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1884.

During the year we have endeavoured to supply our
readers with the most recent information in to
industrial progress and scientific investigation. We
have carefully avoided the introduction of theories 80
abstruse as to be interesting only to the specialist, but
bave rather tried to present the subject matter in a
thoroughly gopuhr form.
ing the present year we are expecting s visit
from the British Association, smong 3&0 members
are to be found most of the leading scientific men of
the day. As the result of this visit, we may surely
anticipate with confidence a large increase of interest
In practical and theoretic science throughout the
Dominion of Canada. We shall hope to present our
with accurate resumés of the proceedings of
the me:hngsin Montreal, and purpose to give “in
extenso” those papers which may seem of the great-
h goneral publio.
There is one department of this magazine which we

Would wish to make more of & specialty, and this can.

:lllﬂybe effectively done by the kind co-operation of
“nose of our readers who may be personally interested
In industrial operations. The department is one which

| ¥e would desire to devote more particularly to a
§ Tecord of the most recent improvements and advances

i
|

| I machinéry or in any branch of industry. We

&lg therefore be much gratified to receive such infor-
Tl?j!: from any correspondent.
info would be a most desirable supplement to the
Om':;atlon now contained in the valuable ParanT
RB0oRD, which is issued with every number of
mt::@lne, and to the illustration of which the
care and attention are devoted.

o —— .

' times the value of the material saved by using long patels.

e
BOONOMY IN HIGHWAY BRIDGES.*
_BY_PEOF. J. A. WADDELL O.E, RAN.

(Continued from Last Number.) .
Satisfactory investigations a8 to economy in ‘oombiuﬁo:i
bridges cannot well be made, for the best depths of irusses and -
best panel lengths will depend upon the ratio which the oost
of lumber bears to the cost of iron. g : ‘

By increasing the depth, the posts and batter braees ar

made longer and larger, the chords lighter and the d.hgo;x

ties heavier or lighter, according as the angle which they |
make with the vertical recedes from or approsches forty-fivy |
degrees. If wood be cheap, and long and large timbers b’p
easily procured, it will be cheaper usually to make the depth
tolerably great so as to save iron in the lewer chord and diagonsd
ties, as the angles which the latter make with the vertiosl
usually exceed forty-five degrees in single intersection bridgep
which are not longer than one hundred foet, and in all ordina. §
ry double intersection bridges. In deep trusses the large sec.
tion required by the batter braces causes to be adopted for the
sake of appearance an unnecessarily large section for the top
chord. This difficulty can be overcome by using batter brace
stiffeners, which permit of the batter braces being figtired for
half length for bending in the plane of the truss thus, greatly
reducing their sectional area : these stiffeners, however, do not

add to the beanty of the structure. ‘
The outer and inner timbers of each upper chord should
span two panels, therefore tho best number of panels will de-
pend upon the price and the supply of long timbers. This
last is 8 very important consideratien ; for enough time might
eadily be lost in obtaining long timbers to counter-balarice ten

“The woight of the upper chord castings increases with each
dimension of the chord, therefore, for this consideration alone,
the section should be as nearly squaré as possible ; but this
would give an impracticable section for the batter braces, and |
might cause the exterior joints of the chord to open, when the
empty bridge would be subjected to the maximum wind pres.
sure ; this is & point which should always receive attention.

The weights of some portions of combination bridges are not
affected by & change of depth, nor those of others by a
in the number of panels, the principal ones that are affected
can be seen by examing Table V. .
2 paper presented to the Engineers Olub of Philadelphis-

i
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TABLE III,

Span, No. ParzLs. DEePTH.
Sivg. INT. Dous. InT.
. Ft. Ft. In. Ft.
80 Cesese 5 16 5
90 5 eveene 18
100 vesese 5 vesene 20
110 6 21
120 esseee 6 [ 21
130 vesnse 7 22
140 PP 7 cecone 23 sesess 26
150 cevese 8 PPN 23 esence 26
160 ecsene 8 PR 24 cesesa 27
170 cevess 9 eesase 26 ceraee 29
180 cacane 8 eesene 28 aecens 30
190 cesese 10 seseee 32
200 sossve 10 cesenn cerees 33
210 eevess 11 PPN 34
220 ervens 11 cessse vesaca 35
230 eeeeve 12 cesane 36
240 vevess 12 cevees 38
250 esssss 13 . eetena 39
260 sesese 13 PRI 40
270 caseve 14 41
280 vovane 14 vevsse 42
290 sesace 15 43
300 eerees 1B 44
TABLE IV.
80 cesene 5 sieess 16 5
90 vosene 5 18
100 cervee 5 20
110 costen 5 21
- 120 5 22
130 e 6 22
140 esvens 6 23 eostne 26
180 7 24 27
160 7 25 28
170 eseves 8 27 32
180 8 28 32
190 8 34
200 9 cascona 35
210 9 resens 36
220 10 37
230 essans 10 eosves 38
240 covane 10 PR 40
250 esssve 11 evease 41
260 11 42
270 seeane 12 43
280 cevuen 12 cernes 44
290 essna 13 45
300 veees 13 46

TABLE V.
INCREASING THE No. OF
PANELS.

INOREASING THE DEPTH.

INCREASES THE |DECREASES THE! INCREASES THE |DECREASES THE

COST OF COST OF COST OF COST OF
Posts. Upper Chords. | Floor Beams.  [Upper Chords.
Batter Braces. |Lower Chords, | Vibration Struts.Batter Braces.
Vibration Struts.|Chord Pins. osts, Joists,
Postal Struts.  |Up, Chd. Pan.||LowerLat. StrutsHip, Verticala.
Vibration Rods. nnections. | Lateral Rods.

Hip. Verticals. Lower Chords.
Post Sockets. Vibration Rods.

Diagonal Ties.
Pins.
Bolts.

Post Sockets.
T(E) Chord Panel.
onnecti ons.
Lat. Angl.'Blocks
Packing Washers

A simple inspection of Table V, will show the advantage of
using long panels when long timbers can be procured, but as
most American mills do not readily furnish sticks over forty
feet long, it will’ be necessary to limit the panel length to
twenty feet, and to reduce it, when necessary, to one of half the
length of the longest suitable timber that can be obtained,
without delaying the work.
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The economic depths will not usually differ much from those
found for iron bridges, and so Table III. can be used for combina.
tion bridges, remem bering that when the number of panels is
increased, the economic depth is & little reduced.

There seems to be an unfounded prejudice against long panels
in the minds of many county commissioners and supervisors.
Practically they make a better bridge than short panels do, for
the members are fewer and larger, and therefore less affected
by flaws, besides being less subject to vibration, and less liable
to inaccuracy of cunstruction.

The floor-beams and joists being larger, there is less probabil-
ity of often receiving their maximum working loads. The only
real objection to long panels is the extra cost of the joist tim-
bers when they are to be replaced. In addition to what pre-
cedes, the following general economic considerations should
always receive attention. ’

Field riveting should be avoided as much as possible, and
designs should be made 8o that all the parts will come together
readily during erection.

Rivets should be spaced with some regularity, so as to facili-
tate the punching of the holes by riveting mach ines.

In heavy bridges the sizes of the hip pins can be reduced by
using four end diagonals instead of two—this fact was pointed
out in my paper on ‘‘ Bridge Pins—Their sizes and Bearings.”

