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NEW BOOKS.

Materiay, of Engincering in Three Parts. Part 1IT. - By
i“bert H. Thurston, A.M. C.E. (New York : John Wiley
Sous. Montreal : Dawson Bro's,
ta I ang 17, of this valuable and important work have
Iy tl{ been noticed in the pages of this magazine, and Part
* 1€ Yolume now before us, does not fall below the high
Non.q Of merit attained by the first two parts. Itdeals with
[,mn‘:';" etals and alloys such as copper, tin, zine, brass,
ety ©., opening with the history and characteristics of the
the iy tr::d their alloys, which is more or less a repetition of
ch.p Ustion to Part II.
Tl IL deals in detail with the history, distribution,
M@kg]' Rseg and manufacture of copper, zine, lead, bismuth,
Ay, m"'d th_Ou' Tespective ores, of sluminmp, meroury, plati.
Tupty), “8uesinm, argenic, iridium, manganese, and the racer
the It concludes with an article on the market prices of
dj.M‘“' Metals referred to. In Chapter III. the suthor
u“foll the Properties of the alloys, and, begins by giving
theiy Owing resume of the results of his investigations as to
‘.« tel'iatwa —
Phy 7% being composed of metallic bodies, Ppossess all the
o ;“d chemical characteristics of metals ; they have the
%"‘-%‘ are more or less ductile, malleable, elastic and
feiyy, ;nd oonduct heat and electricity with remarkable
hy Metaining these properties, however, the compound
bl eith.in 8ome of its qualities, that it often does not
Neadeg T of its constituents, and might consequently be
W metal having characteristics peculiar to itself,
d::ocqo with those which are used in the
Tog 06t scem there is no department of the arts
Du:""‘ the use of metals for which an alloy may not be pre-
'0'“ i thy & all the requisite qualities, when thess are not
o i metals. The physical properties of an

* dn

alloy are often quite different from those of its constituent
metals. Thus copper and tin mixed in cerfain Pproportions,
form a sonorous bell-metal, possessing properties in which both
metala are deficient ; in another proportion, they form speculum
metal, which is as brittle as glass, while both of the constituent
metals are ductile. It is impossible to predict from the char-
acter of lead metals what will be the character of an alloy
formed from given proportions of each. In most cases, how.
ever, it will be found that the hardness, tenacity and fusibility
will bo greater than the mean of the same proportien as the
constituents, and sometimes greater than in either, while the
ductilty is usually less, and the specific gravity is sometimes
greater and sometimes less, Thi coleurisnot always dependent
upon the colours of the constituent metals, as is shown by the
brilliant white of speculum metal which contain 67 % of cop-
per. Chapter IV. treats of the bronzes, chapter VI. of the
kalchoids and miscellaneous alloys, and Chapter VII. of the
manufacture and working of the alloys. In Chapters VIII.

to XIV. the author gives an instructive discussion of the
strength and elasticity of the non-ferrous metals and the alloys,

48 well as of the conditions affecting the strength and concludes

8 clear and well-written work with a chapter on the mecAanical

treatment of metals and alloys.

The Meteorological System of the Great Pyramid. ByF. A P.
Barnard, L.L.D., 8.T.D. (New York: John Wiley &
Sons. Montreal : Dawson Bro.)

This work, will be noticed in the next number of Magazine,

We have also received from the Yale and Town Mapafac-
turing Co.; & pamphlet entitled ““s new system of weighing
Machinery,” in which is elaborately desaribed the Justly
celebrated Emery Scales and Testing Machines.

e G s

TRERE is being built at the Delamater Iron Works, an iron
stesmboat designed to run under water. It is 30 feet long, 7§
ft. broad and 6 ft. deep. Water ballast under control of the
crow will enable them to sink or float her, and by the device
of two rudders whose planes are at right angles to each other,
she can be pointed in any direction. The usual ontfit of
oleotric engines, compressed air and diving suits, with which

readers of Jules Verne are familiar, i included in the design. |}
In war times ghe may also be used as a torpedo boat.
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THE POETRY OF ARCHITECTURE,
OR

Architecture in s relation to the other Fine Aris.

BY ANDREW T. TAYLOR, M.R.J.B.A.~
(Continued from puge 163.)

If we turn to Gothic sculpture and carving we find
a complete change. It is not so much man as the soul
of man that the Gothic carvers tried to represent. It
is entirely dominated by a religious or at least an
ecclesiastical tone. The figures are now closely draped,
and are modelled from the Francizcan monk or the
Capuchin friar. The carver was often a shrewd witty
fellow and instead of sending his jokes to a ““ Punch ” or
a“ Grip” he carved them in stone. Did he wanta saint
his boon companion in the next cell served for a model.
Had the prior or'abbot offended him % he immediately
gibbetted him high up in some corner as a spouting
gargoyle, or put him in the act of being carried off by
some imp of Satan. Justas the story goes that Michael
Angelo, while painting his great picture of the * Last
Judgment,” in the Sistjne Chapel at Rome, nettled by
the impertinence of some empty headed courtier of the
pope, who had come to see how he was progressing,
copied his features for one of the figures in hell. Very
indignant the courtier complained to the pope. He
asked where the painter had put him, and on replying
that he had put him in the lowest hell, the pope said,
“had he put you in Purgatory I might have got
you out, but down there I am afraid I can do nothing
for you.” ‘

The Gothic carvers laid all nature under contribution
and lovingly studied the loveliest plants and flowers,
that they might bloom perennially twined round some
massive pillar, or clasping delicately some panelled
surface,' or proudly crowning some gable top. The
animal woMd was also not overlooked, and bird, and
beast and fish, now in grave posture and now in
grotesque shape and feature took their place in the
mighty fabric. Angels were even brought down to
earth, bearing messages of peace for mankind, and
petrified into abiding permanence.

Lheir sculpture ‘was at first very rude but gradually
improved, until for versatility, for conception, for
marvellous delicacy of execution it would be difficult
to match those later Gothic carvers of our Cathedrals.
They cut and hewed and carved their thoughts into
the stone many centuries ago,—sor:etimes in idle jest,
at other times in deepest earnestness, perchance Jlike
Fra Apgelico they may have worked on their knees,
and we come in lightest mood and lo ! thereis a lesson
in the stone for us instinet with life. Perhaps you
will permit me to read a few verses with reference to
this, which I came across lately and which I think are
very beautiful and have much of truth in them.

‘“ Trust me, no mere skill of subtle tracery,
No mere practice of a dexterous hand,
Will suffice, without a hidden spirit,
That we may, or may not understand.

* All those quaint old fragments that are left us,
Have their power in this ;—the carver brought,
Earnest care, and reverent patience, only
Worthily to clothe some noble thought.

** Shut, then, in the petals of the flowers,
Round the stems of all the lilies twine,
Hide beneath each bird’s or angel’s pinion,
Sowe wise meaning, or some thought divine.

‘“ Place in stony hands that play for ever,
Tender words of peace, and strive to wind
Round the graceful serolls and corbelled niches,
Some true loving message to your kind.

— 4,,4.{

‘* Some will praise, some blame and soon forgetting,
Come and go, nor even pause to gaze ;
Ouly now and then a passing stranger
Just mavy loiter with a word of praise.

* Yet, I think, when years have floated onward
And the stone is grey, and dim, and old, |
And the hand’s forgotten that flg.s carved it.
And the heart that dreamt it, still and cold,

* There may come some weary soul o’erladen
With perplexed struggle in his brain,
Or, it may be, fretted with life’s turmoil,
Or made sore with some perpetual pain,

‘* Then, I think, those stony hands will epen,
And the gentle lilies overfiow
With the blessing and the loving token,
That you hid there many years ago.

‘ And the tendrils will enroll and teach him
How to solve the problem of his pain,
And the birds’ and angels’ wings shake downward
On his heart a sweet and tender rain.

“ While he marvels at his fancy, .
Reading meaning in each quaint and ancient scroll,
Little guessing that the loving carver,
Left a message for his weary soul.”

Before the art of printing when books were few, and
those who could read them fewer, it was a wise thoug
which prompted the carving of Bible scenes and sub:
jects round the cathedral portals. Thus the unlearne
peasant could spell out and teach his children tb®
story of Adam and Eve, the fall, the flood, the waB"
derings of the Israelites, the history of David, and sl
down the ages to the life of our Lord and on to tb®
history of the early church. Thus we have a compen”
dium of Secripture story on the magnificent wester®
portals of the Cathedral, which Mr. Ruskin has beé?
recently describing under the title of the * Bible 0
Amiens.” The front of Milan Cathedral, the portals %,
Orvietto, St. Antonio, Verona, the Gates of Ghibert
at Florence, and a long list which time would fail °
to mention,

It is a curious fact that the Jews, although by no
means averse to carving on their buildings, do not pe*".
mit to be carved any representation of the « likene®
of anything which is in heaven above or that is in'tb°
earth beneath,” translating literally the Second Co™
mandment, and rermembering as one must do, ¥
terrible results of idolatry to them as a nation 0”:
hardly wonders at it, more especially as we know ths
not not the Jews alone, but Christians also worship
images. The introduction of printing and books, 8%
the ara of the Reformation with its laudable zesl £
for purity of their worship, did much to bring sct P
ture into disuse for a time ; but.it is again asserting ! "
lawful place, not as a thing to be worshipped either foa
itself or what it represented, but for the thought, ?h 1
life aud the additional beauty it gave to the buildi®8
it adorned. !

Much however of the modern carving and sculpwﬂ-
is not worthy of the name, and would be better 8¥> ;
All carving should have some distinct motive, and b8! "
a story or a thought to express. It should not be ed:;i
tributed all over the building, but should be gath
up into bouquets, as flowers are gathered, or as Oﬁnd,
ments are worn, to emphasize the design of the b“‘:r“
ing—here adding strength, there giving delicacy, he
producing piquancy, there sinking into rest.

- Ihave a few examples here both .of ancient 80
modern carving, and I think you will agree with wlf
that much of the modern work is excellent, notf’wd
that designed by the late lamented and very &'
French artist, Viollet le Due. Sculpture in relatio? g

architecture is an extremely interesting subj&_
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Must pot linger longer upon it but pass on now to ar-
tecture in its relation to painting.
tivo s We found that sculpture began in the most primi-
"V® manner, go painting had a humble origin also.
Ut as a child will scrawl on a slate, rude forms in-
onllded to be imitative, or traced with a charred stick
bl 3 wall gomething which may bear a distance resem-
ance to a cowor a horse, so the child of the ages
kays in pictorial art decoration were of the rudest.
o l;n however rapid progress was made, not only as a
pry © of decoration, but also as a medium for the ex-
°88ion of his thoughts and wishes, and much of
8YPtian decoration is but his language in symbol.
Wall, ® Assyrians also wrote their history on their
$ 1ot only by sculpture but by painting, and we
th': ® Xamples of this in which the colours are fresh to
Valggp )’ affording in common with their sculpture
"able assistance to historical research.
av: bthe buried cities of Herculanean and Pompei
oo ¢en found many evidences of internal pictorial
r e:f"tlollsx Dot always of an exalted or an ennobling
Custo! but throwing much light on the manners and
inh 08, the thought, the morals,and the culture of the
abitaptg, »
laig Uit is in’ their architecture that we find painting
°ﬁ'ect!208t under contribution to heighten archite tural
the ..’ 80d these are of surpassing interest. Some of
\] r;:" lest examples we have are in the catacombs,
faigh ude but pathetic in the story they tell of heroic
rseq Pt alive under most bitter and unrelenting
. Ution in thc:se underground cells and passages.
pﬁtrouiWhen Christianity was not only tolerated but
g |, 2ed by the civil powers, as they grew in power
bit;, ealth, their pictorial art expanded into more am-
ing o; channels and more enduring mediums. Work-
* glagg ® Roman method of mosaic work, they adopt-
t"&y'e d meS&.Ic largely, and in this material they por-
Vigorg Olten in ludicrous, but always in original and
tay 5 o8 form, the incidents and virtues of the Chris-
chnmzlt » and with these they lined the walls of their
Qerjps 80 that they were ever surrounded with
Tﬁt‘"e story.
of th:s':ld town of Ravenna, in Italy, contains more
bry oq than almost any other town, and in the Bapis-
with Pecially, the dome of which is completely lined
the cugcrlptﬂre subjects relating to Baptism, in mosaic,
Very 1, om wag not only useful but the result was also
Cautify], '
be‘lltifu(; Baptistry at Florence we have also similarly
burel, o¢ York ; and in the famous and well-known
Sidy , %L St. Marks in Venice, we have mosaics out-
Flellowed ID,—covering walls, roof, dome and floor
Deeng, deWn to a beautiful tone by time and the
thyy neeg 8ges, and giving a soft harmonious result
By ths be seen to be understood. '
Italian s]e T® Was a shepherd boy tending sheep on an
‘ketehim,olf’.e, Wwho, to wile away the time, took to
:t thay ¢ 18 sheep on a smooth slaty stone. Cimabue
dhag Way ';“’ 3 well known painter, happening to pass
X‘&Wing dOtlced the boy and seeing him busy at his
latey Stected the genius in embryo, which was

on .
folgq an é"tmake him famous, took him from the sheep

ae.“ﬁd o Tained him in his own studio, As has hap-
lottg intrndﬂmce, the pupil eclipsed his master and
Piecg, . foduced a pew era in painting. His master-

AND THE INDUSTRIAL ARTS.
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frescoed on the walls of the Arena Chapel at Padua, in
Santa Maria Novello at Florence, and elsewhere. There
in their magnificent framework, they add charm to the
building, and derive beauty from it. These pic-
tures are a series depicting the lives of some of
the saints and are most exquisite in their thought-
fulness, their delicacy and yet firmness of touch and
their beauty and harmony of color. Then oil painting
was unknown, and these are done’ as fresco work in
distemper, and are much more suited to the decoration
of a building with their quiet flat tone than oil paint-
ing with its glossy, shining surface distopting and re-
flecting the light. .

Others followed in his footsteps and we soon find in
quiet chapels and cool cloisters and shady corners,
sweet faces and lovely forms looking down on us from
these frescoed walls, all over Italy. But I must not
forget to mention the saintly Fra Angelico—the an-
gelical painter, who was so devout that it was reported
he painted on his knees. He has left behind him in
the Convent of San Marco at Florence, so identified -
with the great lion-hearted Reformer Savonarola,—
memorials of his piety, his devotion, and of his genius
such ag any one might envy. On the end wall of the
Chapter House, a crucifixion, so tender yet 80 true,
transforms the place into a Holy of Holies, and in the
brother's cells—generally with characteristic humility
in some obscure dark corner,—he has painted various
scenes from the life of our Lord, or other Scripture
subjects which change the cold, bare, narrow cells into
lovely shrines.

A great many of those celebrated pictures which are
now in the European picture galleries, were originally
painted -for altar pieces, or for special ~ decoration
panels in the churches and other buildings but have
been transferred sometimes on the destruction of the
church or on the dissolution of the monastery or con-
vent, or oftentimes appropriated from existing ghnrches
by conquerors and others, and therefore are seen
by usat a disadvantage.

— ve—————
ENGINEERING.

DEFECTIVE CasTINGs.—It is stated in the En¥lish papers
that an examination of the broken girders of the fallen railway
bridge at Denmurk Hi'l showed that one of them was * honey-
combed with air bubbles ;” and it is assumed that, as this
girder gave way, the extra weight thus thrown upon the others
caused the accident. It[is almost unnecessary to say, according
to a correspondent in fron that the so-called * air bubbles ” are
really hydrogen cells, and that the only explanation that has
been (ard probably ever will be) afforded of the source of this
hydrogen is that, if not exclusively, it is mainly derived from
the moisture of the atmospheric blast, which becomes decom-
posed on coming in contact with molten iron or stgel, its hydro-
gen being thereupon alsorbed by the metal. This occurs not
only in the steel converter, but also in the blast furnace and in
the remelting cupola. Asa consequence, bath steel and iron
castings are unreliable, and a constant source of danger wher-
ever their soundness is essential to safety ; and they are accord-
ingly unfitted for a number of important purposes for which
forged metal, at a far higher cost, is considered necessary. I
do not propose, adds Mr. Fryer, to refer to any of the various
methods and expedients which have been devised, and which
are sometimes employed to cure the evil. It will, howeve_r,
seem remarkable that no atcempt has yet been made to get rid
of the defect itself by eliminating the moisture from the b_last,
and thus removing the cause. One practical trial in that direc-
tion would go (urther to solve the whole question than all the
theories that have been advanced, and all the laboratory experi-
ments that have been tried since Dr. Muller's famous discovery
ﬁf lthe’ real nature of the so-called *‘air bubbles” or ¢ blow-
holes.”

P—————

ar ¢ .
\\Gnot found in any picture galleries, but are
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IMPROVEMENTS IN COAL-WASHING, ELEVATING
AND CONVEYING MACHINERY.

BY S. STUTZ, M.E., PITTSBURGH, PA.

Three years ago, at the Philadelphia meeting, in February,
1881, the author had the pleasure of presenting to the Insti-
tute a paper on coal-washing machinery. Since that time
many new machines, with important improvements and labor-
~ saving apparatus, have been introduced, the construction and
description of which may be of interest to some of the mem-
bers of the Institute. By referring to the above mentioned
paper, and especially to Page 1V., representing a vertical
gection of a coal-washer, it will be noticed that the bottom of
the plunger-box B is made level or horizontal, and supports a
spring-buffer F for the purpose of limiting the down-stroke of
tEc plunger P and receiving the impacts of the latter. Al.
though the construction of the box, in view of these impacts,
received from the start the proper attention (the bottom of
the chamber B being made of three thicknesses of 3.in
Flnnks, resting on 6-inch square columns), yet, through ¢
ess working of the machinery, without the necessary water 1
the box, it proved in several instances not strong enough, and
had to be changed. To prevent such interruptions in future,
it became necessary to devise some means for relieving the
machine from the impacts of the plunger altogether. This has
beer accomplished by the arrangement shown upon Page 196.
of this paper, representing a new washer ; and not only has
the diflicalty been overcome, but also other advantages have
been obtained, as will be seen further on.

The compartments A, A’ of the separator-box have been set
upon heavy cast-iron brackets B, leaving sufficient space below
the bottom for the buffer # and the sediment-valve X, By
means of the planger-rod & passing through the stuffing-box s
to the outside, and provided at its lowerend with a shoe a, the
impacts of the plunger are now transmitted from the buffer 7
directly to the foundation. At the same time a better guide
for the plunger P in its up and down movement has been ob-
tained. The plunger of the former machine had only the
guide 7 and tge yoke Y, whereas the new machine has an
additional guide in the stuffing-box s, thus preventing wear
and friction of the plunger against the lining of the box. Fur-
thermore, the mechanism for regulating the stroke of the
plunger has been simplified in dispensing with the hand-wheel.
The screw-nut ¢, swiveled to the yoke Y, is provided with a
long thread to receive the upper end of the plunger-rod b, and
is made of steel, sufficiently strong for all purpeses. 1t is pro-
vided with four notches n, into which a piece of iron can be
engaged ; and, oy turning to the right or left, the yoke ¥ iy
raised or lowered as may be required. Thus it is very easy to
get the proper stroke for any kind of material, or to set the
machine out of operation altogether, if necessary. With the
exception of the gate O for the outlet of the impurities, the
other parts of the machine are left the same as before. The
botiom of the plunger-box being now inclined towards the
sieve-chamber, less power or less weight of the plunger is re-
quired to produce the same action of the water as was obtained
in the former machine. The operation of the present machine
is the same as Erevxously described. Fresh water is taken in
through G, and the slack-coal, brought upon tke sieve S by
means of the chute J, is separated into coal and impurities,
while passing from the rear to the front of the machine. The
clean coal, delivered over the bridge A into the chancel C’,
goes to the elevator E, which brings it into storage-bins, while
the impurities pass through the gate opening O into the cham-
ber 7, and thence through the ovening O' to the trough 7,
where they are carried away by the action of the waste water.
A number of the new machines have been erected during the
last two years, and give full satisfaction in every respect.
They are considered the best in the market, and offer the fol-
lowing important advantages :

1. %he use of a differential cam for the working of the
plunger allows to the material, after each stroke, the necessary
time to deposit according to gravity. An eccentric or a crank
cannot produce such a movement. .

