perceptible lobes, and sometimes almost circular
hy g 5
8 Nan{ ;sf vy evergreen ? 1 believe for this reason. It is not
Wany, Rusv?ry cold countries; it won’t grow in North Ger-
. .0::"» or S‘lberia, and Britain is almost its northern
a f&vonrite ern Europe, North Africa, and Western Asia are
Wogq and dwelling.places. In the wild state, it is chiefly
Breat g, eqt. P 20t, clambering up the trunks of trees in the
fﬁar bY the | Hence it is shaded during a greater part of the
e ria e?vesv on the deciduous trees, and it has to lay by
ther T, wipg Or its groyvth and flowering and fruiting in
ig CIT fo)i, o €T, and spring, when the bows above have lost
N Doat laxy .As a matter of fact, even in England, its growth
Lo ¥embe it"aﬂt in late autumn, it flowers in October and
wiS a1 the segoes on putting forth fresh leaves and wood as
m‘“ter, and *8son permits it, it ripens its berries through the
Org With ult beging leafing again as soon as the spring is once
5. In more southern countries it works uninter-
October to May, and lies by almost dormant
T and ¢ R dry summer., It is thus essentially a winter
he c‘lriouat’l take it, is why its leaves are evergreen.
ent's oo S and protty yellowish green flowers are worth a
.. ousideration. They have each five small petals,
D8, with a broad disk in the middle, surrounding
® stangg 1,00 This disk secretes quantities of honey,
Th“"guishe a u little drops upon its surface, and can be readily
as. DOney atthth the naked eye and tested with the tongue.
Pec ¥ the ll?‘:ts large numbers of flies, bees, and wasps, but
ay 1ve-bee, which in England, at least, is certainly
erl o8 give € noted) the chief fertiliser, though Continental
teg, The this 76/ in Italy and France to the flies and
the g, Stamens mature first, so as to prevent fertilisation
¢ Hower ; and in this state the petals sre simply
the honey abundant. Bees visiting such
8y pollen on their heads for the nex they visit.
4. yoisoms reach their second state, the petals
‘llm’nghe stigma ripens, and the honey decreases
hem 1ty. Bees visiting these maturer flowers rub
the pollen they have brought from the ripe

fr,

clusters, and their smell of honey, seem to stand them in good
stead of brilliant petals ; for they are much resorted to by all
the insects that still fly about in late autumn.

After fertilisation, the berries begin to grow as best they
may through the winter ; but they do not ripen or assume
their bluish-black tint till the next year. Theyare then much
eaten, and their seeds dispersed, by birds, which find these
dusky hues very attractive, as in the sloe, the blackberry, the
whortleberry, and the privet, A southern variety in our
gardens, however, has prettier berries of a bright yellow
colour.—Knowledge.

CHINESE FURNITURE, COSTUME AND LOCOMOTION.

The Chinese Court at the Health Exhibition is one of the
most complete of ihe International series, and the decoration
of the galleries in which the exhilits are arranged is carried
out, as we have previously noted, in a characteristic manner
chiefly by native workmen. By order of the Inspector-
General of Customs, an official catalogue* descriptive of the
collection has just been published illustrative of several details
of Chinese life in respect of education, music, dress, furniture,
locomotion, cookery, and shopkeeping. To-day we are enabled
to give some drawings, chosen from the official sketches, which
show some few of these features and furnish interesting par-
ticulars of Oriental ideas of comfort and luxury. With regard
to dress in general, the habits vary in a corresponding degree,
not only with caste and class, but chiefly with the very ex-
treme variations of temperature which the vast empire of China
experiences within its far-reaching limits, from tropic heat to
semi-Arctic cold. During summer, however, in most parts of
the country the heat is very great, and the houses are very
close and enjoy but little free circulation of air. The drainage
is bad, and the floors of dwellings and roadways in street8 are
both cold and damp. Artibcial heating owing to dearth of
wood and the dearness of coal, is but sparingly resorted to
except in the extreme morth, where heated beds (k’ang) and
open stoves, consuming balls of coal dust mixed with clay, are
in use. These circumstances from the earliest times have
caused the adoption of clothing best suited to secure coolness
in summer and warmth in winter. Shoes with thick soles of
closely-pressed paper, made from the bamboo, of old cotton,,
felt, or cloth, and practically impermeable to either damp or
cold, are adopted. Long flowing robes keeping the lower ex-
tremities warm in winter are in use, and these allovy dur.mg
summer weather the employment of loose underclothing w1!;h-
out marring the general symmetry of the dress. The quantity
and thickness of the clothing vary with the temperature, and
those who can afford it adopt no less than five distinct and
well-defined classes of clothes, their wardrobe extending from
the thin unlined silk gauze of summer days to the wood-wadded
fur skins of winter use. In Europe or in America too early
a change in the thickness of the underclothing may very readily
result in colds or other sickness, but with the Chinese mode of
dress such alterrations can be made with the greatest ease and
without risk. In summer, when the European is suffering
from the sweltering heat of his national garb, the Cbinese, in
pale green or pure white silk, scarcely feels the heat; and in
winter, when the European would be 1.ntensel~y cold, the
Chinese, with his white fox and other furlined raiment, wraps
it in folds about him and enjoys comfort and wormth unknown
to the people of Northern Europe, who dress in more closely-
fitting costumes. His boots are ugly and hinder speedy loco-
motion ; but it is be remembered that a _rapld movement of
any kind in China is considered unbecoming, while all who
can possible afford to do so will ride in a cart or chair in_pre-
ference to going on foot. Fashion holds a sway in China little
if at all less despotic than it does in the West ; and though
the observant foreigner may fail to detect the minutie of
change, a glance is sufficient to enable a native to notice
whether the dress of a person he meets conforms to the fashion
of the day, and, if not, to fix its age, and the same remark
applies equally to man’s dress as to womans. lt}e _mincing
gait of the woman is their most striking characterietic, which
results from the almost universal practice of cramping their
feet when quite young. This barbaric custom dates from the