It is generally *better in through bridges to pack all but the
end chord bars, outside the posts, and to reduce the width of
the top chord plate to its minimum limit,

It is not always better to employ the apparently most
economical depth of channels. For instance if there be a choice
of using eight-inch or nine-inch channels for the upper chords
and batter braces, and if the sections alone would indicate a
saving of say one hundred and fifty or two hundred pounds of
iron by the use of the nine:inch channels, the athers would be
more economical, for the nine-channels require larger stay
plates, lattice bars, splice plates and re-inforcing plates ;
generally they would require a wider top chord plate, which
would increase the weight of the cover plates, chord pins, post
latticing, post stay plates, shoe plates, etc., and even add a
little to the lengths of the floor beams.

The results given in Table I are reliable, although the cal.
culations by which they were obtained were not checked, be.
cause in each truss the weight of eaech member was compared
with the weights of the correspending members in other trusses,
so that no error of any magnitude can have crept inte the
work. The calculations have been long and tedious, occupying
over three hundred hours of steady work, snd the ohjects at-
tained have been few ; still the writer will feel well repaid for
his trouble, if this paper prove an assistance and a saving of

time and labour to even a few members of ths profession. .
PPNV ——

SEWER VENTILITAON.—(Building News.)

The Borough Engineer of Cardiff, Mr. Harpur, has reported
to the council of his town a proposed new system of sewer
ventilation, and his remarks are of sufficient general interest
to be worth reproducing in our columns. Mr. Harpur says:
« The importance of this subject is apparent by the fact that
not only in Cardiff, but in many towns throughout the United
Kingdom, and in the metropolis itgelf, is the cry being raised
against the offensive and dangerous character of the gases
emanating from the sewer ventilators placed in the centre of
the public streets. For many years past it has been thought
sufficient, in constructing a system of sewers for a town,
to make provision only for properly disposing of the sewage,
and to place ventilating shafts at intervals along the lines
of sewers to enable the sewer gas to escape into the
streets. This is undoubtedly a false idea, and is fast being
dispelled from the minds of sanitarians, There is now no
disguising the fact that much disease is created in our towns
by the germs which emanate from the sewer ventilators, and

———
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the truth of this statement being generally admitted, it be-
comes evident that to thoroughly destroy any germs of disease
€manating from the sewers of a town is equally as essential to
the health of the inhabitants, as the proper deodorization and
disposal of the sewage. It is therefore manifest that some im-
proved mode of sewer ventilation must ere long be brought
into general use. There is even more necessity for this in the

' case of Cardiff than in most towns, for daily, while the tide

valves are closed, the sewage which temporarily accumulates
in the sewers, drives out through;the ventilators, an amount of
8ewer gas equal to the quantity of sewage stored during high
water. The same thing alse applies when the sewers are
beln& flushed, for, though flushing is of the greatest import-
ance in cleansing and sweetening the sewers, yet there is the
fact that for every cubic foot of water sent down the sewers,
the same quantity of sewer gas is made to ascend into our
streets, The only other method of sewer ventilation of im-
Pportance, in addition to the usual methed above referred to,
which has been adopted to any great extent, is that of cons-
tructing ventilating pipes from the sewers up the sides of
buildings to a level somewhat above the roof, and upon some
of these ventslating cowls of various designs have been placed.
But the results are not satisfactory, for upon calm, warm days,
when the extragtion of foul gases from the sewers is most
needed, the cowls do not act. But even supposing that the
ventilating pipes, with or without cowls, were perfect in their
Wc{rking, there still remains the fact that the sewer gas is
!)elng discharged, unpurified, and containing germs of disease,
Into the atmosphere we are breathing, occasionally to descend
Wwith a beating wind and enter the open windows of bed rooms,
&c., at an elevation slightly below tbe tops of the ventilators,
and at all times to be wafted through the windows of adjacent
buildings at a greater elevation. This being so, I would not
recommend you to seek powers in the Bill now about to be
presented to Parliament, which would enable you to construct
such ventilators in any positions which you may deem fit, but
would respectfully draw your attention to another method
which, I believe, would prove effectual, and thoroughly destroy
all germs of disease emanating from the sewers. There can
be no doubt that germs of disease made to pass through fire,
or heat of a sufficient degree, will be entirely destroyed, and
that heat is one of the best powers that can be used for draw-
ing or extracting air. For many years I have held the opinion
that ere the ventilation of sewers would become perfect heat
would, in some way or other, be brought into use for the pur-
bose. Several methods have presented themselves, but the
dlﬁic}llty has been in suggesting a mode that would be inex-
Pensive in its application, both as to construction and main-
tenance. A ‘system has very recently been patented by a
Manchester firm, which consists of the ordinary ventilating
shafts, heated to upwards of 600 deg. Fah. with a consump-
tion of eight or ten cubic feet of gas per hour. The sewer gas,
hgwmg to pass through the furnace so heated, all germs of
filseasje are destroyed, while the currents of air are greatly
increased, and the ventilation of the sewers thereby vastly
Improved ; but taking the average consumption of each ap-
paratus as eight cubic feet of gas per hour, with the present
Price of gas in Cardiff each ventilator would consume gas to
the value of nearly £10 per annum, and to apply this to the
whole of your sewers would mean a very large outlay annually,
Irrespective of the first cost of the apparatus, &c. I am, how-
¢ver, of opinion that equally good results may be obtained at
& much less cost than by the patent furnaces above referred
to. I would propose a manhole and ventilating shaft com-
llxned’ a8 constructed upon the lines of your sewers. By
ioortemng the charcoal cage some four or five inches at the
ttom, and standing it upon legs to that extent, there would

. :suﬁicxent space underneath for the air to pass through,
0d also for placing a gas jet underneath. The manhole side

“of the cage would be entirely covered by a piece of sheet iron,

w’:,“e' on the opposite side, the space below and half-way up
necu%e would be aleo covered by sheet iron. This would
Whiclfltat? the air passing underneath and through the cage,
rie) . eing filled with asbestos or other incombustible ma-
"Xtra::::,nd ignited by the gas jet below, would act as an air
destrr’ while, at the same time, all germs of disease would
tion ov:rye,? - The advantages which I claim in this sugges-
€ cost :' ¢ patent furnace referred to are (1) the saylng in
that theo the furnaces, which would not be required, and (2)
the inco qlﬁam’.ny of gas necessary to keep sufficient heat in
mbustible material would be considerably less than
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that required by the other method. However, upon this point.
I am, as yet, unable to speak with certainty. But if you think
the suggestion worthy of further consideration, I shall be glad
if you will instruct the borough analyst to ascertain, by expe-
riment, whether the idea is practicable, and, if so, the mini-
mum amount of gas that would be required in order to destroy
all germs of disease. I am reluctant to suggest to you a
scheme which will necessitate so considerable an outlay
annually in working ; but I do so on the conviction that no
other method as yet adopted will satisfactorily dispose of the
difficult question under consideration. Should you approve of
the suggestions herein contained, it will be advisable to
ascertain whether it will-be necessary to apply the method to
every ventilator. I am of opinion it will not; but this
can only be decided by experiment.” We understand that the
Cardiff Town Council, acting on Mr. Harpur’s suggestion, are
about to carry out some experiments in sewer ventilation.

PSS

NOTES ON INDICATOR DIAGRAMS.