‘2. The use of valves between the plunger-chamber and
sieve-chamber prevents the filtration and back suction of the
water during the upward stroke of the plunger, and thus saves
the very small coaY, which otherwise will pass through the
meshes of the sieve and go to waste.

3. There is a saving of motive power in the working of the
washer. The body of the waterin the hox 4 being divided by

the partition X, the inertia of the small part above the latter
has only to be overcome.

4. The current of the water produced by the plunger P not
only lifts up the material upon the sieve S to effect the separ-
ation, but also moves the sepirated parts, coal and impurities,
towards the delivery-bridge M and gate O respectively. This
is especially valuable, since the continuous and regular separ-
ation of material containing heavy impurities, such as iron
pyrites, fire-clay, etc., is assured. .

3. There is great economy of water. In the older machines
the separafed coal is floated out of the apparatus at the expense
of an enormous volume of water; yet the impurities have to
be removed from the sieve by the shovel, thus interrupting
the working of the machine and making it intermittent an
wasteful. .

6. The forming of a special receptacle below the partition N
allows the fine particles of pyrites, slate, etc., falling through
the meshes of the sieve, to settle. Thus the clean water is not
mixed with the slimy sediments, and the latter are not forced
back again into the material.

7. This machine has greater capacity per square foot of
sieve-surface, with less water, than any other in use. AD
apparatus of, say, two sieves, 3 feet by 4 feet 9 inches, or 284
square feet surface, can wash properly 200 to 250 tons of cosl
per day of ten hours with from 300 to 500 gallons of water pef
ton of coal, according to percentage of impurities, or abont 7
to 9 tons per square foot of sieve-surface. The cost of wash-
ing will be from 2 to 5 cents per ton, according to locality
and arrangements. i

Elevators.—The hoisting or elevating apparatus is, especially
as a labor-saving device, an important part of the washing
machinery, and requires close attention. Its object is first £0
bring the material to be separated to the machinery, and after
wards to_deliver the different parts to storage-bins or cars
For handling miuerals or heavy substances, the elevators aré
usually composed of endless chains and buckets, caused t0
move around polygonal pulleys or sheaves. A sieady move-
ment without jerking or slipping of the chains is vory desir
able! Chains tormed of common flat iron links, render such #
movement difficult and often impossible, no means being pro;
vided to prevent slipping. The apparatus shown on Pages 197
and 200 gives great satisfaction, and insures a steady aB
continuous working. The chains are composed of malleablt
iron or steel links specially designed for the purpose, and ¢o8”
nected by means of rivets or bolts and nuts. Each link 18
provided with lateral projections, r, which regularly, at the
proper time, afe taken up by correspouding teeth, ¢, of the

olygonal sprocket-wheels, P, as shown by Figures 1 and 2 ©

age 197. Thus the chain is carried around with the wheel$
perfectly secured and maintained, no stopping or jerking being
possible, till it arrives at the rear, where it is developed sguB
and set free. Rods, A, reaching across from one chain to thé
other, support the bucket z. They are kept in place by scre¥
nuts and pieces of gas-pipe o inserted between the links aB
the buckets. According to the dimensions of the latter, links
are wade of different sizes and length. Figures 3 and 4 repre;
sent 8-inch and 6-inch links, with either two or four laters
projections . They are always well-proportioned, and hav®
large wearing-surfaces et their connecting-points. The sprocket”
wheels P have independent angle-pieces m, with their teet?
t, which are riveted or bolted to the sides. The teeth m8Y
also be cast with the wheel in a single piece, as shown by P’
200. The upper pillow-blocks, supporting the sprocket-whee ;
and the chains, are fixed movably upon guide- plates, C, 8%
can be lowered aud raised by means of the set-screws s. Ei¢"
vators may receive an inclined or vertical position, or a com”
bination of both together. The inclination of the appal‘at:;
on nge 197 is 60 degrees, with half-bushel buckets attach
to 8-inch links. It receives movement by the pulley D, 8%
takes the material from the bin G to the delivery-chute £
The ordinary speed is about 15 revolutions per minute, 8%
;he claspacity, with seven-sided sprocket-wheels,

X

= 264 buckets= 13 bushels, or about 300 tons per dey

of ten hours. With a speed of 20 revolutions per minnte 9“01:
an apparatus can hoist and deliver 400 tons of material
day of ten hours, An elevator raising its load vertically !
illustrated upon Page 200. It has quarter-bushel bucke!®
attached to 5-inch links, snd is caused to move around tWa:;
sided sprocket-wheels P. The links and buckets are conne¢ 4
in the same way as previously described, and their form 80
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d;'ll}°n§i0ns only are different. But a special mechanism for
oy IVering the material has been added to the wheels- As the
°e"’lng-trough or chute C has to be set outside the return
P:‘;“ﬂge of the buckets ¥, the material emptied out of the
pr:" Would not be delivered, but would fall on the back of the
Iddc'e‘-img bucket. and down again to the bin @, but for the
ca 1tional mechanism. For this Ylnrpose, the inclined planes
Te ﬁxeq between the sprocket-wheels P in such a manner,
in:t turning around with the latter, between the chains, they
'Pre:'"“bly mesh in in front of each ascending bucket, and
the ede the latter to the delivery side, where they first receive
Material, to let it slide afterwards into the receptacle C, as
doe” Seen from the drawing. Their object, therefore, is to
Thi 88 over the s}mce between the receptacle and the buckets.
st D6thod is far preferable to the one frequently used, con-
cont 5,10 the run of the elevator at high speed, whereby the
utents of the buckets are drawn.over into the receiving
sin 8. Of all the systems employed, that certainly is the worst,
ce it renders necessary the frequent renewing of the chains.
torj] Mixed system of elevators, w%lieh is working very satisfac-
¥s 18 shown upon Page 204. It is vertical in its lower part
of ¢ Ielined gt 60 degrees on top for the convenient delivery
Ilre Material, Instead of running both chains inclined, the
the N-chaing only are often bent below the top wheels to bring
inere eptacle near enough, but this requires larger wheels and
tors 68 friction. Most of the power necessary to drive eleva-
mak;s consumed in overcoming friction. It is advisable to
P'&ct‘the links forming the chains as long as is reasonably
icable, consistently with the buckets or pans of the ap-
or supporting and guiding the upper or ascending
ti tween the wheels, short pieces of angle-iron and
"ﬂleo 2IY friction.rollers are preferable to loose and movable
i he latter are expensive to keep up, and make the

1 £00 complicated.
li.,go:'”‘y"s.j—Another great labor-saving apparatus for-hand.
o T carrying minerals and other heavy substances from one
It oo to another, {s the conveyer, represented upon Page 201.
U8ists, similarly to the elevators, of endless chains, formed
Carp, tally.connected links, pans or plates, secured to and
anq Y the links, sprocket-wheels for driving the chains,
whee]g ©I8 for supporting and guiding the table between the
m°“htéd 4 represents a framework of .timber on which are
thafy ) the shafts o a1 journaled in pillow-blocks a1r. Each
C ¢y '8 two sprocket-wheels £ supporting the endless chains
if qq. e pillow-blocks of one of the shafts a al, or of both
! gor, Te 8¢t upon guide-plates g g1, and made adjustable
Jectin Bfrews $1in order to tighten or loosen the chains. Pro-
"hee1§ ‘ggs or sprockets ¢ are cast on the periphery-sides of the
d“ign’ Y preference one after the other side. These lugs are
lan&, ed to engage the links of the chains and prevent the
'l.ippi’ ¥ Means of corresponding projections, », Fig. 3. from
Mgy, ‘8,10 whichever direction the table may be caused to
anq o, & liuks are of the same kind as previously described
At th, f"‘the elevators, with an eye atone end and a socket
°pp_°31t9 end adapted to receive the adjacent link, and a
Centy, o’“JGCthns 7 near each connecting end. At or near the
to pe N each link, a flattered base or attachment p is tormed
tahl, Ve the sheet-metal pans or plates m of the conveying-
the ling, ¢ ¥idth of the plates is about equal to the length of
O Tive & ey are secured, either by means of bolts and nuts
le ing .d As is shown by the drawing, Fig. 1, the forward or
of the p: Re of each plate overlaps the rear or following edge
taneg toe:edmg pan. This is necessary and of great impor-
asive ™M and maintain a close and tight joint between
W&!te Plates while turnin% around the angles of the wheels.
& ea:mall cogl or mineral, etc., is thus entirely avoided.
"lving.wg for guiding and supporting the table between the
eleoyed feel., friction rollers n reaching across the table are
lowey OT the upper part and its load, while for the return
g"‘l‘ed n Part, small malleable iron rolles, n’, Fig. 4, in any
Mvetg Wber, suitably mounted on metal frames, are fastened
Plateg , ¢ OF otherwise to the upper or carrying face of the
:?lgveye; f hese rollers, in the under or lower passage of the
fo Ingep,” FOM Wheel to wheel, travel or ride upon suitable
ie'lb o to f, JC4M8 A2 secured to the framework 4. It is pre-
“%necﬁ"ten_them immediately over the carrying chains,
clhlxn“d °% With the attachments of the links. ~Large tables
lng ¢ rcarry heavy minerals, ete., require three or more
Pla, Tdey tg g"lent bend.ing or sagging of the pansin the centre.
em;:' of 124 the mineral or earth to be conveyed upon the

8,
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fixed to the timber of the frame 4. Sufficient clearance must
be provided between the lower edge of the sides and. the unper
surface of the conveyer-pans to prevent friction. If desired,
however, the ends of the conveyer-plates may be bent upwards
at an angle and serve the same purpose as the sides R in pre-
venting the falling over of the mineral, etc., or in many cases
guards may be omitted entirely. It is however, preferable,
when any provision of this kind is needed, to use the fixed
side-boards R, because the pans are not loaded thereby, and
they ave also free from the liability to become choked or bent, so
as to interfere with the proper working of the table. Provision
for charging the minerals, etc., upon the table, may be made
by means of hoppers, or otherwise, as will be shown here-after,

Arrangement and Disposition of Elevators and Conveyers.—
This part of the paper is intended to illustrate some of the
many cases to which this kind of machinery may be profitably
applied. Page 204 is a part of the coking-plant'at the Long
Run mine, New Bethlehem, Pa., and shows the arrangement
of two vertical elevators £ E° in eombination with the con-
veyer C to bring the slack coal to the washing machinery. On
the left hand side is the washer-building with the separator 4
at _the ground floor and a 4.roll crusher B above it. Two
railroad-tracks are in front of the building, one for lump coal
or the run of the mine, or the other for nut coal and unwashed
slack. The coal intended to be washed, is collected in the
hopper A to be fed into the crusher-rolls, by means of the con-
veyer C. The different apparatus have been designed in view
of handling 200 to 250 tons of slack co:l per day. During the
regular or normal run of the works all the slack may be easily
taken away by the conveyer, but it often happens that railread
cars have to be loaded in a very short time, and owing to the,
small capacity of the hopper &, it became necessary to provide
for some additional storage-room. This has been accomplished
by means of an auxiliary hin B between the tracks*and the
building, holding about 150 tons. Dumping and loading may
thus be done at almost any rate of speed, the surplus slack
being let into the bin. and does not interfere with the regular
working of the machinery. The object of the two short eleva-
tors E E is to hoist this coal up again, when needed, without
any extra labor or additional expense. As long as the con-
veyer is supplied with coal from the hopper H the elevators
are at rest. They receive motion from t+e shaft a by means of
a counter-shaft 5 aud cog-wheels ¢ ¢'.  Both are provided with
friction-clutches £ f*, operated by levers £ ', and may be run
independently one from the other. Usually only one of them
is at work at the im=. The buckets k& deliver the coal upon
the inclined chute ¢ ¢’, by which it goes to the conveyer, and
thence to the separating machinery. The length of thg table
is 17 feet 6 inches between the centres of shafts, by 38 inches
width. Its speed is only about 40 feet per minate. No side-
boards or guards are used here. Two men attend to all the
machinery, the machinist and his assistant.

Page 205 represents a difforent arrangement from the former,
which, however, has the same objact in view, nawely, the
handling of the surplus slack, producel at certain hours of the
day, without additional expense of labor. Itisa part of the
coking-plant at the Rochester miues, Dubois, Pa., wita the
coal tipples in the centre, a large auxiliary slack-bin B to the
rigiit, aud a part of the coal-washer building to the left-hand
side. E £’ are two inclined elevators to delivery the slack
from below the screens. Their caparity is about 250 tons each
per day of ten hours. While dumping coal into railroad cars
at the normal speed, the elevator £ leading to the washing.
machinery is quite sufficient to handle all the slack produced,
but the time allowed tor unloading pit-cars is very irregular.
In the morning between the hours of 7 and 10 o’clock, relatively
few cars are taken ont of the mine, because this time is required
for the miners to loosen the coal and get ready for the day’s
work.  Most of the coal is loaded between the hours of 10 and
3 P.M., and dumping is-usually very lively abvut noon. A
greater amount of slack is then produced than the elevator B
can take away. Before the erection of the second elevator £,
and the auxiliary ‘storage-bin B, the sarplus has been very
troublesome, interfering with the regular working of the washer.
Two boys and two mules were kept busy to haul a part of the
slack to the dump and bring it back again afterwards. That
such a system of working could, not pay, is easily to be seen.
Atter this had been carried on for some time, the writer was
consulted, and proposed the arrangement shown by the draw-’
ing, viz., an additional elevator £, taking the surplus slack
into the storage-bin B, and a conveyer C'to bring the same.
back again when needed, the mechanism to be arranged in such-

A ——
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loyeq »h° table, side-boards 2 supported by brackets d are
S 288, shown in Figures 1 aud 2. The brackets are
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3 Manner, that either - may be worked independently, or
::th Spparatus set out‘::frtmotion. This has been carried out
u d gives full satisfaction. The elevator is of the kind shown
1022 Page 197, with half-bushel buckets, and about 56 feet
8%"8 between the shaft-centres. Provision is made for about
O tons of slack. At the bottom of the bin B are three gate-
;’p“mlg! i to let the slack out again upon the table of the con-
oer C. The latter is located on the side of the elevator, and
1 through the middle of the sto room about 2 feet
v OW its bottom. It is 54 feet § inches ong, from centre to
conX® of shafts, by 24 inches width of table, and the same in 5
to ruction as shown upon Page 201. The ne power
m‘il:" the elevator and the conveyer is obtained from the
ft @ of the washing-machinery, and, by means of the N
P ' and a wire rope, is transmitted to the oounter-shaft
w P latter, by means of two sets of bevel wheels 0 1/, and .
clined shaft, ranning outside and along the elevator-post, |

4 3 its motion to the upper chain-wheel of the elevator 2. _ «
b t::nd ocounter-shaft &', also receiving motion from the shaft: i ‘

: h the spur-wheels ¢ ¢, gives motion to the conveyer.
can di' one by the pulleys ¢ ¢’ and a rubber belt. The pinions
oly W are oonnected with the female of the frietion-
u‘hh" J f respectively, and receive only when the olutches
],«"t In. As soon as the slack commences to accumulate
oo the buckets of the elevator Z, the second slevator Eis
by setting the clutch s tight. The surplus is then taken g
'i“i!edb the bin B until its volume has diminished to that re-
OF the by the washer. The clatoh J is now drawn out again,
Cthe elevator allowed to run empty. To start the conveyer
olntgy (10tch £ is pushed in, and, as the male parts of both
t:;‘"! are connected together, this will set the elevator E’
biy o, 20ton. One of more gates s below the bottom of the
aaq 1 then aligh txaopened, 0 lot the alack upon the table
ia b“’klgninbo oot of the elevator £. No extra labor
apeded ; the work is Eurlormed by the engine which runs the
“Wachinery. (4 paper read before the Am. Inet. of
"0 Enginsers.)
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* WOOD PAVEMENT IN THE METROPOLIS,” BY
GEORGE H. STAYTON, ASSOC. M. INST. C.E.

A PAPER ROAD BEFORE THE INSTITUTION OF CIVIL ENGINEERS,

The Author directed attention to the nature and extent of
the various Wood Pavements in the Metropolis, and to a com-
parison of the results obtained. The aggregate length of the
streets of London was 1,966 miles, of which, excluding 248
miles in course of formation. 1,718 miles were thus maintained
‘by various authorities, namely :—

Macadam ... cen . 573 miles
Granite ves cee e 280 ,,
Wood 53 ,
Asphalt 1334 ,,
Flints or Gravel ... R 7984 ,,

" The existing area of Wood Pavement was 980,533 square
yards, and its estimated cost £600,000. Not more than 4.38
per cent, was east of the City or south of the Thames. The
method of construction adopted by the uuthor was described
and illustrated. His practice was set out the levels of the
channels s0 as to allow a rise to the crown of the road equi-
valent to 1 in 36 above the'mean channel.level. The incli-
nations of the channels should not exceed 1 in 150, and
numerous street gulleys should be provided. An extra cost
of 4 per cent, for gulleys was money well spent. The foun-
dation of the Chelsea pavements consisted of a bed of concrete
6 inches deep, composed of 5} parts of Thames ballast to 1
part of Portland cement; the entire cost for materials and
labour when completed was 2s. 33d. per square yard. The
use of old broken granite as a substitute for Thames ballast,
although cheaper, was not recommended. Concrete made
from that material was less homogeneous than pure ballast
concrete,

The greater part of the Wood Pavement in London was
composed of rectangular blocks of yellow deal. Betore adop-
ting Wood Pavements the Author inspected the various kinds
of pavement then laid, and came to the conclusion that a plain
but substantial system was the best. The blocks were 3 in-
ches by 9 inches by 6 inches, and were speciffed to be cut
from close and evenly-grained, well-seasonsed, and thoroughly
bright and sound Swedish yellow deals (Gothenburg Thirds).
The Author knew of no inore suitable wood in the market,
which so satisfactorily stood the wear of traffic and atmos-
pheric changes. Of hard woods, pitch pine took a high place
in point of wear, the ascertained annual vertical wear of the
section in King’s Road during four and a half years beiug
0,055 inch only, Neither elm nor oak blocks would withstand
the atmospheric changes to which street surfaces were ex-
posed ; larch would probably take a high position, but the
available supply was limited. Inmany pavements the blocks
had been dipped in a cresote mixture ; in a few instances
they had been creosoted or mineralired, but at least one-third
had been laid in their natural condition. The ordinary dip-
ping process was of little value as a preservative, but might
be utilized as an external discoloration for infeeior blocks.
The Author had tried creosoted blocks, but experience had
convinced him that they were not more durable than plain,
that their surface was less clean, that the system was 20 per
cent, more costly, and that it tended to produced premature
internal decay. The Wood Pavement in Chelsa required forty
and one-half blocks per square yard ; they were laid upon the
concrete in their natural state, with the fibres vertical, and
with intervening spaces § inches wide. The joints were filled
with cement grout composed of 3 parts of Thames sand, to
1 part of Portland cement ; they were kept parallel by means
of jhree cast-iron studs fixed in each block, which rendered
the pavement firm and steady until the grout was thoroughty
set. A top.dressing of fine gritty material complited the
work. If practicable, traffic should be excluded from a newly
laid pavement for at least one week after completion. The
result of five years’ wear convinced the Author that the plain
system comprised all the essentials of a sound pavement ;
that it provided a quiet and smooth surface for vehicles, and
safe foothold for horses ; that the cement joint adhered to the
wood, effectually resisted wet, did not unduly wear below the
wood surface and thereby allow dirt to accumulate in the
joints, neither did it displace the blocks. The net cost was
108. 6d. per square yard, and but comparatively slight repairs

had been found necessary, The blocks were originally 5-87 !

inches deep, but their present average depth was 5-22 inches
in King’s Road. and 5-60 inches in Sloane Street, their prob-
able life being saven and eight years respectively.

