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THE CONNECTION BETWEEN CHINESE MUSIC,
WEIGHTS AND MEASURES.

Chi .

at th:,nese music can now be heard by all who desire to hear it
Subjpet ealth Exhibition, and more may be learned on the
for the Cl‘;‘.’m the pamphlet published by the Commissioners
Tigin ¢ én?% department. A curious account of the common
t‘lned in hinege weights, measures, and musical notes is con-
Ocie of‘}PBper read some years ago before the German Asiatic

apan by Dr. Wagener. The story is based on native
Wncem'&g:d i8 ulso to be found among the Jesuit ¢ Mémoires
'llg}mm dleﬂ Chinois.” Dr. Wagener says there is not the
Beagypeg oubt that the Chinese system of weights and
l‘emn.kamls more than 4,600 years old ; and it is a highly

that € circumst hi ite i i

it mstance that, quite irrespective of the fact
%lges fo: :‘0}'0 scientific and exact, it possesses all the advan-
R the ich the French metrical system is so much praised.

fecop t place, it starts from a basis supplied by Nature ;

loyeq rone decimal arrangement is almost consistently em-

lag tly froughWt; thirdly, linear and dry measure proceed

thtly' M the same unit as the measure of weight; and
o o

w

I g,lmpll’:;thﬁ metrical systera does not do, it regulates in
‘tter form tmanner. the relations of musical notes, which
nd easupec” starting point for the whole system of weights
potem (sayseB The following account of the origin of this
tl‘;t it is eag L. Wﬁgener,) contains fact and fancy mingled,
rer Empe ry to distinguish between them. In the reign of
%v“th cent oang-ti, who ruled over China in the twenty-
di:nmis‘ione d‘“’Y before Christ, the scholar Lyng-lun was
m“‘“ered 250“ complete the musical system which had been
v, 8 for mnkyem earlier, and particularly to lay down fixed
na:] ence W'lt'tg musical instruments. Naturally he had to
b%ooto give lt the bamboo, which had already been long
Ch kh‘mself e note for other instruments. He therefore
mﬁ‘ha, ere to the province of Siyung in North-Western
Untyj N on the northern slope of a range of high
nof; lllfonn’it Species of bamboo grew, which, on account of
po 4 e::;('l its structure, being neither too hard nor teo

hm‘)l\e dowp cogly suitable for a wind instrument. He
, and tried it. Tradition says that it gave the
or Y; anq tp, ;? o°Wn voice when he was excited by no emo-
tap, ellow Rivﬂ_‘PI’h}lg of the sources of the great Hoang-ho,
%9 tone, n Which were in the vicinity, followed in the
Mpanjeq b the same time the fabulous bird Fung-Hiang,

Y his mate, flew to the place, Both perched

themselves on a neighbouring branch, and commanced a song,
in the course of which each of the birds gave six separate notes.
These are the notes which are called the six male and six female
tones in the scale discovered by Lyng-lun, and which correspond
to the ancient doctrine of the male and female principles in
Natare. As a matter of course, the deepest of the male notes
was tho one already discovered by the philosopher himself.
He now endeavoured to reproduce the other notes with the
help of bamboo pipes, and succeeded. His task was now to lay
down fixed rules as to the length of the pipes, ss that thence-
forth they could be easily constructed everywhere. For this
reason, and also becanse such a scale of notes depends upon
slight differences of length, and there were scarcely at this time
instruments to divide great lengths, he necessarily arrived
at the notion of passing from the less to the greater, and of .
laying down an adequately small natural unit for his measure-
ments, That could be nothing else but a grain of seed ; and
now the point was to get seeds of the greatest possible unifor-
mity, He chose a sort of millet, the Sorghum rubrum, the
seed of which is of a dark brown colour, and which is said to
possess ths advantages of greater hardness and uniformily than
that of the gray and other kinds. The seed is pointed at the
onds, and from one point to the other the length is somewhat
than id the direction at right angles. Lyng-Lun now fixes the
length of the pipe, which gave the key-note at 81 grains of the
seed placed lengthwise in & row. But when the grains were
laced breadthwise it took 100 grains to give the same length.
hus the double division of 9 + 9 and 10 + 10 was naturally
arrived at. According to the dimeusion in question, it was
called a musical or an ordinary foot, the latter being introduced
with the decimal subdivision as a measure of length. The
breadtk of & grain of seed was 1 fen (3 line), 10 fen = 1tsun
(an inch), 10 tsun = 1 che (a foot), 10 che = 1 chang, 10
chang = 1ny. In subsequent times the line was divided into
tenths, hundredths, &c. Lyng-lon also laid down rules for
the breadth as well as for the length of the pipe, because al-.
though the note is essentially dependent on the lenith, it is
nevertheless necessary for its purity that the pipe 8 ould be
neither too broad nor too narrow. He therefore fixed the cir-
cumference on the inside at 9 grains laid lengthwise. With
these dimensions, namely, a length of eighty-one grains, and
an internal circumference of nine, the pipe which gives the
keynote containy just 1,200 grains, and this volume accordingly
was made the unit of dry measure, and was called a yo; 2 yo
=1ko, 1 ko = 1 cheng, 10 cheng = 1 ten, 10 ten = 1 hu. Se
fay we see how the units of length and dry measure were con-
nected with the musical keynote. The twelve notes of the
scale are all derived from the keynote, and are to a certain ex-
tent comprehended in it. Hence if the 1200 grains contained
in the pipe are divided among the twelve notes it gives to each
ahundred, and the weight of these hundred grains was made
by Lyng-lun the unit of weight., This was ivided and sub-
divided on the decimal system until a’ single grain became
the lowest weight of all. At a later period even the coinage
became connected with this system, for one of the weights,
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the leang, corresponding to our ounce, became the weight of
metal put into a coin, so that the modern tael, in which
mercantile quotations are found every day in the Times, is
mereiy an ounce of silver, and is thus directly connected with
the musical scale. Finally, says Dr. Wagener, it appears from
this account that, in China, weights, measures, coinage, and
the tuning of musical instruments have been derived quite con-
sistently irom a constant unit supplied by Nature herself, and
that the essentials of this system are over 4600 years old.-~
Nature.

—_— Pt e

EXPERIMENTS UPON AUTOMATIC SPRINKLERS.*
_ BY G. J. H. WOODBURY.
(Continued from puge 299.)
SENSITIVENESS.

Any method of measuring the sensitiveness of sprinklers is
confessedly an artificial one ; and, in the endeavour to apply
uniform conditions, the sprinklers are subjeoted to exposures
which bear little analogy to those met with in a mill fire.

The writer has madesome trials of sprinklers where measured
quantities of fuel were ignited in a building equipped with
sprinklers ; and, notwithstandiug that the utmost care was
taken to preserve uniform conditions, the results were exceed
ingly variable and of no value, unless to serve asa basis of
comparison between two sprinklers tried simultaneous'y. These
test fires possess a commercial value, whers it is desirable to
show to possible purchasers that aatomatic sprinklers would
extinguish a sharp fire kindled beneath them. Ovens heated
with a large gas flame have been used to demonstrate various
merits of automatic sprinklers ; but the heat applied to the
oven is variable, because both the pressure and calorific value
of gas is constantly changing. The temperature of such an
oven varies in different parts of the oven at the same time.
These oven tests are of use to those engaged in the manufacture
of sprinklers; but neither a bon-fire in a room, nor the gas-oven
half a yard in either dimension, has the elemeats of precision
necessary for this work.

With the purpose of employing a method which would give
precise results, the following apparatus was devised for the ob-
ject of learning the relative seasitiveness of automatic sprink.
lers under pressure: A box of thirty cubc fest capicity,
measuring three by four feet, and two and a half feet desp, was
swung top dewnwards over a lurge table. A Parmelee <pr.nk-
ler-head projected through the centre of the table, and was
connected with a piece of four-inch pipe about two feet long,
which was beneath the table, and capped at both ends. Water
was placed in the lower end, and cannections were made with
a steam supply and a steam gauge. This arrangement served
to furnish a supply of saturated steam at any desired pressure,
and therefore the quantity of heat an l ity temperature could be
known and controllel. The sprinklers were screwed into 4
frame-work of fittings which was placed on the table, so *that
the sprinklers under trial wers about two feet above the table.
The sprinklers were filled with water at the temperature of the
room, and weights applied in such a manneras to be equivalent
to a water pressure of fifteen pounds to the square inch upon
the sprinklers. Electric apparatus was attached, so that when
any sprinkler opened, a bell corresponding to each sprinkler
would ring in an adjoining room. On makinga trial, the box
was lowered upon the table, and the temperature increased very
slowly to 112 degrees, and then the valve was opened and
steam blown through the Parmelee sprinkler-head into the box.
It required two minutes to increase the temperature within
the box one hundred degrees, and the circulation of the steam

* A paper read before the British Astociaticn at the recent Mont-
real Meeting. .

was so rapid that thermometers inserted through orifices n
various parts of the box varied less than one degree from €8¢
other. Although this was not the heat proceeding directly
from a fire, yet it enabled the use of constant conditions ; ap
the results with any one sprinkler, as given in the records
not vary from each other more that would correspond to vary”
ing masses of solder in the joint.

A cubic foot of steam at 212 degrees contains 2 g-10th?
times the amount of heat that a cubic foot of air does 8t the
same temperature, but in these experiments the influx of stes™
heat was a constant, and in the rapidity of its results corred
ponded to that which might be expected from air at a @%°
higher temperature. 1

Whenever one sprinkler opens upon a fire, it is pwb“be
that in many imstances, other sprinklers are opened by tho
steam generated as a result of the application of the water upo®
the fire, ratRer than by the air directly conducting the heat ot
the fire ; and in such instances this method must represeﬂ
the facts in the case. :

Accepting these results as accurately representing the relati®®
sensitiveness of these sprinklers when exposed to steam:
question naturally arises as to the analogy between this actio?
and itz cause and the actnal mill fires, and the conseque?
operation of sprinkiers. In fact, the steam method Pmb"" s
gives results as different from a mill fire as one mill diffef
from another. s

In a fire on light stock in process of manufacture, such ”’
card or picker room, the difference Letween the sprink er
either end of the list would probably te greater tha®
stated, while a fire of any kind would reduce the diﬂ'el"’f]"'e
a point that the two kinds might b quite nearly alike 1
time of the action.

If the temperature produced by the fire rose so 810W¥y Jors
the heat could be conducted through the metal of the sprink?
to the soldered joint as fast as the temperature of the roo® o
creased, then the relaiive sensitiveness of the diverse ty’pes’“
sprinklers would be diminished. A sealed sprinkler, wit
soldered joint next to the water, is assuredly the strouge?t e
of construction ; and, in order to produce a sensitive SP“nkuc,
with its joint away from the water, it is necessary to i“tr‘.,dkg;
complications in the way of valves, deflector joints, and 112 t
and he who utilizes these mechanical makeshifts to the
disadvantage, produces the best sprinkler. A sprinklef
should be ratker narrow in the direction of sliding ope® i
as far as necessary for strength, increase the width ; be¢ e
when a sprinkler is in the act of opening, the least Pamcls it
water which reaches the partially opened joint at oncé 86 ol
jn that position, and it requires an exceedingly fierce firé w0 ored
open a sprinkler with leaking water trickling over the
joint. . st
The Parmelee sprinkler is shown to be about the Jeast * rgei
tive head on the list, and the least in capacity of dis® *
and yet the whole experience with the Parmelee spri“k eriwsy
been a success, and we have no record of a fire gettio8 1 1%
from them. If such is the fact with this sprinkler, ¥ a“ivo
sults may we not expect from the latter forms of 8e0°
types of sprinklers ¢

thst

o

BURSTING STRENGTH.

08°

The results were obtained with a pump used in the grﬂ: by
tion of hydraulic gauges. The piston was slowly move ith*
means of a screw, and the pressure applied steadily 3% ied
out any violent motion. The effect of a pressure sp wol
rapidly upon a solder joint is different from that of & gtill

pressure remaining constantly upon the sprinklers, “_n thre?
Sava 1

less destructive than a constant water hammer. >
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iois::nces’ the sprinklers yielded elsewhere than at the soldered

othe One of Fhe three sprinklers was a Parmelee, and the
" 4o Burritt sealed sprinklers.
mun;:aihearing strength per square inch amounted to 2,449
Dring) In the Parjnelee, and 4,534 and 7,254 in the Burritt
Tt :f“‘ S(?n'snive sprinklers, wit.h any considerable ele-
eakig delastlclty in their construction, become tight after
or 8 down to a point at which the elasticity of the sprin-
®qualled the water pressure.
:‘ﬁf!"esults show that the solder does not weaken on ac-
ave °° age or pressure. An examination of sprinklersw.'hich
at sul::?'ed at ordinary temperatures warrante the opinion
in lnstan'ces have been produced by imperfect soldering,
ey, of. be!cessxve strains caused by screwing a valve to its
ture, Y expansion of the sprinkler with rise in tempera-

bi]i:;z?“ Sensitive sprinklers the elastic springs, br the flexi-
: efor%s"m.e of its members, limit the stress on the solder 'to
erg of t:'hmh can be transmitted by the spring ; and sprin-
. aolclm fortn.have not given tronble by reason of yielding
em ered joint from this cause.
aut:thm_is of applying the fusible alloy by sealing caps
ntactma!:lc sprinklers, and thus producing a joint exposed
‘tt"mptg towlth the water, were not used until after numerous
itg seat Pr'-"dtlce sprinklers containing a valve secured to
Joiny aw Y a rigid arrangement of parts, with the soldered
failgp, 3y from contact with the water, had resulted in
8§
by ;:;Zeizuebt]y, M:r. Frederick Grinnell solved this problem
2 Tegy), ofg t:.e valve in the centre of a flexible diaphragm. As
rogm tentd 18 construction, the water pressure upon the dia-
Maiy in p) 3 to keep the valve tight, as long as the levers re-
I °m0veda§e; Wwhen .the resistance against the water pressure
Pr ure Y the fusion of the solder, then this same water
Wing theiens the valve. This new mechanical movement,
"Prin) or 8me element of hydrostatic pressure to keep the
1 . 1°P°ll or shut, as needed, and also to relieve the in-
i °. ler from strains due to water hammer, is comparable
Eliag’ Plieity anq importance to the celebrated invention of
Poiyg, %e which pierced the sewing machine needle near the
) . ‘
bent :ltle.Gnnnen sprinkler, the joint is reinforced by a wire
Comp,, . 80t angles, and soldered against the joint, making a
Sengjy; °Oldered joint lying in three planes. Inthe Brown
takey, p"‘"kler, the thrust of the spring against the yoke is
Stregq ny % Pin driven through the yoke, and there is no direct
tlie la ppon the solder until it melts and allows the parts to
Othepg ; fally, he Walworth sensitive sprinkler differs from
e “ySteme Use of an oval link instead of a soldered joint.
% the Of‘lev.,m issuch that a water pressure of one pound
thiy linszu"e inch exertsa force of one-fortieth of a pound on
°fls-forti;th ©area of cross-section of one of these links is
€ limjt, tot“ Square inch. The yielding of the lever at the
is dy ¢ tension which is placed upon the link.
we have not the benefits of experience respect-
o Urance of this link ; but one of these sprinklers,
Yog - *0810n on the link as great as the stiffness of the side
; Permit it, has been in my possession for three
Ut any indication of the solder yielding.
by € tem OPENING TEMPERATURE OF SPRINKLERS.
¥ eq nect?e'“‘“l'e at which sprinklers opened was ascertained
nd acip e ?h" sprinkler to fifteen pounds’ water pressure,
ter ag f 't in the middle of a large “steam kettle. The
ﬁ&%n to ¢ Bltated with 5 dasher, and heated so slowly that

Batie

i\?e 8

kler-joint, and the temperature could be noted to an accuracy
of about one-quarter of a degree.

Sprinklers with hard solders were melted in a similar man-
ner in a kettle of oil. When a sprinkler opens, the solder is
not fluid, but either in the granular state that precedes fusion,
or in a thick viscous condition, the form varying according to
the solder and the pressure applied.

Therefore it is important that the parts forming a joint
should slide easily on each other. These sprinklers, where the
joint is formed by a conical sleeve must open with more diffi-
culty, because the two surfaces of the joint must be separated
as the joint opens, requiring greater force than mere sliding, or
the opening of the sprinkler delayed until the temperature in-
creases to a higher point, and renders the solder perfectly
flaid.

Those engaged in the manufacture of the earlier Parmelee
sprinklers used rather harder solder than is the present prac-
tice. The very first sprinklers were sealed with the more
fusible solder, and later ¢* 212" and ““ 250" (so-called) solder
were used. Two lots of sprinklers, as given in the table,—oune
in pres-nt condition since 1879, and a portion of another lot
which had been in use since 1872,—gave as their opening tem-
peratures 163 and 168. On comparison with the results given
for later sprinklers, it will be seen that the solders have re-
tained their low-melting points. There were but a few of the
earlier sprinklers introduced into the mills, and so many of
them have been changed that it is not an easy matter to ob-
tain a full supply of them for these experiments.

The alloy which melts at about 150 is not considered strong
enough for use in sprinklers, and there cannot be cousidered
to be a demand for such a sodder, while those now in use prove
to answer the requirements of suchiwerk over highly combus-
tible material. The operation of the automatic sprinkler, of
the valve, or ““sensitive ’’ type, is interfered with or wholly
prevented if the sprinkler is severely corroded ; and it is sug-
gested that such moving or sliding portions of sprinklers be
protected with some of the heavier petroleum oils, which would
prevent rust without cementing the sprinkler. It is essential
that no mixtnre containing an animal or vegetahle oil be used.

N.B.—This paper was accompanied by Valuable Tables of
the results of tests, &c.