® Tllustrated Catalogue of the Chinese Collection of Exhibits for
tbhe International E‘;hibition. London : Wm. Clowes and Sons,
Limited, 13, Charing-cross, S.W.
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stament of neighbours in their first state. Inconspicuous as
the blossoms are, individually, their habit of massing in large
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days of Yao Niang, the lovely concubine of Li Yu, with whose
downfall in A.D. 975 came to an end the short-lived dynasty
of the Kiangnan of Southern T'ang. Of this far-famed maiden
it is recorded that her feet were gracefully cramped in the re-
semblance of the new moon. In Pekin alone the Chinese ladies
allow their feet to retain their natural Eroportions. In official
costumes their are endless varieties, and the distinctive insignia
of the nine recognised grades (each of which is divided into
two classes, upper and lower) of official rank is rigidly defined
by law. Court costume is even more elaborately confined and
provided for, with dragons in plain colours, and dragons in
gold or dragons in silver, and these either erect, in motion, or
sitting at ease, according to the royal blood, rant, or degree of
the wearer, his occasion, business or importance. These
dresses find a climax in the ¢ Mang p'ao,” a robe which is
literally embroidered all over with dragoms, a vestment of
festivity and rejoicing. Of the marriage customs and catafalque
funeral ceremonies we have not space here to give particulars,
though the details of cremation and the ovens used on these
ceremonial occasions are singularly interesting and barbaric.
The ¢ Poo-Jung Tap,” or ossuary, which may equally well be
described as the Charnel-house or mausoleum, contains the
ashes cast from the cinerary urns and deposited in red bags,
and, according to Buddhist ritual the charred remains of not
less than 5,048 mouks can be thrown into these receptacles.
The ossuary is then hermetically sealed, never to be again
opened by the hand of mortal man. The Sedan chair (Fig. 1)
which we give furnishes an idea of the palanquins in comwmon
use by all officials when paying visits of public business ; the
chair being carried by four bearers, preceded and followed by
a large number of attendants wearings tablets showing the
officer’s rank and titles, and carrying flags, umbrellas, etc.,
and if the occupant of the chair be of high rank, he is accom-
panied by a body-guard of soldiers. In the southern parts of
the empire these chairs form the usual means of locomotion
for short journeys, and water communication is used for long
ones. The cartis only met with in the north of China, and
the Pekin cart here drawn (Fig. 2) is of the largest size for the
use of officials. The shafts are of pear-wood, the axle is of
wood from Manchusia, and the wheels of wood from Shansi.
These carts are exceedingly strong, as indeed they neel be,
owing to the savere jolts occasioned by the inequalities of the
roads, especially on the paved high-roads, which frequently
have ruts worn in them a foot in depth. Mules are used in
these conveyances, and, being difficult of control, have the bit
placed over the upper gum, and not in the mouth. The sides
of the body or hood of the cart are furnished with windows,
glazed in winter and open in summer, and the covering cloth
of the framework varies in colour according to the rank of the
owner. The mule litter next shown (Fig. 3) resembles a heavy
chair built on strong poles, and is used lor long journeys, car-
ried by two mules, one behind and one in front of the litter.
This style of travelling is not very rapid; but in Mongolia
the ““ ambar,” or governors, sometimes keep the mules going
at full gallop, and thus can cover a very long distance in a
day. Fig. 4 illustrates an ingenious contrivance, of immense
utility in the north of China, for the carriage of bulky loads
over narrow tracks, While the cart is better adapted for the
transport of persons, this simple-looking wheelbarrow is pre-
ferred for the carrying of packages, because it is able to bear a
larger car;o at a cheaper rate, and with less danger of the
breakage o1 the machine, 1n the plains, when the wind is
favourable, a sail is hoisted above the mountain of articles
packed on the barrow, and the fatigue of the puller is thus
greatly alleviated. The weight of the barrow itself is com-
paratively nothing ; but the difficulty of balancing the vehicle
is alone a task only to be accomplished after much practice.
We have already referred to the limited use of stoves, and we
now give two specimens, Fig. 5is a lime stove, and Fig. 6
shows one of metal. Charcoal heated to a white heat is used,
and the stove is kept three-parts filled with charcoal ashes,
upon which new charcoal is placed. A fowlor pheasant having
been served in slices, the guests cook the portion they have
taken then and there.