Peculiars of Wood Pavements in various parts of London
were given at considerable length ; and in these instances
where the approximate weight of the traffic per yard width
was known, the details of cost, maintenance, durability, ascer-
tained vertical wear of wood, &c. were described. The experi-
ence of the Improved Wood Pavement Company was probably
greater than any other, that system having been laid in King
William Street, Leadenhall Street, Bishopsgate Street, Alders-
gate Street, Ludgate Hill, Queen Victoria Street, Northumber-
land Avenue, Parliament Street, Whitehall, Piccadilly. Knights-
bridge, Bond Street, Park Lane, Old Brompton Road, and in
other places: Henson's system had been tried in Leadenhall
Street, Fleet Street, the western part of Oxford Street, Bromp-
ton Road, Euston Road, and Uxbridge Road. The Asphaltic
system had been laid in Fleet Street, the Strand, Oxford
Street, High Holborn, Regent Street, and Brampton .
Lloyd’s «keyed " pavement in Pall Mall had proved a failure,
owing to careless work, and to the mode of jointing an
blocking. The same pavement in the upper part of Regent
Street also showed considerable wear. Carey’s pavement had
been laid in Cannon Street for over nine years, but the Au-
thor did not class it among successful pavements. The Lig-
no-Mineral pavement was laid throughout Coleman Street 1B
June, 1875, but -in April, 1882, asphalt was substituted.
Messrs. Mowlem and Co's., pavement had been laid in the City»
St. Gile’ss St. Marylebone, St. Pancras and Kensington. ID
Princess Street, Cavendish Square, blocks which had been put
down in September, 1874, were still in existence. A larg®
area upon the plain system had been paved by Messrs. Nowell
and Robson, in Kensington Road, Fulham Road, Uxbridge
Road, and High Street, Notting Hill. In order Metropolital
districts besides Chelsea, the Vestries had laid a plain system®
by means of their own staff. The Vestry of St. Marylebon®
paved the eastern portion of Oxford Street in October, 1878
The blocks now averaged 3:30 inches deep, but in certai®
parts the depth was 1§ inch only. The Paddington Vestry
had laid 125,000 square yards in various strects, with satisfac-
tory results.

The essentials of good management consisted in the prompt
removal of defective blocks, the constant use of hand-scrapers
and brooms in removing horse-droppings and mud, and the
judicious application of water and sand, The cost of thi®
service was 4jd. per square yard per annum, as against 110:
per square yard for macadam previous to the substitution ©
wood. The Author considered it undesirable to lay blocks ©
a greater depth than would provide for a life of seven year®
as very few pavements retained a good surface after about 5%
years wear, Experience suggested that 5-inch blocks weré
preferable. Taking the life of the blocks in King's Road 86
seven years, the first cost, repairs, renewals, and cleansing
spread over twenty years, amounted to 18, 9d. per square yar
per annum, and over fifteen years to 2s. 13d. The repairs ©
Sloane Street and King’s Road, when macadamised, amounte
to 2s. 10d. per square yard, excluding first cost, but including
11d. for cleansing. In Westminster the annual cost of m#
cadam repairs alone was :—

. s, d.

In Parliament Street ces 2 10
“« Whitehall e e e 2 10}

# Victoria Street .. BN vee 2 0

The annual cost of wood relatively to the traffic-weight pef
yard width was classified ic the table on the opposite page ™

1t was strongly urged that local authorities should ad?Pt
measures for ascertaining the weight of traffic before 1ayi?8
down wood, that greater discretion was necessary in accept!
tenders fur construction and maintenance, and that nor
able expense should be spared in supervision. On the whe ¥
the Author submitted that Wood Pavement was economic
and convenient, that notwithstanding many failures th
modern rystem had achieved a fair amount of success, e
that there was no apparent reason why its use should not
extended.

The Paper included tables and statistics showing the ﬁrsfc
cost and annual cost of various Wood Pavements, the Contlo
parative vertical wear of wood. in various streets as reduced
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i‘ift:&lﬁc standard, together with the ascertained and estimated Surp-Reparrine Suie o~ Loca Tav.—Loch Tay, a splendid l
of the blocks, ) sheet of fresh water, some fifteen miles in length, in the very
heart of the Perthshire Highlands, has, through the enterprise
of the Earl of Breadalbane, been provided with four steamers
Daily Traffic weight per yard width of Pavement. | Within the past three years, to accommodate tourists and the
residents on the sides of the loch. A large slip on which
System, these steamers can be taken for repairs has J ast been erected

’ from designs by, and under the superiréteEdeélce of Mr. Tho-

- . - mas Pitcairn, inspector to Mr. Strain, C. -y Glasgow, on the-

400 Tous. 500 Tons. 750 Tons' |1,000Ton. (1,250 Tons. | 2] Tay Works and the Killin Railway. The slip ts 450 ft
in length, and is supported on piles. On each side of the
ways, which are 17 ft. in width, there is a pier 350 ft, long
Plas 5. d |8 d [s d |s d |s d from which vessels can be steadied while being taken out of
lain Yellow ) the water. Mr, Pitcairn began the sinking of the piles from
Deg 1 -4 1 9 . 1 10} the shore, and put up the two stages, on which he subsey

. T T quently placed the machinery for driving the piles by which
c Ping .. 1 6 . the deep end of the ways is supported. There are three lines
€08oteqyeyl T T e o of rails in the ways, the one.in tbe centre being toothed as a
eal. .| 1 63111 103 L L . ratchet to prevent the carriage or cradle on which the steam.

... . . i 2 o ers are placed for slipping into the loch. The ways are bolt-

Py A o L 11 2 1} ed to three rows of piles, of which there are as many as 400
Sphaltje : ’ 2 ol in the structure. When all the supports were in position,
* Mr. Pitcairn constructed 250 ft. of the ways on shore, fitted
on the mountings, and then floated the structure into the
place where it was to be sunk, after which all that the diver
had to do was to bolt down the ways and saw off the project-
———————— ing pieces of the timber. The remainder of the work was of
a comparatively easy character, and was accomplished from
A JOURNAL FRICTION. the shore. At the summer level of the loch, the slip, which
a ’ has-an incline of 1 in 20, will have ten ft. of water above the
l?’ell?nggnw;sixﬁd Eﬁfodrettljx‘e‘An:l. S?c'lzzfo?;f'érli)z;g:; é{tll:I; lower end, and in time of flood the depth will, of course, be
Tiw Pparafiy M oi the fe' ﬂtli N a:f re~u arnals gt low velocities, | uch greater. The material used in the construction of the
ey o up e triction of car jo repairing slip, as also in the construction of seven steamboat

e .P:"P?l’lmem,s were undertaken to test the correctness of - ierse along the shores of the loch, was larchwood which
by Rtartionf tests described in a previous paper, which were made grows to g%eat perfection on the B,readalbane esta.t’es. Al
dedycip g % 0218 from a state of rest down a kuown grade and | B4 the slip has been found most admirably to serve the
LY }i :.he resistances from the velocity acguired.. The pre- purp{) se for w%ich it was erected. A fow weeksyago the Lady
Ti 8 :imi:m]sa:e;e‘ made bg o apFatrlatuls]; in which :}el:taii? of the Lake was placed upon it in order to have a couple of
1 oty of Speedsg, ph T an orcinary lathe having a g damaged plates removed and to be fitted with a new propeller
y:;{ - connect,efi :v::zmanglied?cei a?ils bfllligg:l‘:‘i‘:g ht};atnI:: of greater power than the original one ; and the slip then
foy tln. ® Pressur t&l . it %)] wei E tas. It was | Worked so well that although the vessel is of 100 tons burthen,
2 imporg ot this Suitable weighing apparatus. It wa she was easily taken from the water by means of a hand
B, for inp ant that this weighing anparatus should be direct, och y tak
The remufl *0¢e, a platform scale rather than a spring scale, | Winch. (Engineering.)
fﬁetio atts of these experiments as to initial friction were that THE ““DELTA" STEAM LAUNCIL—A steam launch conm.
Catly oopgr. s, 1OW journal speed is abnormally greatandmore | gtructed of * delta metal” is being exhibited at the Crystal
a incsr ant than any other element of friction. This ab- | Palace in the joint names of Mr. Alexander Dick, the manufac-
' :‘?lutiou, X“e of friction is due solely to the velocity of re- | tyrer of the new alloy, and Messrs. Yarrow and Co., the build-
Jetioy j, it Velocities slightly greater, but still very low, the ers of the launch.  As it has been proved by repeated experi-
“gularly :l lal“ge,‘the co-efficient failing very clowly and | monts that delta metal is equal in strength, ductility, and
34 1o, :ﬂye oclty is increased, but being constantly more toughuess to mild steel, the  plates and anglo pieces of this
Peratyre. CleCted by differences of lubrication, load and tem- | Jaugeh were made of the same thickness as if they had been
a i 08 Observvgry slight excess of initial friction would gener. | ¢ steel, namely -2, in. The length of the hoat over all, is 36
fagy THON of pq, s 1i€T€ I8 w0 such thing in journal friction a3 | ¢ "i1e breadth of beam 5 ft. 6 in., and the depth from gun.
ti? that rie:fzf,’gfd's““c“"“ from a.fm.-tlgn of lmlotlou.h ;I.‘he wale to keel 3 ft., the capacity i)eing sufficient to provide
Ta idno Journg] o o:ﬁ:t- a;gﬁ?risg; 2;: ll;;e uig:(t)a;g;osztei:::g sitting accommodation for twenty-five persons. The stern,
keel, and stern-post are of forged delta metal, and are scar'ed

Pld

a lon y :

%t;ng vel%itiel;ytﬁny force however great. At ordluary oper- together in the usual way. The angle frames are made of the
e to ¢ character and completeness of lubrication same material and are placed longitudinally instead of transvr-

eye ® myc . P . :
Cn the Pressure 0?2‘:,,;2&?:?;': than the kind of oil used, or sely, to give greater longitudinal strength,  The propeller, cast

ompgn; ; ; ngth, T ;
L Parigg . in delta metal, is four-bladed, 2 ft. 4 in. in diameter, and 3 ft.
l‘tltl](ll‘by r n:w:: re made of experiments by Prof. Thurston pitch.  The engine is of the "usual direct-acting ty;ae, and of
sy friction 5, 24 the experiments of the author. The sufficient power to propel the boat ata speed of eight to nine
ﬂista“ Indeeq, nog "ober in railicad service seems to be very knots per hour. The advantage of delta metal over steel and 1
Bist:gec: of freigh ‘rceeding one pound per ton. As to the re- iron for shipbuilding, is that it does mot rust. It is well

t trains in starting, it is believed that the re- : ] inually painted, will
xuﬁ]d" ;rtltxsnbegmning of motion in each journal is about 20 known that a thin steel vessel, unless continually p »
o .

s

.

Plain Pltch

o)
<
2
@
o
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————

i . rust through very rapidly. This difficulty has been found to
ten Wugt pe oi Pty of from one-hialf to three miles exist to a r::mmrkZble sxteit in the rivers of Central Africa ; in
i“at f“llds Per top tained. befgre the journal fnctlon fa:lls. to these the waters, from some unexplained cause, possesses an
'Ned:“t e pogpg © Six miles per hour the journal friction extraordinary power of corroding and eating through steel

Per ton higher than at usual working

Lpoy fy,.:8 . . i i ial interest at the present moment
frli)é’:} frictjon PETature exerts g very marked adverse influence | P2{e%: This fact is of special inter P
iop §

n Lo * - when the rapid development of the African continent may be
Very 0 ig 1¢ ‘:)t ?tW Vvelocities. The veloclrt_y of lowest journal looked for. pAn importgxnt advantage possessed by delta metal
ng) oMt )y, ric:te'n miles per hour. With bath or other f ¢+ the construction of large boats, where its weight must be

Tictig lon there is a very slight increase of jour- | 1o koned by tons, is that it is offered at a moderate price, and

Wi 0 acc : o :
"1:2:%? perfe:ﬂpanylxlg velocities up to 55 miles per hour. consequently the undoubted advantages of non-corrodibility are
uot eclipsed by a prohibitive cost.

Ubrication, as with pad or syphon, greater
l:itct:' beip “ma'ol;t to decrease as to incre;.)se the co—eﬁicien%. The .
jogy?, e may sae 1Xe the ordinary lubrication in railroad ser- PoLisniNe Woop IN THE LaTHE.—After sand papering a
to 58‘1 friction s vmh‘m? sensible error that the co-efficient of | very little preparation is required.  Fill up the grain with oil
iles poy l:s “Pproximately constant for velocities of 15 | and plaster of Paris, wipe off clean, polish with French polish,
© hour. and finigh off with alcohol.
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SCREW PILES.
(For llustrations sce page 208.)
THE APPLICATION OF SCREW PILES TO FOUNDATIONS.,

Screw piles are applicable to every description of ground
except rock, provided the diameters of the pile shaft and screw
are proportioned to the nature of the soil. Driving or sinking
piles not fitted with the screw is an operation of extreme diffi-
culty in sand, and it is sometimes impracticable to force tbem
down. Notwithstanding that many ingenious contrivances
have been more or less successfully applied, there is no certainty
that a row or group of piles can be suunk (fixed) te an equal
depth to bear their load in the same strata. With Screw Piles
the groups can be brought to a true level in any strata. (Fig.
1.) Screw Piles have been screwed to a depth of 40 feet through
pure compact sea sand with comparative ease, and with the
application of manual poweronly. (Fig. 2.) The screws enter
a clay strata more easily than almost any other, and they have
been inserted in sand and clay, in many instances, from 20 to
39 feet. The principle of the Screw Pile introduced by Alex-
ander Mitchell about 50 years ago, and the advantages derivable
from its use, have enabled engineers to execute works under
circumstances of no ordinary difficulty, especially in instances
where the soil is unstable and incapable of supporting struc-
tures of the ordinary type.

In the execution of work in treacherous localities where the
structures are subject to the influence of floods in rivers, or
wide estuaries, and all the contingencies arising from shifting
sand channels, and strong tide currents and scour, none of the
several inventions that have been brought forward to overcome
these known difficulties have been so effectual as the Screw
Pile. An immense advantage pertaining to the Screw Pile is
that, in eases where it is most wanted, .e., on a shifting or
loose sand, it is easily applied. They have been used in the
erection of lighthouses (Fig. 8), beacons, breakwaters, piers,
jetties, wharves, in-bridge foundations, bridge structures, via-
ducts, aqueducts, etc. It is scercely possible to enumerate the
many instances of their application. In'fact, without them
many of the difficulties connected with some of our most impor-
tant public works would have been almost insurmountable.

THE APPLICATION OF THE GROUND SCREW TO MOORINGS,

The screw mooring can be employed in every description of
ground, hard rock alone excepted. The prover area of the
screw should in every case be determined by the nature of the
ground in which it is to be placed, which should be ascertained
by boring. The depth to which these moorings are required
to be screwed varies with the character of the ground. Every
description of earth is more or less adhesive, and the greater its
tenacity the larger must be the portion disturbed before the
mooring can be displaced by any direct force. Their holding
power is indeed so great that, in several instances, chains made
of iron 3} inches diameter have been broken, without bringing
up the screw.

Besides their security, the advantages of screw moorings, in
ottier respects over those formerly in use, are very considerable.
In most cases all ground chain is dispensed with, the buoy
chain going down direct to the screw. This not only saves a
very heavy expense, but does away with the inconvenience
always arising in uarrow harbours, from anchors getting foul
of these chains.

Wherever ground chains are used in connection with screws,
they are stretched up and down the stream. The advantages
of this system are its simplicity and cheapness of construction,
with the powerful resistance, even to a vertical strain, which
generally proves fatal to sinker, mushroom, or anchor moor-
ings, depending (as they do) chiefly on their specific gravity.
In confined situations the screw moorings are particularly valu-
able, from the small scope which may be given to the buoy
chein on account of the great holding power of the screw. This
is often a matter of very great importance.

The usual form of mooring screw is given in the wood cut
(Fig. 4). The dimensions as to the diameter of the screw
blades, spiudle, shackles, etc., are determined by the nature of
the ground into which the moering screw has to be sunk, and
the strain to be borne by it.

Besides their ordinary use in mooring vessels, either singly
or in tiers, 3 smaller class of screw is extensively émployed for
warping and marking buoys, and for guys and temporary pur-
poses. Modified forms have also been usefully employed in
many ways on shore . and it will be perceived how easily the

principle can be adapted to such purposes as holding dow?n
chains for suspension bridges. (Fig. 5.) The guys of stand-
pipes or signal-posts—as a perfectly safe mode of securing ligh
buildings in countries subject to hurricanes (Fig. 6), as a sub*
stitute for tent pegs, or as a convenient fastening for rack
clothes, ete., etc.

——rw—————

METROPOLETAN SEWAGE DISCHARGE.*
BY MR. R. W. PEREGRINE BIRCH, M. INST. C.E.

In this paper a description was given of a method laid be-
fore the ‘“Royal Commission on Metropolitan Sewage Dis-
charge’’ by the author, to ascertain the rate of progress out to
sea of the sewage discharged at Crossness and at Barking.
was now known that this problem could not be dealt with
satisfactorily by means of float-experiments ; and the autho?
submitted that its only true solution lay in the accurate mes”
surement and localization of the sea-water and fresh-wate!
contained in the river, considered together with the records 0
the upland.flow contributing to the latter. If it were not fof
the incoming of sea-water, the time occupied by the sewage-
polluted Thames water at Barking in travelling to any lower
point, say Gravesend, would be exactly the same as the timé
required by the Thames, with its tributaries and sewage, to fil
the channel between Barking and that point. But the salt:
water occupied part of the channel, and by diminishing .the
space available for the fresh-water reduced the time requirét
for the fresh-water to fill that space and pass through it.
author showed that by a complete set of salt-tests made at e
gular distances apart in the length of the river, and at fixe
tidal periods, it could be ascertained wsth great nicety to what
extent any section of the river was occupied by sea-water, 80
consequently what space was left for sewage-polluted rivel
water. ' The time occupied by the journey of the upland:
water would be the time required to fill the latter space.
was shown that in dry weather such as prevailed in Septem"
ber, 1882, the sewage discharged at Barking would resC
southward in thirty-two or thirty-three days, and in a time ©

‘heavy flood, as in November, 1882, in twelve days.

general effect of the calculations was to indicate that, owitf
to the greater specific gravity of sea-water and its tendency
diffusion, the exchange of river-water and sea-water took place
very quickly—much more so than was commonly supposed—
50 that the uplahd-water passed even more rapidly through the
estuary at Southend than at Barking, where the cros”
sectional area was not one-twelfth the size.