The Indicator, (forillustrations see pages 4 and 5,) an
instrament invented by James Watt, for studying the
action of a fluid of variable volums, has been gradually
perfected and is now capable of tracing at every part of
the stroke, the action of the steam (or other fluid) in the
most rapidly working engines. Fig. 1 represents Rich-
ard’s well-known parallel-motion Indicator. Fig. 2,a
section of the Thompson Impraved Indicator,and Fig.
3, a section of the Crosby Indicator. It consists of a
small cylinder containing a piston, and is fixed at one of
the ends of the cylinder of the engine, communication
between the two cylinders being effected by means of a
cock. When the cock is opened the steam enters the in-
dicator cylinder, raises the piston and presses it against
a spiral spring, so constructed that ite displacements are
proportional to the pressure on the piston. The piston
carries a pencil which indicates the movements upon a
sheet of paper wrapped round a cylinder capable of
motion about its axis. This cylinder is connected with
the piston of the engine, or with some part moving
with it , and is thus made to oscillate through angles
which are always proportional to the distance through
which the piston travels. The pencil will therefore
describe a closed curve, of which the abscissz are pro-
portional to the displacement of dhe piston, the ordi
nates to the pressures, and the area to the work done
by the steam in one stroke of the engine. If the
indicator is fixed to a pump, the pencil point moves
round the curve in an opposite direction, and the area
of the curve is proportional to the work done on the
fluid in one stroke. When the speed of the engine is
very great, oscillations may be induced in the Indicator -
piston, which will cause the pencil to trace a wavy
curve and thus tend to neutralize the efficiency of the
diagram. In order to obviate this evil as far as possible,
the momentum of the moving parts in some indicators
is diminished by giving the piston a travel less than
that of the pencil.

Errors in the diagram are often due to imperfect
fixing, and it is therefore advisable to provide per-
manent and suitable taps in the cylinder. These taps
should be fixed if possible in the cylinder covers, and
in any case should never be placed in or near the ports,
as such a position would make the indicated pressure
of the rapidly-moving steam too small.

The indicator having been fixed in position with
the pencil touching the paper upon which the diagram
is traced, the engine makes one or two revolutions
before any communication is established between the
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SECTIONAL VIEW.

INSIDE VIEW.

steam and indicator cylinders. A horizontal line,

ealled the atmospheric line, is traced upon the paper, |

and corresponds to a state in which the pressure above
and below the piston are equal. This line represents
the pressure of the atmosphere and its length is the
oscillating oylinder’s travel which bears a certain fixed
ratio to the stroke of the piston. A datum line of no
pressure can now easily be drawn by ascertaining the
barometric pressure at the given time and place.

Let OV, be the datum line of no pressure, and
suppose that the indicator cock is opened when the
piston is at the bottom of its stroke, . e., when the pen-
cil point is at D. The steam rushes in and raises the
piston so that the pencil traces the vertical line D A,,
A defining the point at which the pressure of the steam
is equilibrated by the resistance of the spring, The
steam is still being admitted into the cylinder of the
engine and the pencil traces the horizontal line A B
as the paper cylinder moves round its-axis, At B the
slide valve cuts off steam and further work can oumly
be done by the expansion of the steam already within
the cylinder. The pressure consequently falls' and
the pencil traces the expansion curve BE. At E an
opening is made into the exhaust, the pressure at once
falls, and the penoil traces the vertical line E E', E' de-
fining the end of the upward stroke. During the
downward stroke the exhaust port continues open, and
the pencil traces the horizontal line E' D.

The three essential eleménts in the diagram are, the
absolute pressure of the steam at admission (= A F),
the absolute pressure at exhaust (= E‘G or DF), and

D E/
the rate of expansion { — ——
AB

T
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The above. diagram, or cyele, differs from that of a
molecule of water. ‘A _molecule taken from the con-
denser at the pressure defined by B is forced along
D A into the boiler, evaporates along A B, and expands
along D C to the pressure in the condenser. The
molecule ig then liquefied under this pressure along
C D. 'In a Carnot’s tycle A D and B E are replaced
by the two adiabatics A D’ and B C’.
.Advantages of condensation, high pressure, and a
kigh rate of expansion. TFig. b.
Let O V be the datum line.
Let ‘A B E E’D be the diagram of a non-condensing
engine, - :
L’ M is the atmospheric pressure.
. The effect of adding a condenser to the engine is to

change the exhaust pressure from E/ M to H M, so that
[ there'is a gain of work proportional to the area D E'H
! K, without a theoretically greater expenditure of steam.

The degree to which condensation can be carried is
| eometimes limited by the difficulty of procuring cold
i Water and also by the weight and velume of the neces-

apparatus. .
The effoct of using steam at a high pressure is to
change the pressure at admission from D’ A te D/ F.

-
e

There is donsequently a gain of work represented by the
area A F G B, G B being a prolongation of the expansion
curve B E, and it is evident that the expenditure of
steam is the same as before, The employment of high
preesures is limited by practical considerations as to
the size or strength of the engine. The advantage of
a high pressure is more especially felt in the case of
non-condensing engines.

Theoretically the expansion gives a net gain of work
without any further consumption of steam, and it would

seem expedient to prolong the expansion iudefinitely. A

first limit, however, is fixed at the point at which the
pressure of the steam falls below that of the conden-
ser. Again, a8 the expansion increases so also does the
stroke and therefore the size of the engine. Henee,
from a constractive point of view, expansion is only
practicable within certain limits. Indeedy the advan-
tages arising from exceedingly high ratesof expansion
are comparatively so small that many engineers prefer
a low rate, and even to wire-draw the steam.

The gain of work by prolonging the expansion to n
is proportional to the area E L L’ H.

Loss of head. The ports open gradually and there-
fore all the angies or the diagram will be rounded.




When the ports open the steam rushes through at a
very high speed depending upon the area and velocity
of the piston. There is a consequent luss of head
which is still further increased by the friction and
.bends in the ports. This loss of head is approximately
proportional to the square of the velocity of the steam
in its passage through the ports, and therefore rapidly
increases (especially at exhaust) as the area of a port
opening diminishes. It also slightly increases with
the pressure, and is greater with wet than with dry
steam.

The effect is to lower the pressure during the for-
ward stroks and to raise it during the return, so that
the theoretic diagrams (Fig. 6), A B D C O will be re-
placed by A’B’ H’ D’ E’ and the difference between the
areas of the two diagrams will represent the correspond-
ing loss of work. But the density of the steam in A/ B/
is evidently less than in A B. Hence, the consump-
tion of steam is less in A’ B/ than in A B, and this,
to some extent, compensates for the loss in the forward
streke.

Again, the loss is diminished by introducing a lead
at admission and exhaust. The exhaugt port being
opened at F, a little before the end of the stroke, the
pressure rapidly falls to C’, and the return is made
along E’ K. The exhaust port is closed at K, a little
before the end of the return stroke, and the admission
port is opened, so that the clearance becomes filled
with steam which is compressed by the piston, and at-
tains & high pressure. The increase in the pressure
lessens the necsssary comsumption of steam, and al-
though a small amount of work is absorbed in the
compression it is almost wholly restored during the
expansion.

The effect upon the diagram is to raise the curve
ag shown by the dotted line. The work gain is repre-
sented by the scored areas, the work lost by the
darkened areas.

The lead at the opening of the exhaust should be
greater than at admission and both leads should in-
crease with the speed of the engine, and as the ports
diminish in area.

The lead at the closing of the exhaust should be
greater in condensing than in non-condensing engines,
and should increase with the clearance.