—_——————————

WoopeN WATER Pipe.—At a Meeting of the Engineer’s
Club of Philadeiphia, it was stated respecting a8 Wooden
Water-Pipe that :—The section of spruce was originally about
14 inches in diameter at the large end and swnewl}at smal]er at
the other, having a wrought-iron band about 1} in. wide, 3-8
in. thick at one side and tapering to a thin e-ige at the other,
so that it could be driven on or into the el‘nd of Ifhe }og near
the outer circumference. A piece of iron pipe 4 in. 1_utemal
diameter and about 12 inches long, tapered to a thl'n'e(.lge
at each end, served to connect the ends of the two adjoining
logs, which were driven over it end to end, and prevented
from splitting by the irn bands around 'the gnds of the
logs. In some cases no interior iron coupling pin was used ;
one log was tapercd at one end and driven into the nex* one,
which was prevented from splitting by the exterior iron band.
The 4-in. pipes, so far found, were of yellow vine, spruce and
oak, of about 12 feet lengths, and from 12 to 24 ft. in dixmeter
and supposed to have been l1id between 1795 and 1:‘505 : the
depths at which they were found varied from 2 to 8 feet below
the surface of the street. The outer bark and .heart wood of
the spruce logs were generally sound, while the inner bark and
sapwood were decayed, except where the soil was dry, gravelly

.or porous, when the greater part of the wood was decayed and

the iron badly corroded. A specimen of red oak from a log
adjoining the spruce one was decayed on the ul‘nder dee, but
other portions looked nearly as fresh as if recentiy laid.

This is very useful information, and those interested should

323

\ Irty-five minutes were required to melt the sprin- make & note of it. l
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AMERICAN PERMANENT WAY.*
BY JOSEPH M. WILSON.
Continued from page 298.)

The term “ switch ” is an American word, and

|
\
\
|

l

indicates any arrangement of movable rails used |

for the purpose of transferring a train from one
track to another. In the stub switch, where the
lines of rails separate, each pair of the four rails
are brought as closely together as will just allow
the flanges of the wheels to run between them.
The last pair of rails of the single track are then
connected together to gauge by bars, and have
only the rear ends fixed to the ties, the other ends
being made so as to swing back and forth hori-
zontally, by meansof a lever, in front of either
pair of the diverging lines, so that a continuous
connection can be made with either one or the
other. The ends of these movable rails, which
are called switch rails, rest on slide plates which
receive and partially secure them, limiting their
movement, or the “throw” of the switch, to the
distance between the rails of the diverging lines.
A small opening or space must always be left
between the end of the switch rail and the next
rail, to allow not only for expansion and con-
traction under changes of temperature, but also
the creeping of the rails under service, both of
which causes tend to close up the space and
hold the switch rails so tightly in place that they
cannot be moved and the switch opened. But
the want of continuity in the track, causes severe
shocks and jars to passing trains, not only un-
comfortable to passengers, but also battering
down the ends of the rails, rapidly destroying
them and the ties below, and causing much
trouble. In addition to these disadvantages,
inhereat in the form of switch, it possesses no
elements of safety. If placed for the wrong
track, a train approaching from the side of the
diverging lines must be derailed.

The great advances which have been made in
the scientific operating of railroads in this
country, and the vastlyincreased traffic, demand-
ing greater comfort and greater safety, have
necessitated some form of switch that would pass
trains smoothly and easily, free from the shocks
and jars experienced with the old form, easily
operated, without risk of being locked by changes
of temperature or creeping of rails, and, at least
on the main tracks, of a switch that, even if set
wrong, would not derail a train. These wants
have been met by the Split or Point switch.

The split switch, as made in America, is of
the same type as has beem used almost alto-
gether in Europe, but there may be some differ-
ences in details, or in the application of the
principle. This form of switch consists simply
of a movable pair of split or tapering rails, which
are fastened to the two inside rails of the four
that come together, the outer rails being fixed,
and connected and made continuous with the

" Nothing has to be done to the stock rails 3

single track from which the divergence takc: )
place ; these split rails at the opposite ends 2
free to be shifted sideways and move with eat”
other, being tied together to a certain fixed di5

S . 0
tance apart by rods, this distance being mafies

. a
that only one of them can be in contact W‘tbng
fixed rail at the same time, the other D 3

calle

separated from the fixed rail by a space,
the “ throwing "’ of the switch, sufficient t0 pao
the flanges of wheels of trains. The free end ne
the pointed rails is called the “toe” and !
fixed or pivot end the “ heel ” of the switch:
the heel, the fixed distance from the adjo!
rail must be enough to pass wheels easily-
essential that the point when pressed up ag#
the fixed or “stock” rail as it is calledyfmou e
leave no projection that a wheel approachifg "
switch could run against. For some Yearsnt,
was customary to make the points quite bluai]
and to cut a recess into the side of the stock rhe
for the point to fit into; but as now madé
point rails are tapered down to a thin wedg€ ails»
shaped so as to fit very closely to the stock ralgo
resting on them and having the thin point 2 50
tapered for a short distance from the e“d’-ng
that there will be no risk of the wheels touch! t.
the point rails until they reach a thickefngaﬂo
ill
changes of temperature or creeping of ral 5 Yéh
affect the point rails. The throw of the 5Wloid
is usually made about 314 or 4 inches, tO aziﬂ
any danger of the open end of the point b2
struck by the back of a wheel, although rd
throw would answer. Sometimes short & icf
rails are used in front of the points to pro o
them. The two point rails require to P¢ Elbe
nected together by rods or bars, which Sh°“1~ble,
as low to the surface of the cross ties as Posslterlt
and rigid vertically, while flexible to some ¢
sideways to allow of self adjustment. fr0S
Split switches are made by a number of { of
each of which usually has some special Pa'tenilds»
detail of its own in the style which it bu ade
Fig. I, Page 328 shows the split switch a5 %l
by the Pennsylvania Steel Company, WhiC? ;o
very well illustrate the type. The form & cipe
necting bar is also shown. The two arms orailsy
bar are rigidly attached to the webs of the ea®
and are secured together in the centre bY Ty em
of two flat plates, which lay on each sid€ % ing
and are rivetted together through a sep2 eacl
block. The arms having only one rivet I 4 qut
can adjust themselves between the plate> ? thi
this rivet as a pivot. The paint rails e,half
Company are made 15 feet long, being on” red
of a 30 ft. rail. They are planed and ¢ gd s6
down without being heated, and are Shapo rest
as to completely fit the stock rails an £ ol
on the flanges of the same throughout the 2006
length of the tapered portions, in such2 m ort il
that the point rails receive substantial supP i

required, although the wheels do not €
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c . i
oNtact with them until they have passed the

S:itlzeme end. The slide plates under the point

o are of wrought iron, quite plain except near
Stoclfou)t’ where they extend also under the
rail brrauls and have the ends turned up to hold

aces,

€n a train approaches a split switch by the
tis called a *trailing switch”, but if the
e (f);: Point is approached first, then it is called
SOmeticmg switch.  Single point switches are
rail thmes made,. but only‘one movablf; point
his is € other being fixed like a frog point, but
Point rnf)lt.a good arrangement.  If the movable
fom tl?l 1s plaged inside the curve dlyerglllg
the ive main line, then when it is set right for
Poing €rging line it acts not as an ordinary

eel, i

Suitap il DUt as a guard rail, for which is is not
S place also no matter which way the switch
_ e

wheelg °d, the supports to the tl_lreads_ of 'the
anq thls not as much as two point rails give,
cars oe stock rail alongside the fixed point
at ut the same as a wing rail in a frog wears
da“gers the frog point. One of the greatest
Wheel Wwith the split switch, that of loose
Poing ‘.S“:iorklng in to catch the end of the open
looge wh oubled in the single point switch, for a
Poing, 5 eel catches easily on the end of a fixed
i syop SOnan open point, and when the point
Where ths Witches is open, there are two places
Nection _tere 1s a liability of trouble. In this con-
shoylg 't would be well to say, that split switches
.facing ta Ways be made trailing If possible, never
tracl; € travel if it can beavoided. On single
Not feas?els’ with travel in both directions, it is
doup)e tr € to carry out this precaution, but on
OVerlook ack lines the matter should never be
[ ed, as jt may prevent serious accidents.
ght Sogl switch be operated by a spring or
"Oa’chi that in case the switch is wrong for an
Neing f"g train, the flanges of the wheels ad-
Poipg ,>..70m the fixed rail on to the movable
the OiI: » €an overcome the resistance and move
Ing ets Into their proper position, thus avoid-
a self.acgalh?g of train, then the switch becomes
r. W%}‘lg ‘safety switch.”
h{ lam Lorenz who has for a long time
R iner lle{ ‘hngineer of the Philadelphia &
t'Cab]eé ailroad. designed a simple and prac-
Spri Sorm of self-acting split switch, with a
Stoe rai]ecurely holding the points against the
approac » SO that the switch was safe for all trains
that it . & facing the switch, at the same time
SWitcp, 15 Self-acting, as a trailing switch. His
s deservelgg the type of all of these, his name
]}‘)nown ase ly attached to them, and they are
a the “Torenz Safety Switch.” Fi
8e 328 sh orenz Satety Switch. 1g. 2,
S im rOWS the Pennsylvapla Speel Com-
ar?aoved pattern of this switch. The
, ex Ngement is the same as already de-
Cept as it regards the spring, whieh is

a trail;
Wei ll]n

Scrib
Stee)

¢ coiled, and is generally arranged in
¢ side of the front connecting bar,

g

ayo O
Yoke or
~

where it can be conveniently reached for adjust-
ment. The length of the points is fifteen feet,
and the throw is three and a half inches, the
switch stand throwing four inches to give proper
compression to the spring. In the original
Lorenz pattern the points were usually made
much longer, even up to 30 ft.

A shorter pattern of safety switch is made for
yard service the point rails being as short as
seven feet six inches, with a flange way at the
heel of only two inches.

The Pennsylvania Stcel Company also make
an Automatic Switch Stand, (see Fig. 3, Page
328) which by the combined operation of a
weighted lever and gearing, holds the switch
with a solid rigid throw, and renders it absolute-
ly safe for all * facing” trains. at the same time
giving a signal indicating the position of the
point. It also acts automatically as a safety
switch for trains trailing over it from either track.
When acting in the latter way, the first pair of
wheels over the switch set it right, so that the
remaining wheels do not have to open the switch,
each for themsclves, as in the safety switch with
springs. :

Fig. 4, Page 328 shows an 18 feet Point Switch
as used by the Pennsylvania Railroad, but it
must be understood that this does not represent
the latest pattern, as some improvements have
lately been made on the design which it has not
been possible to obtain in time for this paper.

Fig. 5, Page 329 shows Wharton’s Patent
Switch, the great principle of which is always to
preserve an unbroken line in the main tracks,
under all circumstances, and to carry a train off,
on to a siding, without any break in the con-
tinuity of the rails. This is accomplished in the
following manner : The switch rails and a mova-
ble guard rail are connected together, the inner
switch rail being shaped like the letter U, and
having one side, next the rail, terminating in a
point, which when the switch is set for the side
track, laps under the main rail and guides the
wheel away from it. .The guard rail acts also to
draw this wheel away from the main line, so us
to insure the point being cleared by the flanges.
The result bring the tread of the wheel upon the
outer switch rail, which at the end is flush with
the main rail, but gradually rising, lifts the wheel
in a distance of about 4% feet, until it can pass
over the top of the main rail. Each end of the
longitudinal shaft of the operating machinery
has a crank, one connected with the guard rail
and the other with the switch rails, and the
angles of these are so arranged with reference to
each other, that while the crank holding the
switch is on the dead centre or a little below it,
that at the other end is at such a position as to
be easily acted on by the movable guard rail.
Any lateral pressure therefore, against the switch
when it is use, tends to hold it in position. If

the switch should accidently be left closed, the k
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first wheels of a train on main line, acting on the
guard rail, operate the switch, placing it all right
for main track. These switch are rather expen-
sive but have given great satisfaction where used.
Their employment depends upon the question as
to whether their increased expense, complication,
multiplication of parts, etc. are more than com-
pensated for by their increase efficiency over the
simpler safety split switch.

The Wharton Switch Company also manufac-
ture a safety split switch, with the guard rail at-
tachment for throwing it right for main line, by
the action of the wheels of a train, when left
wrong.

When one rail is crossed by another rail, unless
under some such arrangement as the Wharton
switch, the rail crossed must have an opening or
slit in it to allow the flanges of the wheels to pass
through. The arrangement that provides for
this is called a “frog.” The earliest forms of
frogs were of cast iron, then they were steel
plated, afterwards cast steel frogs were used, and
several forms of construction have been made of
steel plates alternating with layers of wood and
rubber to secure elasticity. Frogs were also
made of iron rails such as are used in the tracks,
fitted together in various ways, but iron rails
wore out so rapidly under service, that they were
not found satisfactory. When, however, steel
rails came into the market, it became entirely
practicable to make use of them for frogs, and
the result has been that frogs of this kind have
superceded everything else. Steel rail frogs
possess many advantages over the other varieties.
Using the same standard rail as in the track,
they become an integral part of it, can be secured
with the same splice joints, use the same ties,
spikes, etc. and for a perfect realization of the
problem there should be no necessity for cutting
away of any parts of the ties, or adjustment of
them, different from what is required in standard
track, and the rail which make the frog should
be kept to their full section and have their full
resistance to service that they possess in their
ordinary location. What is wanted, then, is a
simple construction that will bind the rails to-
gether in the form required, in a solid permanent
manner. The nearer these conditions can be
fulfilled, the better.

There are two principle kinds of frogs in use,
the “ Spring Rail” and the “ Stiff Frog.” Spring
rail frogs are sometimes made by rivetting the
paint rail and one side rail to a wrought iron bed
plate, the two pieces forming the point of the
frog, being dovetailed together and secured by
heavy mortise rivets. The other side rail is
loose, being kept in place by a cross-bar passing
through a slot in the point and the fast rail, the
loose rail being kept close against the point by
rubber springs and a rod connecting it with the
fast rail some distance beyond the point. There
is an objection, however, to the rivet-work and,

also, to the plate underneath from its accumula-
ting ice, dirt, etc.. and interfering with tampiné
of ties. The bese construction is that with key$
the type being illustrated by Fig. 6, Page 32
showing that pattern made by the Pennsylvani
Steel Company. The fixed parts are tied tO
gether by two heavy clamps, secured by split
keys, and the “throat” or space between the pf)mt
and wing rail is maintained by closely fitting iro®
blocks, which are prevented from moving
rivets and pins through the ra‘ls. Spring railfrogs
give easy riding, smooth tracks but some of the
best roads do not use them now to any extent
preferring the “stiff ” frog. These also are f}ia,de
in several ways ; with rivetted plate, with dividing
blocks and bolts, and with keys. The keye€
pattern is deeidedly the best. Fig. 7, Page 324
shows this type as made by th e Pennsylvani?
Steel Co., and Fig. 8, Page 329 that made by th¢
Wharton Switch Company. These frogs arc
best with three clamp:, but the split keys for
fastening are consieered preferable to bolts. This
form of frog possasses all the elasticity of th_
rails, just the same as in the regular track, ma.l
ing it very easy riding; the strength of the ra! ’
remains as originally, the peculiar modes of faSt;’
ening have great advantages over belts or Pthe_
arrangements, as there is nothing that can inter
fere with wheel flanges, and the frog restson ¢
ties in their usual positions, giving ample 1'00.15
for tamping up, etc. First quality steel r3!
should be used, drilled for the stendard splic€ °
the road ; the pieces of rail forming the po'"”
should be dove-tailed by planing cold, and thOfs
oughly secured by heavy rivets; the clamp
should be of heavy wrought iron, and the pal‘s
within should be secured by beveled split kK€Y
Solid iron throat pieces fit the rails perfectly 3%
maintain the throat space. The whole forﬂ‘e
about as perfect a frog as can be designed. hers
is nothing movable about the frog but the k&>
These should be examined by the trackme?
their course of duties, and if found loose, dl‘l"‘;d
tight, the split end being spread open to
them to place. a
Where two railroads cross each other 0“1 i
level, not at all an uncommon thing in '/
country, expensive crossing frogs are requir®
Much the same style of work is used in maklg"
these frogs as for the ordinary frogs, althous.
the work is more complicated, Where the anged
isvery acute, they can be made like the .keyult
stiff frogs, but in other casés it appears diffic 1
to design them without the wrought plates ¥
derneath. b
The subject matter of this paper might
extended almost indennitely, including interlo¢
ing switches, signals, the Westinghouse £Y 4
matic air syitem, where compressed air 15 ustc"
as the moving power applied by electricity, € ed
etc, but the author fears that he has exte?

his limits already, and he must come to 2 Z
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tlusion. He would like to say, that on a visit to

urope iu 1869, he examined very closely into
uﬁ Interlocking and blocking systems, returning
one of ideas on these subjects, but could get no
a to bestow a thought upon them. It was
cg‘rfed that such things would not suit this
: atntry at all, that they were not needed, and
on thff operating of switches and signals through
Wingt dlstgnccs would not succeed in our freezx.ng
Sinc er climate. But there has been a revolution
exi € th§n. The accumulation of business gmd
im gencies of travel have demanded these im-
Provements, and they are now in active use.
ther'l conclusion, the author would dwell upon
comportance of keeping a road in a thoroughly
pe:?' and neat condition, with every part to pro-
Ine and shape. The great value of this can-
a 0. ¢ overestimated. Not only does it produce
afc?od effe_et on the public, butit inculcates care
lesseattentu.)n on t.h_e part of the employés, aqd
essen? their liability to neglect of the main
inug ‘lal& A road superstructure well and con-
I)ensus y kep!: up, is in the end at far less ex-
o ¢ for maintenance, than one which is a'llo‘we.d
absgelt out of order and to run down, until it is
i outely necessary by a strong effort to bring
ma::Ckl_lnto good shape. It is true that there are
pal_S}’llnes of road throughout the country in
tl’aﬂice Y settled sections, and having a small
tna & Which could not afford the expenditure on
Permanent way that a main trunk line could
Stang uch a line may live in hopes of raising its
S“Derztrd at some future tlme.an'd improving 1ts
it can 1:ucture, but even now in its present state,
its vy eep everything in neat order and make
ork thorough so far as it goes.
m ent: ?Uthor desires toexpress his acknowledge-
Compy 0 the various railroad and manufacturing
with oS Who have so kindly furnished him
Information and data.