A _—

Engtueering Notes.

™

TorPEDO EXPERIMENTs.—Some recent experiments of Ad:

"miral Jaurés of the French navy with torpedoes have resulté’"

very satisfactorily to those who claim a high degree of effic”
ency for this class of naval engines. .

When starting on a voyage from Toulon to Lisbon with &
small fleet, the admiral took with him two torpedo, boats, No8*
63and 64. The plan of the test was simple, the torpedo boa.‘d
were to do their best to reach the ships, the ships were to 870!
and thwart them if possible. Everything favored the Iattels
the night was calm, the moon full, the ships provided W“_
powertul electric lights, and their officers and lookouts infor®
ed of the hour of attack. In spite of all this, torpedo boat No-.
64 which appoached the squadron in front, was not discover® d
until within 1,000 yards of the vessels, and moving at a 5pe°
which would cover that space in a little over one mint™"
When it is remembered that these boats discharge their tol'[l’?r
does with absolute certainty at 300 yards, and with ot
chances of success at 400, it will be seen that pretty qn:;er
work would be required of the crew of an iron-clad, even ub 1o
the favorable conditions of the experiment, to destroy b )
torpedo boat before having their own vessel sunk under theﬂ""
In rough weather or on a dark night, three or four boats in
this description would keep a hostile cruiser well occupié
defending hereself.

THE new dynamite gun, so called, is really an air gun. T':’:
dynamite is in the bomb discharged. The experimentsl 500
was of 4 in. bore and 40 ft. in length. An air pressure ol "
1bs. was used, which threw a shell containing 16 Ibs. of dy®
mite a distance of a mile and a quarter. ’

—

* A paper read before the Institution of Civil Engineers.




AvroMaTic LiGHTING OF BeacoNs.—In America a system
% autematic beacon lights has been adopted. Each beacon is
‘umlshed with a reservoir of sheet iron, containing gas under
t Bressure of fifteen atmospheres. The quantity is sufficient
0 !‘Sl}t the beacon for three months ; and fresh supplies are
p""Odlca]ly delivered by a vessel which conveys the gas from
a ¢ factory, A clock-work installed in the beacon, turns on,

14 lights the gas at the hour fixed for this purpose. The ex-
ge"ence of several months has served to test this plan and it
n“s Proved so far successful. Attendants live on the shore

®ar the beacon, and see if they are working properly.

WE,HE Froops or THE OHI0.—An interesting note on this

ci'JeCt has been communicated to the French Academy of
is e0ces by MM. Lemoine and Mahan. The Ohio floods, as
‘n:"" knov_vn, produce great havoc at Pittsburg, Cincinnati,
a other cities, on the banks of the river. The river rises to
b fn";at height, and floods the houses and manufactories on its

oods' In February last, more than 1200 buildings were
the ded at Pittsburg, and at Cincinnati (275.000 inhabitants)
the anlage was estimated at the about 200,000.. The basin of
. hio has an area little less than the whole of France ; and
ﬂ(g'&"‘t many affluents join the main stream. Although a few
t‘_ih“tOb.servmions bave been made on the river- itself, the
ang y.1ies have been neglected in thisrespect. MM. Lemoine
tions ahan propose to orgunise a methodical system to observa-
intrg d"’l the river system of the Ohie valley, such as Bellegrand
wil] b“(_=ed in the basin of the Seine. The important stations
Cing; ® In communication with the engineer of navigation at
wi h“l!lan, who will forward warnings to all places threatened
othe, flood.  Certain stations will send daily reports by letter,
i by teleiraph; and the data thus collected wiH, when

8if
t]"t’ega:?,:' lead to the prediction of floods at different parts of

snsemm

kn%tnT’GUE's ELEcTRIC RAILWAY.—M. Lartique, the well-
of then F fench engineer, has applied electricity to the traction
Way ; Pannjers or cars of his single-rail tramway. Thie tram-
ns‘» 88 we stated some time since, emplorad in Algeria for
“meportmg esparto grass from the interior by the traction of
ang y t was an easy step from ‘anin_ml to electric traction,
Agricy] Lartigue has successfully taken it. At the recent
ag g nitural Exhibition in the Palais de 1'Industrie, of Paris,
doublpenmgntal line was shown on which five iron panniers, or
logg,.- C8T8in the form of seats, were drawn by a dynamo-electric
wgigh‘t’t‘" at the rate of seven miles an hour. The total
\ angf the five carsand the electric locomotive was about &
The the maximum power required was three horsepower.
Tatg, ) 2810 of the locomotive was a Siemens DS, and the gene-
Siem:anwhlch stood about 100 yards from the line, was a
hopge, 8 D2 dynamo capable of developing from 5 to 6 electric
gine Wer. It was driven by a Herman-Lachapelle steam
by of fThe total length of the line was 123 metres. It was
Curyeg f"l'ty-one rails, each 3 metres long, and comprised
ed \‘: 74 metres radius. The locomotive dynamo was
rivjy,, 3 & Platform car or pannier, and geared with a grooved
nil, 8 Wheel 30 centimetres in diameter, which ran upon the
anq revsrhmht to graduate the speed, switches to stop, start,
Carrieg b"’e the motor, and a seat for the conductor, were also
% the 13 the locomotive car. The train was properly coupled
Clrrep :%mmlve, and ran on small grooved wheels. The
ong 43 brought to the dynamo by two insulated conduc-
mg]) Connected to the rail, the cther to the dynamo through
awj w t rollers in connexion with the commutator, One
!’l‘ekkin &:hem-Ployed to start or stop the train by making or
lng the% © circuit ; the other to reverse its motion by revers-
the ¢ i“"'ent. The rheostat, by interpolating resistance into
the 4 SUIL, r‘llows the strength of the current to be varied and
o, onihe train to be increased or diminished as the case
Unggy the d'e work was carried out by Messrs. Siemens, and
"9"king i (Irection of M. G. Boistel. The economy of the
o 0! course largely dependent on local circumstances.
A§
{:’_tukes tll?:‘mﬂl!a.-ll; issaid that glass is gradually beginning
h:‘dges ink Place of wood and iron in the construction of
N hnrdeng bnglﬂnd. . Theinventor makes blocks of. glass which
gfthillg to bey & special process. 1In solidity it is said to leave
N'en SUTprig; esired. The experiments already made have
i w0oq o irng results, and the cost is below that of bridges
Secty like o0.  Moreover the gluss cannot be injured by
Wood, nor rusted like iron.

chLN
AND Brige Tramway.—An effort is about to be

AND‘ THE INDUSTRIAL ARTS.

-lities in their goods yard at Brigg.

made to carry out a tramway from Lincoln to Brigg, for
which a Board of Trade order was obtain some time since. It
is intended to lay the line (which will be twenty-sven miles
in length, including sidings and passing places, the gauge
being 3 ft. 6 in.), along the waste land at the sides of the fine
old Roman road, known as Ermine-street, 80 as not to inter-
fere with carriage traffic. The Great Northern Railway Com-
pany has agreed to afford the freest access totheir goods yard
at Lincoln, with permission to put in sidings and banks to
facilitate the exchange of traffic from and to their ordinary
railway wagons ; and the Manchester, Sheffield, and Lin-
colnghire Railway Company has agreed to afford similar faci-

IMPrOVED BorLER TUBES.—In order to obtain the greatest
possible efficiency in the steam-heating surface of boilers, a new
kind of vertical steam boiler has recently been invented by a
Mr. Armer. To obtain this efficiency, the boiler tubes have a
helical twist given them, which does not interfere with the ease
with which they may be cleansed, but which causes greater
impingement of the gases agrinst the tube walls, and gives
more freedom for expansion than straight tubes.

THE FueL Cost oF HIcH SreEp.—Some experiments have
rscently been made upon the Pennsylvania road, near Phila-.
delphia, to ascertain the difference in the consumption of coal
betweeu running a train very rapidly and at a very low speed.
The same conditions, same number of cars and similar engines
were employed. The trains in each case ran the same distance
—119 miles out and back. Some stops were mads. The fast
train ran on schedule express time. Tha slow trainran at the
funeral pace of twelve miles an hour. The fast train consumed
6,725 lbs. of coal. The slow train consumed 4,420—saving
effected, 2,305 lbs.

r

GrAss BeariNgs.—To what purpose may not glass be put ?
Bearings made of glass are now being experimented with in
the rolling stock of railroads in regard to their frictionless
qualities. This material is a hard, clear substance, and must
wear down smooth and give a fine bearing surface for an axle
to rést upon. It is a non-conductor of electricity, if not of heat,
and the fine particles have as good a chance to work down the.
bearings of the axle to a running fit as in the grinding in of a_
valve seat for a brass valve, and much power is expected to be
saved by converting the wearing of a journal into some other
agency, than by converting it into heat.

FrRESH PAINT.—The current belief among house-holders,
the smell of fresh lead paint is noxious, is founded on pretty
general experience but is supposed by the opinion eqnal_ly cur-
rent among chemists, that lead compounds are not volatile. A
fact recentﬁy brought to the notice of our excellent contempor-
ary, the Lancet, supports the domestic theory. The btms' of
the useful and popular luminous paint is known to be sulphide
of calcium. ow, this compouud, when unprotecte by
varnish, glass, or some other impervious substance, is slowly
acted on by the acids of the air, aud sulphureted hydrogen is
evolved, which blackens lead paint. This is well known, and
can easily be avoided by proper protectioq of the paint. Bat
the curious thing is that unprotected luminous paint is fot'md
to be perceptibly blackened by the fumes from fresh lead aint.
There seems to be only ome possible explanation of this:
namely, that a surface freshly covered with lead paint t}oes
actually emit some volatile compound of lead. e believe
that many physicians could confirm this view from their own
observations in regard to newly painted houses.

CuriosiTiEs oF MAGNETISM.—If an iron wire be twisted
during or soon after the passage of a voltaic current through
it, the wire becomes magnetic. When the wire is twisted in
the manner of a right head screw, the Eoint at which the cur-
rent enters, becomes a south pole in the opposite case it be- -
comes & north pole. If during the passage of the current, the
wire be twisted in different directions, the polarity changes
with the direction of the twist.

It is proposed to have a universal exhibition of railroad
material at St. Etienne, in France, next year. St. Etieone is .
a city of nearly 100,000 inhabitants in So}ltheastern France,
some thirty miles southweast of Lyons. Itis proposed to have
tracks in the form of an immense figure 8, in which different
systems of iron substructure, joints, chairs, rails switches, sig-
nals, etc., shail be employed and tested.
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8crew with Bolid Wrought-iron Pile, for Piers, Bridges,
Ligkthouses eto.

Fig. 4.

Sorew with Hollow Cast-iron Piles,

Sorew Pile.—Lighthouse.

i Pig. 5.
Holding-down Sorew for Tents, Rickocloths, eto. Mooring for Marking Buoys, Guys, Landties, and for 'l‘ompoﬁf’
’ purposes.




209

AND THE INDUSTRIAL ARTS.

. July 188,

Fig. 3

Fig. 6

Fig, 6




210 : CANADIAN MAGAZINE OF SCIENCE

[July, 1884

S ————————

MEASURING EARTHQUAKES, (Nature.)
(For Illusirations seé pages 209, 212, 213, 216.)
I.—METHODS.

It is difficult to define the word earthquake in terms which
will not cover cases to which the name is imappropriate. To
say that an earthquake is a local disturbance of the earth’s
crust, propagated by the elasticity of the crust to neighbouring
portions, is true, but the defintition does not exclude, on the
one hand, such tremors of the soil as are set up by the rumb-

- ling of a earriage, by the tread of a foot, or even by the chirp of
# grasshopper, nor, on the other, those slow elastic yieldings
which result from changes of atmospheric pressure, from the
rise and fall of the tides, and perhaps from many other causes.
One writer, in his definition of the word, limits the name
earthquake to disturbances whose causes are unknown—a course
open to the obvious objection that if the study of earthquakes
ever advanced so far as to make the causes perfectly intelligi-
ble we should, by definition, be left with no earthquakes to
stady. It must be admitted, however, that in the present
state of seismology this objection has noforce, for in assigning
an origin to any disturbance likely to be called an earth-
quake, we have, so far, been able to do little more than guess
at possibilities. The more practicable task of determining
what, at any one psint within the disturbed area, the motions
of the ground during an earthquake exactly are has lately
received much attention, and in this department of seismology
distinct progress has been made, :

Apart from its scientific interest, this absolute measurement
of earthquake motion is not without its practical use.
Through the recent shape earthquake in the Eastern Counties
has reminded us that no part of the earth’s surface can be
pronounced free from liability to occasional shocks, these occur
80 rarely in this country that English builders are little likely
to let the risk of an earthquake affect their practice. If Glas-
gow or Manchester had been shaken instead of Colchester, the
chimneys of the mills would, we suppose, have risen again in
a few weeks no less tall than before. The case is different in
an *“ earthquake country,” stich, for example, as some parts of
Japan, where the present writer had the good fortune to experi-
ence, during five years, some three hundred earthquakes.
Where the chances are that a structure will have to stand a
shock, not once in a few centuries, but half-a-dozen timesa
month, the value of data which will enable an architect or
eugineer to calculaté the frequeney and amplitude of the vibra-
tions, and the greatest probable rate of acceleration of the
earth’s surface, does not need to be pointed out.

To know how the earth’s surface moves during the passage
of a diturbance we must obtain, as a standard of reference, a
¢ gteady-point,” or point which will remain (at least ap roxi-
mately) at rest. This is a matter of no small difficulty, for (as
will be shown in a second paper) the motions during any single
earthqualke are not only very namerous but remarkubly various
in direction and extent. Most early: seismometers were based
on the idea that an earthquake consists mainly of a single
great jmpulse, easily distinguishable from any minor vibra-
tions which may precede or follow it. The writer’s observa-
tions of Japanese earthquakes do not bear this out. They
show, op the contrary, during the passage of almost every
earthquake, scores of successive movements, of which no single
one is very prominently greater than the rest. Moreover, the
direction in which a particle vibrates is so far from constant
that it is usually impossible to specify even roughly any parti-
cular direction as that of principal movement. For these
reasons attempts are futile to obt#in knowledge of earthquake
motions from instruments intended to show only the greatest
displacement or *‘the direction of the shock.” The indica-
tions of such instruments are, in fact, unintelligible, and it is
safe to say that no seismometer is of value which does not
exhibit continuously the displacement of a point fiom its
original position during the whole course of the disturbance.
The value of the observation is enormously increased if, in
addition to the amount and direction of the successive displace-
ments being shown, these are recorded in their relation to the
time. We can then, besides seeing the frequency of the vibra-

tions, calculate the greatest velocity of the motion of the

surface, and also its greatest rate of acceleration—an element
of chief importance in determining an earthquake’s capacity
for mischief, since in a right and rigidly founded structure the
shearing force thiough the bast is equal to the product of the
acceleration into the mass, and the moment tending to cause

overthrow is that product into the height of the centre ©
gravity.1

Seismographs used during the last three or four years by the
writer and others in Japan give a record of the earth’s motiod
during disturbance by dividing that into three componeunts
along the vertical and two horizontal lines. In the writer 8
apparatus these three are independently recorded oy a revolV*
ing sheet of smoked glass, which is either maintained 12
uniform rotation ready for an earthquake to begin at any
moment, or is started into rotation (by help of an electro:
magnetic arrangement) by the earliest tremors of the earth-
quake itself. The relative position of the marks on the glass
serves to connect the three components with each other, and 8
knowledge of its speed of rotation connects them with the time-
It is sufficient that the ¢ steady-point ” for each of the three
components should be steady with respect to motion in oné
direction only. It may move with the earth in either or both
of the other two directions, and in fact it is generally mo$
convenient to provide three distinct steady-points, each wit
no more than one degree of freedom.

In that case each steady-point is obtained by pivoting H
piece about an axis fixed to the earth, and in nearly neutrsl
equilibrinum with respect to displacements about the axis 0
support, When the earth’s surface shakes in the direction 12
which the piece is free to move, the support, which is rigi%:
moves with it, but the centre of percussion of the pivO?d
piece remains approximately at rest, and so affords a pol®
of reference with respect to which the earth’s movement?
may be recorded. If we could getrid of friction, and if it wer®
practicable to have the equilibrium of the pivoted piece absol“i
tely neutral, the centre of percussion would remain (for smal
motions) rigorously at rest even during a prolonged distur
bances. But there must be some friction at the axis of supp? f
and also at the tracer which records the relative position °
a point moving with the earth and the steady-point of t 1
seismograph. And the pivoted mass must have some Hﬂl"ll
stability, to prevent a tendency to creep away from its nor®
position during a long continued shaking, or in conseques
of changes of the vertical. If, however, the mass be so neatly
astatic that its free period of oscillation is much longer than the
longest period of the earthquake waves, and if great car®
taken to avoid friction, the centre of percussion beba?
almost exactly as a true steady-point with respect to all th
most important motion of even a very insignificant earthquak®
The effective inertia of the system may be further increased bY
pivoting a second mass on an axis passing through the cenh
of percussion of the first piece and parallel to the axis of 9‘“’.
port. An instrument designed on these lines in which th’
pivoted pieces in neutral equilibrium were two light fram® >
supported as horizontal pendulums at right-angles to oad
other, and with a massive bob pivoted at the centre of
cussion of each, gave (in 1880) the earliest compléte recordd /
the horizontal movement of the ground during an earthq“"kh;
A description of it has been given in the Proceedings ¢
Royal Society, No. 210. {

Figs. 1 and 2 show this seismograph, improved in manJ 0‘
its details. The frame shown is one which has done excelle?
service in a seismological observatory which the writef wb’
enabled to establish in the University of Tokio, through a8
interest of the Japanese directors, A similar instrument hl
also been supplied to the Government of Manila. Fig: of
shows one of the two horizontal pendulums with a portio®
one of its upright supports removed. The axis of Blleoo
(which slopes very slightly forward to give a small deﬂw‘u
stability) 1s formed by two steel points, 6 and ¢, working 12 o
agate V-groove and & conical hole. The frame of the P s
lum is a light steel triangle, a, the effective inertia being g’ is
almost wholly by a second mass pivoted at d on a vertical 8%
which passes through the centre of percussion of the f"‘m,
The tracer, which serves to magnify as well as to recor® .
motion, is a straw, tipped with steel, and- attached to the
dulum by a horizontal jointat d, which allows it to acco® of
date itself to any inequalities in the height of the glass pla® 4
which its distant end resta. A portion of its weight 18
by a spring, adjustable by a clamp at ¢, by which the p“"nnt
of the tracer on the glass plate may be reduced to an am0 ith
just sufficient to scratch off’ a thin coating of lamp-blac w
which the glass is covered. In Fig. 2 the two pendulum®

o
1. The caseis different and much less simple where he 8"‘}°;ith
is so flexible as to have a period of free vibration compars Lo

the periods of the earthquake vibrations.