The furniture shown at the Exhibition is made of hard wood
stained black and inlaid with mother-of-pearl and enamel, the
tables and seats covered with marble. Canton wooden furni-
ture is usually very light, and it is also made of rattan or
bamboo in very comfortable shapesand patterns. The Ningpo
turniture of Midland China is larger in general form, and the
more important pieces frequently constitute in themselves a
kind of room with compartments, while their beds are re-

nowned as the make of Sung Sing Kung, and which vary “;
value from £600 to £800 each. Fig. 7 illustrates 8 Wmer-
bed used in Midland and South China, furnished with °";
hanging tester in front and a sort of dressing lobby of Poors
within, gaily elaborated and fitted with toilet articles, mmts
and combs.  Chinese shops and music, musical instrl}me“n'
literature, books, and implements complete the collection, &%
render it one of the most valuable hitherto brought toget e.'c
London, and the copious handbook which we have thus no“fer'
renders the Exhibition specially interesting and easy of 1@
ence.— The Building News.

de
USE oF BrLasT-FURNACE Snacs.—At Stuttgart, sand M¥

from blast-furnace slag has recently been used largely foral:yit
ing on the public promenades. It is found very clean, Jry
does not get muddy in wet weather, nor very dusty 1o oD
weather. It is brought from the works at Wasseralﬁ“%bic
some fifty miles away, and costs 4§ marks, or 4s. 6d. per crive‘
metre, at Stuttgart, as against 7 to 9 marks for g°°d
sand.

NOTES ON ELECTRICITY AND MAGNETISM-
BY PRO¥. W. GARNETT. "
If the E. M. F. force of the battery be less the,
that required to fulfil the above condition 10 P'w_
manent current will be sent through the electroly,
When the circuit is first completed a certain quant;er
of electricity will flow round it, and if a galvaﬂf"ﬁgeu
ba placed in the circuit the needle will givea s¥ oy
deflection, which will continually diminish, and ¥

W
gsoon the current will cease. If the battery bel ?gn'
removed, and the electrodes of the electrolytic cel will

nected directly to the galvanometer, the needle
give a second deflection in the opposite direfit‘?n.sh’
the first, which deflection will gradually dl{mnl.
but will not cease until a quantity of electrfclty
been sent round the circuit by the electrolytic €
the opposite direction to the primary curref ety
equal in amount to that sent originally by the bat -
Thus the cell has acquired for the moment the FO" 4
of a battery, and exerts an electromotive force opp° be
to that of the primary battery. The cell mayﬁve
regarded as a secondary battery, and the elect}'omo 100
force which it exerts is called the electromotive Jytic
of polarisation. If before discharging the electrg and
cell the plates forming its electrodes be remove® .
dipped into a second cell containing the sameé cenbv
pound, but through which no current has bee“ferred
it will be found that the plates will have coD erar)'
on the new cell the pow:r of sending a tempof;ion
current ; so that electrolitic polorisation is aB ?c&nd
which takes place on the surface of the electfodeb’iaed.
the electrodes themselves are said to be PC agi;io
The polaristtion appears to be due to the Fiepﬂ-, 8
on the surfaces of the electrodes of the 1083 lce of
nascent condition. It is this electromotive Ol;;tery;
polarisation which balances that of the primary ba ough
and prevents a permanent current being sent thl‘n oty
the electrolyte. The E.M.F. of polarisation ca p of
nowever, attain a value greater than the amoy icsl
work mnecessary to decompose one electro-C €
equivalent of the electrolyte. a P
When the battery is strong enough to send oloc”
manent current, Ohm’s law is obeyed equally R )
trolytes as by conductors ; but the electromoti’® tter.
in the circuit is not the whole E.M.F. of the D%
but the E.M.F. of the battery diminished ool
EM.F. of polarisation set up in the electroly® and ]
Thus if E denotes the E.M.F. of the battery '