NB._
out,.e'al’Rl%"'si‘before Bection G of the British Association at
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JO
s REVERSING AND EXPANSION VALVE
GEAR.*

Fo
'nbjeI:: %:?m “io, in August 1880, a Paper was read on this
E“ginee ,ore the Annual Summer Meeting of the Mechanical
Furpe oclety of Great Britain, then held in Barrow-in-
Were ¢ én escribing this valve motion and its functions, which
Lts & t,]ic‘f."lllpal‘atively new. It was, however, illustrated by
Wt é]mnl(fn to a large express goods (freight) engine, built
nd) “Decial?n and North Western Railway Company (Eng-
Rear, is Y to test the advantages and the endurance of the
ke, ang - 8ine had cylinders of 18 in. diameter and 24 in.
h"“‘gned by ax Wheels coupled 5 ft. 1 in. diameter, and was
ag . Webb, the Company’s chief engineer, for their
it nin%":}*;l_s traffic on the main line. The engine had
i W&a'pHSse(f 18 class of traffic ever since. In January 1884,
08, Whe : through the repair shops for a general overhaul-
r:“ .conditit Wwas found that the valve motion wss in such
Pairg, 0D a8 to be put back on the engine without any

~~

. P
Siagjo 2Per
"Mtiog, uy M before the Mechanical Section of the British Asso-

ntreal, August 1884,
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The ohject of the present Paper is, however, to deal with the
advantages of this valve gear and its application to various
classes of engines both at land and at sea, and with the results
of such applications, rather than treating it as a novelty, to
give an exhanstive description of its construction and fun: tions,
which was done in the Paper above referrel t». A very short
description of its action and main featurcs will, however, be
necessary to the completene-s of the Paper, and as a basis from
which the improv:d results to be recorded should necessarily
be shown to spring.

The essential feature of this valve gear is that movement for
the valve is produced by a combination of two motions at right
angles to each other, and by the various proportions in which
these are combined, and by the positions in which the moving
parts are set with regard to each other, it gives both the re-
versal of motion and the various degrees f expansion required.
Eccentrics are entirely dispensed with and the time-honour.d
link gear abandoned, the motion is taken direct from the con-
necting rod, and by utilising independently the backward and
forward action of the rod, due to the reciprocation of the piston,
and combining this with the vibrating action of the rod, a move-
ment results which is sunitable to work the valves of engines
allowing the use of any proportions of lap and lead desired,
and giving an almost mathematically correct *‘ cut-off " tor
both sides of the piston and for all points of expansion inter-
mediately, as well as a much quicker action at the points of
““cut-off*’ and ‘“ release ’ than is given by a link gear.

The machinery for accomplishing this is both less costly and
less complicated than the ordinary link motion, and is shownin
elevation on page 332, which isa full-size view of the complete
motion as on the first London and North Western locomotive.
Here E is the main valve leyer, pinned at D to a link B, one
end of which is fastened to the connecting rod at A, »nd the
other end maintained in about the vertical by the radius rod
C, which is fix-d at the point C1  The centre or fulcrum F
of the lever E, partaking of the vibrating movement of the
connecting rod at the point A, is carried in a curved slide J,
the radius of which is equal to the length of the link G, and
the centre of which is fixed to be concentric with the fulerum
F of the lever when 1he piston is at either extreme end of its
stroke. From the upper end of the i-ver E the motion is car-
ried direct to the valve by the rod G. It will be evident thus
that by one revolution of the crank tlLe lower end of the lever
E will have imparted to it two different movements, one along
the longer axis of the ellipse, travelled by the point A, ard
one through its minor axis up and down, these movemeuts
differing us to time, and corresponding with the part of the
movement of the valve required for lap and lead, and that part
constituting the port opening for admission of steam.

The former of these is constant and unalterable, the latter
is controllable by the angle at which the curved slide J may
be set with the vertical. .

It will further be evident that if the lever E were pinned
direct to the connectiug rod at the point A, which passes
through a practical true ellipse, marked in red, it would vibrate
its fulcrum F uncqually on either side of the centre of the
curved slide J by the amount of the versed line ot the arc of
lever E and F D : it is to correct this error that the lever Eis
‘pinned at the point Dtoa parallel motion formeid by the parts
B and . The point D performing a figure which is equal to
an ellipse, with the error to be eliminated added, so neutralising
its effect on the motion,of the fuleram F.

Thus the *““lap” and  lead” are opened by the action of
the valve lever acting as a lever, and the port-openingis given
by the incline of the curved slide in which the centre of that
lever slides, and the amount of this opening depends upon the
angle given to that incline. Counsequently wien these two
actions are in unison, the motion of the valve is very “‘P‘d’
‘and this occurs when the steam is being adunttgd. 'll}en
follows a period of opposition of these motions, during which
time the valve pauses momentarily, this corresppndmg to Athe
time when the port is fully opert Further periods ot unison
tollow, at which time the sharp cut-off " is obtained.

The * compression ” resulting with this gear is also reduced
to a minimum, owing to the pecqliar wmovement given to the
valves (i ¢., the series of accelerations and retardations referred
to), as while the *lead *’ is obtained later and quicker, the
part is also shut for ** compression ™ later and quicker, doing
away with the necessity for a special expansion valve, with its

complicated and expensive machiuery, and allowing !.,l'le. main
alve to be used for expansion, as the ‘‘ compression ™ 18 not
P
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of an injurious amount, even with a ¢ cut-off”’ reduced to 15

per cent., or about 1-6th of the stroke. . £
Thus, 80 far as the distribution of the steam and its miu
/S E— ment in the cylinder is concerned, a marked advantsg®
shown in favor of this valve gear. But next in its favour o
before said, is that the above advantages is not gained at t.'
cost of added complication of parts or increased cost of m 4
chinery, but the reverse, as this gear can be built at a less °°°t
than link gear, varying according to the circumstances,

S N reaching as high as a saving of 25 per cent., or, if it be ""n;
e ¢ i ~N pared with a link gear supplemented by the nsual special ;en
Ve : \\ pansion valve and gear as employed on marine enfmes, 3 1o
/ | \ the total saving is fully 50 per cent., and an equally good t
/ i \ sult is obtained as to the distribution and su%muex't tred
’ ; \ ment of the steam. k
/ . \ After accuracy of result and reduction in cost may ”ﬁ,r
\ saving room and the advantages arising therefrom (though,
b steam-ships perhaps this should have come first). Taki®
i
/

locomotives of the inside cylinder type, which is the gen®
/ form in use in England and the continent of Europe, by ¢\ o
\ / away the eccentrics and valves from the middle of the englnof
\ / much larger cylinders may be introduced and a_higher rat® s
\ / expansion employed and this is being done, Also room 18 ©
N s for increasing the length and wearing surfaces of all the Mm% th
~. e bearings with even less crowding than is now the case w
~<jo L the smaller cylinders. -
But this advantage of saving room comes much more P
minently forward in marine engines, especially in war 8‘1’1;"
where every inch of room mmatfl is valuable ; and in the »
type of triple-cylinder engines now coming so much into V°tho
in the mercantile marine, whether those engines be only o
ordinary three-cylinder engines with double expaasion, oF
newer, triple expansion engines, expanding the steam
secutively through three cylinders—the form of marine e
which promises to come into use wherever high-class work Slv8
economy are required. On this system by placingall the V!
chests in front of the cylinders instead of between them,
a line with them, sufficient room is saved to get the new- o
three-cylinder engine into the space occupied by the old fo
of two-cylinder engine. .
Besides these prominent advantages there are others Wh‘.‘;‘:}
though of minor importance, are still necessary to the prac t,
and permanent success of any new mechanical arrange}“"n.n
such a8 the acoessibility of all the working parts whil® oy
motion, for examination and oiling ; the ease with which 8
part or the whole can be stripped and cleaned, or pind "
out of the way in case of break down or accident, or got ab & 1o
dismantled for ordinary repair ; the ease with which the who?
may be handled, started, reversed, or set at any point ©
pansion—all these being recommendations to enlist the heif
and attention of the engineers in charge by lightening t
duties and rendering the engines easy to work. his
With these advantages it is perhaps not surprising tba;:ssos
valve gear has been very considerably adopted for many ¢
of steam engines, especially where a high result has beel, o8
quired, with economy of space, and a minimum of wmpllllow‘
tion ; and by an examination of the indicator diagrams fo
ing, it will be seen how far the objects aimed at have
accomplished. don
Having cracially tested the original engine on the LoO» aild
and North-Western Railway, Mr. Webb proceeded t0 b
others similar, from which ¢ indicator diagrams are 574
at Fig. 2, at cut-offs of *50 and ‘75 per cent. And 0B ¢
bringing out his Compoeund Express Engine——notably the :hﬂ
advanced step in locoemotive design of the present dsy
adopted this valve gear throughout. There are now 8 @ o
a of tgxese engines runring some of the fastest trains o% 101y
London and North-Waostern Railway, with the most satisfac
" results. the
- Following these, others of the leading Railways took “g the
— system, and prominently among these Mr. Woisdell, 0.
Great Eastern Railway, built a number of large express €08 | ¢
i for his fast and heavy traffic, and is now builgdjng a n“mxﬁia
others similar as to the valve gear for his suburban b :x
which is especislly he&Vﬁ. Also the Lancashire and YOTk’loy.
} and the Midland and others of the chief Railways are emE, 4.
N ' ing the system specially for large express engines ; the 6 is-
— —G} ——————— . land engines having cylinders of 19 in. diameter by 2 ber
N ! stroke, and four coupled wheels of 7 ft. diameter. A BU%
{ i of the above-named engines have run large mileages, It . ;o8
i i : cases exceeding 100,000 miles per engine. For other cout” '
' 1 also a number of locomotive engines have been built O

con*

orin




°In being of special design and large si i

3 bel ge 8ize, up to 20 in, and
2 in, diameter of cylinderf; P
llnd::‘;ﬂg now to the other great type of engines, those covered
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tl‘acted for. bo P . . . .
—both of inside and outside cylinder types—making | ing, and to all classes and sizes, from the 1 h i i
I 8 tota] of near 800 locomotives built and building, many of i : amin; hoh engine with

cylinders 8 in. by ¢ in., mnninﬁ,at 600 to 700 revolutions per
mipute, up to engines for the Iargest class of war ships, such
a8 Her Britannic Majesty’s steel cruiser, * Amphion,” of 5,000
b.p., with cylinders in duplicate of 46 in. and 86 in. diameter,

© genoral designation of marine engines, this gear has | and 3 ft. 3 in. stroke, running 100 revolutions inute.
Been applied to nearly 40,000 h. p. indicated, built aud build- ’ g per minate
\

HE SPENOE AUTOMATIC DESULPHURIZING FUR-
NACE.

BY W H. ADAMS, NEW YORK CITY.

noA(',l;ong the persistent experimenters of the present century
lnetaue Man is more widely and favorably knowa in the
Engl, i8ical world than the late Peter Spence of Manchester,
fu) Proce, to whom we are indebted for many of the success-
for mucelfses in the manufacture of acids and alkalies, and
80 far 0 Of that perfection in mechanical detail which goes

For thowm-ds securing success. .
8t chy © past twenty-five years—a period covering the great-
f&ctnrenges 1a soda-processes and a revolution in acid manu-
Mr, g 8 effected by the substitution of pyrites for brimstone—
o eé’:nce Was constantly engaged in perfecting the plan for
eenolmcal treatment of pyritous ores ; and no text-pook
P'ten;eff complete without reference to his many inventions,

The p, ¥, Otherwise, :
Bivey ¢ "Ute of his labors for the past six years were mot
EXigtiy the public, by reason of the active competition
d inBGamong mnanufacturers on the continent of Europe
thay ¢p, reat Britain ; but it was well known and conceded
8 Crowning trinmph of his life had been achieved in

the
nace,suv‘:g‘?s"flﬂ working of his automatic desulphurizing far-
PYritep,\lch mechanically calcined *“smalls’’ or finely crushed

That ﬁ e bugbear of all chemical manufacturers.
ang that ¢ was met by many delays and disappointments,
Boey pig many difficulties were overcome by him personally,
Out saying. when we remember the wrecks of so

_,

pn

many attempts in this direction ; but the systematic work.
ings of these furnaces, at the several factories under his control,
attest the correctness of his plans and the careful attention he
paid to details, giving him as a reward unquestioned advantage
over all competitors, an advantage held for several years
already, against all opposition or new devices.

Although negotiations have been in pro for two years
past, it was not until after the death of Mr., SFence that
patents for this furnace could be secured outside of England,
or that the study of its mechanism could‘be made; but now
that Americans have the control of the invention in this
country, and since, without doubt, this perfocted mechanical
furnace will play an important part in the fature treatment
of all classes of ores containing sulphur, I deem it worthy of
early mention before the Institute.

Fig. 1 shows the double furnace in perspective.; the space
occupied by it being 34 feet x 18 feet. When two 'donble
furnaces are coupled together and run by one engine (as
Kreterred in all cases), the space required is 84 feet x 32 feet.

building 40 feet x 40 feat is therefore necessary to accom-
modate this plant, with a shed-roof, if connection is made
to towers and chambers, or an ordinary flat-roof building
with supporting posts placed betwesn the furnaces, when
connected direct with the chimney, as in the process of de-
sulphurizing gold ores. }

Figs. 2 and 3 are longitudinal sections which explain
themselves.

A striking feature to the observer. however skilled he may
be in mechanics or furnace-working, is the simplicity of the
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FIG.1. SPENCE AUTOMATIC DESULPHURIZING FURNACE.
ELEVATION IN PERSPECTIVE SHOWING ENGINES, RAKES, FEED-HOPPERS & EXTRA FIRE-BOX.
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parts, the certainty of the action, and the absence of all the.
complications attendant upon such operations generally. All
the parts might be thrown together in a heap, yet so ob-
vious are their forms and uses, that any man of intelligence
could put them together from drawings here given. The
same may be remarked as to the furnace, which is simply a
multiple-shelf type of the hearth-furnace, used from time im-
memorial in every prominent mining centre of the world.

Mr. Spence exemplified his well-known good judgment and
practical mechanical sense in working from tried and sat-
isfactory models: and whether he ever was led into experi-
ments with any of the types connected with so much sorrow-
ful experience tp most metallurgists, caunot be seen in any
one part of this, his finished production, which is built from
common forms of brick and tile, operated in a positive manner
with little gearing, and adapted in all respects to every-day
service.

There are several practical points of excellence about the
farnace (which has been in operation near New York for past
three months), which entitle it to careful examination by
engineers, 1 du not think it necessary to enter into details
connected with its working, further-than to state generally
the method of handling ores and the results obtained, leav-
ing to those most interested the study of separate parts or
special features.

The action of the furnace will be understood to be auto-
matie, the ores being elevated from the furnace-floor, brought
in from the floor abcve, or by other means supplied in quanti-
ties as requiret to keep the hoppers full. This matter of detail
will readily be understood Ly those practiced in handling ores
from different levels, and the diying of the ores (if wet) will
also be understood to be a simple matter when small quan-
tities are regularly fed.

The hoppers being filled, a small auxiliary engine is
started, and by means of a changeable gear, properly con-
nected, opens the valves to start the pair of engines shown
in the foreground of Fig. 1.

The se engines, having 7 in. x 12 in.-cylinders, and running
at 40 revolutions per minute (giving a minimum of wear and
tear for the service performed), quietiy and positively operate
by means of geared wheels the rods to which, in the furnace,
are attached toothed rakes (Fig. 2).

The rods are very fumly h.1d in place and position by
the rack, which, supported at its rear eud by wheels, travels
along a railway.

The movement of the rack (with rakes inside the furnace)
opens the port, for the admission of fresh ore from the hop-
pers to the first shelf, and the discharge of finished or cal-
cined ore from the lower shelf into cars. When the rakes
have finished the forward stroke, the engines reverse auto-
watically, and the rack returns to and stops in position.

The auxiliary engine continues running, and at stated
times (determined by the manager) again starts the large en-
gines, another operation of stirnng and raking with feed and
discharge of ores t.king place.

This automatic and regular method of feed and treatment of
the ore on the bed «f the furnace is the result of years of
study and practice, directed to the olject of replacing by a
uniform mechanical procedure the discretionary operation of
hand-labor.

By study of the plant now in question, the following con-
clusions are reached :

1. The constituent elements of the ores being frst deter-
mined, the feed and discharge is regulated to exact amounts in
pounds, and the number of charges fed into the furnace is
duly registered.

2. The auxiliary engine being set,to start the motive power,
say, every five minutes, and the time_ required for the for-
ward and backward being, say, one and oue-half minutes, it
follows that the interior parts of the rakes are exposed to
action of heat and acid fumes but cne-third of the time, thus
approximating manual labor in wear and tear of plant.

3. The drall of air being regulated and controlled by the
chemist at will, insuring the proper oxidation of the ores, and
no wore, less chamber space must be 1equired than by any
other process of burning pyrites, and, moreover, no special
care need be given to location of plant, since strong winds
or variable currents can have no effect in causing ‘‘ blow-
outs” of gas at the doors.

4. The movement of the ores from the hoppers to the dis-
ctarge-opening is accomplished by a system of reveised teeth,
which are positive inaction.

in a platinum erucible, which is then covered a0 7

The deterioration or destruction of cast-iron rakes and t?eth
has been reduced to a minimum by the simple but novel idea
of burying the parts in ore, which accumulates at the front ©
:Il;e fu?’rnace beds when the rakes are at the position of res

ig. 3).

5. Pyrites *“smalls,” such as are found in Virginia, at the
Milan or Capelton mines, carrying 47, 45, and 40 per cent. ©
sulphur, respectively, can be calcined with two double SP"““’S
furnaces, run by one engine at the rate of 15,000 to 20,00
pounds per day of 24 hours, the cinders containing from 1§
to 2% per cent. of sulphur. .