Clearance, Fig. 7. The effect of the clearance may be
observed from the accompanying diagram D D7 being
the volume of the clearance, the area. A D represents a
lossof work. The work during the full pressurein A B
remains unchanged, but the curve of expansion B E
is raised to B E’E’ which gives a gain of work repre-
sented by the area B E7 El E. This, to some extent,
compensates for the loss A D, and, if the rate of ex-
pansion is sufficiently high, may more than counter-
balance it. B

*

THE ores of manganese, fused with borax or salt of phospho-
rus, enter into the production of the beautiful ¢ violet-col-
oured glass.”” The finely powdered mineral, spread on stone-
ware as a paste, will atford a permanent glazing, which will
have a ¢* black ” colour, if laid on thick, and a deep violet
blue if quite thin. The oxide heated with muriatic acid gives
off fumes of chlorine, and is employed for bleaching purposes.
One of its ores alno affords the gas *‘ oxygen ” to the chemist.
Mariganese ores also receive a fine polish and are employed for
‘¢ inlaid work.” Pulverized, it may be used for umber paint.
The sulphate and chloride of manganese are used also in
;)‘calico printing,” the sulphate producing a fine chocolate
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THE NEW EDDYSTONE LIGHTHOUSH,
By WiLLIAM TREGARTHEN DoucLass, Assoc, M. Inst. C.E.

The necessity for the construction of a new lighthouse on
the Eddystone rocks had arisen in consequence of the faulty
state of the gneiss rock on which Smeaton’s tower was erected,
and the frequent eclipsing of the light by heavy seas during
stormy weather. The latter defect was of little importance for
many years after the erection of Smeaton’s lighthouse, when
individuality had not been given to coast-lights ; but with the
numerous ceast and ship-lights now visible on the seas surround-
ing this country, a reliable distinctive character for every
coast-light had become a necessity. The tower of the New
Eddystone was a concave elliptic frustum, with a diameter of
37 feet at the bottom, standing on a cylindrical base 44 feet in
diameter, and 22 feet high, the upper surface forming a land-
ing platform 2 feet 6 inches above high water. The cylindrical
base prevented in a great measure the rise of heavy seas to the
upper part of the tower, and had the further advantage of af-
fording a convenient landing-platform, thus adding consider-
ably to the opportunities of relieving the lighthouse. With
the exception of the space occupied by the fresh-water tanks,
the tower was solid for 25 feet 6 inches above high-water
springtides. At the top of the solid portion the wall was 8
feet 6 inches thick, diminishing to 2 feet 8 inches in the thin-
nest part of the service-room. All the stones were dovetailed
both horizontally and vertically, as at the Wolf Rock Light-
house. Each stone of the foundation-courses was sunk to a
depth of not less than 1 foot below the surface of the surround-
ing rock, and was further secured by twe Muntz metal bolts
1} inch in diameter, passing through the stone and 9 inches
into the rock below, the top and bottom of éach stone being
fox-wedged. The tower contained nine rooms—the seven up-
permost hayving a diameter of 14 feet and a height of 10 feet.
These rooms were fitted up for the accommodation of the light-
keepers, and the stores necessary for the efficient maintenance
of the lights ; they were rendered as far as possible firepoof,
the floors being of granite covered with slate ; the stairs and
partitions were of iron, and the windows and shutters of gun-
metal. The oil-rooms contained eighteen wrought-iron cistesns
capable of storing 4,300 gallons of oil, and the water-tanks
held, when full, 4,700 gallons. The masonry consisted of two
thousand ene hundred and seventy-one stones, containing 62,-
133 cubic feet of granite, or 4,668 tons: The focal plane of
the upper light was 183 feet above high water, its nautical
range was 174 miles, and in clear weather it overlapped the
beam of the electric lights from the Lizard Point. The lantern
was of the cylindrical helically-framed type adopted by the
Trinity House, The glazing was 2 feet 6 inches higher than
usual for first-order lights, this addition being necessary to
meet the requirements of the special dioptric apparatus. For
the white fixed light exhibited from the three lighthouses of
Winstanley, Rudyerd, and Smeaton, at the Eddystone, the

‘Trinity House determined on substituting, as a distinction, a

white double-flashing light at half-minute periods, showing
two successive flashes, each of about three angea-half seconds

duration, divided by an eclipse of about three seconds. It was
also decided to show from a window in the tower, 40 feet be-
low the flashing-light, a sector of white fixed light, to cover
the Hand Deeps, a dangerous shoal 33 miles north-west from
the lighthouse. It was further arranged that a large bell should
Le sounded during foggy weather, twice in quick succession
every .half-minute, thus assimilating the echaracter of the
sound-signal to that of the light. Two bells of 40-cwt. each
were mounted at opposite sides of the cornice, in order that a
windward bell might be sounded during fog. The optical ap-
paratus for the main light consisted of two superposed tiers of
lenticular panels, twelve in each tier. Each lens-panel sub-
tended a horizental angle at its foci of 300, and a vertical angle
of 920, being 4740 above the central plane of the lens, and
4430 below it ; and was composed of & central lens and thirty-
nine annular rings or segments, there being twenty-one above
and eighteen below the central lens. The twelve panels in
each tier were fitted together so as to form a twelve-sided

» drum, each lens having its focus in a common centre at a dis~

tance ef 920 millimetres. These lenses subtended the largest
vertical angle of any yet constructed for coast-illumination, the
increased angle and consequent additional power being ob-
tained by the adoption of heavy flint glass for the six highest
and the three lewest rings of each panﬁ. The light was derived
from two six-wick ‘‘ Douglass *’ burners, ene being placed in
the common foci of each tier of lenses, the illuminant being

g
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colza oil. With a clear atmsophere, and the light of the Ply-
mouth Breakwater lighthouse (10 miles distant) distinctly vi-
sible, the lower burner only was worked at its minimum in-
tenplty of 450 candles, giving an intensity of the flashes of the
Optical apparatus of 37,800 candles; but whenever the atmo-
sphere was 8o thick as to impair the visibility of the Break-
Wwater-light, the full power of the two burners was put in ac-
?0“»_ with the aggregate intensity of 1,900 candles. This in-
l_enmt{ was about 23.3 times greater than that of the fixed
tl‘ght atterly exhibited from Smeaton’s tower, and about 3,282
imes that of the light first exhibited in the tower from tallow
t‘fandles. The new tower was built at a distance of 130 feet
b’:,m Smeaton’s li%hthouse, a large portion of the foundation
o 1ng laid below the level of low-water spring-tides. The es-
ﬁlrlnate for the work was £78,000, and the cost £59,255. The
8t landing at the rock was made in July 1878, and the work
Was carried on until December. Around the foundation of the
386 of the tower a strong coffer-dam of brick and Roman
‘l’"nent was built for getting in the foundations. By June,
8.79.. the work was sufficiently advanced for the stones to be
ald in the lower courses, and everything was arranged for
-R.H. the Duke of Edinburgh, Master of Trinity ITouse, who
Was to be accompanied by H.R.H. the Prince of Wales, to lay
the foundation-stone on the 12th of the month ; but the weather
Ing stormy the ceremouny was postponed until the 19th of
b ugust, when the lowest stone was laid by the Duke of Edin-
urgh, assisted by the Prince of Wales. On the 17th of July,
1880, the cylindrical base was completed, and the 38th course
by the early part of November. On the 1st of June, 1881, the
uke of Edinburgh, when passing up Channel in H.M.S.
Lively,” landed at the roc , and laid the last stone of the
tower. On the 18th May, 1882, the Duke of Edinburgh com-
Pletﬁd_ the work, by lighting the lamps and formally opening
the lighthouse. The edifice was thus erected and fitted up
:gth{n four years of its commencement, and one year under
© time estimated. The whole of the stones, averaging mere
£ an 2 tons each, were landed and hoisted direct into the woyk,
Tom the deck of the steam-tender ‘* Hercules,” by a chain-
all working between an iron crane fixed at the centre of the
t‘”f“: and a steam-winch on the deck of the ¢ Hercules,”
Which was moored at a distance of 30 fathoms from the rock.
¢ Town Council and inhabitants of Plymouth having ex-
Eressed a desire that Smeaton’s lighthouse should be re-erected
tn Plymouth Hoe, in lien of the Trinity House sea-mark
m"“t» the Trinity House made over to the authorities at Ply-
oouth the lantern and four rooms of the tower. For taking
m:"‘ and shipping Smeaton’s masonry, the ¢ Hercules " was
. i°l‘°d at 10 fathoms from the rock, and the stonmes were
o ipped, after the removal of the lantern, by her steam-ma-
sm;‘e'.vt bi & process exactly the reverse of that by which the
strues of the new tower were landed. After the removal of the
- cture to the floor of the lower room, the entrance doorway
‘;:“ }ﬁ:ﬂrcaise leading from it to the lower room wetre
Wwith masonry, and an iron mast was fixed at the centre
of the top of the fru:tyl;m.
————.
MOTION CURVES OF CUT-OFF VALVES.*
BY A, WELLS ROBstoN, M.E., MONTREAL.
(For Iliustrations See Pages 8, 9 and 17.)