]ip
1 o




Decernber, 1884.]

t
tﬁ: gieatest electromotive force of polarisation which

electrolyte can produce, and R the resistance of

ﬁo‘;c\lrcuit, the current C will be given by the equita-
C =E—e.
R

dexu}:“ 8 battery, which is not sufficiently powerful to
electr01(.‘)10863 an electrolyte, is connected with platinum
Pasges ®8 Inserted in the liquid, a transient current
thig cl:lrIJolzau:lsxx]g the electrodes, and the passage of
. lien_t 18 associated with a tranference of the ions
of thep atinum plates. There is, in fact, no evidence
. eft""“f‘age of any quantity of electricity through
l'resc rolyte unaccompanied by the transfer of a
tr&nsitp onding amount of the ions. But though the
0Ty current from the battery is associated with
trg scl_llnulation of the ions upon the platinum elec-
™ 1t does not follow that the battery has performed
9™k of tearing asunder the electrolyte into its
The molecales of every liquid must be
Werggq 3 moving about among each other, the
deﬁnit ehergy of the molecules being perfectly
Byt tl? and depending only on the temperature.
of indim-lgh the average energy is definite, the energy
thyg ; Vidual molecules may vary without limit, and
far g, Y happen that two molecules moving with
anq ' than the average energy may come into collision
Aoms, ® shock may split them into their individual
Q04 they oo atoms will move on by themselves
bine, o3 Meet with others with which they can com-
Atomg t}el orming molecules of the electrolyte. The
the U8 separated are said to be “ dissociated,” and
With ¢ Cebtage of dissociated atoms present increases
Wary,. _Wperature on account of the increase in the
Svery o °nergy of the moving molecules. Thus, in
the 3, el("tml)'te there is always a definite fraction of
thig f 9'® compound in a state of dissociation, and
r on will increase with the temperature. A
long wit}rlnam therefore, be capable of separating these
Ut doing the work of decomposing the com-
hag only to guide the different constituents
natig estinations. If we suppose each atom of
uent to be electrified positively, and each
al‘geetc}’lther to have a precisely equal, but nega-
i en the electromotive force acting between
i COns? electrodes will urge the positively elec-
d'e Negats ttuent from the anode to the kathode, and
Tection Vely electified constituent in the opposite
P Blect;iﬁ, )8 goes on on until the accumulation of
tﬁt’Oduceg ®d fons upon the surface of the electrodes
Eat of th 81 opposing electromotive force equal to
® battery, and slops the current. If the
ation attery is 80 great as to allow of the
ato of th9 ions in sufficient quantity, the
.8 comhine into ordinary molecules of sil-
» 8tc., but this only takes place when the
Arlzation is equal to the energy developed
1Dation of one electro-chemical equivalent
ren,’ 200 thee Constituents.
I‘:Iit{ t Ough Same battery is employed to send a cur-
E-Mg of the %Z‘;‘zml electrolytes in succession, the
trg dés S Nocoggey ery must be equal to the sum of the

t exe
et

on dlﬁerel}t

a'ccu ;II 0 the

¥ for the decomposition of the elec-
at necessary for the decomposition of
© excess of the work done by the
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battery is employed in heating the liquid according to

Joule’s law.

As all the electricity which crosses and electrolyte
has to be carried by the ions, and each atom carries a
definite charge, we see at once a reason for Faraday’s
law of electro-chemical equivalents. Also it is clear
that the greater the number of dissociated atoms in
a liquid the greater will be the current conveyed in
obedience to a given E.M.F., that is, the greater will
be the conductivity of the electrolyte. But, the per-
centage of dissociated atoms increases with the tem-
perature, Hence the conductivities of electrolytes
may be expected to increase with the temperature, and
experiment proves that they do so in a rapid ratio.
In metallic conductors it is the resistance which is
increased by increase of temperature.