_— 1 ‘
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~;‘;°n In plan, with their tracing pointers touching the glass
ln?ite’ 9, at different distances from its centre. The plate
Fipi . PeBdulums are mounted on a single base, which is very
ea&'dly secured to the top of a broad post, struck firmly in the
Cor: ! and projecting only a (ew inches above the su.rfa'ce.
rol] tinuoug rotation is communicated to the plate by a friction
o ::° k, he'ld in a slot guide and connected by a universal joint
0“: of th'e arbors of a clock, which is wound up once a day.
clock Dment by an escapement being out of the question, the
Wheey © controlled by a fluid-friction governor connected to the
€el train, also by friction gear, as shown in Fig. 3. The
i“re four in number to prevent disturbance of them by an
o sggﬂke. l'll‘h}el vane; dip intl;) oil, leld are drawn back by
bgs which tie them to the spindle.
“t}:’ibf;] t:le earth shak(eis the axisl,) d, fof each bob rsmailns
al rest as regards components of motion perpendicular
this ¢ corresponding pendulum, and the tracing point is
case is four times the motion of the earth. So long as no
sin l‘l“jlke occurs each po'nter traces over and over again a
i c%:vggflet(;n the pla‘te].1 Tlfue (iircle fr%q\iently‘tends to widr;n
atieently, especially if the pendulum is very nearly
:trﬁ‘cc' his is in part at least due to such changes of the
H, “l.a§ have been observed by d’Abbadie, Plantamour, G.
fr@qm"wm. and others. Thke plate consequently requires
't'“‘tinm attention, and where that cannot be given, an electric
h 8 arrangement is to be preferred.. When an earthquake
ed ;c‘;“!' d, the plate is removed, varnished, and photograph-
Slng it as a ‘“ negative.” a
to?zl:: :::)b f;.f each ;élendulﬁlm m;:iy ]of ct}urse be liigidgy attachle:d
Ce of pivoted on the pendulum frame. In that case the
th:;er 01 percussion of the i'rgme and bob together (which will
“Ob) Wil little farther from the support than the center of the
the rl lbe the steady-point. The writer, however, prefers
Begy 8hgement described above, which gives great compact-
‘dvlnt 8 maximum of effective inertia, and which has the
de;e,m?E:tOf making the position of the steady point at once
e, .
Atg tlv:"“]d take too much space to describe or even to enumer-
leclu'ee Many other devices which have been suggested to
leﬂvin % steady.point by v rious methods of astatic support, 1
hotizog One, or in some cases two, degrees of freedom to move
Wby tally.  The hLorizontal pendulum has been modified by
thepe), 2ting a flexible wire and spring for its rigid pivots
r;: . y *;)deing all but molecular friction at tlhe axis of sup-
i €res and cylinders, free to roll on plane or curved
butatie:. With or witg’out a slab above them, }Fave been tried,
'hntio,;lr Tiction is excessive. The approximate straight-line
i‘:l'vice 1:fmwﬂt a;:d of Tcgebicheﬂ' have bgen pr?issed into the
a .. Means of suspending a mass with freedom to move
:ihl r,,:;:lzr‘;::dl_path: The poxgnmod or vertical pendulum, an
ong § * With seismologists, has suffered many transforma-
Ogg) r‘ e efforts to reduce its stability, which is perposter.
?ndui:tcmlless we make the pendulum ve;lry loﬁlg.f ﬁ 2(:1 fogt
o], Onsisting of a cast-iron ring weighing half a hundied-
'°rgkh,~tnh“n8 by three wires from a riggid tgowes has done good
‘t" Viong d © writer's observatory, but such an instrument has
he \, 4 drawhq ks, Fig 4. shaws an arrangement, also used by
dujy,, o and called o duplex pendulum.” A cemmon pen-
l"'ll n With ring hob, B! is? coﬁﬁected to .an inverted pegdu-
4 .l ’ :
:’“Ve ht;riy 2 ball-and-tube joint, which compels the bobs to
farly aypo0tally together. * The combination can be made as
the o 2tatic ag may be desired by proportioning the masses of
S to th Y y prop g 0
ﬁ"ldulum e lengths of the suspension-rods. The inverted
Venstt“ndfi on a joint which gives two freedoms to rotate
Doj “p"&rd: fWnstmg about a vertical axis; an extension of.lts
‘An;e,. orms the multiplying arm, and ecarries a tracing
ot
;ad“plegeaplan is shown in Fig. 5, which may be described as
A r:,ly by “tdulum with a single bob, whose weight is borne
e,
E::“.t Withny one of these instruments affords a single steady-
s, Iy g gi:"sp‘ect to all motions in azimuth. Their principal
tha"%'da t° 8tatic *’ records of the horizontal motion, that
ap Bes iy roced on fized plates, which show at a glance the
I:ltthquak?ectlon of displacement during the occurrence of

Aty
‘lu.ke m::?‘p ting to register the vertical component of earth-
~ 08, We meet with the difficulty that the weight of
3'.1

8oq :
x’ .
*ﬂ;’{","low?ffrss by Gray, Milne, the writer in the Transations of the
okj, ociety o grm. vols. i. to vi; ora memoir on * Earth-

e, Ja
o, l“‘"“Ement.”f published a year ago by the University of
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2 socket blow and partly by a spring from a support .

the mass whose inertia is to farnish a steady point acts in the
direction in which freedom of motion is to be retained. A
weight hung by a spiral spring from a support above it is too
stable to act as a seismometer, unless the spring be impractica-
bly long. A horizontal bar fixed to a wall by a flexible joint
and loaded at its end—an old device used by the British
Association Committee at Comrie in 1845 —is open to the same
objection. If the loaded bar is rigid, but pivoted about a fixed
horizontal axis, and held up by a spiral spring near the axis of
support, we obtain a much slower period of free oscillation
than if the spring were directly loaded with a weight which
would stretch it to the same extent. Mr. Gray has rendered
this device as nearly astatic as may be desired by adding a small
tube coutaining mercury, whose effect is to increase the load
when the bar goes down and to decrease it when the bar goes
up. Another and simpler way of attaining the same result is
shown in Fig. 6, whicE represents the vertical seismograph
used in Japan by the present writer. There a is a horizontal
axis on two points at ¢, with a heavy bob b, whose weight is
borne by a pair of springs, d. Buat the upward pull of the
sgrings, instead of being applied to the bar in the line joining
the axis ¢ with the centre of gravity, is applied below that line
by means of the stirrup ¢. Consequently, if the bar goes down,
the pull of the springs, although increassd above its normal
value, is applied nearer to the axis, and (by properly adjusting
the depth of e below the bar) the moment of the pull of the
springs may thus be kept as nearly equal to the moment of the
weight as may be desired—a condition which of course secures
astaticism. The centre of percussion of the loaded bar is the
steady point, with respect to which the vertical motious of the
grouud are recorded by the multiplying lever 7 on the rim of a
revolving glass’ plate, o, which may be the same plate as that
which receives the record of the two horizontal components.
The iustraments which have been briefly described succeed
in registering very completely all the movements of the ground
at an observing station during the occurrence of an ordinary
earthquake, and some of the could be adapted with little diffi-
culty to the registration of violent convulsions. It would be
outside the gcope of this paper to deal with the appliances by
which Rossi and others have investigated those minute and
almost incessant tremors of the soil whose very existence no
observations less fine and careful would serva to detect.

—d P —————
ANTIQUITY OF LIGHTNING RODS.

Attention has recently been called to the use of iron as a
metal for lightning rods. In this couuntry, where the subject
has been left in the hands of the manufacturers, lightning rods
are made of pure copper, and consequently are far too expen-
sive for general use. In F rance, America and other countries
iron rods are in vogue, and found to answer the purpose very
well, besides being inexpensive. In Canada a church was re-
cently protected by a round iron rod three-quarters of an inch
in diameter, and welded at esch joint. The upper end of the
rod was drawu to a point, and a damp ground connection pro-
vided for the lower end, The rod was secured to the church
by galvanized iron staples. The total cost was under £3.
While upon this subject we may mention that Franklin was
probably anticipated in his discovery of lightning conduction.
According to M. de Rochas, the ancient Etruscans unde'rstood
the art of guiding the lightning. Tervius, relates that in an-
cient times the priests ignited their sacrifices by lightning, and
on one occasion Tullus Hostillus was struck dead because he
neglected the precautions laid down by Numa.

D L L £ e ———

FrEDERICK HERMANN P@&TscH, the inventor of the freezing
method for sinking shafts and foundations in water-bearing
strata, was born in Anhalt, about 1842. He graduated at
Freiburg, as a Mining Engineer, and for the ﬁrst. ten_years of
his active life was engaged as Mining and Sn_:e]tmg Engmger
for Auhalt; after that he went into the prussian State Service
as Government Mining Surveyor and Superintendent. He was
mainly emploped in Saxony, at Asherslebpn, and the.frequent
trouble from quick sand in shaft-sinking in that section early
attracted his attention. It was only in February, 1883, how-
ever that the method, patented in Octpber! 1888, sug, gsted
itself, and it was at once put in practice in the Ar 1bpld
Mine. Mr. Potsch is a patient, persevering and hard working
engineer, an for some years past has been devoting himself
to the solution of this quick sand problem,
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MEASURING EARTHQUAKES!
I11.—RESULTS,

IN this paper a short account will be given of the chief

results of two and a balf years’ observations in the
Seismological Observatory of the University of Tokio.
The first imstruments to be successfully used were the
horizontal pendulum, or rathier a pair of horizontal pendu-
lums writing a multiplied record of two rectangular hori-
zontal components of the earth’s motion-on a revolving
plate of smoked glass, and also a very long common

in amplitude and in
from equal. A roug!
greatest.acceleration was, A
the greatest movement as a sim
with a period of three-fifths

pendulum. The duplex pendulum, an astatic vertical
motion seismograph, and other instruments which bhave
been mentioned in the former article, were added later.!
The earliest records were those of five small earth-
quakes in November 18802 In the first of these the vibra*
tion of the ground lasted contintously for 1§ minutes
‘and no fewer than 150 complete oscillations could be
counted in the record. The shaking began feebl)g
speedily rose to a maximum, fluctuated irregularly, an

riod the successive waves were far
idea of the greatest velocity and
however, obtained by treating
le harmonic vibration,
a second. This gave

died out very gradually. The greatest movement from
! side to side was less than one-third of a millimetre. Bo

d
quakes.recorded in the same month the greatest fa"gﬁ o
motion was less than one-fifth of a millimetre. mw B
them there were many and unequal vibrations, * e
none was there any single impuise prominently g
than the other movements. :
Later observations showed that these were féirly

1'6 mm. per second for the greatest velocity, and 164 mm.
per second per second for the greatest acceleration, showing
that bodxes attached rigidly to the earth’s surface must have

experienced a horizontal force equal to about one-six
hundredth of their own weight. In three of the five earth-
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Sentative of a very large proportion of the earthquakes
Which occur so frequently in the Plain of Yedo. Earth-
Quakes of this class do no damage to buildings, but
¢y are strong enough to make their presence felt by
the shaking and creaking of houses, and even, in the
Night, to startle residents out of sleep. Lamps and other
Pendulous bodies are frequently set into considerable
Oscillation through the long continuance of the disturb-
ance, the period of some consecutive vibrations of the
ground being nearly uniform and equal to the free period
of the lamp.  The shaking lasts rarely less than one and
Sometimes as much as ten minutes.
N some cases, however, the amplitude of the earth’s
Motion is considerably greater ; occasionally it rises to
and even 7 mm. With such an amplitude as this,
Wwith the ordinary frequency which the earthquake
Waves have, the shock is more or less destructive—}valls
are cracked and chimneys are overthrown. The writer’s
>Servations do not include any earthquake of first-rate
Violence, hut they show by several examples that in the
uvial ‘soil of Tokio a sufficiently alarming and even
ha‘{laging earthquake may occur, in which the range of
Orizontal motion is less than a single centimetre.
N the Yedo earthquakes the vertical motion is generally
Much Jess than the horizontal, and, as a rule, forms an
Mportant part of the disturbance. .
of Ig. 7 is a copy, reduced to about half size, of the record
'8°ne of these more considerable earthquakes (on March 8,
1), traced by a pair of horizontal pendulums -on a re-
n lvlng plate. ' The inner circle shows the N.S. compo-
dF“t and the outer circle the E.W. component of the
'S.Pfacement. The records begin simultaneously at the
2ts marked ¢’ and @ respectively, and extend in the
g‘l'emon of the arrow over nearly two complete revolu-
985S of the plate. At the point marked ¢ in the outer
¢, when the earthquake oscillations were slowly chying
the 3 the writer (who happened to be present) withdrew
cﬁla;te, to prevent the later portions of the record from
Qual. g the earlier portions. By this time the earth-
zg:ke_ had lasted for two- minutes and a half, and some
cor Vibrations had been registered. The motion, as re-
in ed, was exaggerated in the ratio of 6 to 1; hence
n the. diagram as it appears here the -displacements are
e%,ﬂ}' three times the natural size.
is ! the sake of exhibiting some interesting features of
S €arthquake more clearly, the records of the two com-
Nents during the first twenty seconds of visible motion
in g, cen reproduced in the centre space of the diagram
the Uch a manner that simultaneous parts of both are on
time € radius. The short radial lines mark seconds of
wer, It will be seen that for three seconds the motions
Drete Very minute ; then the E.W. seismograph became
ty Sharply disturbed, but the other component was
Cely visible until the tenth second from the beginning.
the v1ing the tenth and eleventh seconds the phases of
di‘,etWO components agree in the main, but they soon
Rreaes’ 5, and in the fifteenth second, when the motion is
they X at any other part of the whole disturbance,
{ differ by about a quarter of a period. Hence at
in 4 Yime points on the earth’s surface were vibrating not
by pioctilineal path but in loops. This is strikingly shown
of g tlg' 8, which shows the path (exaggerated in the ratio
‘P!l?i 1) of a point on the earth’s surface, during three
Bay, S at this epoch in the disturbance. Starting from
‘ln-&c3 7 seconds from the beginning of the earthquake, a
€ Particle described the tortuous path shown in the
» And reached ¢ three seconds later. Similar rapid
§: of phase-relation occur throughout the rest of the
hich g % and in the slowly dying oscillations with
e of the tarthquake drew to a close the writer noticed
1 the pointers moving vigorously when the other was
Th{ at rest, and vice versd. ]
e ne, - idence, first clearly given in this earthquake, of
D-rectilineal character of the ground’s motion, was

confirmed by very many later observations. In fact in
every case where the records were sufficiently large and
well-defined to admit of a satisfactory comparison of the
ghases of the two components, the same thing was exhi-

ited. And not only in those cases, but even in very
minute earthquakes, instruments having two degrees of
horizontal freedom, such as the duplex pendulum, showed
in the most direct manner that the, earth’s movements
consisted of a multitude of twists and wriggles of the

"most fantastic character.

An excellent example of a still sharper earthquake is ]
given in Fig. 9—a record (reduced to half size) given by
two horizontal pendulums with a multiplying ratio of four
to one on a plate which was turning once in fifty-four

seconds. The beginning of motion can be detected on the

outer circle at a. At é and the corresponding point & it
increases somewhat suddenly, and during the next few
seconds we have the principal motions, followed during
many minutes by a long trail of lesser irregular oscilla-
tions, in which a marked lengthening of period may be
detected towards the close. To allow the phase-relation
during the principal part of the shock tp be examined,
lines %numbered I to 16) have been drawn by the aid of
templates through corresponding points in the two records.
An examination will show that the phase-relation changes :
in fact when the two components are combined the move-
ments are found to be loops, agreeing very closely with
the lager loops of Fig. 10, which is a “static ” record of the
same earthquake given by the duplex pendulum, In a

S
Fis. 8.

part of Fig. 10 the motions are so numerous and so much
distributed over allsazimuths, that the film of lamp-black
has been completely rubbed away from a portion of the
plate which received this record. ~ .

It frequently happens in the record of an earthquake
that the motions which are first recorded are rapid vibra-
tions, of short period and small amplitude, which are
immediately followed by larger and less frequent move-
ments. Sometimes, indeed, the former appear ds a ripple
of small waves superposed on larger ones. But in -all
cases where the short-period waves can be detected they
die out early, and the later part of the earthquake consists
of relatively long-period waves alone. Records of this
class are exceedingly suggestive of the arrival of first a
series of normal waves (that is, waves of compression and
extension), constituting the rapid tremor, and then a series
of transverse waves (that is, waves of distortion), forming
the principal motions of the earthquake.

In fact it is difficult to explain the ragxd changes of
phase in the two components, or, in other words, the
curved character of the horizontal movement, which most
g not all the recorded earth%\:ltkes exh:bx:,s oatxl'f:raﬁ:vtg:sen

' supposing that the principal movements are
w);vespg::unrfing in a plane not very much inclined to the
horizon, and this conclusion is supported by the smallness
of the vertical component. .

It is true that the appearances presented by the dia-
grams could be accounted for by assuming the presence,
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together or mormal and transverse waves, with a nearly hori-
zontal direction of propagation ; but in that case we should
expect to find normal waves occurring alomne at the beginning
of the eartbquake with much greater amplitude thap they
actually have. Other still less probable solutions might be
referred to ; but it is safe to say that the evidence furnished by
these observations goes far to prove that the earthquakes of the
Plain of Yedo consist chiefly of distortions, not compressions,
of the ground, and emerge at Tokio in a direction not very far
from vertical.

In the older seismology it was generally assumed not only
that an earthqnake consists mainly of one impulse, but that
the motion of the ground has a definite direction, and that
that is the same as the direction of propagation of the wave.
All three assumptions were false. An old piece of seismic
apparatus, based on these ideas, was a group of columns of
various heights standing on a plane horizontal base. These
were intended to show the direction and ‘‘intensity of the
shock "’ by tallin%(over. 1t is clear enough, however, that no
appliance of this kind can give intelligible results from earth-
quakef of suck complexity as those described above. The very
word ““shock,” accurately as it describes the feeling produced
by an earthquake, is a singularly inappropriate name for what
an apathetic seismograph records. -

As evidence of the accuracy of the apparatus by which the
foregoing results were obtained, it should be mentioned that
the records given at the same place by different instruments
daring the same earthquake were found to agree remarkably
well. Further, tke instruments were tested experimentally by
placing them on a shaky table, and obtaining, side by side, two
records of table-quakes, one from the so-called *steady-point ”
of the instrument, and the other froma poini in afixed bracket
projecting from a neighbouring wall, and known to be truly
steady. When the table was shaken in such a way as to give
records resembling those of actual earthquakes, the agreement
of the two showed conclusively that the steady-point of the in-
stiument did remain very nearly undisturbed, and that the re-
cords were in all important particulars substantially correct.

We have then the means of accurately observing the nature
of the surface motion at an earthquake observatory. But this
of itself tells us nothing of the speed and direction of transit
of the disturbance, particulars which are only to be learnt by
connected observations made at several stations, Any one
eaithquake, as a whole, lasts far too long and, begins too gra-
dually to admit of the measurement of time-intervals. between
its arrival at different points, bnt if we can identify any single
vibration in the records given at several stations—spread over
a moderate area, and connected telegraphically with each other
—the problem admits of a fairly easy solution. A recording
seismograph at each station will give a complete record of the
earthquake as it appears there, and if, during its progress, time
signals be sent from one station and marked on all the revolv-
ing plates, it will be possible to determine the diffcrences in
time of arrival of the same phase of the same wave at the suc-
cessive stations in the group. From this, if the stations be
sufficiently numerous, the speed and direction of transit, and
even the origin of the disturbanee, may be found with more or
less precision. But all this depends on our being able to re-
cognize at the various stations some one wave out of the com-
plex records deposited al each, and, especially in view of the
curvilinear nature of the motion, it would be hazirdous to say
without tria! whether this can be done. To ascertain whether
it can be done. and if so to organize groups of connected
stations to carry out the scheme roughly sketched above, should
be the next step in observational seismology.

J. A. EwIxNe.
University College, Dandee.

———— e e ———————

PETROLEUM AS FUEL IN ROLLING MILLS.