It is claimed that larger amounts of ““smalls” contamlng
copper, blende, etc., can be put through, and double the abo¥
quantity, where sulphur fumes are passed directly into the &
as would be the ease in working auriferous concentrates. ts

6. Where necessity exists for bringing the sulphur conter
of cinders from iron pyrites (FeS,) do#n to } to % per cent.,
utilize the iron, or, for the like treatment of rich gold-be‘“nf
sulphurets, the result is accomplished by the addition o "
fireplace to the lower hearth. This is shown in Fig: L8
though not ordinarily used. il

By this means the proper heat is kept in the ores “"t:e
they are discharged into iron cars, but in general working ¢
ores are *“ dead ” on the lower shelf. . far

7. The average cost of calcining ores by this automatic fu
nace is not greater than hy any other method at present 12 us;;

The cost of the furnace, complete, with power, is abot v
same as that of the equivalent grate-bar space in kilns,
equal burning space in the present type of shelf-furnaces:

-

A otes. -

ToUGHENING GOLD.—Dr. J. C. Booth, of the United S“f:;
Mirt, has discovered a general method of toughening g0 8 al
silver which he recently described to the American Che{ll“’o
Socicty. Some time ago Mr. Booth found that a quantity
brittle gold accidentally melted with some tough gol llqnﬂ
crucible had rendered the whole mass very brittle, crystalz/
in fracture, and thereby useless for coining. The WBO "
5154 1b. av.,—was toughened by him in one and a half d"yo‘d
a tnfling cost by the new process. ‘The 75.000 oz. of 361;
were divided into 14 “melts” of 5,400 oz. each, and each KkeD
separately toughened. The ingots, which could be bro o
into pieces by striking them on the edge of a wooden bo%s wﬂx'
put into the erucible with soda ash and anhydrous fused bo‘tble
in the ratio of one or two ounces to a melt, uatil the c'“clwl
was nearly full. It then appeared asa quiet mass O mfew
covered with a viscid slag, disposed to swell and puff. A
crystals of saltpetre, say one or two ounces, were then dro‘l’gi,
into the centre of the metallic surface, and as they m° the
their spreading out over the whole surface was aided bY he
concentric motion of the bottom of a small crucible: ‘e
moment the visible oxidising action began to slackens the
melter skimmed off, by a small blacklead dipping cracib °’c g
fluxed matter as rapidly as was consistent with the caré ]:ftiﬂg
sary o avoid taking up metal. The remainder in the ™
pot was the toughened metal.

ESTIMATING MANGANESE IN CAST IRON,— Mr. Ch'fol-
Bloxam, the well-known chemist, has recently given the lef
lowing test for manganese in cast iron, which is much 81 P
and easier than those generally employed. The metal 18 gt
solved in HCL in a small beaker, the solution evapord eitb 8
dryness in the beaker, the residue dissolved in water W
little HCL, filtered from graphite and silica, the filtraté t?:s,
oxidised by adding a few Srysta]s of KCI03, and hflauntll
diluted, with a convenient quantity of water, NH3 sdde
the first formed precipitate dissolves reluctantly on * it
NH3 mixed with excess of acetic acid (added in 870 of
quantity to convert all the iron into acetate), and an exfc orTi0
sodium phosphate. The cream-coloured precipitate ¢ ..y oub
phosphate is filtered off, the precipitate re-dissolved w(; with
washing) in HCL, the solution again nearly neutralise exces®
NH3, and precipitated with the mixture of NH3 with NH3
of acetic acid. The two filtrates are mixed, an excess O “the
added, and boiled, when the manganese is precipitst® b 8 [i13
crystalline, very insoluble, ammonia phosphate- whic® 1300
tered off and washed. As soon as the washings leave 1.0
or evaporation, the wet filter, with the precipitatey(;s qgickl’

tirrio8!
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h
cated ta rednegs by a Bunsen burner.

eal ftor icmniti i
Cipitate 4 M712P207, Afterignition the pre

: 1t is well, if possible, to keep the am-

0 N 'y

set';ltaca} solution near its bOi]iI’]g point for an hour, and to

E&nesﬁl e for the night, though the greater part of the man-

CiPitatels Precipitated at once on ebullition, The ignited pre-
1t

Should be re-dissolved in HCL, and the solution mixed
Monium a

if WO:tll?y of cetate to detect any ferric phosphate, which,

Dotice may be ignited, weigked, and deducted.
Pror. g

Engolmpnyr, E. Nipner finds from data taken from Dr.
aperiodmfn 8 observations at St. Louis, Mo., lasting overe
"’insisio forty-seven years, that the duration of maximum
duet of 1versely proportional to the violence, or that the pro-
the amﬂ“olence into duration is constant. This constant is
s, for D‘lnt of water which may fall in a continuous rain, and
Incheg r “gelmapn's‘series of about half a century, about 5
Tain of fo T81n of five inches per hour may last one hour. A
a Ur inches an hour may last per hour may last an hour
in gplarter ; and such a rain Dr. Engelmann observed. A
o aﬂq a half inches per hour may last two hours, and
May las: Ch rains were observed. A rain of an inch per hour
. vehours. Kach of these cases would be a five-inch
ils at grea(:r & longer period of time than fifty years it is likely

o u:'rdralns than five inches may be observed. The same
of co !

ntry Iif observations are to be taken over a wider area

D fact, arain of six inches in three hours occurred
alue of tz' ©., some years since, This would increase the
1 il € constant from five to six, but otherwise the rela-
Th inl:roba.bly remain. unchanged. . . .
Where th Portance of this law is very great in engineering,

*uch g, gc'Pacities of sewers, culverts, and bridges must be
Prof or CArTy the water. A more general investigation which
bttwee ipher is now making will determine the relation

Maximy ¢ Violence, duration, and frequency not only of
m, Ut of all rains. This work, when completed, will

a c: eDgineer to construct the water-ways of bridges of
ber o yepacuy that they will probably stand a definite num-
Yeary v«ri]1a|rs before they are washed away. This number of
Capita) dy *® 80 determined that the interest on the invested
Posyjy 1 dm’g the probable life of the bridge will equal the
Ugineer dam"ge.When the destructive flood comes which the
Penge of eler mines shall destroy his work. The running ex-
Waintaining the bridge is then the least possible.

16N AL«
Teny ::f"%ERVlCE note xvi., entitled ‘“ The effect of wind-cur-
Pepareq nalufall,” by G. E. Curtis, is oneof the most carefully
Work 2Mbers of ‘the serie-, both in the reference.to previous
ity ar € 8u'ject, in which English, French, and German
of Tecardg ® Quoted, and in the discussion of the special series
ton, The :’m ve gauges on the summit of Mount Washing-
“Xpoge Uthor concludes that the rainfall (without snow) in
or Situations varies materially within distances of

W0 huudred feet ; that the windward gauges re-

w for ba'fd ‘the leewarl gauges most rain, as had been
b‘“ds, sma““‘ldlugs by Bache in 1837; and that, in high
01‘." ten g, 81uges do not collect enough rain, the discrepancy
b the yip% Ulnch and three-inch giuges varying as the square
1001-,! o th 8 velocity ; and, for velocities of sixty miles an
“Cled by ypr o uneh Teceiving only two-thirds of the rain col-
e g © €ight-inch gange.
,II?Inps, a:‘lg::,c“l' In the carbon filaments of the incandescent
aakean Erliss 2 some of the patterns, is rather remarkable.
pl"‘°derate| °% lamp of about a hundred ohms resistance, and
Or&ne of theyl sharp blow with the hand at right angles to the
Vig‘ € glagg l‘l(:lOp will vibrate it 8o far that it strikes tbe side
o "‘f;ingt ro b3 and it will coutinue for two minuates, swiftly
ti:“tlfull ¢ Ough."“ry slowly decreasing amplitudes, and with
it ill of the blol'np lcated nodal effects, according to the direc-
De: cult t“'l-) 0 sensitively elastic are some of them, that
of 'P&rt of theolovom- them in the hand so steadily thap the up-
Wa]] ampligy 53 18 not blurred by rapid incessant vibrations

o TE firg '
- me'lltionteg?tent &ranted to an inventorin the United States
ing 0 in the ?. 88peech of ex-Senator Wadleigh, of New Hamp-
¢lligeny o Orty-fifth Congress. The senator said: *“An
lggqt of them °man of my own State has referred me to
cluy” Bantiy gteneral court of Massachusetts Bay, passed in
t,tu:"’ Tight gf 0 one of his ancestors, Joseph Jenks, the ex-
&rap, ! fourte, making ang selling his improved scythe for the
ted tg o, i 0 Years, That, I think, was the first patent

to 0 g A
eh‘nged tn ;"Vlfntm‘ in America. Theimprovement referred
short, thick, straight English scythe into the

longer, thinner, curved implement with stiffened back now in
use.

AMERICAN versus RUSSIAN IRON.—American planish sheet
iron is now made fully equal if not superior to the best Russian
iron. A Pitisburg firm, W. D. Wood & Co., have laboured
assiduously for 30 years to perfect this description of iron.
They have now attained such a degree of success in its manu-
facture that some workers in that metal pronounce it quite
superior to the Russian make. It issaid to be more evenly
rolled, equally soft and ductile, more highly polished, or-
“glanced,” as it is technically called ; equally as durable to
weather, exposure, etc. It is also made of different widths,
which gives it the advantage of being wurked up more econo-
mically, while Russian iron is always made of a given length
and width, and probably always wiil be. Itisno longerneces-
sary to go to Russia for this indispensable material. We can
now obtain it from our own shops, and it is said that since the
more recent improvements in it manufacture have become
generally known the importation of the foreign article has
allen off fully one-half. Indeed it is stated that the consump-
tion of American planished iron is now more than double that
of the imported article. We have in this manufacture another
evidence of the mechanical progress which out people are mak-
ing.

THE Chronicle, savs that the little feeder of the Leadville
division of the Rio Grande exceeds all other roads in its steep
grades and short curves, When the line first went into opera-
tion many accidents occurred by the trains breaking away at
the top and running back down the steep grades, wrecking
locomotives and cars and destroying limbs and sometimes lives,
Later, however, extremely heavy locomotives have been built
and the most skilful and the bravest train hands employed,
who never flinch in the supremest moment of danger. The
result has been that accidents now seldom occur. It is said
that the flight of one of these trains descending is one of thril-
ling intere-t, the sparks from the car wheels catting a pathway
of light down the mountains, which can best be described as
having the appearance of a molten stream of fire rushing down
to the river-bed of the canyon.

—————

NEW BOOKS,

Traité Pratique d Electricité Industriclle, by E. Cadiat and L.
Dubost (Paris : Baudry & Co.)

This valuable work will be reviewed in the next number o-

the Magazine.

———— P e

A NEW PRESSURE-FILTER.*
BY R. P. ROTHWELL, NEW YORK.

A year ago I commenced experiments in precipitating and
saving gold from chloride solution, in the course of which I
found H28 (made from paraffiae and suiphur) the most con-
venient and inexpensive precipitant. The gold is thrown
down as gold sulphide ; and a considerable time is required for
this precipitate to settle. Evenafter it appears to have settled,
we find by experience that there is a notable loss of gold, if
the clear liquor be decanted off in the usual way.

To remedy this evil, I made a small and.very cheap pressure-
filter, which has now been used for nearly nine months, and
has given the utmost satisfaction. This filter is constructed
as follows : .

Three frames, about 4 feet by 2 feet, are made of .2-1ncl.1 by
3-inch pine. Two of these frames are filled in with } inch
slats leaving about 3-inch spaces between the slats, as shown
in Fig. 1, .

These slats are covered with cloth or drugget, and Swedish
paper is laid on the top of the cloth. ‘The notches shown in
the figure receive bolts of § or }-inch iron, to hold the frames
tog 'ther, .

he third frame shown in Fig. 2, is of the same size and
thickness as the others, but has, instead of slats, 09]y only one
cross-bar. When the filter is put together, the third frame is
placed between the other two, and the cross-bar serves to press
on the joint of the filter-paper and keep the two sheets together..
This cross-bar is perforated, to permit the passage qt" the liquid,
which enters through a pipe at the end provided with a faucet,
and fills the whole filter.

* Read before the Institution of Mining Engineers.
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THE SPENCE AUTOMATIC DESULPHURIZING FURNACE.
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Fig. 8 shows in perspective the filter complete. It will be
geen that the middle frame, keeping the other two apart, fur-
nishes a space between them to be filled with liquor. This is
brought through a rubber or iron pipe from the precipitating-
tank. Since the filter is set on a lower level, any desired head
or pressure can be pbtained. About five or six feet is generally

" enough. The liquor passes out through the filter-paper, which

collects the gold ; through the cloth, which is merely a sup-
port for the filter-paper, and then between the slats forming
the sides of the filter.

Fig. 4 is an enlarged view of one of the malleable iron cast-
ings screwed on the ontside ‘rames, to receive the bolts. There,
when loosened a little, may easily be lifted out of the notches,
and thus the filter is very quickly opened. Before opening, it
is 1aid on a shest-iron tray. After tha filter has been opened,
the gold precipitate isrolled up in the filter-paper, fresh sheets
are put in, the frames are again bolted together, and the
apparatus is ready for further use.

‘We strengthen the filter still farther by a couple of cross-
bars of hard wood, as shown in Fig. 5. This is required by the
swelling of the frames, held around their edges by bolts, which
‘tends to loosen the joints of the frames.

The total cost of the filter will not exceed five dollars. It
requires no attendance ; the cloth lasts indefinitely (since the
liquor is necessarily neutral before the gold will precipitate) ;
and we have still the original cloth of one of our filters. Such
a filter, 4 feet by 2 feet in size (giving an area of two sheets of

filter-paper and hence containing, on the two side® 1{:11!
sheets), will filter from fifty to one hundred and ﬁftg 5;‘1,‘:
er hour, according to the amount of precipitate on the 70
he liquor passes very rapidly through it at first, 88 i
slowly as the precipitate accumulates; but the Al i
always perfectly clear. When the filtering becomes 810%™ (54
fadcet is closed, the hose is disconnected, and the chem!® s,
his assistant carry the whole apparatus into the 288870 "4y
Wh%':dlt is laid in a sheet-iron tray, and opened a8 alresd]
scribed. .. gl
No one but the chemist has anything to do with it; &
standing in a closed box, it attracts no attention.
DISCUSSION. work®
C. A. Stetefeldt, New York City : *‘In Earopesl “ejisr
where solutions with precipitates have to be filtered, th® (¢ of
press is now in general use, and there are quite a I
good constructions. I have myself seen those df De bo
of Johnson. Johnson's are of English construction a8 qnlf'
bought in New York. No doubt Mr. Rothwell’s press
an ingenious one and has been got up for this special I 'Kﬂ'
at slight expense ; but perhaps it would be referabl® filter
large quantities of solutions have to be filtered, to bay q oon’
press of more Ferfect construction. They are exceeding Y . i
venient and filter almost anything, leaving the premplt’d, for
the form of a dry eake. In Oker, Germany, they are wwgd’

instancs, in Claudet’s process. The filter-press baé
taken the place of the centrifugal machine.
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A NEW PRESSURE-FILTER.
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CANADIAN PACIFIC RAILWAY,
BY VERNON SMITH, C.E.

The Canadion Pacific Railway, the early completion
of which is now a question of a short time only, is
the latest and probably the most important of a series
of steps for the development of the new Dominion of
Canada that have raised this country from a compara-
tively obscure colonial positior. to be the most impor-
tant of the dependencies of the Empire and destined
probably in the near future to be the home of a larger
number of British subjects than now live in the islands
from which most of us draw our origin, the Greater
Britain it may be of the next generation. In a country
where distance is frequently most conveniently ex-
pressed in geographical degrees, whose longitude covers
over 80 degrees, or nearly one-fourth of the entire
circle, and where communication by water is impos-
sible for five months in the year, the development of
the railway system is of vital necessity to the comfort
and convenience of the people, or even to the settle-
ment and cultivation of her broad domain ; and in
recognition of this fact, every encouragement has al-
ways been given to the construction of railways; the
aid extended to the earlier lines being probably far
more of a tax upon the resources of the country than
all that has been done for this last and most important
of them all.

In 1867 an important step for the advancement of
the country, for the remeval of the obstacles that im-
peded its progress and for the development of its in-
dustrial pursuite, was inaugurated by the Confederation
Act, which linked under one Governmentthe four older
Provinces, and made provision for all the other British
dependencies in North America to join them in form-
ing one United Canada. The immediate outcome of
this was the construetion of the Intercolonial Railway
and the commencement of a nurnber of new lines which
raised the mileage of the Canadian system from 1,968
miles at which it had remained for some years previous
to 1867, to 7,038, the number of miles of completed
road at the end of 1882.

Other steps in the progress of the country have fol-
lowed, and for the last fifteen years the country has
enjoyed its full share of prosperity.

In the year 1870, the original confederation of the
four older Provinces was increased by the admission of
the North-Western Territories and Manitoba, and in
1871 by the entrance of British Columbia, and it was
upon this last accession of territory that the construction
of the Canadian Pacific Railway became a legal, politi-
cal and commercial necessity. It was under the dis-

| tinct pledge that a railway should be immediately com-
menced from the Pacific Ocean to join the Canadian

gystem, and should be completed within ten years, that
British Columbia was induced on the 20th of July,
1871, to join the Dominion of Canada, and on that
same day the surveys for the present line were actually
commenced in the Pacific Province, and the work was
pever discontinued. This portion of the agreement
with British Columbia became, however, the subject
of a vast deal of debate and animadversion, the result
of which was a considerable delay in the prosecution of
the works, and the extension of the time for the com-
pletion of the road for a further ten years, or until

{ 1891.

When the Canadian Pacific Company signed the
agreement with the Government on the 21st of Octo-
ber, 1880, none of the 2,000 miles that had to be coD’
structed was commenged, or even surveyed, whilst ©
the 700 miles that were to be completed by the Go¥*
ernment and handed over as part of the subsidy, only
65 miles of the old Pembina Branch were constructe
50 as to he of any service to the contracting company
This agreement became law on the st of Februar,
1881, and on the 2nd of May following the Goverd
ment handed over as part of their bonus 176 miles ©
completed railway in the neighborhood of Winnipeg
and it is a significant fact that this transfer was mad®
ahout the same date that by the agreement with British
Columbia in 1871 the whole railway was to have bee?
completed from ocean to ocean. .