Among the many forms of diagram illustrating geometrically
un‘:i:‘:Ochement': of’ slide-vaJves by eccentrics, none have come
Sent o .Wr.lter.s obgervation which will satisfactorily repre-

the distribution of steam effected by that class of valve
g:;; :: which ‘a main slide-valve actuated by link motion con-

Lo S 8 moving seat for double cut-off valves.
dil’ec(t)lkmg at ‘the slide-valve in its simplest form, operatt?d
Propo r{ by a single eccentric, the effects produced by certain

i) lons of lap, lead and travel are comparatively w‘ell
troducegnfd eﬂmy‘fmdemmo‘i ; but when a link motion is in-
a0 romm T lfecting expansion within certain limits, as wel

aordin “%18 the dlrf!ctlon of motion, the action becomes ex-
motion :‘1“5;) 00mp}1ca|;ed, Put, now, on the back of this
subject af;: dl-e variable expansion valves, and it becomes a
mathe ording an unlimited field to engine designers and
—_ *Maticians for study and investigation.

* Read at 4,
n i . . .
Engingers, Ne”ﬂ%;};‘u}ggl‘l}g nflf etxl:el An'lenca.n Society of Mechanical

The form of diagram about to be described is a modifieation
of one already known to some eugineers, and the idea of adapt-
Ing the principle to link motions and variable cut-off valves,
80 as to show the extent and duration of the port opening,
occurred to the writer while designing a small condensing
marine engine recently, the dimensions of which are selected
for the present illustration.

In the diagram No. 1, the large circle rapresenting the path
of the crank-pin is divided into a number of equal parts—12
in this case ; these points of division are projected up to the -
line A B, which represents the stroke of piston, the points on
which thus obtained are the piston positions corresponding to
the numbered divisions of the crank-pin circle. The motion
of the valves must now be considered to take place at right
angles to the line A B, so that distance horizontally represents
piston movement and distance vertically represents valve move-
ment. Now, suppose the diagram to be moved horizontally a
distance equal to and and corresponding with A B, or the
stroke of piston, in & similar manner to the movement of an
indicator diagram, while the valve, receiving its relative motion
from the link, moves vertically on it; then a point in the
centre of the valve would trace a curved line of an elliptic
form. This motion curve may’be taken to represent the path’
of the centre of the main valve, and it may be drawn for
various positions of the link, those shown in the ‘diagram Fig.
1 being full gear forward, second notch forward and full gear
back. They are laid down by ordinates derived from diagrams
Fig. 4, which shows the journeyings of the link through its
successive positions corresponding to the before-mentioned
divisions of the crank-pin circle. A curve showing the exact
movement of the main valve being drawn in this way, we can
now draw parallel curves to represent the movement of its
edges over the ports in the valve seat, as shown in diagram
Fig. 2. The ports are projected across the diagram from C D,
&c., and the extent to which they are opened during the stroke
for steam or exhaust is shown by the curves of the outer and
inner edges of the valve respectively. Referring to Fig. 2, it
will be seen that the steam opening commences with 3-16
lead at C; then, widening rapidly, reaches its maximum at
about 38-100th of the stroke, after which it gradually closes,
cutting off at 9-10ths of the stroke.

Proceeding now to consider the movement of the cut-off
valves, it will be seen that, if we draw parallel curves repre-
senting the moving parts in the main valve, we may lay down
the movement of the cut-off valves over them in a similar
manner, and thus trace the events between them. The position
of the cut-off eccentric being diametrically opposite the crank-
pin, the movement of the cut-off valves, if we suppose it to be
traced in & similar manner to the main valve, will be repre-
sented on the diagram by straight lines K G and L D, Fig. 8,
and the variable positions of their edges to effect any desired
cut-off will be straight lines parallel to K G and L D. In the
example the shaded areas of the part terminated by these lines
represent the port opening up to their respective points of
suppression by the cut-off valves. The various proportions
of the cut-off valves for any desired range of expansion
may now be determined by direct measarement from the
diagram. For example, if the range of cut-off is to be from
1-5th to 3-4th, the distance, J M, between these two positions
is 2 inches, which is the limit of adjustability for each valve.
In like manner the necessary width in order to cover at ex-
treme travel will be equal to N P, plus a small amount for
cover ; and if at the latest limit of cut-off the inner edges of
the valves are shown to overlap each other, the ports in the
back of the main valve must be separated by that amount in
order to allow space for the adjustable movement.
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Projected by straight ordinates from the divisional points of
the crank circle, The positions thus obtained, however,
;’ ould only be correct were the conmnecting-rod of infinite
ength. The effect of the obliquity of the connecting-rod is
always to draw the piston nearer to the crank-shaft than it
:";"ﬂd be if the connecting-rod were infinitely long. In order,
.i:ref""' to apply a correction to this effect, we join the divi-
Wh'iutl; Points of the crank circle by circular ares, the radius ?f
n ch is equal to the length of the connectiug-rod. The ordi-
ates of the motion curve are then laid off tangent to these
'“'(38. the result being that the port openings measured st any
Point on this curve correspond to the fractional parts of the
:?::; st which they were taken. As befors mentioned, the
Position of the cut-off eccentric on the shaft is diametrio-

eny‘ Opposite the crank pin, in which case, if it be a reversible
gine, and the two eccentrics of the link-motion havean equal

:d b“kw‘?rd motions, Under some conditions, however, it
ln:{i:’e d;n l’able.to give a greater admission during backward
ot &l than d.unng forward, in which case the position of t}m
givin, ?mntflc may be shifted toward the backward eoce.nt}'lc,
Whilegflt 8 later movement, and thus prolonging the admission,
of the :or the forward fnovement its angular distance in advan'oe
moveme“:"d eccentric is increased, thus producing an earlier
case, i 0t and a greater relative travel. Its movement in this

» fnstead of being a straight line, K G (the valve goiug and

As before stated, the piston positions O R 8 T, Fig. 1. are

tngular advance, the admission will be equal both for forward

returning upon that line), would be an open curve, similar to,
but flatter than, those of the main valve, according to the
position of the eccentric.