Among the many ways in which efforts are being made to
economically employ petroleum as a fuel, one lately tried at
the Union Rolling Mill at Cleveland, Ohio, is said to have been
a pronounced success. The apparatus is described in an
American paper as quite simple, and easily attached to an
ordinary puddling furnace. What may be styled shallow pans,
or receivers, are set upon the floor of the furnace, and in these
prns are heavy, closely-fitting perforated cast iron plates, lying
upon shelves but half an inch raised from the bottom ; leading
to the centres of these receivers, from beueath, are oil pipes
connecting without with a tank or barrel sufficiently elevated

to give the oil a good head ; intercepting the oil pipes near the
furnace is a small cylinder in which is an automatic valves
which can be set at any position to automatically regulate the
flow of oil. Auxiliary, are pip:s for carrying exhaust steam for
blast, a bridge wall bick of the receivers to detain the flamé
and a waterlined arch to protect the burners.

In operation, the automatic valve being set, the oil is allo¥:

ed to flow into the receivers ; a handful of cotton waste, ignl_“’d
starts the fire ; the plates become heated, and the oil, forcing
its way up under the plates, is instantly automized, and rus o
up through all the perforations—gases hydrocarbons, and all—
into a brilliant flame, leaving no residuum whatever beneat?:
The first fire was lighted about 9.30 a.m., but the full heat wes
not let on until about 11. At 12.10 p.m., the furnace wal
charged, atd at 1.22 p.m.—exactly one hour and 12 minutes™
the first heat was concladed. The pig iron melted.rapidly, b t
balling was parformed without difficulty, and the ball wed
through the squeezer in excellent shape. Necessarily ther®
were some drawbacks. The steam used for blast was scarce
dry enough, the pressure being only 70 I1b. at most ; there v .
a slight escape of smoke from the rear of the furnace when b
draught was open, and a high wind at the time did not cond® .
to the most favorable test; nevertheless the results made |
favorable impression on practical men_ who witnessed
trial.
This mode of burning petroleum is the plan of a Clevelﬂn‘}
lady, and seems not unlike, in principle, the pro osed way 1‘1)0
burning petroleum in locomotives contemplate under ¥ of
Holland patents.—Mechanical World. (Chicago Journal

Commerce.

—

Miscellancons Wotes.

Asbestos is becoming a valuable and much used mine"l'
It has been lately discovered, in its purest form, in lower ~. -
nada, and the quantity is said to be practically without hm;o
The fibres are long, pure white, and as fine as silk, and ¢
district covered comprises two counties near Quebec, to whi¢
city the product is brought to be crushed and cleaned, “';0
from which point large shipments are now being made i8
England and the United-States, The possibilities of
mineral range over a field that is simply marvellous. Fi
proof paper, rope, and ink that resists the action of ﬁ""’h,’
well ag the weaving of textile fabrics, such as table clo
abestos cloth gloves, etc., while in the range of building ?1:8
terials, fire-proof paint, packing for sases, floor deaden! w’
roof protection, covering for steam pipes, etc,, are among 3
more common uses, Its cheapness is its chief recomme?
tion to many, but its thoroughly incombustible natur® 18
special value because, in spite of the so-called protectlonﬁm
ceived from an insurance company’s guarantee against .
there are pany combustible things that could not be re}}l‘*ga‘,
which can be made of abestos and made secure from thi3
tructive element,

SaniTaTION I New York.—An interesting experiment 18 Ji‘:,s:
now being made in New York with a view to the utill”’:rgg‘
of the street sweepings and house refuse of that city. 4 1rs
machine has been erected by a Stodk company at the “gg
River Wharf of the street cleaning department, whiC?l )
and reduces to its elements ull refuse of whatever descriP l: B
which is brought to it. The average amount of stuff ¥
is brought to this wharf is estimated at 40 loads per die™
it is claimed that the machine could deal with moré “gy
three times that amount in a working day of 10 hours: s’
an ingenious arrangement all scraps of paper, rag, coal, "“;o)d,‘
glass, iron, &c., become separated, these are afterwa 8 Tt
with the exception of coal and cinder, which are U# osd of
firing the engine. The projectors estimate that every 1 -
1,800 pounds of refuse contains about 400 pounds of ‘«'0‘;‘0@9&%
cinder which is more than sufficient for their own pur .ug‘d;
The residuum refuse is cremated and the ashes are disch! 88
into the sea. So far, it is said, the experiment has pro¥e’ of
entire success, and the promoters announce their inte“f"ofue‘« 3
having machines at every city wharf to utilize all the % 1ge:
of the street cleaning department with profit to them%ﬂo‘iL
and the city. Should these anticipations prove well 0! poﬁ
a solution will be offered of a problem which has long hioh;
plexed New York. The system of the disposal of refusé s
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“°W_ Prevails is most unsatisfactory, the whole of it being

ed some little way out to sea in scows and then discharg-

:{} Year after year the pilots raise warning cries respecting

® enormous injury which is being done to the harbour’s

m‘-‘“t}l by the accumulation of ashe and street dirt there, and
8 radical change of method has long been sought.

tthE PreseNT LiMiT oF Microscoric VISIBILITY.—Al-
m°“gh there is perhaps much to be desired in the improve-
.eem of microscopic objectives, we may still consider our pre-
rel:'t 8tate quite an advanced one. Although the present theo-
" 1cal limit of visibility is fixed at 146,523 lines to the inch,
Ti eed not be deterred from attempting to pass this point.
‘ltﬁ limit which was accepted some years ago as the true one,
ough considerably lower, was quietly ignored as the an-
ar aperture in objectives increased.” It is only a few years
}0 that the majority of microscopists refused to believe that
he'Pellucida, which has about 100,000 lines to the inch, could
wp0lved, and now it is the work of beginners to doso. But
Onpl’qamg 146,528 lines to be the limit, it is evident that a
pi:’elghth or one-tenth objective with a one-half inch eye-
V'lSiet: 18 of amply sufficient magnifying power to make the lines
It; le to the eye, and there is therefore no need of using more.
N 8 a good rule to follow, under all circumstances, not to use
eater power than is necessary to comfortably do the re-
ired wor,,
tio:% medel of a novel canal boat has been placed on exhibi-
Cacped ® Cleveland inventor. The boat is to be propelled by
TeW, 80 geared that it can be made to turn by horses or
inv:s.tl‘anling in a circle in their stables in the boat. The
er. T claims that abundant power can be had in this man-
"ivéx- ‘"d. that a large saving can be effected, particularly in
be oy, LOWing bills, and by the reduction of help ; that it would
€aper than the present method of towing, even though no
ilg, 'ime were made ; but he is confident that four or five
% an hour can be accomplished.

tthL.PlTATION oF THE HEART.—A French physician says
a Istressing or excessive palpitation of the heart can always
Tested by bending the body double, the head down and
the .8 hanging, so as to produce a temporary congestion of
PPer portion of the body. In nearly every instance of
the “U8 palpitation the heart resumes its natural funetion. If
the g oents of respirations are arrestedduring this action,
8¢t is stillmore sure and rapid.. i

“lrin. Gurarie's Exprrivants—For several months past Gu-
been making numerous experiments in the field
€ has been working so long and so successfully, name-
¢haviour of solutions_of salts, and a mixtures of salts
Wuﬁo%oled down. One of his results is that as mixture in
Crygiar ©00I8 the salt which. is present in richest quantity
hig .. '%€8 out until a certain critical point is reached. In
€cent experiments Dr. Guthrie has shown that certain
Whigy, ! Metal, such as the more fusible or, «entectic” alloys
Dixty, Melt at low temperatures, behave in the same way as
!nolecu(is of salts, Moreover, there seems to be no definite
47 3" 8T proportion obtaining in these alloys. A mixture of
of cadpﬂ,m of bismuth, 19.97 of tin, 19,36 of lead, and 13.29
i i’:““m. fuses at 71 deg. Cent., or in boiling alcohol.

e 8 8till lower temperature than the fusing of Rose's
tnre,, of{netal, Dr, Guthrie has also shown that definite mix-
Ween ¢ Water and tri-ethylamine become turbid at or bet-
eq s:,:tmn temperatures, and on this basis he has construct-
q“%t-ion of temperature tubes containing the mixtures in
Peray When placed under the tongue of a patient the
thej, . *"Ure of the body at that point can be ascertained by
Wyt eans. D Tilden, of Edgbaston, has also shown that
big Wh? of water and butylic or amylic alcohols become tur-
betweenn between 20 deg. and 30 deg. Cent. and clear again

60 deg and 70 deg. Cent.
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ou
°f the s::JSANITATION.—One of the most common, andyet one
“'Very o8t frequently neglected causes of trouble with all
q forms

e'cript, of plumbing is the imperfect grading of pipes of
thereby a Dr_ain, water and air pipes are equally affected
Ing nd their usefulness is thus measurably impaired.

Wil Dre:am Pipe an insufficient fall or a misplaced elbow
it the 0 its perfect flushing with water and tend to per-
atteht &ccumula_tion of organic matter in portions of its

Pengeny ¢ efficiency of a ventilating pipe is also entirely
. Upon its mechanical disposition as related to the
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to pass. Similar defects of arrangement in a house water-
system are revealed only by the severe frosts ot winter. If
the pipes are not so graded as to secure their complete clear-
ance of all residual water by means of a drainage faucet,
whenever the house-supply is cut off, the freezing of the water
in, and the probable bnrsting of unprotected or exposed pipes
in a cold season will speedily discover he fact. A large pro-
portion of such casualties are brought about solely by this
means, at a great cost of money and inconvenience to the
owners or employers to these defective systems,

The timely exercise of a little forethought and mechanical
ingenuity in the disposition of pipes when they are first laid
would wholly obviate these difficulties and secure more per-
fect drainage and an unembarrassed water service.

CorPER FOR ROOFING.—It is thought that the decline in the
price of copper makes it probable that it will be used as roofing,
among other new purposes. It does not require to be painted,
like the tin roof, every two or three years, and it is not sub-
ject to rust. Even al present prices,” though a copper roof
might cost two or three times as much as a tin roof, in the end
it would be much less expensive.

BUrNING OF THE DEAD.—The body burns, whether placed
in the earth or fire ; in one case it takes 10 to 20 years, and in
the other so many minutes. Cremation is the proper and
scientific way to dispose of dead organic matter. When the
body is cremated, thereis no further fear from disease germs in
the body. The only plausible objection which has been offered
against cremation is that in case of homicide through the ad.
ministration of deadly poisons valuable evidence might be de-
stroyed ; but this is not a serious objection in the face of the
many advantages gained. All innovations in sanitary science
‘have had to fight their way inch by inch. Vaccination had a
hard struggle, but came out triumphant, and so we predict for
cremation a glorious victory, a triumph of good sense and
science. .

Pires Mape or SteEL PraTeEs.—Pipes made of steel plates
are coming into use in England for the conveyancc of water
undér high pressure. The plates are coated with lead on both
sides by immersion or otherwise, then rolled to form, rivetted,
soldered the whole length, and covered with pitch. Of this
method the first cost, it is said, i8 not much greater that of
iron, and the steel pipes possess considerable advantages over
those of iron.

A NEW TEXTILE PLANT, which received the name *“ kappe,”
is attracting considerable attention in Furope. It was first
Publicly exhibited last year at the Amsterdam Exhibition; It
is indigenous to Java ; and, when its fibres are carefully pre-
pared, they resemble wool, and, when curled, at a moderate,
cost they can be used for stuffing mattresses. It can also be
spun and dyed, but the fibrous appearance it retains ghows
that a radical improvement in the method of treating it lras
still to be discovered. All who examined the fibre at Amster-
dam were satisfied of its contingent improvement as a textile
material. :

A VARNISH FOR PATTERNS.—A varnish has been invented
in Germany for patterns and machinery. It dries, leavinga
smooth surface almost as soon as if is applied. It is .thus pre-
pared : Thirty pounds of shellac, ten pounds of Manila copy.l,
and ten pounds of Zanazibar copal are placed in a vessel, which
is heated externally by steam, and stirred during from four to
six hours, after which 150 parts of the finest potato spirit are
added, and the whole heated for four hours to 67 degrees. This
liquid is dyed by the addition of orange color, and can then
be applied as a paint on wood. When used for painting and
glazing machinery it consists of 35 pounds of shellac, five
pounds of Manila copal and 150 pounds of spirit.

A FLOWER has been discovered in South America which is
only visible when the wind is blowing. The shrub belongs to
the cactus family, and is about three feethigh, with a crook at
the top, giving it the appearance of a black hickory cane.
When the wind blows a number of beautiful flowers protrude
from little lamps on the stalk.

DR. STEVENSON has. found that, contrary to a general
belief, considerable quantities of zinc may be dissolved by
water kept longin contact with it.
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drain through which it is to induce a constant current of air I:
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THE EVOLUTION OF FLOWERS.
By GRANT ALLEN.
LILIES AND RUSHES.

ON the dry, sunny hillsides behind Mentone, there
grows in early spring a pretty little blue lily, erect
tud ugually solitary on the end of a long, stiff stem, and
Sgularly “rush-like in its mode of growth and general
IPPearance. 1t rejoices in the scientific name of Aphyl-
lanthes Montpeliensis. As arule, I don’t care to go out-
Yde our own wild British flora, or the common cultivated
'Wers of our gardens, for my main examples, because it is
Mﬂs far as possible to deal with well-known cages, where
9 reader's personal interest and menory count for some-
:’:“”8: and small as our native collection of plants really is,
Benerally affords quite as good illustrative examples of the
z::‘:us levels of evolution as could be got by ransacking the
ouses at Kew for the rarest and most unfamiliar exotic
;;Nm" or orchids. This little blue lily of the Riviera, how-
% with a fow of its congeners in Australia or the Malay
P pelago, forms such a beautiful specimen of bridge
tll:‘)'llmeting-link between two somewhat distinct families
o * I am tempted to step aside from my usual practice for
“of @, and interpolate a foreign plant among our illustrations
the evolution of flowers,
le.APf'lyl.lanthes, as its Greek name imports, has no true
the Y its foliage bas all heen transmuted into short dry
o“th'xng 8cales, which clasp and protect the base of each
vering stem. The work usually performed by the
bu,‘l'“\tbat of taking carbonic acid from the air to be
L.E UP into the living matarial of the plant as starch or
“wall—is undertaken in this curious lily by the tall,
g Tush-like flower-stalks alone. At the top of each
or . St8lk, & few dry, brownish bracts form an involucre
mf’f’,tecﬁve covering for the unopened buds; and within
mm\'olucre, in due time, & single sky-blue flower (more
blog,) 2ccompanied by one or two more) opens its bright
W to the Italian sun. As in the true lilies, there are
bn?e Sepals and three petals, all alike beautifully coloured ;
the _ue of the bracts (or very reduced leaves) here serves
'mﬁm of a calyx, as the true calyx has been per-
core]] from its original function to share in that of the
the & There are six stamens, as usual, in two whorls—
the .. o¢ Outer somewhat shorter than the three inner ; and
ingg P24l consista of three cells, welded firmly together
g . Uingle ovary. In short, so far as technical characters
,‘,h:"nw'med, the Aphyllanthes is a true lily. A botanist
toxy 1 0t strictly by the artificial marks set down in the
it be‘;wks would have no difficulty at all in deciding that
Fop 4 08¢d to the true lilies, and not to the rushes.
eon‘iﬁ::_dilﬁngqishing mark of a rush, in formal botany,
not .3 10 the fact that ite perianth is * dry and scarious,
wmhloid;" aud as the perianth of Aphyllanthes is
it bt ang juicy, of course it is a lily by definition, But
YU look af the accompanying figure of our common
4 rush, you will see that it differs essentially from
Yianthes in hardly anything except the comparative
' Noh.nd oolour of the perianth. To be sure, the flowers on
Wy, Stem are much more numerous in the rush ; but that,
° ® know, i5 o very small matter; in all other respects
o, *mblance between the two is extremely noticeable.
Yoad ;. it briefly, Aphyllathes is a lily far gone on the
d,“lt‘“'“‘d the rushes—an arrested stage, no doubt, in the
Pment of the family ; while the rushes are lilies like
:ﬁ”‘dnthes which have given up producing brightly-
< g & p
Rognyy,;  Perianths, and taken to small, dry,
* Wy cuous little blossoms instead, |
uay, { 8 this] Well, the rushes 4fford us an excellent
thej, P.° Of flowers in a retrogressive condition, though in
Mo the degeneration has not gone far, and has pro-

brown,

duced no evil effects upon the habits of the species. All
the plants that we have yet considered have been fertilised
by insects ; the rushes have gone back to the poesibly older,
but somewhat wasteful, habit of being fertilised by the
wind. The pollen is shaken out.from their little, loose,

e

b,

Fig. 1.—Aphyllanthes Montpeliensis.
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hanging stamens by every puff of the summer breezes, and
then floats away till it is caught by the three long, feathery
stigmas of some other flower. These two conditions of the
stamens and stigmas are very characterietic of all wind

_fertilised blossoms : the pollen-sacs always hang out in a very
mobile fashion, shivering and quivering before the faintest
breath, while the stigmas protrude boldly from the centre, and
are minutely divided into tiny plume-like points, which catch
and retain every grain of the fertilising dust wafted to them
by the unconscious breeze.

But how do the rush flowers, then, escape the chance of self-
fertilisation with its attendant @vils? By a very simple but
effectual contrivance. The stamens and stigmas of each blos-
som do not come to maturity together. The pistil is the first
to ripen, snd it protrudes its three tiny plume-like stigmas
through the bud, before the six dry perianth-pieces begin to
unfolg ; thus, it is pretty sure to catch a grain or two of pollen,
carried towards it from some neighbouring head. Meanwhile,
the stamens of its own flower are safely huddled vp within the
tightly-closed perianth. But, by-and-bye, the perianth in turn
opens, the stamens unfold themselves upon their long thin
footstalks, aud the pollen-sacks split down their sides, and
shed the pollen lightly to the breeze for the benefit of other
surrounding flowers. This is a common device with many
wind-fertilised blossoms.

Thus we see that the slight differences between the rushes
and Aphyllanthes are solely caused by a single fact in their
respective economies ; the one is impregnated by the wind, and
the other by insects. If the rushes were to take to the habit
of insect fertilisation they would doubtless soon acquire
brightly-coloured petals like those of the lilies ; if Aphyllan-
thes were to take to the habit of wind-fertilisation it would
doubtless soon lose its bright petals, because it would have no
further need for them. Nay, they would even become a posi-
tive disadvantage to it, inasmuch as they would induce insects
(for whose utilisation as carriers it was no longer adapted) to
come and plunder it undeterred of its precious pollen. Observe
however, that the rush has not entirely lost its petals, now
that they are no longer of use to it as coloured advertisements ;
it has merely found a new mode of employment for them. By
making them hard and dry it has turned them into a protec-
tive covering for the stamens before they mature, and as they
are persistent (that is to say, do not drop off after flowering) they
serve once more as a similar eovering for the seeds and capsules
during the ripening process. Such economy of existing struc-
tares meets us everywhere in Nature as an ordinary accompani-
ment of evolution.

The flower of the rush is still, however, esseatially a lily,
with three sepals, three petals, three outer stamens, three
inner stamens, and a three-celled ovary, bearing a united style
with three separate stigmas. In the common rushes, the seeds
are also numerous in each cell, as in the simpler lilies ; though
in Aphyllanthes and the wood.rushes, they are reduced to one
each, for a reason to which I must recur hereafter.