As soon as the present Company assumed possessio?
they decided upon an entire change of route from t8°
line originally surveyed and alopted by the Govert
ment for the Western division of the work. The o
iginal proposition was for the main line to cross the
Red River some 20 miles north of Winnipeg, and ta%’
ing a north-west direction, pass morth of Lake Mant
toba to the valley of the North Saskatchewan, 88
thencé by the Yellow-head Pass to the valley of the
Frazer River. The new location placed Winnipeg %%
the main line, made this rising city the point of €%
veyance of a number of branches, serving among®
them the whole district south of Take Manitoba, 3%
thence taking a westerly course to the South Saskatch®”
wan followed the valley of one of its tributaries throu%
the mountains to the Frazer River on a course 8 .
miles shorter, and altogether to the south of the orig’
inal location. 4

By the end of the year 1881, the Company ha
completed 165 miles to the West, from Winnipe§ o
Flat Creek, and they had built branches and acqui*®
from the Government 176 more of the WinniP®é
Division, whilst at the Eastern end of the road ! ey
had acquired the lines of the Canada Central and ;7
extension to Ottawa, giving them a length of 29"
miles, being a total of 599 miles of mailway in opﬁtl‘:
tion, and making the eastern terminus of tHe lin®
city of Ottawa, instead of the legal but unimport®”
Callander which their charter had designed as the ¢
mencement of the Pacific Railway. de

For the season of 1882 great preparations were B2%
for a busy year’s work, and on the 11th of March
contract was made with Messrs. Langdon, Shepa™
Co. for the constrnction of the whole prairie sect "
from Flat Creek to Calgary, of which 500 miles Wele
to be completed during the season, and the WPOW,
length, 677 miles, by the 15th of August the fol'0 "
ing year. As this is probably in many respects o8
most remarkable and difficult work that has ever 7
undertaken under the same circumstinces, it M8Y nils
be uninteresting to go somewhat fully into the dets! ©
of this contract, the means by which it was acc0 d
plished in the short time given by the agreement’ aed
the general results obtained by the system emP 03 e
for its rapid installation. The country was at that t:’e )
comparatively unexplored and entirely uninhad! bt
Every workman to be employed had to be brougbs
from a distance, and a large body of men ha o
suddenly collected, organized and set to work iB 2 ..

trict without any appliancesin existew




November, 18843
" —

AND THE INDUSTRAL ARTS.

n:‘?‘s on the ground for the construction of the linae,
N 00d to be locally obtained for the men and but little
T th‘e horses. In addition to the other difficulties of
© situation, the season was very wet and backwaid,
sty & most unusual spring freshet flooded ail the
®ams and low lands, saturated the tenacious clay of
Bagepmri-es’ and made it almost impossible for the pas-
mOnt%f either men or horses. It was well into the
tbateq of May before these floods were sufficiently
of J, to admit of working to advantage, and the 1st
r'i Une before earthwork operations could be satisfac-
. Y commenced. Under these adverse circumstances
aqa‘;’s“- Langdon & Shepard commenced their race
V:imr,l:t time, but by the 8th of November the early
“ponr had fairly set in, and the necessity was forced
ing them of dismissing most of their menand retain-
ﬂlrea%nly such small crews as could complete work
Work Y commenced, or by making preparations for the
seagq of the.ensuing season, But during the brief
Var dsn of alittle over five months, 6,102,210 cubic
haq b::f earth had been moved, 411 miles of main line
°Peneden built, 288 miles of track had been laid and
ang g, for traffic, besides thirty miles of side tracks,
620 ..o edgineers had surveyed and definitely located
n 1es of new continuous railway.
ang "d_dltlon_ to this the Company had commenced
r&nc}?ls-hed in the Winnipeg distriet 114 miles of
o thy lines, they had extended the main line 45 miles
Over astern division, the Government had turned
to Ry them 4] miles of completed road from Telford
from th Portage, and they had acquired by purchase
’OVin? Government of Quebec that portion of the
192 In't;ml Tt}llway extending from Montreal to Ottawa
the enl 8 with 42 miles of associated branches, At
tion on of the season the Company had under opera-
Ipigg the eastern division from Montreal to Lake
Divisiong and branches 464 miles and on the Central
of mainnlﬁom Rat Portage to Swift Current 718 miles
Rileg 1ne and 200 lines of branches, a total of 1382
153“’“ 599 miles the previous year.
%0 cop 3 Messrs. Langdon and Shepard were enabled
Marchmence their grading operations by the end of
Tecorq afnd track-laying on the 18th April. The daily
the opeo Progress this season exceeded in qvery point
Comp, et?&ons of the year before and enabled them to
€ contract to Calgary by the 15th of August,
4y named in their original agreement. In
timg 1 "ORths, with the delays of starting, the loss of
¥ the floods of the Assiniboine and Red River
Comp tea‘ud the interruption of a winter, they had
77 miles of main line and 48 miles of
ey had moved ten million yards of earth
°°“Structp eted satisfactorily and well a feat in railway
bop op -0 that will not unlikely remain for a num-
ccon Y418 the best record of work that has yet been
ang ,  *hed, a wonderful proof of executive ability,
a'Ppli(:ai;itz)numm’t to their untiring energy, and skilful
or muntO. the 1esources at their command.
I"‘Pidly c St 1t be supposed that because the road was
ﬁnished 0°mpleted, the work was insignificant, badly
the mo“;tt'emporarily disposed of. On the contrary,
] of earthwork per mile is heavier than is
Worg Opm"‘? roads. The average amount of earth-
) Yordg ¢ tr}l: Winnipeg to Calgary was 16,300 cubic
¢ mile. With the exception of one short

te
lance or comfort, where there were none of the ma-,

length near the Saskatchewan crossing, the maximum
gradient is only 40 feet to the mile and the curves are
nowhere more severe than a 4 © or a radius of 1433
feet. Each night saw a certain definite length of the
road absolutely completed, the ties all in position, the
rails thoroughly spiked, and the whole left in complete
running order, and ready not only for the construction
trains to run over without injury to the rails, but for
the ordinary traffic to be conveyed the moment the
necessity occurred for its inauguration.

In anticipation of the completion of Messrs. Lang-
don and Shepards’ contract the Company made pre-
parations early in 1883, to complete that portion of
the line which commenced at Calgary where the rail-
way begins the eastern ascent of the Rocky Mountains
and passing through the great backbone of the Con-
tinent and the rough distriet of British Columbia to a
junction with the section being constructed by the
Government from the Pacific Ocean, and early in April
the engineering stif of the Company consisting of
nine locating and fourteen construction parties left
Winnipeg for their destination, some of them having
to travel more than 500 miles over the prairie in carts
and by pack horses over the mountains to reach the
commencement of their labours. A constant commu-
nication was maintained with each of these parties by
a courier mail service and the head office was in daily
and direct advice of every particular of the movement

- of each separate camp whilst this survey was in pro-

gress.
During the season of 1883, the Company completed
123 miles of road carrying the end of the track to the

_summit of the Rocky Monntains, 962 miles west of

Winnipeg. This was reached on the 27th of November,
the 123 miles having been completed in 80 working
days.

The total mileage under operation at the end of the
year the third of the Company’s existence was on the
Western Division from a point 100 miles east of Port
Arthur to the summit of the Rockies—1495 miles of
main line and 244 of branches and on the Eastern
Division from Montreal to Lake Huron 445 miles of
main line and 199 of branches. - .

Besides this the Company had constructed on their
Ontario Division 200 miles from Perth to Toronto anfl
they had acquired by lease and purchase the Credit
Vailey Railway with its branches—184 miles—and
the Torcnto, Grey and Bruce of 196 miles so that at
the end of 1883 they had under operation 2963 miles
of finished road against 1382 in 1882 and 599 in 1881,
the annual mileag: brought into operation being 599
miles, 783 and 1581 a record that so far has not been
approached by any existing corporation.

Turning to the other sections of the railway upon
which the construction has not been under the dn'_ect
contiol of the Company, the most important section
was the length from Lake Superior at Port Arthur to
Winnipeg. For a long distance the works upon this
division of 429 miles were extreme]:y heavy, phe
country was uninhabited and for some distance the line
passes over a succession of rocky ridges, wastes and
muskegs ; but for the last three years large parties of
men have heen at work wherever they could be advan-
tageously employed, and early the la:st year the whole
section was turned over to the Pacific Company as a

continuous running line, although unfinished in many
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of its details, and it has since been in process of im-
provement and completion without however interfering
with the regular running of the trains.

The Pacific end of the road 215 miles in length has
been under construction for some years and though
now almost completed has not yet been handed over
to the Company. A large force of labour principilly
Chinese has been constantly empioyed for the lass four
years and this difficult section has now been finished.
The prominent feature of this portion of the road is
the passage of the railway up the gorge or canyon of
the Frazer River, and the great iron cantilever bridge
which carries it at an elevation of 125 feet over the
ordinary height of the water across its boiling tumul-
tuous current. 'The water here often rises as much as
60 feet within a few hours and any ordinary construc-
tion involving temporary staging or scaffolding would
have been impossible in this locality. The bridge as
completed is 525 feet long between the rocky anchor-
ages in each side, the projecting levers being each of
them 210 feet in length and carrying between them a
girder 105 feet long. The centres of the levers are
carried by stone piers 72 feet in height, grounded upon
the solid Tock on each side of the river and the strains
of the superstructure are calculated to carry a train
weighing 1} tons to the lineal foot and extending over
the whole bridge, headed by two of the heaviest loco-
motives each with a concentrated weight on its driving
wheels of 26 tons.

At the end of 1883 only two gaps remained to be
filled up to complete the Pacific Railway—2900 miles
long from Montreal to the Pacitic coast. These were
from Sudbury Junction 444 miles west of Montreal to
the completed portion on the north shore of Lake
Superior 449 miles, and from the summit of the Rocky
Mountains to the end of the Government Section in
British Columbia about 290 miles. On the first of
these gaps not only is the work being rapidly pushed
from either end but the ground is accessible at almost
every part and the whole length is under rapid con-
struction. About 70 miles of rails have already been
laid from Sudbury west and track-laying has been
commenced at several points around the Lake. 9000
men are emplbyed upon this division and each day’s
work is rapidly filling up the gaps that intervene be-
tween the completed portions of the line. At the
western gap the work is heavy, especially the descent
from the summit of the Ruckies to the Valley of the
Columbia, but it is all under construction. A con-
siderable length of rails has already been laid west of
the summit, and the Kicking Horse Pass is being
rapidly smoothed down for the passage of the *iron
horse.”

(To be continued.)

———t e PP

EFFORTS to cultivate the tea-plant are now being made in
several parts of Europe. In France, on the lower Loire, the
plants have been extensively set; butit is still a question
whether the leaves will retain their characteristic aroma on a
foreign soil. In Sicily the plants set three years ago at Mes-
sina are strong and healthy, and bave flourished in leaf and
seed. Russia has also made the attempy, the first planting be-
ing at ten versts from Aleschbri on the Dnieper, and proving
satisfactory ; and plants have also been seut from O lessa to
Suchum. ~In Germany the Silesian committee of agriculture
have received seed and directions from Professor Goppert of
Breslau, with & recommendation to attempt their cultiva-
tion.

greater than any of its competitors, andw

TURBINES.
BY ARTHUR RIGG,
HIGH PRESSURE TURBINE, 92 FEET HEAD, 80 H.P.

The illustration Fig. 1, page 340, is taken from the ph}’to'
graph of one of the best descriptions of these patent turblnes;
Tt is working from a clear head of 92 feet, or 40 pounds Peo
square inch, and producing 80 horse-power, while maknig 450
revolutions per minute. The guides, buckets and sluice 8F
made of the best gunmetal ; and the turbine runs with per ec
freedom from vibration.

GENERAL CONSIDERATIONS.

In every description of turbine it is an ohjeet of the designe’
to reduce the velocity of a stream of water and its pressut
converting both into the rotation of a shaft. This is done .
conduc-ing th- current through fixed guides, by which it
directed into a spiral or screw-like form, and the buckets 0
revolving wheel are opposed to these streains in such a manD®
as to yield under their impact or pressure, so giving 8 rotary
motion to any shaft with which the buckets may be connec_tse;
So long as the proportions of passagesand the curves of guldiﬂ
and buckets are properly proportioned, turbines constructe ich
any of the four types hereafter noticad will give results Whltef
are practically identical as far as the economical use of wd
is concerne . pine

For any particular locality, therefore, that form of tur 11;110
may be chosen which lends itself most conveniently t0 B it
conditious of prime cost and available space under which
is required to work, and it will be useful briefly to refer t0

3
actual horse power obtainable from water-falls, and to PaS

: ! J jcb
under review some of the more usual considerations for whi
one or other class of turbine is preferred.
VARIOUS DESCRIPTIONS OF TURBINES. R
roé

Turbines are usually considered as belonging to on¢ of tb i
different classes, which receive their designation from b °ﬁon
rection in which the entering streams of water flow in 1‘91*‘l o
to their axis. There exists also a fourth, or compolmd ¢ abe
in which the direction of motion of enteriug streawns may o
considered as belonging to some two of the first three types: -
will be convenient to describe each separately, and t0 °
marize their respective advantages.

CLASS I.—INWARD FLOW TURBINES.

. of
In the oldest class of impact wheels, the prototypescir-
modern turbines, streams of water were directed from the, pds
cumference inwardly, and this direction of the current © 4
renewed favour with some manufacturers in Engla®
America. 169"
These are useful where a steady, unchauging head °'pe in
sure of water is available, and they possess an awlvant?‘% oub
maintaining a fairly regular speed under varying loads ™' gy
a governor  Although these turbines require an intricé s by
rangement for adjusting the ¢ Gate’ or area of Op?““.lg'con-
which water is admitted, yet they give certain facilities 18
struction, and are easily regulated by hand.
CLASS II.— OUTWARD FLOW TURBINES. di
M. Fonrneyron’s improvements led to a reversal of thethe
rection in which streams flowed, and he guided them "0‘5 pee’
centre of the wheel to its circumference, a plan which ha d of
most extensively followed in England and America
which illustrations are given in pages 341 and 344 from o)
This class of turbine is easily accessible, and fre¢ rn ooty
complicated shutters for regulating its supply. It also C81 5y 50
in speed without losing its high rate of efficiency, but l‘: Thié
steady under an irregular load as the inward flow turbiB i of
defect cau, however, easily be remedied by hand regulat " pyis
a governor, and it leads to a peculiar advantage w 1f atef
class of turbine possesses over others when the fall "f £ 00
varies and the load is tolerably regular. Such falls &r° aerefors
common than those of extreme regularty, and it 13° 74
important to have a turbine that can run at a upifor® twsf‘i
without loss of efficiency with variable falls; and the Y igb”’
flow turbine possesses this necessary qualification w # A
degree than any ether kiud that is made. . JJaic? wil
One of the patent governors applied to regulate its 8 " a 0¥
produce a greater regularity than is possible with any ularl'y
erned inward flow turbine ; and thus, by acquiring @ re >ial # .
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VantageS’ the outward flow turbine becomes better suited than

:ny other kind for the usual circumstances and considerations
Practical work.

CLASS III.—PARALLEL FLOW TURBINES.

chxhen.it.is required to insert a turbine in a pipe or narrow
ow 0el it is most generally convenient to direct the current
whenlwi\rds, in the form of a screw, giving rotation to a
o we enclosed in ‘a cylindrical cuse. For considerable volumes
tnrb?ter at a low fall, and for replacing a water-v‘vheel by a
Yem "19, this form offers peculiar advantages. It is also ex-
fﬂirle Y cheap so far as ironwork is concerned, and can be
¥ well regulated by hand.

CLASS IV,—COMPOUND FLOW TURBINES.

ﬁ‘gzsmus combinations of Classes I, IL. and III. are used,
&renlgiauy by American patentees, many of Athem being ap-
Roye] Y more for the purpose of establishing a claim to
“Hmt;y than for any advantage secured thereby, for it is not
Tecti, er of any consequence whatever in what particular di-
g"ﬂ«lunl a current is guided, so long as its initial velocity is
the flly diminished until there is only enough left to carry
%ater out of the turbine buckets.

VERTICAL OR HORIZONTAL SHAFTS,
a 1;[}:_?:8 different classes of turbines are understood to run in
constmontal plane, with their shafts vertical, but it is easy to
shaft Ct any of them to run in a ver:ical plane, with their

$ horizontal,
Sigp ‘;Zlaﬁter arrangem-nt involves some I.nodiﬁcati.on:\s in de-
timeg f lncreased cost in their coustruction, but it is some-
Qontaium:jnd extremely convenient. It m?kes the motor self-
a Wnyg €4, and lends itself readily to placing any tl}rbme that
to 9 eWOrkg full bore at any elevation above the tail water up
Sure jg et, or less in hill districts, where the atmospheric pres-
ot 50 great as at the sea level.

HORSE-POWER OBTAINABLE FROM WATER-FALLS.
8 In Teck
Ueq ¢},
takeu as
the

oning up the power of turbines it is sometimes as-
at the entire vertical fall or head of water may be
' availahle for driving them. But this never can be
tion b:e, for various losses have to be taken into copsidera-
rectlleasmﬁe the net working fall can be ascertained with cor-

th;rsl;e;l"‘g?am Fig. 2, page 340 is intended to explain generally
diﬂ'erenim?es of loss, which vary greatly in amount under
Xamp, Circumstances ; it must theresore be noted that the
Ig 086 og”’en for the sake of illustration is intended for the
odyip 1y of making the subject understood, and not as em-
w(;g any general law.
Wher, 9Cen lander or trough M, leads a stream of water to A,
Ac :heu all is still, its level stands at an elevation of
la g, er? the tail race at C, taken as 27 feet in this example.
ng o llt:eod ¢onvey the supply to a turbine at T, cast-iron pip-
: Open't‘d of a length here assumed as 75 feet.
1og the g the sluice the stream begins to flow, an1a lower-
Upop f,icf,ad*wat?r ensues to an amount dependent in part
“Orrespan, dl.°“ against the sides and bottom of the channel. A
}’Bnt lossusmg rise occurs in the tail-race, and both these repre-
bis wep of head, which may be taken together as 9 inches.
aki 415 to allow (say 6 inches) for oc-asional floods,
‘h“ogether(a diminution of head from these causes 15 inches

Ut poe .