The movement of the cut-off valves (cutve or straight line,
as the case may be) may be plotted direct from the eocentrie
cizcle, as shown in Fig. 1. The eccentrie circle is divided to
correspond with the crank-pin circle, and the points of divi-
sion of the former are projected horisontally and those of the
latter perpendicularly, as before ; the intersection of like npm.
bered lines are then points in the curve (or straight lines) K G
snd L D. : ‘

It will be borue in mind that while the absolute travel of
the cut-off valves is constant, we change the relative travel,
for & given position of the link, by shifting the position of the
cut-off eccentrio in the manner before described, for it is mani.
fest that the relative travel of the two valves would be zero if
the position of the eccentrios imparting motion to them coin.
cided (or equal to the difference of their throw, if any), and
greatest when dismetrically opposite. In these illustrations
the diagram has been divided into three parts, for the sake of
clearness, and many lines have been introduced which would
be dispensed with in practice. The desired results may be
easily obtained by sliding & tracing of the central curves over
the diagram of steam ports.

It is not supposed that this form of diagram will displace or
supersede the ordinary methods of designs in vogue in ths
drawing office, but it is thought that the method employed, of
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drawing the ports and graphically representing the extent of
their opening, at once appeals to the eye, and a clearer idea of
the valve movement is conveyed to the mind than if certain
goometrical comstructions bearing a conventional, but no
apparent, relation to the movement were employed. It also
admits of every variation of its elements, and furnishes the
mesns of comparison and ef judging the effects of such varia.
tion, while at the same time its strict accuracy in neglecting
no disturbing influence, such as obliquity of the connecting.
rod or varying positions of the link, will perhaps render it
valuable for purposes of investigation.

—————————

InTERspacks Brick-work.—The influence of interspaces in
ordinary brick walls in preventing the percolation of moistuye
has been frequently observed by experienced sanitarians and
builders. But the value of such spaces inreducing the temper-
ature in summer and increasing it in winter, has never received
a more forcible illustration than in the report of Superintending
Engineer Mussey as to the officiency of the device in preventing
the contents of the flush tanks of the system of sewerage recently
finished in Keene, N. B,, from freezing. The sides of the tanks
are composed of an external brick wall, an air space, and a
lining wall, also of brick. No other precautions have been
taken; and yet, during the coldest nights of last winter, not a
single tank was frozen up; while, during the summer, the
water was several degrees cooler than in cisterns and wells
adjacent. Builders of dwelling houses in this climate may
find a valuable hint in the experience of the little city of
Keene as to double-walled flush tanks.

*NOVA SCOTIA DIVISION OF THE GREAT
AMEBRICAN AND EUROPEAN SHORT
LINE RAILWAY.

BY H. V., THOMPSON,

(For slustrations see pages 12 and 13.)

By an Act of the Parliament of Canada, passed May
Tth, 1882, the Great American and European Short
Line Railway Company was incorporated for the pur-
pose of constructing a Trunk Air Line from Montreal
through Quebec, Maine, New Brunswick, Nova Scotia
and Cape Breton. With the object of obtaining the
shortest possible route for the conveyance of mails and

. passengers to and from Europe, the Company proposed

run a line to Cape North in the Island of Cape Breton,
to maintain a service of steamers thence to Cape Ray,
the nearest point in Newfoundland, and to construct a
railway from the latter point to Bonavista on the ex-
treme east of the island, thereby reducing the ocean
travel to a minimum and making the time of passage
from Montreal to Liverpool very much less than by
any existing route. The Cape North portion of the
road will necessarily be difficult of construction, and the
undertaking of this and the Newfoundl and portion has
been deferred until further investigations are made as
to the practicability of the route. At present the Cape
Breton Division is being lecated between the Straits
of Canso and Louisburg, which port is te be the east-
ern terminus of the road. The Straits of Canso at the
site of the proposed crossing are about 2,700 feet wide,
and through cars are to be taken over on boats built
for the purpose, similar to those used at different
points in the United States.

The total length of the line from Montreal to Louis-
burg is about 764 miles, and of this about 278 miles
are now in operation, and to be acquired by the Com-
pany. The approximate lengths of the different por-

*Abstract of Summer Report for 1883, Faculty of Applied
8cience, McGill University.

tions already in operation and of those yet to be built
are given on the accompanying map (I). The railway
when completed, by giving much shorter communica-
tion than any other route between Montreal and the
sea ports of the Maritime Provinces, is likely to be-
come the great through line for passengers and freight
between the Western and Eastern parts of the Do-
minion, and between Western Canada and Europe.
The advantages of the route in respect to distances will
be seen from the following table :—

17}
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Montreal and Fredericton.......... 561 373 188
“ ‘“ St. Andrews.. vee 544 385 159
o ‘“ St.John............. 585 410 175
v “  Moncton............. 566 476 190
- *  Charlottetown,P.E.I. 84 543 2A41
“ (Cape Tormentine)
‘“  Pictou. ...... 834 581 253
* “  Halifax vee 845 653 192
“ “  Louisburg... 994 764 230
Dist‘:}nce betv;v‘een St. Andrews and Liv‘e‘arpool ............

“ “ .t

“ .

Halifax ‘“
Louisburg “

The main line of the Nova Scotia Division extends
from Bay Verte, on the Straits of Northumberland,
eastward through the Counties of Cumberland, Col-
chester, Pictou and Antigonish to the Straits of Canso,
and is about 170 miles in length. A branch line of
about 21 miles which is to connect with the Inter-
colonial Railway on the south at Oxford Station, and
with the harbour of Pugwash on the north, crosses the
main line about 154 miles from the Oxford Junction.
A branch has also been located to the town of Pictou
which has one of the best harbours in the Province.
It was at ome time proposed to run the main line
through the town of Pictou, and several preliminary
surveys were made with this object in view; but it
would have necessitated a somewhat circuitous and
difficult route, and a very expensive iron bridge across
the harbour, so the idea was abandoned, though the
town offered $50,000 for the purpose of securing the
railway.

That part of the Division between New Glasgow
and the Straits of Canso, about 80 miles, is now in
operation, forming the Halifax and Cape Breton Rail-

~ way, which is at present under the control of the Nova

Scotia Government. The first three miles of the
Oxford-Pugwash Branch are also in operation, having
been built by the Dominion (Government as a branch
from the L C. R. to Oxford village. The part of the
Division in process of construction comprises the re-
maining 18 miles of the Pugwash Branch and that
part of the main line extending from Pugwash June-
tion to the Middle River Coal Shoots, which are within
10 miles of New Glasgow. From Middle River there
are two coal railways (IL.) either of which will give
connection with the Intercolonial Railway and the
Halifax and Cape Breton Railway, and one of which it is
proposed to be purchase in whole or in part,and to repair
and make part of the main line. The Division west of
Pugwash Junction is not yet located.