1 have left myself hardly any room to notice the most con-
scipuous external peculiarity of the rushes with which we are
usually most familiar. I mean the eylindrical, almost hollow,
pithy leaves. But it is easy enough to see the use of these
stout, strong, and often prickly tipped organs ; they are, of
course, admirably adapted for the places in which rushes comi-
monly grow, in wet, marshy spots, and they serve to protect
them a%&inst being either trodden down or eaten by cattle.
The cylindrical form, however, though frequent among the
rashes, is by no means universal : and we can trace
every intermediate stage, from the quite flat, grass-like or lily-
like foliage of the two flowered rush (Juncus biglumis), throuuh
channelled leaves with a fine cylindrical tip like the chestnut
rush (J. castaneus), to these in which the whole leaf has
become cylindrical throughont, like the sharp rush (J. acutus)
whose very stiff, prickly points are nasty things to pierce one's
hand with on the coast in Devonshire.

——— PP

ARTIST'S CANVAS.—The raw canvas must be stretched on a
frame, wetted, and restretchad if loosened by wetting, and coated
with a mixture of equal parts of dry whiting and white lead,
ground up with raw and boiled linseed oi), and laid on with a
trowel like a plasterer’s trowel, but longer and tinner in the
blade. 1f the canvas shows through the first coat, a second and
a third may be applied, the under coats being rubbe i down with
pumice stone. A little raw umber may be added if a stone-
coloured surface is preferred. The use of the trowel, of course,
requires the dexterity acquired by long practice.
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NOTES ON ELECTRICITY AND MAGNETISM.
BY PROF. W. GARNETT.

(Continued from page 191.)

In 1844 Prince Louis Napoleon, than a prisoner
writing to Arago, described two forms of battery iD
which only one metal was employed, so that there was
nowhere a contact of disiimilar metals, The first con-
sisted of a copper plate immersed in dilute nitric acid,
(which acts strongly on the copper), contained in 8
porouscell. The porous cell was placed in a jar col;
taining dilute sulphuric acid in which was immers
a second copper plate. On connecting the plate with
a galvanometer, a cugrent flowed through the galvano
meter from the plate immersed in the sulphuric acl
to that immersed in the nitric acid. With a battery
consisting of two of these cells he decomposed potassi¢
iodide and cupric sulphate, The second battery con
gisted of two zinc plates, one immersed in dilute sul-
phuric acid contained in a porous pot,and the other 1#
a vessel surrounding the porous pot. This battery
produced effects similar to that just described.

Napoleon then attempted to reverse ‘the ususl
order of the metals.” Ha placed a copper plate in dr
lute nitric acid contained in a porous jar, while a plat® |
of zine was placed in pure (1) water surrounding the
porous jar. On connecting the metals a current flowe'
from the zinc to the copper through the wire. Thesé
experiments alone seem sufficient to condemn the con”
tact theory, as held by those who maintain that the
E. M. F. of the battery is due simply to the contact®
dissimilar metals, More recently several other form®
of battery have been devised, in which there is 19
contact of dissimilar metals. Napoleon complain®
that he was unable to measure the E, M. F. of his bi‘,t’
teries, as the iron bars of his prison iterfered with his
galvanometers. )

It was supposed that when zinc'and sulphuric acid
are in contact and in equilibrium thé potential of th®
acid is very much greater than that of the zinc, 87
similarly in the case of copper and sulphuric acid, !
potential of the acid is much greater than that of tho
copper, but the difference in the case of the copper
less than in the case of the zine, while we further suf”
pose, as vindicated by the Peltier effect, that there ‘3
no sensible difference of potential between copper 88
zinc when in contact, we can explain the action 0
Voltaic cell. :

Suppose a plate of copper and a plate of zinc 0 be
immersed is sulphuric acid, but no contact to be mad®
between the plates. Then the acid must be at¢he Sﬂmj

‘potential throughout, or it could not be in electr®

equilibruim. Hence, since the differenze of the
ential between the acid and the zinc is greater 1%
that between the acid and the copper, the potentisl ¢
the zinc plate will be lower'than that of the copp®’
and a quadrant electrometer would be capable of meae
suring this difference of potential which will be b

electro-motive force of the cell. If the copper 8”

zinc are connected by a wire a current will flow 9 0
the copper to the zinc along the wire, lowering "l;o
potentiul of the copper and raising that of the zin® i
that the equilubrium between the metals end the 86
becomes disturbed, electricity flows from the ziB® "
the ac.d and from the acid to the copper, so that o
potential of the acid near the zine is raised above th
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of the acid near the copper, and a current therefore
flows through the acid from the zine to the copper
us completing the circuit.

If a plate of copper and a plate of zinc be connected
together, and the free end of the copper plate dipped
nto one vessel of dilute sulphuric acid and the free
end of the zinc plate into another vessel of the same
liquid, the acid into which the zinc is dipped will be
8t a higher potential than that into which the copper
¥ dipped. If now a connection is made between the
Wo vessels of acid by inverting a syphon filled with
acld 80 that one leg is in one vessel and the other in

@ other, electricity must flow from the acid in the
Vesgel in which the zine dips to that in the other ves-
8, the equilibruim will be disturbed and a continuous
Current will flow through the circuit as before.

In the frictional electric machines, in the Voss and
Holt, machines, in the replenisher and electrophorus

8 electrical energy developed is derived from the
Work done by the agent in overcoming the electrical
Snergy developed is derived from the work done by
3gent tn overcoming the electrical attractions and keep-
10g the machine in motion, or, in the case of the elec-
t’h"Phorns, in raising the carrier plate in opposition to
® attraction of the electrified ebonite. In the case
%a thermo-electric couple the energy of the current
8 derived from the heat absorbed at the hot junction
cn account of the Peltier effect, or absorbed as the

Urrent flows from hot to cold or cold to hot along the
Mtals on account of the Thomson effect. In the Vol-
thle Circuit the energy of the current is derived from
tala chemical action which takes place between the me-
Th:,’ oI one of the metals, and the acid (or electrolyte.) .
t the energy of the current in ordinary batteries is

U8 to the aolution of the zinc in the acid was shewn
‘vgl r. Jonle, who determined the amount of heat de-
the‘)P?d by a pound of zinc in sulphuric acid. He
lnin Immersed a battery in a colorimeter, and deter-
poned the whole amount of heat developed for each

Und of zine dissolved when the wire through which
ea;) Cuirent flowed was wholly contained within the

Orimeter, The amount of heat so obtained was the
ou';le a8 when the zinc was dissolved in the acid with-
curr, the production of apny current. On causing the
ang *‘tnt from the battery to pass out of the calorimeter
’il'let: flow through a wire immersed in a second calo-
p°llndt’ th_e heat developed in the battery for each

efic of zinc dissolved was less than before, but the
velo Ney was exactly compensated by the heat de-
lnunPed by the current in the esternal wire, and com-

Ioul]cated to the water of the second calorimeter.
8 e ]these experiments it appears that when a battery
to ¢ Ployed in sending a current the heat corresponding
not ‘:h chemical action toking place in the battery is
of 4y " olly developed within the battery, but a portion
the e;“ ®lployed in making the current flaw through

rmnrf‘llt,_ and is reconverted into heat wherever the

o ddOGS work against resistance.

ener 8day seems to have seen the necessity for the
cheu%iy (if tht_a electric current being derived from the
gar d(::i action going in the cell, and he consequently
the ¢ . this chemical action as the primary source of
of the“t‘m-motlve force, as it certainly is of the energy
TV turrent, Faraday supposed the chemical at-
0 to throw the electrolyte (acid) into a state of
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Clectrig w1 o
*1¢ “ polarization,” which state he supposed to be
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relieved by electric discharge (current) when chemical
action actually takes place.

The supporters of the Voltaic or contact theory have
spent much time in endeavouring to determine at
which of the three places of contact in the Voltaie cell
the chief difference of potential occurs, and many ex-
perimentalists have maintained that the electro-motive
force is due principally or entirely to a difference of
potential at the contact of the dissimilar metals, and
have supposed that the differences of potential at the
contacts of the metals and electrolyte are either zero
or comparatively small. Ssveral experiments have been
cited in support of this view. One of the most recent
is due to Sir William Thomson, who shewed that when
two equal semicircles, one of copper and the other of
zine, are placed with their diameters in contact and a
positively electrified “ needle ” suspended above them,
so that before the platos are made to touch the needle
points in the direction of the common diameter, on
making contact between the copper and the zinc the
needle turns towards the copper. If a quadrant elec-
trometer be constructed with two quadrants of zinc
and the other two (alternate quadrints) of copper, the
needle if positively electrified will turn so as to enter
the copper quadrants, the difference of potential indi-
cated being nearly equal to the electro-motive force of
a cell consisting of copper and zinc immersed in dilute
sulphuric acid. It was at first supposed that these ex-
periments proved a difference of potential to exist
between the copper and the zinc sufficient to account
for the electro-motive force of the Voltaic cell. It will
be seen however that the electrified needle does not
move within the substance of the copper and zinc, but
in the air around the metals, and the experiment there-
fore orly serves to determine the difference of poten-
tial of the air near the copper plate, and of that near
the zine plate. .

In 1878 Mr. John Brown, of Belfast, experimenting
with copper and iron, shewed that while the positively
electrified needle turned towards the copper quadrants
in an atmosphere of air the action was reversed in an
atmosphere of sulphuretted hydrogen, the needle turn-
ing towards the iron, thus indicating that the gasin
the neighbourhood of the iron had a lower oettipnal
that that in the neighbourhood of the copper. Hence
the motion of the needle is not due to a difference of
potential between the metals themselves caused by their
contact. :

The only reliable method at our command for deter-
mining the difference of potential between two metals
in contact is based upon the Peltier effect. When

" electricity flows from a metal at a high potential to

one at a lower potential work is done by the electric
forces, and as there is no other source of energy (in &
thermo-electric circuit) this work must be derived from
heat absorbed at the junction, the absorption constitut-
ing the Peltier effect. Thus, if Q units of electricity
pass from one metal to another the difference of poten-
tiel being E, a quantity of heat me¢hanically equivalent
to QE ergs must be absorbed. By measuring the heat
absorbed and the quantity of electricity that passes,
we can determine E the difference of potential between
the two metals.—(70 be continued.)

PRESNEDEES A | e e

THE first shipload of railway plant for Suakim left Wool-
wich Arsenal recently.

pe——
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THE MOVEMENTS OF THE EARTH?
The Earth’s Revolution

IT will be clear from wbat has gone before that the daily

movement of the stars is an apparent one due to the real
movement of the earth in an exactly opposite direction, and
that the stars in the heavens appear to rise in the east
and set in the west, because the earth- rotates from west to east.
And now comes this question: The period® of twenty-four hours
which is so familiar, and which is divided roughly into day and
night, has apparently two 'perfectly different sides to it; for a
certain period the stars are not seen at all in consequence of a
body, which we call the sun, flocding the earth’s atmosphere
with its own tremendous light. Why should this be? In

iving an answer to this question it is enough to say that

e sun is a star so close to us, and so entirely outshining
the other and more distant stars which are seen in the skies, that
they seem to be things of a different grder altogether. But they
are not things of a different order, they are very much like our
sua, and the different appearance is simply the result of the fact
that the one is a star ve? near to us, whilst the others are suns
inconceivably remote. 1n considering this apparent daily v ove.
ment of the stars, and taking the sun into consideration, the fact
is soon arrived at that the stars have another apparent mcve-
ment differing somewhat from that one with which up to the
present time we have alone been engaged. It has been said,
and it is so obvious that it might 2lmost have been left un<aid,
that as a rule the stars are not seen when the sun is visible, so
that the question whether the sun moves or appears to move
among the stars must be attacked in a rather indirect manner.
An observer on that part of the earth’s surface directly under the
sun sees it as at midday. Under these conditions the stars are
aof course nct seen by him, but if he waited twelve sidereal hours,
until that portion of the earth which he inhatited was opposite
the sun’s tthe' the star: would then be vi-ible, and by noticing
whether those seen by him each night were the same, he would
be able to determine whether or not the sun moved or appeared
to move among them. In one position of the sun it occupies
that constellation of stars known as the Bull. These stars
cannot then be seen, because the intense brilliancy of the sun
puts them out, but with the sun in this position the group of
"stars known as the Scorpion is seen opposite at midnight. Then
at a later period the sun gets into the constellation called the
Crab, and we see at midnight no longer te Scorpion group but
the group which is called «the Goat. In this way it can be
determined that the sun has an apparent movement among the
stars, which is completed in a period which we call a year, at
the end of which time the sun occupies the same positidn that it
did a year tEre.wiously, and the same group of stars is seen again
in the south at midnight.

Not only, then, do the stars appear tq make a com: lete revo-
lution once a day, in consequence, as we have seen, of the earth’s
rotation, but once a year they also gradually change their
apparent places, so that at the same hour each night different
stars appear due south, thus indicating a mavement of the sun
among them.

The same difficulty that was met with before is agsin en-
cotntered here ; is this movement of the sun among the stars a
real oran apparent one? It is a question, however, which has
been long since answered ; and it can be very definitely stated,
not only that the earth rotates on its axis in a period of
twenty-four sidereal hours, bat that it moves or revolves
round the sun in a period which we call a year, and that
it is this real movement which causes the apparent one of
the sun among the stars, Let the reader take a top and
spinit. Perhaps the top has a movement of progression as well
as 2 movement of rotation, and it is in that way quite easy to see
that the earth may rotate on its axis and revolve about the tun
at one and the same time. And with a top of 'special construc-
tion its axis of rotation might be iriclined so that -its plane of
Totation ceased to coingide with the planie of ‘its motion of pro-
gression ; still the two movements would go on, and in whatever
po:ition the top might be placed, its axis might be made to
temain practically parallel to itself during its movements.

We naynow, then, make the following statements :— ZAe cartA
revolves round the sum, and throughout the r.yolution the axis of
rolation vemains practically parallel to itself. With regard to the
latter part of this.statement it may be added that if this were not
20—if the axis of the earth were sabject to perpetual change of

—

direction—the declinations of the stars would also be subject t°
constant chance.

The demonstration of this movement of the earth round the
sun depends upon phy:ical. conciderations in exactly the samé
way as does the demonstration of the earth’s movement of rots
tion, and to these considerations attention must now be turned:
It will be found that we have now to do with an entirely differen
branch of physics to that which we drew upon when seeking for
a proof of the rotation. The utilisation of its principles for
the puarpo-es of astronomy is due to Dr. Bradley, a formé’
Astronomer-Royal. In the year 1729 he made a series of ob-
servations of stars, expecting certain results to flow from the®
Instead, however, of gettir g the results for which he had looked
his observations gave him some which differed entirely from S
predicted ores, and which he failed to understand. For ruch ?
thing as this to hapren is a piece of goud fortune for the sde“(i
tific investiga'or; it sets him thinking and working, an
frequently leads him to the discovery of some hitherto unkno®"
physical law. I set Dr. Bradley thinking and working:
Curious as it may seem, the observation which led him to #
complete understanding of this subject was what ke observed 09¢
day when a boat at anchor near the shore at Greeuwich began “;
get under weigh in a stiffish breeze. The little boat had on¢ ©
those short pennants on its mast, and Dr. Bradley noticed that
as s on as the boat began to move, the direction of the wind, 3*
indicated by the movements of this pennant, changed. B_ef"‘l'e
proceeding to consider the bearing which this fact, seen}lngy
remote from astronomy, has upon s'ar work, it may be advisa!

F1G. 35.—Model to illustra-e the aberration of light. A square tube, with
glass front and a slit along the centre of its upper side to allow lh:’::;
sage of a thread, is inclined at 45° and caused to run along a level
while a weight suspended from a thread passing round three pulleys *;
attached at the other end to the front of the carriage is allowed
descend. In this figure the weight is at the commencement of its fall

to take one or two simple illustrations which will show V’h:ft

must have pas-ed through Bradley's mind"as the explanatio? iy
the strange unexpected movemen's of the stars was slo¥
growing within it. The first illustration is one due to Sir shot

Airg,. Suppose that a vessel is passing a fort, and that s wil

is fired from the fort at the moving vessel. The shot the

travel in a straight line; but it is evident that since
ship is moving, if that shot really pierces both sides of the Vé“on"

then a line jcining the spot where the ball pierced the 9

side to the spot where it pierced th: other side will :b‘

be square to the direction of the ship’s motion. During shif

short time taken by the shot to pass from oue side of the sﬂ"ﬂ

to the other, the vessel has moved through a certain e

distance, and if the line joining the two shot-holes 26

alone considered, it might be inferred. that the shot had c‘:w,

from a direction in advance of the trne one. That 18 ? esse!

illustration, the point of it being that the motion of the g

seems to have given a new direction to the shot. Take a0 this

illustration, more familiar, and perbaps almost as clear. Ip ¥ig
country freqluent opportunities offer themselves of trave“mg.,d
cabs or ralway trains, with the rain falling on their clbd‘
windows, Every one must have noticed that at sych times :. the
is always a very curious slant in the apparent direction @ ‘i
'drops whilst the train or the cab is in motion ; the minmeet the
bodY
[t

come from & point in front of us; we always seem to
rain. The fact is that a body in motion, and especially 8
with the velocity of an express train, does not receive ioB
under the same conditions as when it is at rest. The qu‘f:‘i'
of its velocity has to be taken into consideration, An €*
ment will show better what is meant.
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th;h!mgine a weight supported by a piece of thread; the moment
At thread is cut the weight falls in a straight line to the ground.
1t be desired, therefore, to receive the falling weight in a tube

rest under the weight, and to so receive it that it shall not
uch the sides of the tube as it passes through, the tube must
n eld in an upright position. Take another step, and suppose
t°" that it is a question of causing the weight to fall through the
be whilst the tube atself is travelling at a certain rate, say at

at
to

B, . ] .
% 36.~Same appar wtus as preceding, but with the weizht near the end ot
its fal'.

velocity of the fallirg weight, It is perfectly obvious that
fannot be done by holding the tube in a perpendicular
tion, the tube must be inclined, and the argle of its inclina-
wei Will vary with the varying relative velocities of tute and
m“sghh The more quickly the weight falls the’ less inclined
& l:'hg tube be to recetve it. This not only sugplies the
P nation of the slant of the rain on the windows of the rail-
Y carriage, but it explains what is very much more important

the
thig
Posi
tion

hay, e“‘cﬁies which the labours of those who bave gone before
cap - .aced at our disposal, this question of the velocity of light
® answered by what may be called a laboratory exgeri-
¢ first real attempt to answer the question was made
Years ago by a Frenchman, M. Fizeau. His method of
TVation was a beautifully simple one, and has turned out to
of h‘lg ly satisfactory in its results, All the essential parts
Wag : apparatus are shown in Fig, 38. Light from a Jamp
 f ade to pass through a system of lenses and was brought to

after reflection from the front surface of a piece of plain
out he light was then grasped by an object-glass and sent
Theye ;2 Parallel beam to a station distant about five miles.
fo 1t fell on another object-glass, which again brought it to a
ha .nOn @ mirror at the end of this second telescope. Then
Path gagm the light to the second mirror, it was reflected on its
Way anc again. When the reflected light returned, part of it
n at"“’ed to go through the plain glass mirror to the eyepiece
the pot the end of the telescope in Fig. 38. At the point where
edpe YS crossed in the first telescope there was interposed the
Coulq 2 cogged wheel, to which a great velocity of rotation
imparted by clockwork, and through the intervals
he teeth of which the light had to pass. Suppose first

from an astronomical point .of/view. Consider Fig. 37 for
a moment, Here AB represents the path of anything falling,
and acB the angle of the tube destined to receive it, It may be
called the angle of slant, but the point is not that we give it any par-
ticular name, but that its relation to the velocity of fall is a very
fixed and definite one. Accept it as such, and then connect it,

? .