Spply E?Wer 1s needed also for overcoming friction in the
%?I{ﬂcny 1‘{?’ and its proportionate amount depends upon their
th pOWerr conveying the quantity flowing through them,
';ge of the '0ay most conveniently be considered as a percen=
:’(’S'ed‘ b Cutire fall lost upon whatever length of pipe is em-
Canty the May vary from 2 to 10 per cent. If the supply is
:Ost OUtweif,l arge pipes should be used, but if cheapness of first
Y frog £, 2 Permanent loss of power then the loss may
E“'l_lon to 10 per cent. In the present example the pro-
q‘“Valent t Per cent. upon 75 f(e:t is assumed, and this is

iaT.us, alt 0 a loss of 3 feet 9 vertical head.
d:tlll, et wﬁ“gh the measured vertical fall is 27 feet when all
at o L foot g ¢ the turbine is rusniug it is necessary to de-
mthe w°l‘kinan 3 feet 9, or 5 feet altogether, before arriving
i WSt be hoo '8 fall.  All calculations as to power aud cfficiency
Pon this working fall, so as not to be mislead-

l\g ; a8ed
Toportion of loss that must be allowed in any

104 the
S Pends entirely upon local circumstances.
\\—

spe(:ial ¢
e

Had the tail-race been cut further into the inside, or the
head water been brought vertically over the turbine, only 25
feet of supply-pipe would have been needed ; this saving the
original cost of 50 feet, and, what is more important, adding
the equivalent of 2 feet 6 inches extra head for driving the
machinery.

Every 550 pounds of water falling 1 foot per second, or
every 33,000 pounds falling 1 foot per minute, is taken to
represent one horse power, but it is impossible for more than a
proportion of this to be realiz:d througha turbine or any other
contrivance on account of these losses which vary considerably
in amount, and no method of construction can avoid them
altogether, and all that can be doue is to minimise their in-~
fluence. The results obtainable in practice generally vary from
60 to 80 per cent., of the amount of work du~ to the working
fall and quantity of water ; the higher values being obtained
from larger turbines, by increased care in coustruction, together
with certain differences in design, which are applicable to any
form of turbine, and well understood by those who are expe-
rienced in the general principles upon which all these motors
must be arranged to work satisfactorily.

Somewhat tigher efficiencies can be readily obtained from
turbines of any description, but at enhanced cost in construc-
tion and at greater risk of their becoming choked in use. So
that dynamometer tests, nat to be misleading, should be taken
not only when a turbine is new, but also after it has worked
awhile ; then it will be found that frequently only a lower
efficiency remains permanent, while the higner one has proved
itself temporary and evanescent. Cousequently, it seems wiser
to be content with a- more durable result in the first instance
rather than attempt to secure more than can be permanently
maintained in the rough usage of practical work.

CHEAP TURBINES FOR LOW FALLS—PARALLEL FLOW TYPE.

The illustration, pige 34, renresents a simple inexp-n3 ve
form of turbine of the parallel type. It is one of several
mide by the writer in 1870 to be driven by sewaze water at
Croydon ; since that date these turbines have ouly required
new footsteps once, giving no trouble whatever in any other
respect. '

For replacing water-wheels—or for situations where regu-
larity of speed is not important—for being driven by any foul
supply, such as sewage water —for cheapness of original con
struction and durability under unfivorable conditions—this
arrangement of parallel flow turbine can be applied with the
best results.

Water flowing over its guiles is admitted through any de-
sired number of them by opening leather-faced valves accord-
ing to the quantity and power required. Directed by carved
channels into a spiral descending course, the currents im-
pinge upon the oppos:d concave surfaces of numerous backets
below, and while imparting to them the tangential elements
of their velo:ity, thereby causing the Vel‘tlt}dl. shaft to ro-
tate, the currents themselves are re directed into a down-
ward course of a diminished velocity, ant then flow away
along the tail.race.

PARALLEL TURBINES FOR HIGHER FALLS.

When desired to enclose a turbine within the narrow area
occupied by its supply pipe, or whers no spice is available for
the convergent inlet of Class I, or the divergeut outlet of
Class I1., then the parallel form of turbine can be usel with
great advantage, and for any desired fall—provided the full
supply is always used. Under these conditions it cau.be con-
veniently fixed at a height less thaa 20 feet above tail-water
level, and thus driveu to that extent by suction.

FIRST CLASS PATENT TURBINR FOR LOW FALLS OUTWARD
FLOW TYPE.

Wherever original cheapness is not the first conside.ration,
and the economical use of a stinted water supply, or a uniformly
governed speed is essential, theo the Oatward .Low Turbine, as
illustrated on page 344, is found the most suitable form that
can be applied. .

It is constructed to work by the combined forces of Impact
and Reaction, so securing the highest qfﬁclency ; and, l}emg
closely regulated by the Patent Hydraulie Goverq ), a uniform
speed can be relied upon, however tlfe load varies. A usual
form of this type of Turbine, as made in France,.Germ iny, gnd
Amwerica, receives its supply from above, bqt this construction
is open to a serious obj=ction, iuaqmuch as it causes the Wheel
and its working parts to be complicated and difficult of access,
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through being covered by the Inlet Pipe and Guiding Chan-
nels.

By bringing the supply from below, through an Inverted
Syphon, all such inaccessibility is removed, and there is no
loss of head through this arrangement more than. by the fric-
tion through pipes, which is a loss common to all systems. As
the streams of water pass horizontally out of the Guides they
impinge against opposed Concave Buckets, and a revolution of
the Main Shaft is produced from which any required machinery
may be driven.

Surrounding and outside the Guides there is a Cylindrical
Sluice, raised or lowered by haund, or by the action of a
Governor, hereafter to be explained, admitting more or less
water into the Buckets, and so regulating speed or power. It
is well-known that when Turbine Buckets are running more
than half empty there is a falling off in relative efficiency, and
to avoid this loss it has been arranged that separate tiers of
Buckets shall be employed where there is a prospect of great
variation, and while the filled tiers are working up to their
best results any deficient duty of a single unfilled tier bears so
small a proportion to the whole that it is found of no practical
disadvantage whatever in the working of this class of Turbine.

PATENT-HIGH FALL TURBINE.

The illustration on page 345 represents a small High Fall
Turbine, with verticaf shaft, provided with a pulley at the
upper end, from which a halt crossed belt trausmits motioun
to a larger pulley on a horizoutal shaft.

The Patent method of regulating the speed of this Turbine
consists of a spiral or screw, cut on the outside of the supply
pipe upon which the Regulating Sluice rotates. A Segment
Spur-Wheel attached to the Sluice and moved by a deep pinion,
or by one mounted on a screw, causes a rotation of the sluice,
which thus is screwed up or down, and so determines how
much opening there shall be in the Supply Guides of the
Turbine. .

‘When there is great variation in power required, or in the
water supply, the Turbine is constructed in several tiers, so
that the lessened efficiency of half-filled buckets shall not

greatly sffect the total duty performed by whatever quantity of
water is being used at any giveu period.

This seemingly simple arrangement of Pulleys requires some
care in ercction, in order that the belt shall run without any
tendency to fall off.

Half-crossed belts can only be driven in one direction, and
are particularly well suited for transmitting power and reducing
speed for running Turbines with vertical shafts, and they may
often be found to save the nccessity for erecting the more ex-
pensive Turbines with horizontal shafts, referred to on page
000. ‘

In the plan, page 000, an arrow indicates the direction that
a belt must travel, and it shows that the only condition to be
observed is for a belt to lead away from one pulley into the
plane of the other. For those unaccustomed to this method of
driving, it would be best to make a rough model of any pro-
posed arrangement, 3o as to ensure the machinery working
correctly.

GENERAL REMARKS.

All Turbines deseribed in this pamphlet are constracted
specially for individual requirements, and not stock sizes, made
up to suit incongruous conditions. The-cost of Turbines varies
in proportion to the economical use of water required for them ;
but in order to guide intending purchasers the following list
has been compiled. All Turbines included in it are of such
proportion as will give a regular duty of from 60 to 80 per
cent., the larger sizes giving the best results, but it must be
understood that cheaper or more expensive Turbines can be
made, giving lower or higher returns.

In every case a sluice is included, with hand regulations, but
pot the Syphon Pipe upon which the Turbine stauds, or any
other pipe. Each shaft is assumed 10 feet high above the level
of the Tail-Water, and an upper pedestal is included, but not
the guide or beam to which it may be fixed. The footsteps are
made self-lubricating and practically show no wear for many
years.

TUKBINES FOR EXCEPTIONALLY HIGH PRESSURES.
From 100 1bs, to 1,000 lbs. per Square luch.

By a modification in the construction of one class of these
Turbines it has been found possible to run them at moderate
speeds when driven by pressures varying from 100 lbs. to 1,000

* for the trouble cansed by water condensing on glass s he
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lfbs. per square inch, or the usnal Hydraulic Peressure of 1,607
cet-
Thus a cheap simple machine, and one running with Pe'fe;;
regularity is made to supersedie Hydraulic Engines,.a\nd "
knowing te pressure, power and revolutions per minut®
quired, any desired condition can be fulfilled. "
These Turbines will be found particularly useful where t_oW,&l
have a constant hizh pressure service, or where an artific!
pressure is distributed through special mains. Tar
_Particular and prices will be given on application for 2,
bines to run at any desired speed, driven by pressures, ho
ever high and up to any power.

L]

ines
General Memoranda on communicating Particulars of Turbi®®
required.

In communicating particulars of any sitnation where it ma&"
be contemplated to erect a Turbine it is very desirable to Sued
ply a general plan and elevation or sketch of the inte™
site, and also to furnish particulars of

1.—Quantity of water flowing per minute.

f
II.—Vertical elevation of fall measured from hesd ©
water to Tail-Race when both are at rest.

. d
I1I.—Actual horse-power required to do the lgte“?:e.
work, remembering that the misleading term ““nominal ho

b e ! . to
power applied to engines is happily unknown in relatiot
Turbines.

1V.— When it is intended to replace an ordinary W“w;;
Wheel by a Turbine, particulars of situations 8]
aud diameter of the wmain shaft should be given:

V.—Turbines may be made to run “right-hand " (t?;:
is, in the same direction, looking from above, 8% 3"
hand of a watch laid on its back) or else *left-baP%
as desired. .

VI1.—Variable Power.—State whether the fall is co?smg;;'
also whether the quantity alters through di g
seasons, and give the variation. .

d
VI1.—Regularity of Speed, —Where this is important :n’
caunot be sulficient sccured by hand regulati®®
Governor is generally required.

f.
Horizontal Turbines described on page 000 are entir%ly 521”
contained, requiring no separate outer bearing, and thelr ccof‘
are twenty-five per cent. greater than Vertical Turbines of
responding power. o
When it is desired to know the horse-power that can be Aty
tained from any given fall and quautity of water, it is nece® 'y
first to arrive at the real working fall by deducting from the
10 per cent. from the statical fall, so as to compensate 197 ¢t
losses described on pages 000, Then knowing the cubi¢
of water flowing per minute.—

g iB
ty
Net Working Fall in feet X qusnt!

bic feet.
The Available Horse Power cuplo e —

700
ExaMpLE.—600 cubic feet of water flowing per minute, gross ?L“
45 feet, loss (say) 3 feet, gives net fall 42 fo¢
42 feet net full x 600 cubic feet
H.P.— B HP
700
. tity of
Using the same data it is as easy to find out the qu+®
water required for any giveu horse-power and fall thus™

Quantity of Water Horse Power x 700

e
Cubic feet per minute Net Working Fall-

—————————————

o
A CukE ror STEAMED AND FrosTY GLAss.—A col'r::}:;ﬁ
dent writes that a very thiu coat of glycerine is 8 perfe ﬁr:fi
k
noticed it used on a steam-gauge glass where the gaugs %:?ioeﬂ
inside. Surveyors can use it on their instruments, and ,ef“‘
not injure the usefulness of field-glasses. It is Veryeﬂ:hef'
when applied to the windews of locomotive cabsin bad ¥ of thi? |
The only disadvantage is that it collects the dust, 88 4 1¢
reason it should be applied very thin, and rubbed off

newed when the dust collects to an injurious exfit/ .
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GRASS OF PARNASSUS.
BY GRANT ALLEN.

. Asw

in R e have been giing in lately for a course of coincidences
Curie, OWLEDGE, I will begin this paper with a sufficiently
the Ui one which happened to me during my summer holiday
cliﬂ‘ot er day in Norfolk. I had walked over by the breezy
g path from Cromer to Beeston Common, and had been dili-
ally r&" Investigating for a whole sunny afternoon the exception-
OOrIlCh boggy flora of that pretty bit of the deep, waterlogged
ed w':nd scenery. .The ground, for acres together, was cover
tal] 11 pale vellowish-green rosettes of tufted butterwort, and
be ush trefoils of beautiful buckbean, and golden clusters of
Byt :d marsh marigolds, blossoming still out of due season.
tation © prettiest flower in all the wide stretch of swampy vege-
bloggg “as the white grass of Parnassus, whose exquisite veined
&stgn-m!’. starred the soil on every watery patch in the most
ieq bls ling profusion. I stood for a long time watching the
of urllzzmg idly around them, and then picked a number out
trihute Wantonness, to tuke home with me as an appropriate
sDQ to a great poet who was staying in the neighbourhood.
p‘%eog a8 1 got back, 1 put the drooping flowers in water, and
I)anoe ed to open the letters which were waiting for me on the
wans OF table, ~ The first one at which I looked had been for-
f"llof& to me by the Editor of KNOWLEDGE, aud it ran as

8
tlgihl,l;{o‘rzvo‘!ld Mr. Grant Allen or any of your hotanical con-
rnggqs kindly state what useful object Gf any) is attained in
“&me;:m palustris by the very curious &evelopment of its imperfect
- and oblige. A STUDENT OF BoTANY ?

ity af)z’l,y this was the finger of fate. Parnassia palusiris, with
in fmnPttwe stamens, was staring me in the face from the glass
w“tchi of me ;'and 1 had been speuding all the alternoon in
%ptiy g the flies in the very act of being taken in by the de-
V€ staminal organs in question.

ull, then, let me begin by briefly describing this grass
It is a marsh-laud plant, of the saxifrage family
€ some affinities with the sundew, but even more (as has
uiumgece"tly shown) with the true saxifrages and chrysosple-
Yadigy) 1 rom a small tuft of heart-shaped, glossy-green,
Way eaves, a rather tall secape rises abraptiy, enclosed hal:-
A gy, P Y a curiously clasping leaf, and bearing at 1ts summit
ang €, large, snow-white flower. The blossom has five petals

ng (wvﬁ. perfect stamens ; but the place of the five iuner stam.

Very 8t ich occur normally in the saxifrages) is taken by some
Ingg .. '30ge abortive organs, at the base of the petals, split up

the ?g t or ten short, spreading filaments, and terminated at
8hilli.fld’ where the anther ought to be, by a little, yellow,
tiny bgl’ globular gland. So very bright and glassy are these
l“luidaf 13 that they look for all the world exactly like a drop of
touche:laud the imitation goes so far that even when one has
ot them with one’s finger it is difficult to believe they are
Ogung o) Elistening drops of limpid honey. These are the
leay,, . "liose use and function “ A Lover of Botany'’ wishes to
" aboy,
Ing 0?‘:; Hermann Miiller who first pointed out the true mean-
Whic), . 15¢ odd staminodes. They are really deceptive organs,
8nce oatt"act flics and other insects by the fallacious appear-
tugy ofa store of honey. ¢ The yellow knobs placed at the
of ,-: the l{airs," says Miiller, *‘ look so extremely like drops
are Orthat it needs close examiuation to convince one they
®vep g, 8hly dry. An observation of my sou's proves that
Trop, a :E are taken in by the appearance of liquidity. He saw
ta ligk th"l't distance a specimen of Eristalis nemorum trying
O p;, lese bodies for a long time, until at last it flew away
thiy 8ec°"‘-‘ng closer.’”” I myself observed exactly the same
on tp “®Veral times over at Beeston Common ; the flies alighted
44 erla'k of the pistil, and tried hard to lick houey, over
8gain, from the small, dry glassy bulbs.

;Xcene Ve thus, as Miiller remarks, in grass of Parnassus an
oligh g example of a deceptive flower, which deludes the
Gropg Ofles Ly offering them a number of conspicuous but sham
o Clute fon"’i- At the same time, the deception is not quite
Wo 8ma)j or the staminodes have a broad base, which secretes
Side, lots of nectar in two shallow depressions on its inner
I dimo“’ honey is sufficient to prevent the flies from altoge-
Jturg , OVering the imposition, and giving up the hunt in
lﬁ’the de Useless. After long and vain attempts to find nectar
Y a 1y, Ceptive glands, they are at last rewarded for their pains

e s;:ar?‘;::fg:f store laid by in the depressions at the base
ot

\"c‘istamens lie at first with their anthers coiled up

over the immature pistil, and they ripen slowly, one at a time,
each anther as it begins to shed its pollen bending over out-
ward, so as Lo come into contact with the head and shoulders of
the fly who i$ busily hunting for nectar among the false
staminodes. As soon as all the stamens have shed their store,
the stigmas of the pistil become fully mature, so that the flies
in visiting the younger flowers, collect pollen on their heads
and legs, which they finally rub off upon other blossoms in the
second or female stage. This, of course, is a common and fam-
iliar device for ensuring the benefits of cross-fertilisation.

It is worth notice that such deceptive flowers occur most
especially among the species which lay themselves out to
attract the true flies (Diptera). Flies appear to be far more
stupid and unintelligent than bees, sand-wasps, moths, and
beetles, and therefor more liable to be taken in by simple forms
of floral deception. Thus the carrion-flies are imposed upon
by many reddish flowers (of which the great oriental Rafiesia
Arnoldi may be taken as a type) —flowers that imitate putrefy-
ing meat in colour and odour, and so induce the flies to lay
their eggs upon the surface, and incidentally to cross-fertilise
the alluring plants. 1In the common English arum, again, a
very small fly is tempted by the odour to imprison itself behind
a chevaua-de-frise of hairs ; which also happens somewhat
differently to another species in the long tube of the south-
European birthwort. Miiller notes other instances of pure
deception in Ophrys, Paris, Stapelia and a few more flowers,
every one of them designed to take in various species of Dip-
tera. There can be very little doubt that this cousensus of
condemnatory evidence points to an exceptional degree of
stupidity on the part of the two-winged order.