In June, 1882, shortly after the Company had re-
ceived its charter and secured a subsidy of $3,200 per
mile on the line between Oxford and New Glasgow,
location was commenced on this part of the road.

e
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Construction on the branch was well advanced by the
close of the season, and grading was nearly completed
to Pugwash when operations were suspended on the
26th of July, 1883. There are two bridges on the
branch line, viz: a 50-feet span Howe Truss bridge
over Pugwash River, and a pile trestle bridge about
one quarter of a mile in length across Pugwash Basin,
both” of which are nearly completed. The piles for the
latter were driven in the winter when the Basin was
frozen over. The branch for the most part is easy of
construction. No difficulties were met with except at
Pineo’s Lake, about 9 miles from Pugwash. A$ this
Place the road crosses a bog, the nature of which was
not understood until after construction had been com-
enced, ag precautions were not previously taken to
obtfun proper soundings. Thus a mistake was made
which has led to unnecessary expense, 83 a good,
though less direct location might have been obtained a
httl'e to the left. There is a light fill over the bog, and
3 pile trestle with two piles to a bent has been built for
a distance of 1,350. feet. The usual distance between
the bents is 10 feet, but in some places on the curve
they are only 4 feet apart. The piles had to be driven
%0 a very great depth, in some cases more than 70 feet,
fore solid bottom was reached. They were driven
down one upon another, the onty splice being a twe-
inch pin inserted in the ends which had been pre-
Vlvusly sawed off square and bored to the depth of a
fow inches, The locality has proved to be a floating
bog. The dumps on the approaches to the trestle
Work settle rapidly as they are filled out and the sides
of the road are raised up in ridges. The hammer of a
pile driver was lost in the bog and sounded for in vain,
thus showing that the bog is of soft nature for a great
del?t}}- Considering this be the case the method of
Spllcu?g the piles, I think, is not a good one, a8 the
Material in which they are driven can give but little
Tesistance to their bulging out sideways, and the ma-
terial of the bog is about the only resistance to this
tendency, as the pin is of wood and fits loosely in the
f&op pile, being made simply to guide the pile in its
tescent, _The momentum of trains passing over the
restle will introduce couples which will act about the
middle points of the top piles and in different direc-
tions, according to the direction of the moving load,
Which will tend to loosen the piles,and make the trestle
very unstable, especially on the curve. Further, when
8 joint is out of the straight line joining the extreme
ends of the pile, the weight of the train will tend to
dUdge it out still more, and thus the trestle will gra-
w“ﬂlly get out of its proper position. The track, a8
Well ag being unstable, must become very uneven and
ITegular owing to the unequal settling of the trestle,
;’hmh will evidently depend upon the number and
:ngths of the pieces spliced together in esch pile, the
straightness of the pile timber, the straightness of the
fo ® In which the pieces have been driven, and the dif-
an% in consistency of the bog at the different places.
u‘u‘ther the straightness of the spliced pile must depend
Pon the squareness with which the butted ends have
t.han :a“fed to the longitudinal section, as well as upon
pne:t;flghtr{ess of the timber itself. In driving the
flag to ero will be a tendency to bring the shoulders
must bgether, but in crooked piles the chief tendency
I ® to follow a circular path.

0 order to stiffen, the piles, slabs have been 1aid be-
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tween the bents and covered with earth. But the
structure cannot be made so stable in this way as if the
piles had been first rigidly spliced. ‘

The Company having secured during the last session
of Parliament, a further subsidy of $3,200 per mile on
other parts of the throngh line, including the portion
in Cape Breton between the Straits of Canso and Louis-
burg and a part of the New Brunswick Division, com-
menced construction on the main line of the Nova
Scotia Division in June, 1883, and in the following
month began location in Cape Breton and New Bruns-
wick. The grading and masonry on the Nova Scotia
Division were to be completed in the following No-
vember. The work was being pushed rapidly forward
with every propect of being completed within the
specified time, when all at once operations were sus-
pended on the 26th of July, 1883. That part of the
Division under construction is subdivided into six Re-
gidencies. The branch line comprises Residency No.
1, and includes 4 contract sections. The Residencies
on the main line, with the exception of No. 6, are each
about 10 miles in length, and comprise two contract
gections each, the length of a section being as near five
miles as practicable. Residency No. 6 is about eleven
miles in length and includes three sections, the last one
being less than one mile in length. The road for the
most part passes through a good and well settled farm-
ing country. The site of the railway being near the
gea and parallel with the general direction of the coast,
a succession of streams and intervening ridges have to
be crossed. If the road had been located farther
inland, the constructiou would have been much- more
difficult and costly. The bridges might have been
less expensive, but would not have been fewer in num-
ber, and the country to the south, as it approaches the
cobequids, becomes much more hilly. Ina few places,

" especially on the eastern part of the line, where the

country is quite hilly, there was some difficulty in
obtaining a good location. A locating party was occu-
pied for & while during the summer in making changes
in those places where a good location was not obtained
by the former party, and they were usually succeasful
in finding not only a much improved, but a remarkably
good location. The object of the change made at
Tatamagouche Was not as much to avoid difficulty
in construction, as to convenience the people of the
village. It may be at once observed that the new
Jocation surpasses the old inthis respect and (shewn
in the profile book,) profiles show the advantages of the
new over the old location at Saw Mill Brook. At
Middle River, it was first intended to croes the
Nova Scotia Coal Railway on the level, and for this
purpose to build a high trestle bridge across the river,
similar to that shown on page 13 ; but it was finally de-
cided to build a lower trestle across the river and to pass
under the Nova Scotia Coal Railway. For this pur-
pose a slight change had to be made in the former loca- f
tion, making the junction with the Intercolonial Mining
Company’s Railway & few stations farther on. Among
other changes to improve the location, two were mm}e
on Resideney No. 2, the curvature of which is given 1n
the profile. The object of one of these changes was to
avoid crossing a swamp, in which pile driving would
be impracticable.

The rock formation belongs to the Carboniferous
period, and quarries of excellent freestone have been

e —— ———e_= = =
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stripped and derricks raised at several points along the
line, so that good stone for the bridge and culvert
masonry is obtained without a lengthy haulage. The
site for the Wallace River bridge, which is to be of four
‘'spans, and the highest and most important bridge in
the Division, is in the immediate vicinity of a good
freestone quarry. The earth to be removed in grading
is usually of a clayey nature, and soon forms a very
hard and compact road-bed.

The usual method of proceeding with excavations,
and the one adopted to a greater or less extent by all
the contractors is, first, to plough the surface between
the slope stakes, and to keep repeatedly ploughingand
casting off until the cut is out to rock or formation
grade. After the top lift has been taken off, the earth
becomes so hard by the carting over it that it requires
four horses and about as many men to work the plough.
Besides this, the plough and carts are ‘often in one an-
other’s way and timeis lost. The centre stakes, gullet
stakes, and sometimes the slope stakes, are removed at
the first ploughing, and when the cuts are of any con-
sidprable depth it becomes difficult to tell exactly where
the road-bed should be. There can be little doubt that
in very shallow cuts this method is the most practicable
and economical, but in deeper cuts, where a fall can be
obtained, its utility is doubtful, especially when the
earth to be removed is of the character already de-
scribed. Moreover, the work is very much more neatly

"and accurately done when the gullet is*first taken out
to grade without using the plough, and the slopes made
afterwards. The cuts are then, without any trouble,
taken out to their proper depth, and the gullet stukes
are there to show the exact place for the road-bed.

The bridges, culverts and other structures, in so far
a8 they have been decided upon, are indicated on the
accompanying profile.

The bridges to be built may be tabulated as follows:

Stream. . Sta. Kind of Bridge. Remarks.

Abutment com
Doherty Creek 12

Wallace Rlver 264

25 feet span (truss)

Deck bridge of 4
spans. End spans
80 feet each. Mid-
dle spans 125 feet.
(Howe trusses.)

leted. Masonry
nd class.