\

[}
Fro. 37.

not with the falling weight or with the slant of the rain, but with
the velocity of the light coming to the earth from any star in the
heavens, and the velocity of the earth in its orbit round the sun.

It may be said that'two assumptions are here made, first that
light has a velocity, and secondly that the earth does move round
the sun. Consider, then, the first of these, the question of -the
In ourday, with all the experimental methods

velocity of light.

F16. 38.—Fizeau’s mode of determining the velocity of light.

that the wheel is at rest. The Jamp is lighted, and looking
through the cogs of the whet] th:e observer sees the image of the
lamp reflected tack to him as a star of light from that distant

: when the toot
slow moticn, and when its rotation is so
nction of the light.

hod

Fii. 39.—Fizeau’s velocity of light afparatus. App

wheel is at rest, when it is in_
rapid as to cause complete exti

mirror by means of the arrangement to which reference has
been made.
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Assume now that light occupies no time in travelling from
the lamp to the first mirror, through the first telescope, across
the space between the two telescopes, and back again after its
reflection by the second mirror. Assume, in fact, that the
velocity of light is infinite, then it is perfectly clear that an
observer would keep on seeing that star of light whether the
wheel remained at rest or were put in motion. But now as-
sume that light does take a certain very small time to make
the journey spoken of, and that the wheel can be turned with
just such a velocity-that when the light reaches it on its
return it will meet, not an opening, but one of the cogs. Then
the light would not be visible : it would find itself a cog be-
hind, so that, if light travels very fast indeed and the wheel
is made to travel with a great and known velocity and the
relation existing between the velocities be known, the velo-
city of light can be measured in this way, That is the way
in which Fizeau measured it, and he gave the veloeity as
being 190,000 miles per second.

It may be thought perhaps that this being the first attempt
in a matter of this kind it was not very worthy of credit; but
the similarity of the results which have been obtained in all
such experiments proves that they are all very worthy of
credit, and that this velocity must be accepted as established
within narrow limits.

‘We come now to Foucault, the man to whose genius science
owes the experimental proof of the earth’s rotation, to which
reference hasalready been made. He also attacked this ques-
tion of the velocity of light. Going to work in quite a dif-
ferent way from Fizeau, he succeeded in enriching science
with a method quite as reliable in its operation and as oc-
curate in its results.

A pencil of light coming from a slit at (see Fig. 40, Page 224)
impinges upon the plane mirror r, which is capable of turning
round a vertical axis, This mirror reflects the light falling
on its surface, and the action of the lens, 1, causes an image
to be formed on the surface of the concave mirror, v, the centre
of which coincides with the axis at . This concave mirror
reflects the image backwards on its path to the slit, Foucault’s
arrangement, as has been said, was to have the mirror, g,
made to rotate. If. therefore, R be turned about its axis
while the light from the slit, s, is falling upon its surface, for
80 long as the light falls on the lens so long will the image
of ,the slit be formed on the surface of the distant mirror.
Similarly for so long as the reflected image falls upon the
lens, 8o long will the image be reflected back to the slit., Now
if the mirror were made to rotate rapidly, and light were in-
finite in its velocity, then once during each revolution of the
mirror at once particular angle the light would be reflected
back to the slit ; butassume that light takes some very small
fraction of time to travel over the space between the mirrors,
it will be observed that the image will not be reflected back
to the slit but will suffer a deflectioh in one direction or the
other according as the mirror turns from left to right or from
right to left, and, the velocity of the rotating mirror being
known, the amount of this displacement will enable the velo-
city of light to be determined.

With twosuch different methods it might be supposed that
the results obtained were very differcnt.  Not 8o, however ;
the velocity obtained by Fizeau was, as I have said, 190,000
miles per second, that by Foucault 185,000 per second,

It so happens that both these methods have been gone over
quite recently, Fizeau's method by another Frenchman, M.
Cornu, and Foucault’s by Mr. Michelson, an officer in the
American navy.

Mr. Michelson modified Foucault’s method somewhat, the
fault in which was that the displacement obtained was so ex-
tremely small, being but the fraction of a milimetre ; and
when it is remembered that the image is always more or less
indistinet on account of atmospheric conditions and imper-
fection in the lenses and mirrors employed, it will be seen
that it was difficult for Foucault to attain to any very great
accuracy. Mr, Michelson therefore used an apparatus which
would give him a greater deflection than that obtained by
Foucault. As before, s (Fig. 41) was the slit, r the rotating
mirror in the principal focus of the lens, but the distant mir-
ror, instead of being concave, was a plane one, and the lens
one of great focal length, for a reason that will appear imme-
diately. This lens, in consequence of the smallness of its
diameter in comparison with its great focal length, was not
entirely convenient. In order that the displacement should

.

be great,’ it is necessary that the distance between r and M,
the distance from the revolving mirror to the slit, and the
speed of rotation should be the greatest possible.

Unfortunately, the second condition clashes with the first,
1 for the distance from the revolving mirror to the slit, or the
“radius ” is the difference between the distance of principa
and conjugate focus for the distant mirror, M, and the greater
the distance the smaller the radius. Two methods were em-
ployed by Mr. Michelson in evercoming this difficulty : first;
he had his lens of great focal length, 150 fect, and he placed
the revolving mirror, not at the principal focus, but fifteen
feet within it. He thus managed to get a distance betwcen
the mirrors of 2000 feet with a radius of thirty feet, and hi8
mirror made 256 revolutions per second. He then obtained
a deflection of 133 milimetres, that being about 200 times
greater than the defleetion obtained by Foucault. This de-
flection he measured to within three or four hundredths of &
milimetre in each observation.

Mr. Michelson’s experiments were made along an almost
level stretch of sea wall at the Naval Academy.

We are therefore justified in saying, as the results of these
experiments of Fizeau and Cornu, Foucault and Michelson;
that light has a velocity of some 186,000 miles per secand.

If that be so, then, if the statemen; that the earth revolves
about the sun be true, this must follow. In Fig, 42ab¢
represent the earth in different parts of its orbit around the
sun ; the contention is that if there be this revolution of the
earth round the sun, and if light really travels with anything
short of an infinite velocity, then the position of a star must
change, for the reason that the telescope of the astronomer
must always be pointed in advance of the star to catch it8
light in the same way that to catch the falling weight we had
to incline the tube in the direction of its motion.

When any observation is made on any star in the heaven®
the telescope of the astronomer must therefore be pointed 1B
advance of the star to catch its light, and taking, as in the
diagram, four different points in the earth’s orbit, it is obvl”
ous that the telescope at these four different points must be
puinted 1n four different directions with regard to the stal
For instance, if we take a point at ¢, where the earth is travel”
ling in the direction of the arrow, and the point at which the
star would be seen if the earth were at rest, or the velocity ©
light were infinite, be indicated by the star in the figure ¢ 18
the direction in which the star would be seen, and’ in whiC
the astronomer’s telescope must be pointed to catch its light:
Similarly with the earth at d the telescope must be point
to d’,and so with the earth at ¢ we must have it pointib8
towards o’. It was this strange anomaly which puzzled DI
Bradley in the year 1729. He noticed that the stars move
in ellipses every year round a mean point. This fact of aber”
ration, then, is a real thing, It has been said that the ar}gle
at which the tube had to be inclined to receive the weigh’
pepended upon their respective velocities, that the faster the
tube travelled, the greater must be its inclination, and theré
fore the greater the angle the greater the earth’s velocity Wit
reference to the velocity of light. In the case of the major!
of the stars what we get is an ellipse, an in an ellipse we have
certain differences which have to be taken inio account, b .
last difference of all being that an infinitely elongated e_lllF's
is a straight line, and it is found that from one particd
point of the heavens where, in consequence of this uberra.tlon"
motion, the orbits of the stars round their mean places are 8
most circular, we at last get to a point where the motion !
simply an oscillation of the star backwards and forwards
and from its mean place ; we are dealing, in fact, with t;h';
form of the ellipse when it is in the form of a straight ll.“s'
When we deal with an ellipse we no lunger talk of the radi®>
but of the semi-axis major, which is half the greatest lengt’:
The angle of aberration of which I have spoken only amO“““
t0 207 4451, but though small'it is quite enough to prove tb o
the earth does revolve, and that consequently the sun i8 in
centre of the system to which the earth belongs. Now 4
order to show the importance of physical inquiry in this mﬂe
ter, there is another statement which must be made. I is
consider this aberration question fully, we find in it whab of
perhaps the most perfect way of determining the distrlmcetly
the sun from the earth, and it will be seen that it is perfec"?
simple, so simple in fact, that the wonder is that more ati
tion has not been given to it in our tex-books. We have the
the fact that the inclination of the tube depends upon

7__-___—_//
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Yelative velocities of the tube and falling body ; inthe case of
Bht it will of course depend upon the relative velocities of
i © earth in its orbit and light radiating from a star. Know-
1g thig latter to be somewhere about 186,000 miles per second
the aberration angle to be 20’ and something, we can get
€ relation of the earth’s motion to the velocity of light, and
Comes out to be about 1 to 10,089,
th, OW we know that the earth completes a revolution round
it ®8un in 365} days. Ifit travelled with the velocity of light
Would complete a revolution in 52m. 8-5s.
th 8ain, we may say,and this is only a rough statement, that
t“)“:kmdms of a circle is } of its circumference, so that if it
or the earth fifty-two minutes to go round its circumference,
uz)““ we cal] it, it orbit, it would take } of that time to go
'0:1118 the radius if it travelled with the velocity of light ; it
tan, d therefore take 8m, 18s. But this radius is the dis-
808 of the earth from the sun, and having this time 8m,
see(')"’e have only to multiply the velocity of light 1 per
the ud, by that, and we get 92,628,000 miles as the distance of
earth from the sun.

J. NorMAN LOCKYER.
(To be continued.)

e

A Niw StaNDARD oF TLLUMINATION.—Some time ago Mr. W.
toy e;f?’ce proposed a new standard of illumination for pho-
the 5 1¢ purposes, based on the illumination of a surface, not

cﬂbensxty ot a standard light, such as the sperm candle or
drcel, This standard is the illumination of space light-
is thy‘ one British standard candle at 2.7 in, distance, or what
di‘hz: 8ame thing, by a French standard “bec” at one metre
eir ce. The plan in vogue of comparing two lights by
{] oﬁ.‘fec!;a at different distances on two surfaces, is open to
ing,  Jection that the absorbent state of the air is not taken
the ccount, although the distances are different, and that
uh&dolveme colours of the lights are ignored. Rumford’s
lhethw Photometer and Bouguer's (Ritchie's and Bunsen's)

e of comparing equally illuminated surfaces have hi-
Unjg,, been found the most practical. But for these plans a
v&rionn standard of light is essential, and none such exists.
F’encl;;s couutries have their own so-called standard, the
% on bh&ve the carcel, the Germans a standard candle, and
Selye, Ut these differ from each other and vary in them.

) 8nd the new standard agreed on by the Rlectrical Con-

beg

h“vin €8cence lamp, giving 2} candle power with a current
B an electromotive force of 5 volts. To illuminate the
Which'd 8pace he uses a contrivance consisting of & box in
OVer 1ot lamp is fixed. The box is blackened inside, and
With o € back part is stretched a diaphragm of drawing paper
ag , °-Tound grease spot in the centre, the size of a shilling,
g of t‘"‘%n’s photometer. About 12 in. beyond the open
Sheg, o he box, and behind the paper diaphragm, is another
p T 8creen of drawing paper. No light falls on the dia-
Which 4, -0 Without, except what comes from the screen
b eith: Hluminated by the light to be measured. ‘I'his may
ight ofr directly received from a Lamp or the diffused day-
they Varl‘l Toom, The current in the incandescence lamp is
the 1, -ed unti] its light, shining on the grease spot within
oyt 18 equal to that reflected from the screen from with-
Seemy to 2315 cage the two lights are equal when the spot
thm,en,s 18appear accordiug to the well-known principle of
ary Photometer. The current is supplied by a second-
Expeﬁm Ty and modified by a resistance rheostat in circuit.
g 1o :ntf‘ made by Mr. Preece showed that the illuminat-
1 ) l,'rmcreases in the ratio of the sixth power of the
telﬂes that ; € apparatus worked well, but Mr, Preece con-
he glag 1t depends on the constancy of the lamp employed ;
th ecomes smoky by use, the fibre deteriorates, and
™ sometimes fails. These results are, however,
u tes, and it is sufficient to compare either the light
it current with that of a standard candle or Har-
Ore ypiy He believes that the light given by this source
Hy Orm and easily reproduced than any other.—(Ez.)
M :
}}’PliedAi}; 8kin and that young rabbits have been successfully
T, wilsOnS'flall pieces to large healing surfaces in wounds.
ve;v owever, in the Medical News, claims to have
ane of L uch better resulta from the use of the internal

w The egg should be fresh and warm.
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ingg, ¥ NOt yet in use. Mr. Preece employs a small Swan.
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THE ENTOMOILOGY OF A POND.—(Knowledge.)
BY E. A. BUTLER. :
(Continued from page 189.)
11.— The Middle Depths.

Leaving now the surface and descending to the depths, we
encounter a fauna wholly new, though still belonging princi-
pally to the same two orders, Coleoptera and Hemiptera, ac-
companied, however, by reinforcements from a third, the
Diptera, but, so far as species are concerned, the beetles vastly .
preponderate. Commencing with the Hemiptera, the first in-
sect that claims our attention is the well-known ‘¢ Water-
boatman,” Notonecta glauca. Boatmau though he is, his boat
is almost al&ays submerged ; he often spends a good deal of
his time just beneath the surface, where, resting on his oars,
with the stern of his boat peeping just above-tbe water, and its
prow pointing dowuwards, he forms one of the most cono-
spicuous and familiar objects in a pond. A rapid swimmer
and a bloodthirsty and rapacious monster, he is a terror to the
more easy-going inhabitants of the pond, whom he seizes with
his forelegs and holds in a fatal hug, while he eagerly sucks
out their juices. Let us take a glance at the form and general
appearance of the insect. Flattened beneath, and strongly
convex and slightly keeled above, we see at once some resem-
blance to an inverted boat. The creature, however, has the
remarkable habit of always swimming on its back ; in fact, in
the water, it would hardly know itself right side up. This, of
course, brings the * boat” into the proper position. The
yellowish head carries two great masses of highly-polished eyes,
and has an extremely bold appearance. Afterthe thorax follow
the various parts distinctive of bugs, as described fn a former ®
paper on * Neglected Insects.” There is the large triangular
shield-shaped yiece, or seutellum, conspicuously placed in_the
centre, and the composite wings sloping down from its sides, -
yellowish, but more or less variegated with black. Opening
the upper pair we find the others folded up, exquisitely thin
and transparent, and with the principal nervures forming a
nd of X.mark. The two front pairs of legs are slightly curved,
and form efficient organs for the seizure and retention of strug-
gling prey ; and any poor creature that once falls into those
clutches may think itself fortunate if it can manage to get free
before the terrible beak is buried in its tissues, tor this once
effected there is no hope for the poor victim, which feels itself
getting weaker and weaker as it is gradually being drained dry,
till the last drop of its life-blood has been drawn out, when its
insatiable captor, rejecting the now useless carcase, sets off
again in quest of further adventures. The hind legs are very
long, and form excellent rowing orgqus ; when the insect is
resting at the surface these are spread out at right angles to its
sides, and there you have your boat and oars. The terminal
joints of these limbs are furnished with long fringes of hair,
which greatly increase their efficiency as a rowing apparatas.
The larvee are similar in shape to the adults, but have the body
proportionately shotter ; when out of the water they look most
unfinished creatures, being pale in colour and having a sort of
parboiled aspect. They have, of course, no wings, and must
therefore spend their time wholly in the water.

Bwimming with a similar jerky moeement, but not nearly so
rapidly, and right side up instead of on their backs, is a whole
family of bugs called the Corizide ; they are yellowish, barred
and variegated with black and not keeled, but flattened on the
back ; they are often extremel{ plentiful, going in large troops
together, but as they keep wel towards the bottom and do not
often come near the surface, they easily escape notice. When
one first takes to pond entomology, little more than a few
hauls ith the net are needed to create a feeling of astonish.
ment that there can be so much life o near at hand and ap-
parently so easily within view, and yet so entirely unnoticed
by the casual observer ; it seems almost as if the very passage
of the net through the water had been the means of calling
into exi tence the multitudinous creatures that sprawl about
on its dripping sides. So scarcely anyone ever notices the
Corixidz without dragging the water, but then so numerous do
they show themselves to be that the wonder is they could

possibly have escaped observation. The genus Corixa 13 a very
extensive one, though it has figured in books as larger than
Nature ever intended, because the species, while possessing’a
strong family iikeness and general similarity, are ext'rem_e]y
variable in the details of theirr markings, so as to make it diffi-
cult to fix on constant characters for their discrimination, and
thus many mere varieties have been erroneowsly constituted
species; at present, however, English entomologists reckon
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twenty-eight species as representing our British contribution
mﬁ. the genus. Some of these are found only in Scotland,
often high up amongst the mountains, and some occur even in
brackish water. The genus forms a series gradually diminish-
ing in gize from 4 to 1-16 in., and the uninitiated would, no
doubt, wish to consider the smaller species as young examples
of the larger ones ; bat it must be remembered that insects do
not grow when once they have assumed the adult form ; their
iod of growth consists exclusively of their earlier stages,
irvahood and puphood. Having once donned their wings,
they have no farther anxiety as to the fit of their chitinous
- cloth Their dimensions are finally established. The limit
of variability as to size are usually not very wide in any given
species, the greatest divergence being found in subh insects as
are dependent in their earlier stages upon food that is inter-
mittent or precarious in su;:fly. The Corixide possess fnlly-
formed wings, and the hinder pairs are exquisitely delicate,
and show rainbow tints. They readily take to flight, and at
night are sometimes attracted to a light, 8o thatif a window be
left open on summer eveningznw a pond they may be expected
to be amongst the visitors that make headlong for the lamp.
Dr. Puton, the French Hemipterist, says that in Mexico Corixe
are 50 abundant that a kind of bread is made of their eggs,
and he further makes the astounding statement that on one
occasion about a twelvemonth ago thousands fell from the air
during a storm in Turkestan, coming down like rain in such
enormous numbers as actually to extinguish a fire at a travel-

ler’s bivousac. '

Fig. 1.—Naucoris cimicoides.

Our last representative of the Hemipter of this part of the
pond is caHed Naucoris cimicoides (Fig. 1), it is a flattened
creature of oval outline, with a very sharp beak which it is B0t
at all slow to use, making its unwary captor drop it in m
startled fashion under the impression that a severs woand hs?
been inflcted. However, the pain is only temporary,
weapon being merely a piercer and not really a sting.

In all these insects, it appears at first sight um&\ongh the
antenna are wanting ; this is not, however, really the ca®
The organs in question are very short, and concealed in
ﬁlressions behind the eyes; hence the name Cryptocerstss

idden-horns, by which this particular section ofr{Ee water
bugs is distinguished.
(To be Continued.)

MOVEMENTS OF THE EARTH.

F10. 40.—Foucault’s arrangement for determining the velocity of light.

FiG. 41.—Michelson’s variation of Foucault's experiment.

#iG. 42.—Annual change of a star’s

tion places
earth’s motion at:the time.

s wny-
Annu osition, due to aberration :
earth, in-different parts of. its orbit: @' &' ¢’ 2" yation: @ bcd, the

of.the siar, varying from thre-true place in the direction of the

» the corresponding aberra-