If a plate of copper and a plate of amalgamated zinc
are dipped in dilute sulphuric acid and connected by
a wire, a current flows round the circuit, the zinc is
dissolved and hydrogen escapes, but the hydrogen is
not evolved from the surface of the zinc; it passes
through the acid and appears upon the surface of the
copper plate thus becomes coated with a layer of
pascent hydrogen. When the accumulation of gas on
the plate is considerable, bubbles of ordinary hydrogen
will be formed, and escape, and the rate at which such
bubbles are formed increases with the amount of the
gas accumulated on the plate. Hence, if a strong
current is evolving hydrogen very rapidly, the amount
to be found on the copper plate will be considerable
and increase somewhat with the current. The copper
plate thus becomes polarised, like the platinum plates
described above ; it is practically converted into a
hydrogen plate instead of a ecopper plate, and as the
EDMLF. of a battery, consisting of zinc and hydrogen
plates dipped in sulphuric acid, is much less than that
of a zine-copper couple, the E.M.F. of the battery is
correspondingly reduced while the resistance of the
battery is increased on account of the layer of badly
conducting hydrogen adhering to the copper plate.
Thus, the polarization of the plates of a battery reduces
the EM.F. of the battery, but increases its resistance.

Smee reduced the polarization by replacing the
copper plates with silver plates coated with finely
divided platinum. This battery has a slightly greater
E.M.F. than the copper zinc battery, and the particles
of platinum projecting from the silver act as point, and
assist the liberation of the gaseous hydrogen.

The essential feature of a so-called constant battery
is that the E.M.F. is the same, whatever be the magui-
tude of the current flowing through it, that is, whether
the resistance of the external circuit be great or little.
It is, in fact, a battery which does not polarise. No
batteries are absolutely constant. In experimenting
with a certain one fluid battery it was found that when
the resistance of the circuit was 10,000 Ohms the
E.M.F. was more than 1.6 Volts, but on reducing ths
resistance and thus increasing the carrent, the E.M.F.
fell, and when the resistance of the circuit was about
10 Ohms the E.M.F. was reduced to 1'2 Volts. ~ There
are many batteries in which the polarization is much
worse than this, .

Some one-fluid batteries, have been constructed in
which the hydrogen is employed at once ina secondary
chemical action, and is thus prev?nted from accumu_lat-
ingon the metal plates. The bichromate battery is a
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F1G. 5.—Apparatus for registering the vertical component of earth-waves
during the whole of the disturbance.
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good type of this class. It consists of plates of carbon
and zine, dipped in dilute sulphuric acid, but with the
acid there is dissolved a quantity of potassic bichromate.
The hydrogen, liberated by the solution of the zine,
reduces the bichromate, forming water and sesqui
oxide of chromium, and this and the liberated potash,
combine with the sulphuric acid, forming chrome-
alum. The hydrogen, is therefore, never liberated in
the free state, but at once employed in reducing
chromic acid. )
A similar action occurs in the batteries of Grove and
Bunsen, only nitric acid is employed for the absorption
of the hydrogen, instead of the potassic bichromate.
It is obvious, however, that while in the bichromate
battery, the potassic bichromate may be mixed with the
sulphuric acid, it would not do to allow the nitric acid
of the Grove or Bunsen cell to reach the zinc plate, The
nitric acid is therefore placed in a separate pot of porous
earthenware, which is placed in the sulphuricacid. The
nitric and sulphuric acids meet in the pores of the
earthenware, but their diffusion is very slow. The amal-
gamated zinc plate is dipped in the sulphuric acid, while
a platinum plate in the case of Bunsen's battery, is

Ly
plunged in the nitric acid in the porous P‘.’*"um of
liberated hydrogen in its passage to the Plat}ﬁg it ¥
carbon plate meets with the nitric acid, reduci’c ; ¢h?
nitrogen trioxide (which gives the green ¢ ou
spent acid), or to other lower oxides of nitl‘O_S"n' of i

The most constant, as well as the earlios ;
« constant batteries,” is that of Daniell ho zinc"
battery the plates are zinc and copper: T i ol
plunged in dilute sulphuric acid, and the lh““
hydrogen is employed in decomposing copPe® 5 pu?
which surrounds the copper plate. In this w coppe‘
copper is deposited instead of hydrogen 08 ¢ he pll"’
plate, and this does not alter the character of #9° ple
8o that polarisation to any great extent 13 imp wore?
The electrical properties of the copper depen™ epogut"d’
to a slight extent, on the rate at which it 18 ' Cj1b
and thus the E.M.F. of the battery is not % .k ¥
constant but the cell is by far the best of r 00 tiﬂ
As the copper. sulphate would deposit ‘copp° lo!‘d
zine if it could reach it, a porous pot 18 on2f pate

separate the sulphuric acid and the coppe® sdg‘mbdd“

N.B.—From lectures delivered in connection with tbe
(Eng.) University extension scheme. /