On the other hand, the w®<thetic taste of the flies is distinctly
high. The colours of the flowers which we owe to *he selec-
tive action of Diptera are generally pretty ; and the grass of
Purnassu- in particular, which is a creation of the drone-fly
group (Syrphide), is one of the most beautiful and gracefully
marked of Englsh flowers. A still more curiously variegated
and dappled ally, which also owes its colouration to the selec-
tive action of the same family, is the pretty little London Pride
of our rockeries and flower gardens. Hardly less delicate is the
sky-blue germander speedwell of our hedgerows, yet another
produciion of the lively flies. As in so many other cases, the
taste for colour, produced by the search for food among bright
blossoms, has re-acted through sexual selection upon the
general aspect of the insects themselves ; and severa _of the
Syrphide are noticeable among all Diptera for the unusual
brilliaucy and variety of their dainty hues. In fact, wherever
in nature we find bright plumage or metallic lustre, we may be
almost certain that the creatures which display it feed among
crimson and purple flowers, or else among red and yellow
tropical fruits.—Knowledge.

e e

SELF-REGISTERING RAIN-GAUGE.—The self-registering rain-
gauge is made on the principle of weighing the rain-water, and
consists of two parts, the weighing apparatus and the register-
ing apparatus.

From the receiving-vessel the rain-water flows to the collect-
ing vessel, which, to prevent evaporation, has the smallest
possible opening at the top, and is provided with a tap at the
bottom to run the water off. A later improvement is to run
the water off by means of a syphon, and thus let the receiver
be self-acting. The collecting vessel hangs on two wires, which
Ppass over two pairs of pulleys, and are attached to the last of
them. To these is fastencd a lever, at the end of which, by a
hinge, hangs a weight. As the weight of water in the collect-
ing vesse! increases, the length of the horizoutal arm of the
weight increases, so as to maintain equilibrium, tlya' increase
in the leugth of the arm being proportional to the increase 1n
the weight of the water. The length of the hgnzontal arm,
which is thus a measure of the amount of rain, is brought to
paper as follows, The weight is so hung that it is always ver-
tical, and keeps in a vertical position a light rod which slips
through it, and at the end of which is & pencil which records
on a strip of paper, passed under it by clockwork at a fixed rate
of speed, the length of the horizontal arm. In this way a
diagram is made on the paper, its abscissas being proportional
to the time and its ordinates to the rainfall.

The weights of the collecting-vessel and of the lever are
counterbalauced by weights, and, to diminish friction, all the
axles work between steel points. . .

The defect of the machine at present is, that it does not re-
gister snow.

———
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A NEW APPLICATION OF INDIA-RUBBER.—La Nature.

If iron takes the lead among articles of modern industry in
the extent and number of its applications, it yet falls short of
india-rubber in their variety. This latter article, indeed, pro-
mises soon to attain a universal diffusion. Its industrial
career, though little more than just begun, already outstrips
that of most substances that were first in the field.

The mere enumeration of its qualities would suffice to ac-
count for the diversity of its applications. It possesses so
great an elasticity that by this quality alone it adapts it-
self 1o a thousand different uses—brace-bands, garters, sides of
boots, &e.

Observe how, if not the lightest, india-rubber is at least the
most powerful reservoir of mechanical energy known. 1t lends
itself most readily to the restitution, under the form of me-
chanical labour, of the energy imparted to it by tension, and

i : t
this restitution may be effected with remarkable quickness. L
h

is owing to the relative lightness of india-rubber consldert
an accumulator of energy, and above all, to its power, ths de-
exactness of the principal of *‘ heavier than air” may be
monstrated on a small scale. pottet
From an electrical point of view, india-rubber acts 888 best
insulator than gutta percha, and is, indeed, one of the 50
insulating bodies known. At the same time that its 'gec it
inductive capacity is weaker than that of gutta-perc ,ﬁ']e’,
does not become plastic at a moderate temperature. Jios*
properties render it an excellent insulator in electrical 8PP t,
tions ; submarine and subterranean telegraphy, electric ths?
transmission of force, etc. While it insulates 'bettel‘
gutta-percha, the conductor, where india-rubl?er is use :;o pos
not run the rixk of being put out of centre, as is the case
times with gutta-percha.

Fi6. 1.—Position in which household utensils furnished with india-rubber
may be placed without falling.

India-rubber is known to oxidize under exposure to air and
light ; above all, under alternations of dryness and damp. By
subjecting it, however, to a special operation, called vulcanisa-
tion, a product is obtained which maintains its flexibility at
low temperatures, resists heat much better, does not oxidize in
air, and absorbs less water. It is especially under the form of
vulcanized india-rubber that its applications are numerous.

There is, finally, a third form of indis-rubber, no less useful,
that of ebonite, or hardened india-rubber, a form which com-
bines with its lightness and great electrical resistance, the
further advantage of resisting acids, and which is therefore
exclusively employed when vessels for the electric pile or other
reservoirs of a light and not readily brittle character are wanted.
Like a new Proteus, india-rubber is thus seen to adjust itself
to the ever more numerous and pressing demands of modern
industry.

To turn now to the new, curious, and original application an
idea of which it is the object of this notice to convey. The
aim of the inveuntor, whose name unfortunately has not reached
us, has been to take advantage of the great mutual adherence
of & soft and a hard body. It is by the utilisation of this rela-
tion that the inventor has originated quite a series of household
objects in earthenware, porcelain, glass, etc., which manifest
a remarkable adherence to the body supporiing them, and
this result he has obtained by the very simple expedient of
securing to the lower part of all kinds of goblets (Fig. 2)a
groove, A A, in the form of a swallow-tail, into which is lodged
a band of red india-rubb.r, a variety of valcanized indie-rubber,

a0t
forming, when deposited, a kind of circular cushion. o
furnished in this manner are almost incapable of fﬂlhngnd the
their places. They may be placed on a wooden tables ‘:ieg”"
table be inclined (Fig. 1) from 45 to 50 or even 60d s
without upsetting any of them. The most direct an vido‘i
diate use offered by ti‘;e properties which a vessel 80 P;?P i
with india-rubber thus acquires is evidently in the ioﬂ 0By
service. At the Fisheries Exhibition of last year 1B ot bt
and at the Health Exhibition of this year, the !_Il‘wnoov
dis;;lla. ed a little barque, the bridge of which is entirely ribeds
with dishes, plates, etc., all furnished in the manner 4 fror
and the l‘)ﬁrque, floating in a basin, may beltossed to

in every direction without displacing a single piece. ..

All who have been on long Iv)oyaggm at sef know the d"‘;ﬁ“
able and painful impression produced by the screen of wfalli”f,'
along the table to prevent the glasses and bottles fr?mlsﬂ“b

As an accessory advantage possessed by the u}ldlzgey 000%
india-rubber dishes may be reckoned the less noise olﬁP?’d
sion, and the less risk of breaking they run on being % o
down carelessly or hastily on the table. Washhan -t
and water.pots may likewise be advantageously coB®
with the india-rubber band. p

Invalids in bed and compelled to eat from a bosrd apt ¥
more or less horizontally across the bed, and children & in the
upset glasses and bottles, will both find their advantag® jouss
undisplaceable contrivance. We have thus a simple, 1 bt %
and useful application of india-rubber, which we th?
cumbent on us to place before out readers.
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THE ENTOMOLOGY OF A POND.—Knonledo:.
BY E. A. BUTLER.
(Continued from page 313.)

poi?t:emd about here and there over the bottom of a clear
eylin driay often be seen a number of dark and more or less
Yoveg) t}‘:"'l objects lying horizontally. A little watching will
ovip ebfact that they are living, for they will be seen slowly
ing thg about gver the bottom, and, perhaps, presently climb.
ot, we ?item of some aquatic plant. Fishing some out with a
Various nd that each consists of « cylindrical tube made of
Risheq ;’!atﬁl’}als, and inhabited by a sort of caterpillar fur-
caddig. ith six legs on the anterior part of its body. They are
they by Orms, or cage-worms, but, notwithstanding the name,
beip tl:e only a very remote connection with the true worms,
di ﬁgx e larval forms of the order Trichoptera, i.c., the cad-
t iss OF water-moths.
ita abo, d’m an easy matter to extract the living occupant from
thereg, by mere pulling, though it is not in any way attached
diffe uléy 1 such an animal as a snail, whelk, or winkle the
18 fagten (‘;f extracting the mollusc arises from the fact that it
Brycty °b by strong muscular adhesion to the shell it con-
fn"rely’b Ut the caddis larva, like the marine tube-worms,
Iy gpy wullds up a cage round itself for protection, and is not
i Ookay organically united with it. But by means of cer-
With the 8 at the end of its body, it can, like a hermit crab
Cegy| Molluscan shell it has appropriated, resist very suc-
&lf ¢, Y any attempts to drag it forth, and will even suffer it-
. Plﬂled_ in twain rather than relax its hold. An ap-
. ‘()if boiling water, however, at once kills the little
tilen We can then easily draw out its corpse and exa-
Shigg] o i€ 8t leisure. Should it be desired to extract the
Open ot blve, it must be attacked from the rear. The case is
two, oth ends, the hinder aperture being the smaller of the
Rent]y foe ead of a pin inserted at this opcaing and pushed
s hol, a::'iard will so startle the grub as to cause it to relax
Prodg » ¢ 2dvance a little in the tube ; a few more gentle
Withoyg d Tom behind and it completely evacuates its fortress,
be Teady : Mmage to itself or injury to its case, into which it will
the O return at the first opportunity. On slitting open
to , ?e find that the inside is beantifully lined with a
S¥er g n, bapery substance, which is smooth enough, what-
Silk of t © the irregularities outside. This material, like the
Becretio, ‘ev silkworm, is produced by the insect as a gummy
The at ich hardens immediately on exposure.

3Pecieg eure of the external adornment will depend upon the
Peg to have ave secured, and upon the materials that may haE-
’

lhine

Tighey root:’"en obtainable by the larva. Small bits of stic
&  or fibres, blackened by long soaking in the water,
Y water-logged, grains of sand or small stones,
ah uehes o Tees or fragments of aquatic vegetation, the seeds
ellg of Te, ﬁther plants growing by the water side, and the
Some o th es Water mollusca, both dead and living—these are
:i'ld n ePTlncxpa‘l materials employed, their exact nature
.hmea in tﬁemant being different in different species, and some-
Tedgy op ve S&me species at different ages. Some will cut little
o *m gigdq bget-abl? matter, all of the same length, and arrange
t Willyt Side in a spiral manner with wonderful regularity;
;.‘;es, ang : € whole leaves of Koplar, willow, and other
al] stone: tach t}'xem flatly to the case. Some will select
be Whic} and stick them on with great dexterity, forming
. o Teminds one forcibly of the exquisite structure
th, .'eqnentl Marine worm Arenaria belgica, which occurs not
i ?‘ w); onvg;n‘ Eandy sea-shfores.d Otl;(ers will strengthen
a1 elq very fine grains of sand, makinug a case in shape
gm'“s X an%h;'l‘:f 8 tusk, Some will select straight bits of stick
Oth:' Projecy g, e them longitudinally, when they will some-

far beyo dt p K
ma":s{h?mg the sy nd the ends of the caselike handles;

oy ran ame materials, but in shorter pieces, will

the X8 80 tha rorsely, putting each piece tanentially to the
) that ¢}

Cage e ends form a perfect chevaux de frese round

Bogiy g. Whic_h, if looked

Nt at down its length, reminds one of a
ther Knitteq

T set after set of the needles with which it has
]e::‘ that gy, . Ut UNquestionably the most interesting are
Yoy . chologig orned with shells. Caddis-worms are excel-
ot o) 20d by obtaining a number of their cases

ollg, ethe{' & very respectable collection of fresh-
case i!;"lletlmes you get the same shell throughout,
quey often extremely elegant and symmetrical ;
» Wthe age{l:u may find five or six species on one case, and
8re very dissimilar, of course the symmetry

of the structure is destroyed The most elegant are those
formed of the smaller species of Planorbis, flat, spirally-coiled
shells, something like tiny snakes rolled up  Of these elegunt
little objects sownetimes as many as fifty speciserns go to adorn
a single caddis case. Then there are the smaller kinds of
Limaica, conical, spirally-twisted shells of delicate texture,
one or two of which may sometimes be found filling up odd
corners, while, projecting here and there, like so many excre-
scences, may perhaps be seen the stouter and broader shells of
Bythinus, the mouth of which is closed by a sort of trap.door.
Again, we may find the much smaller and more depressed spiral
spiral shells of Valvata, which, with the spires all turned in-
wards, sometimes compose almost the whole case, and, lastly,
stuck in here and there wherever there is room, the simply
conical abodcs of the tiny fresh-water limpets belonging
to the genus Ancylus. But, besides all these, there are the
shells made up of two similar parts hinged together—bivalves,
as they are called—belonging to the genera Spherium and
Pisidium ; sometimes, a single valve is used, but more fre-
g'uently the pair, especially of the very common species called

pharium cornewm. This is a tolerably bulky shell, and often
exceeds in diameter the case which it adorns, so that if three
or four of them are used on one case, it acquires a very irre-
gu.lar form. It is not always dead shells that are chosen ; very
requently living molluscs are made use of just as they are,

Fig. 1.

though consent to the arrangement does not appear to be sought
and the plans of their life must be greatly interfered with by
this unceremonious attachment. Mr. McLachlan, the historian
of the European Trichoptera, says that he has seen the wing-
cases of water beetles sometimes mixed with other things as
ornaments to the cases, and even the cases of other and smaller
caddis-worms, and that, too, while they still contained their
inhabitants, The means of attachment of all these objects is
the same silky secretion that lines the tube. . .

The operations of the insect in the construction of its domi-
cile are very interesting, and may be watched by any one who
will take the trouble to eject one from its dwelling and provide
it with materials for the formation of another. The two fol.
lowing instances are from the records of the contmenta.l obser-
vers, Meyer and Pictet. The first refers to the formation of a
vegetable caso. A larva, deprived of its case, seized & piece of
reed, and bit from it a portion of the requisite length ; then,
cutting a slit in one side, it crawled in and closed up the rent
with silk and vegetable débris, and there was the case, fully
made. When pieces of reed too short for the case were inten-
tionally given to it, it pieced them out to thetreqmred length
by cutting off fragments of leaves and attaching them to one
end. The other rofers to the formation of a mineral case. The
larva collected two or three smooth stones of modgrate.snze,
and made a low arch by fastening them to et);er with silken
threads ; then placing itself under this arch, it took up ome
stone after another, and, with its_feet, fitted them in as care-
fully as  bricklayer would lay his bricks, attaching them to
the neighboring stones when satisfied as to their position. The
stones were always placed smooth side inwards, In this way
it took between five and six hours to complete the ease.




350

CANADIAN MAGAZINE OF SCIENCE

[November, 1884

"

If the case shonld be made too long, pieces are cut off till the
right length is obtained. As not only the length, but also the
width of the case, is always suited to the size of the animal, it
becomes interesting to inquire how the provision is made for
growth in diameter ; as the creature grows, each new circle
added at the anterior extremity is made of rather large diame-
ter, thus giving the whole tube a somewhat conical shape ;
then the smaller end is cut off, and so by repeated additions to
one end and subtractions from the other, the case is always the
right size, and thus oue ean understand how it 1s that a caddis
which begins life with a leafy case may, perhaps, end it wlth
a stony one or shelly one, and that too without ever quitting
its tenement. Some species do not secis to be at all particular
as to the ma'erials they use, but others are so fastidious that
they will rather go unclothed (which, of course, means speedy
death) than adopt the wrong mat:rial.

The cases hithetto referred to are free, and the larva drags
its abode about with it as it erawls slowly along with just so
much of its body proj: cting from the case as carries the three
pairs of legs. But many, especially of the sm-ller speci: s, and
those that live in very rapidly running water, make cases
which are attracted to stones, and consist of oval, irregular
masses of fragments of stones. Some, again, live in company
under a common covering of vegetable débiis fastened toge her
with silken threads, while others form on the surface of large
stones silken canals eovered with slime and mud. These latter
are supposed to be, to a great extent, caruivorous, feeding on
other aquatic larvie ; but the larger kinds are, as a rule, vege-
table ferders, eating the leaves of various water plants, which,
when adult, they devour entirely, beginning at the edge, but
when young they satisfy themselves with the tender green parts
between the veins of the leaf, which are more suited to their
juvenile capacities than the tougher veins themselves. They
will, however, take to animal food when necessary, and will
even, on occasion, turn cannibals.

We have now to consider the life-history of caddis worms.
The parent insect, a moth-like creature living amongst the
vegetation at the edg- of the pond, deposits her eggs in the
water, sometimes actually descending below the surface, and
attaching them to the leaves of water-plants. But it is very
seldom that they have been detested doing this. M.
MecLachlan speaks of having seen females of Phryganca grandis,
one of our largest species, ““on a calm summer eveuing on the
surface of the water, with wings expanded and trembling,
causing a commotion on the surface like that occasioned by a
drowning inseet ; and as they took up the position voluntarily,
and were evidently in no danger of drowning,” he naturally
came to the conclusion that they were depositing their eggs.
But, again, on the other hand, females are sometimes found
with their wings soiled, as though they had had a muddy bath,
and had been contaminated thereby ; so thatin all probability
there are ditferent methods of conveying the eggs to suitable
situations. The eggs, when first extruded, are envelop-d in a
gelatinous mass, and before being deposited in their final
resting-place are often, for some time after actual extrusion,
carried by the mother attached to the end of her abdomen.
When in the water the gelatinous substance swells by absorp-
tion of the liquid, and attains twice its former diameter. The
eggs soen hatch, but the young larvie remain twoor three days
envcloped in the jelly ; then leaving their cradle, which by
this time is almost in ruins, they begin life on their own ac-
count, each constructing a tube for itself, proportionate to its
infantile dimensions, and each species, even at this early age,
manitesting the power of selecting appropriate materials forits
domic'le.

The larva (Fig. 1) has a pale, soft body, which is, no doubt,
a tempting morsel to fish ; and hence the necessity for the
protective case. The head and front segments, however, are
hard and horny, as they are the only parts exposed when the
creature is crawling. The head carries a pair of stout jaws,
often notched at. the tips. To the three segments immediately

. succeeding are articulated three stout pair of legs, which have

i a wondertully tenacious grip.

To different parts of the body
are attached in some species isolated threads, and in others
bundles of the same, which rre respiratery in function, <.c.,
they contain branches of the trachew, and the interchange of
gasses is effrcted in the same way as previously described in
the case of the dragon-fly larvee. At the end of the abdomen
of those that construct movable dwellings, there are two short,
recurved hooks, by means of which the case is kept in position
and dragged along. The larval stage is the great teeding-time ;
the insect takes no nourishment during pupahood, and probably

very little in its adult stage, its only business then being tl:z
reproduction of its kind. But the larve seem to be able s
endure prolonged fasting, and it would appear that they munt
pass the winter almost with food. After some months Sl,‘lfhe
in the larval condition, the time for pupation arrives. - 4
two ends of the cise must now be closed sufficiently to g‘“o
the helpless being within from foes, but, at the same time, ’l’l .
so closely as to prevent the access of water for breathing P f
poses. Some species construct at each end a sort of arﬂfi‘n%
silken threads, others fix a quantity of vegetable debris mhefe
same position. Some take a further precaution still- T ing
is one called Micropterna sequax, which inhabits clear runn¥
water. This insect, before pupating, elongates its cast .9
alding stones to one end, and then sinks it vertically 12 the
mud, until it is almost entirely imbedded. To do this (-
larva turns rounds in its case, a gymuastic feit no doubt 41‘.ty
cult of performance, but still rendered possible by the flexibl li
of its body and the dimensions of the case—and, t;hmitlllglets
head and legs out at the wrong end, digs a hole and s0
itself down ; this done, it resumes its ordinary positiod Bthﬂ
patiently awaits its coming change. In three or four day® red
pupal stage isentered, and the creature is thereby much 2 te at
1n appearance. 1t is no longer a caterpillar-like being; Jegh
all the organs of the adult insect insect appears—wings, de,
and antennz heing neatly folled down by the side of the bOen.
eich wrapped in a separate portion of the pellicle which @
shrouds the whole creature. The peculiar arrangement o 7y
‘limbs gives it a most amusingly sanctimonious expression- on°
is geuerally free in its case, though its only movements .
sist of oscillations of the body. When the time arrivess s?o X
two or three weeks after, for making its final transfol“ﬂ"“oug
it ruptures the grating at the larger end of its case, darts "
of its prison with great speed, swims rapidly through the Wa of
by aid of its still encased legs, and on its back, like 8 w it
boatman, and thus makes its way to some dry place, Wher at i
thin pupal skin splits and allows the soft imago to creeP ° t,
some, however, do not take the trouble to leave the wately ..
like gnats, merely float on the surface, and effect their ,trh t0
formation there, using the old pupa case as a raft on whic
dry their wings. +hal
Caddis worms are particularly careful not to expose morel 768
the well-armed part of their body while walking, a8 rpl¥
then, if an intruder appears, they will instantly and Shat,,ok
retreat into their cases, when the only part exposed to 8 pout
is the hard head, and even this is not to be reache ‘"‘t.ons‘
entering the case. But, notwithstanding all their pr?c"utL att
they not succeed in escaping the attacks of those inVe" jg
foes of insect life, ichneumon flies, and from one gpecies oW
has been bred a two-winged fly belonging to a group we ko
for their habits of parasitism. ] stat®
Though caddises are, as a group, aquatic in the larv®! = s
there is one species the larva of which lives in moss at t °1uce1y
of trees far removed from water. Nor are the insects abs o
confined to fresh water. One marine species has been reg the
from North America, and another from New Zealatl 1,1 of
latter of which formed a straight tubular case of frag®®
coralline seaweed. of the
We may here notice some allied insects, the larve® » a5
Ephemeride or Maytlies. These crawling things, whic at tB°
easily be recognized by the three bristle-like appendag®s * ke
tail, and a number of leafy projections at the sides do D% s
cases, but burrow in the muddy banks of ponds and St g
and constitute what is known to anglers as * bank-b“‘,t'ﬂo dis:
burrows are tubnlar and after running straight for 8 lit |;ll‘l
tance, bend back upon themselves in the form of & - * g0
open into the water at both ends, so that the insec‘dmakes
need to turnin its burrow, but can enter at one end ab gaid 10
its exit at the other. Small though they are, they aré ﬂrkﬂbl.o
line two or three years in the larval condition, 3 “"’:v jch ¥
contrast to the extreme brevity of their adult lifes s-,nilbr
measured by hours, or at most by days. The pupa 1 Wbeﬁ
to the larva, except that it exhibits traces of wings ger 88
about to change into the winged form, it quits the Waal oth®
s¢ shuffles off its mortal coil,”” alter the manner of Se"?’re 2 P
insects already referred to ; having 8o done, it looks l;)u o
fect insect, and might faily be expected to be sucl dérgof
vellous to relate, it has yet another change to " iqyis ’%
another skin to cast—before it reaches maturity- —~“1,e8¢
remarkable as being the only instance in the who eassuml"
insects in which a change of skin is effscted after Qh”t d vo’t;
tion of the winged form. So perfect is this last reject” g th

ment, when left sticking to the stalk or leaf Whiihy
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itseyp 't Might easily be mistaken for the complete animal
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Wiscellancons Notes.
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for 3::3“‘\?‘{ technical papers recommend the following mixture
Chu, %t“mmg of wood in imitation of cedar : 200 parts cate-
Y weigh Parts of caustic potash and 10,000 parts of water, all
b Eht. The longer the wood remains iu this solution the
0 penetrates its fibres, and thick veneers can in
alved right throngh the whole thickness, which
& re-finishing without injury to the color.

ety .
this:r, the staj

a’
Perm; tsy be gt

the ]ES.W CAOUTCHOUC.—1t is reported that the attention of
Ingj, p20 G vernment has been drawn to a tree in Southern
Thig is {gm‘ which large supplies of caoutchouc can he drawn.
Jerg € “Tuchmig" of the Chinese, or Prameria glanduli-
Whiey, th Otanists. Unlike the South ,American tree, [from
18 btagy, € caoutchouc is tapped by piercing the bark, the gum
ragg, fml{l the new source by breaking the boughs and
qua) to’ outin filaments. If the new caoutchouc is at all
d“cover. ;f old 1n insulating properties it will form a timely
an ihcrez' or the introduction of electric lighting has created
Sever, '8*"1 demand for india-rubber coated wires. Indeed
Sbgtit, Ve lately been engaged in trying to manufacture a
oily, thay ; OT gutta-percha and india-rubber out of oxidised

b 18 o say, oils treated with chloride of sulphur, mixed
alte, ozokerit, and other insulating substaneces.

I1GHT Ax
Anhu,T,A%D THE ELECTRIC RESISTANCE OF METALS.—MTr.
Bepgy -* Bostwick has made an elaborrte series of experi-
tane, ¢ € Supposed influence of light in altering the re-
i’ihen a :ay":“;tﬁll!s.} Since'the dimution of resistance of selenium,
Y an ! light falls upon it, was discovered by Messrs.
temmed loughhy Smith, Dr. Richard Bornstein has at-
“]]e })rop::l show that not only selenium and tellurinm possess
g-at“lnm Y in question, but other metals such as gold, silver
lemeng * 2150 possess is. This effect was not verified b
Tege 38 an ausr\mann,‘of Br*:rlih, and now Mr. Bosxtwick')sf
:iuﬁiou fss thav%,.n‘)? established the fast asserted. His con-
thslsta!lce 0‘"‘ if light causes any diminution in the electrical
"‘lsandths sfmetals, it probably does not exceed a few
one per cent.”
A
Ty ingl;:T“LE ELECTRICAL BELL.—In order that the person
i“?het, th:hﬁcmc bell may be able to tell whether, on making
&n"lsed the el“ actually rings. Mr. Douglass MacKenzie has
et i "Olowing arrangement. Besides the press-button
Gry 080 t4 o)y % - : b
8 4on® Bell b 1s a simple telephone receiver of the Elisha
Th:ft Iron pl&t:del, and consisting of an electro-magnet with
1 i ar 2 0! :
"lsteso Ading o “::rll'at]l(l'w f'r’ee to v1br)ate over one of its poles.
forgy 4 Of the g loking’” core of Page may also be employed
the t:Bedl wp iy Cir::?j)?ragm armature. This electro-magnet is
the lig in aers with t.he bell anfi battery, so that when
hy telepho . Ction with tis contact interrnpting the current,
form! Which Wor electro-magnet will emit a musical note or
th;n“ hin, tilat €n heard by the person ringing the bell, in-
“Wreny i st:‘he bell is ringing, always supposing that the
. ong enough.
Side :f‘iPmc OF W00D.—It is said that £} 4 on th h
Sidg - @ tree will .—It is said that the wood on the nort
Woyp 204 thy if Dot warp ag much as that from the south
b, tre trees are sawed in planes that run east and
t*nde dll‘ectio ¢ 8tood, it will warp less than if cut in the op-
greeehey t0 wapy or VEVEr this may be it is certain that the
i &ln thap jp dp When sawed into boards is much greater in
‘hri:ays tow:u:}y Wood, and that the convex side of the curve
tiog kage' and ¢ the heart. Thix warping, due to unequal
boq of the t © the more open texture of the external por-
therg Of the i‘se 18 not found to occur in the middle plank or
Cagg Teadty, R ®XCepting as it may in slight degree reduce
a Solute]v insl,qllallty of not warping which is in many
ryg, ihg-!ll; Ispensable for certain uses, as, for example,
| me timpg, f“ards of pianos, is secured in the case of
Very “ith tho az l”'st quartering the logs, and then sawing
Seﬂrly at 1 ie downward. It is then sawed into boards
L trig 80t angles with the line of annual growth, and

] ed86d§u :.tr Strip must he taken off to make the board

! at ¢ Qualities of stability and strength are se-
\\Oulduﬁhel‘wise be hud.) 8

BY PROF. W. GARNETT.

The electromotive force between the extremities of a
conductor is measursd by the number of units of work
done on a unit of electricity in passing from one end
ot the conductor to the other. It is, in fact, identical
with the difference of potential between the ends. If
we say that a current C is flowing in the conductor,
we mean that sea units of electricity pass across any
section of the conductor in a second. Hence, if an
electromotive force E send a current C along the con-
ductor the work dome in each second will be EC
units.

Similarly, if E denote the electromotive force aronnd
a circuit, and C the current in the circuit, then E re-
pres nts the number of units of work done in a
second.

The work done in driving the current round the
circuit is derived from the battery engine (and dynamo),
or other sourece employed for the production of the
current. Of this work some may be expended by
the current in decomposing chemical compounds
which may form a portion of the circuit (electrolysis),
some may be employed in producing motion in mag
nets, or in other conductors, or in the conductor itself,
as in the various forms of electric motors; some may
be expended in producing currents in other conductors,
as in the induction coil. But if no energy is expended
in any such ways the EC units of work done by the
electric forces during each second must be converted
into heat within the conductor, and must be the me-
chanical equivalent of the heat so produced. This is
the case in a metallic wire which is conveying a cur-
rent, but is itself stationary, an1 not in the neighbour-
hood of any moving wires, or magnets. Now, by
Ohm’s law, if R denote the resistance of the conductor,
E = CR Hence the amount of work converted into
heat by the passage of a current C through a conductor
(or conducting circuit) of resistance R is CeR and in-
creases as tho square of the current.

This theoretical conclusion was verified experimen-
tally by Dr. Joule, and is known as Joule’s law. 1f H
denote the amount of heat developed in the wire per
second, expressed in mechanical units, then Joule's law
is expressed by the equation,

H = C'R.

The heat generated per second may also be expressed
in terms of the electromotive force between the ex-
tremities of the conductor, or, if the conductor form a
closed circuit, the electro-motive force round the cir-
cuit, and the resistance, thus :

ol
H= —
R
Hence we have :
F2
H = EC=CR=—
R

The practical units of current (the Ampere), and
electromotive force (the Volt) are such that the. work
done per second when a current of one Amp.cre is sus-
tained by an electromotive force of one Volt is 10,000,-
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000 ergs. Now, one horse-power is equivalent to 550
foot-ponnds, or, about 7,458,000,000 ergs per second.
Hence. if an electrowotive forc: of one Volt be em-
ployed to send a current of one Ampére round a cir-
cuit, work =vill be done at the rate of ;4% 5 or nearly
74+ horse-power.

1f an electromotive force, E, be employed to send a
current C. the horse-power exerted will be 435 EC.

Similarly, if a current of C Ampéres is made to pass
through a conductor, whose resistance is R ohms, the
horse-power required to sustain it will be 535 CoR.

For example, if a 20-candle lamp requires an elec-
tromotive force of 110 Volts between its terminals, and
allows a current of *6 Ampére to pass, the horse-power
actually required to light the lamp will be

110 X 6
="0885, nearly.

746

Again, suppose the current for 20,000 lamps, each
requiring ‘6 Ampére, is transmitted along a cable hav-
ing a resistance of ‘1 ohm, the horse-power wasted in
| sending the current through the cable will be

120002 X -1

746
Hence conductors of very much less resistance must be

= 19303, nearly.

employed in conveying the current for so large a num--

ber of lamps, and hence the lamps should be very near
to the dynamos, or else conductors of very great sec-
tional area muat be employed.

When a current is made to flow through certain
chemical compounds, such as dilute acids, saline solu-
tions, &e., these compounds are decomposed into their
elements, or into more simple substances. The opera-
tion is called electrolysis, the compound which is de-
composed is the electrolyte, and the substances formed
by the decomposition are ions. The conductor by which
the current enters the electrolyte is called the anode,
that by which it leaves it is the rathode. The ion,
which appears at the auode, is sometimes called the
anion, and that which appears at the kathion. This
nomenclature was established by Faraday.

‘When the electrolyte is a simple binary compound,
as, for example, silver chloride, the passage of a current
separates it into ite elementary constituents. It was
by the electrolysis of the caustic alkalies that Sir Hum-
phrey Davy prepared the metals of the alkalies (potas-
sium and sodium). When the electrolyts is of more

- complex constitution, the passage of the current is fre-
quently accompanied by uhe separation of the electro-
Iyte into two compounds.

‘When the electrolyte consists of more than one com-
pound it often happens that the ions into which one
of the compounds (the true electrolyte) is separated,
react upon and decompose the other, so that it scems
as if two sets of jons had been produced by the same
current. This is called secondary action, and it fre-
quently accompanies the electrolysis of a metallic salt
in aqueous solution. For example, suppose we are
electrolysing a solution of sodic sulphate, Naz SO4. We
may suppose that the true electrolysis consists in the
separation of this compound into metallic sodium,
which appears at the negative pole, or kathode, and
sulphiod (804), which appears at the positive pole, or
anode. Now, the metallic sodium will decompose the

v;f.ter forming caustic soda and liberating hydzroge®
thus,

Naz + 2H20 = 2HaHO + Ha.

while the sulphion will also combine with water for®
ing sulphuric acid and liberating oxygen, thus,
. S04 + H20—=H2S04 + O.
Hence as the result of the passage of the current, g:;
find caustic soda and hydrogen liberated at the kath® ho
and sulphuric acid and oxygen at the anode, buf o
current is not to be held responsible for both thes® he
tions. The true electrolysis is the separation O e
sodic sulphate into sodium ann sulphion, and th?uel}'
composition of the water is a secondary and P
chemical action. sl
The great law of electrolysis, that of electro-ch?mllaw
equivalents, was discovered by Faraday. ThiS
may be briefly stated thus :— |
If the same current be made to pass though Sev:ioﬂ
different electrolytes the amount of chemical 8%
produced in each will be the same, and if the ¢t
be made to vary the amount of chemical actioB
second will bo proportional to the current. xw“l
In more definite language, the law may b2 exP
as follows :— ool
Tf the same current be made to pass through 887
different electrolytes, the quantity of each ion Pf.od‘:i by
will be proportional to its combining weight div de
its valency, and if the current vary the quanity .,
each ion liberated per second will be propomonal
the current. t,“‘,io
Thus, if the electrolyte consist of fused PO ,d
chloride, fused silver chloride. copper sulphatel’)eing
dilute sulpharic acid, the electrodes in each cas® .
platinum plates, for each gramme of hydrogen iP®™ '
in the sulphurie acid cell there will be 8 gram®
oxygen liberated from the sulphuric acid, 39 g’“';ssio
of potassium and 35.5 of chlorine from the Pol 7in®
chloride, 108 grammes of silver and 35.5 of ob o,noﬂ
from the silver chloride, and 4835 or 3175 g1% pes
of copper and 49 of sulphuric acid from the cofranl
sulphate. while 8 grammes of oxygen will esc8P® 45y
the copper sulphate solution, as the result of 86¢0”
action. whed
An apparent exception to Faraday's law Occur’-f the
secondary actions takes place, when it seems 85 :l gid
same current decomposed two electrolytes 32 'yo8
double duty in the same cell, but this has already
explained. 2d VY
The amount of hydrogen liberated in one Sewm,gesv
a current of one ampére is about ‘000105 &% jan
which may be taken as the electro-chemical e‘l“lller jos
of hydrogen. From this the amount of any of pe 4
liberated by any given current in any time
termined by Faraday's law. Jitio™
All electrolytes must be in the liquid °‘?nn.
Metallic salts must either be fused or in 801“?“’” g
If a battery is employed to decompose ' ,g6%
phuric acid with the evolution of oxygen and h{iwen”'
or to separate any other compound into its cOB* eoo,nij*
a definite amount of work must be done 1B qt wh*"h
ing the compound for every unit of electric ¥ ofeﬂ"'l;
passes through the electrolyte ; for the passag® itio8 "f
unit of electricity corresponds to the decomg‘;:lopt) 0
a definite quantity (one electro-chemical 6q%!

the compound. /