One abut. com-
leted. Masonry
st class.

gOne abut. com-

Dewar River 603 80 feet span. Howe pleted. Masonry

truss. 18t class.
Waugh’s River 1039 Pile trestle
West River 2490 Pile trestle
Middle River 2630 Pile trestle

French River (sta. 968) will probably be crossed by
a pile bridge, with a draw over the channel, as there
is & shipyard and wharf just above the crossing. No
pile driving nor bridge superstructure has yet been
commenced on the main line. The kind of trestle shown
in IV, isthe design for the one to be built over West
River, where the grade is high compared with that at
most of the other crossings, where pile bridges are to
be built. In the usual form of pile trestle the upper
part of the structure is dispensed with, and the track
stringers lie on bolsters, which rest upon the caps of
the piles. This is the style of trestle built over Pug-
wash Basin. The larger brooks, where the streams

are too large for culverts, or where the fills are too
great for embankments and culverts to be economical,
are to be crossed by trestle bridges, either pile trestle
or trestle on pedestals.

Abstract of specification for pile trestle :

\
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“ Pile trestle will consist of piles driven in bents,
gecurely braced and properly capped. The track
stringers will be carried on bolsters placed upon the
caps, and the cross-ties and guard-rails will be notched
and evenly laid and.firmly connected together.

¢ Piles will be hemlock, spruce or tamarac, and of
firm, straight timber, without wind, and at least 12in,
at butt, and of sufficient length to reach solid bottom,
and to allow of being cut off below all shattering effects
of hammer, and to grade. If any will not permit of
this they must be drawn out and longer ones driven in
their place.

« Piles will be squarely cut to grade, and tenoned
with a 2 x 4 in. and 6 ft. tenon, the edgcs of which
will be levelled and the shoulders planed and even, so
that the cap will fit truly.

“In all permanent structures, piles will be driven
5 ft, between centres and 124 fi. between centre of
bents. Outside piles will be driven with a batter of
1in 2. .

“ The piles in each bent will be capped by a 12 x
12 in, x 17 ft. timber, properly mortised so as to fit
the tenons, and notches to set evenly and closely on
shoulders of caps, and they will be connected with the
piles by two 1-in. tree-nails, driven from opposite sides,
cut off flush and wedged at smaller ends.”

TIMBER FOR BRIDGES.

“ Wood for girders, main braces, counters and lower
lateral bracing will be of the best Southern bard pine.
Track stringers, floor beams, guard rails, and top lateral
guard rails and top lateral braces may be of Canadian
white pine, or other approved timber, free from wind
shakes, large knots, decayed wood, sap or any defect
that will impair its strength or durability.”

The culverts are to be of stone.

The construction on the main line was in charge of
a constructing engineer. The work on each residency
was in charge of a resident engineer, whose duties were,
firsi, to carefully check over the levels and alignment
on his residency, and to establish bench marks and
reference stakes throughout, and then to cross-section
the ground and stake out the work. Bench marks, with
their' numbers and elevations above datum marked
thereon, were established about every 1,000 feet, and
always in close proximity to cvery stream or river
crossing where bridges, culverts or other structures were
to be built. In the case of a large stream, they would
be established on both sides. Reference stakes were
placed at the beginning and end of every curve, ou
tangents, at distances of not more than 2,000 feet, and
on each side of every stream ecrossing, and at such a
distance from the crossing as not to be disturbed during
the construction of the bridge or culvert. A hub was
usually tied in by four reference stakes, and -the exact
distance measured between the nail in the centre hub
and that in the peg at the foot of the reference stake.
Sometimes six reference stakes were used; the other two
being put in in & line through the centre, but at right
angles to the centre line. The reference hubs were put in
without reversing the instrument, and in the following
manner : One refererce hub was established by setting
the instrument over the centre hub; the instrument j
was then set over the one just established, and the
other hub fixed in the same right line by sighting over
the centre hub.

o
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Before staking out the work, the ground was cross-
chtloned, and the cross-sections plotted in books. The
1;kllsmnce for the slope stakes from the centre-line would
then be shown by the plotting books. In cross-section-
1ng the ground Jevels were taken at each edge of the
road bed, and beyond these limits, at greater or less
Intervals, depending upon the irregularity of the sur-
;00- At the end of each week, the resident engineers
N alked over their residences, taking measurements and
vf’;’“ of progress, which they reported on forms pro-

1ded for the purpose to the constructing engineer, who
consolidated these report s and sent a copy to the chief
ebgineer. From these reports the weeky progress in
grading and culvert masonry was shown by painting
on tracings of profiles.
of {t will be seen on referring to the profi'e, that instead
o aying out vertical curves, it was usual to have a
in"el grade for 100 or 200 feet, where the grades sloped
th Opposite directions. The curving will be done when

@ road is ballasted.

——

Wiscellanecons Fotes.

STEAMING AND BENDING WOOD.

In an address recently delivered by Mr. H. G. Shepard, of
m:z. aven, Conn., relative to the use of wood in carriage
ri 1ng, he said that after a piece of wood is bent ita charac-
ands'ttlca undergo a considerable change. The wood is heavier,
aurel s fibres have become interlaced ; it will sustain more pres-
sith and strain than straight wood in the same directions,
thntei across or with the grain, He said : a piece of timber
hesg 088 been steamed, whether it is bent or not, has its stiff-
mme‘ncreffsed'_ It is more brittle than it was before, and for
steam;lses it will do as well, and yet there is a quality that the
N m;g process and the kiln-drying process affect in much
it bl"'ttle Way ; they both cook the gumn in the timber and make
comes s:' and stiff.” Thereis a kind of hickory that never be-
sirable iff by s natural process of drying, and one of the de-
well ag qQualities of a spoke, rim, or whiffletree, is stiffness as
best 'esl:l‘ength tyou take that hickory—and it is the very
Purpos ave—and steam it, and it is better fitted for these
of entes than it was before. It is difficult to tear apart a piece
e do wood ; the fibres are interwoven, one with the other.
Come mn? {‘!‘“'celve tl}e change on the outsid.e, but when we
entirely cﬁs‘:g:gf stick open we find that its character 18
hnf lﬁ?e]WmE FENCING.—A new style of barbed wire fencing

Made w_{hbeen put before the public. The wire is single stran
throg, hl thi loop at the proper intervals. The barb passing
withig th 18 loop until its middle or centre part is inclosed
arounq the loop, has its ends coiled in opposite directions
Within the Wire next to the loop. After the barb is placed
0 prev. e loop its first bend is in the direction of the gtrand
iod, ' v its:hfe straightening out of the loop when strain dis ap-
y  forms a ne 1oi wire

b on 4 single stran di.lt' firm and compact two-pointe

it;:lfiing UL KIND oF SoLpER.—A soft alloy which attaches

at it ¢ rmly to the surface of metals, glass, and porcelain
& very hia 'i)be employed to solder articles that will not bear
°btained% temperature, can be made as follows : Copper dust
‘méang of Y precipitation from a solution of the sulphate by
and mixeém? is put in a cast iron or porcelain lined mortar
From 20 t, v?th strong sulphuric acid, specific gravity 1:85.
to the har(‘i’ 0 or 36 parts of the copper are taken, according
T there § ness desired. To the cake formed of acid and cop-
cury, Wl:ea ded, under constant stirring, 70 parts of mer-
Warm water’: well mixed the amalgam is carefully rinsed with
0 ten or tw, i) remove all the acid, and then set aside to cool.
18 to be usede ve hours it is hard enough to scratch tin. If it
Over and bmnow,' 1t must be heated so hot that when worked
In this dnct'lyed In an iron mortar it becomes as soft as wax.
which jt adile form it can be spread out on any surface, t0
harg, eres with great tenacity when it gets cold and
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. CaxADIAN CoTTON MANUFACTURES.—It is an open ques-

tion whether the gross capacity of the mills now in Ca.
nada is not about equal to the demands of the population
at this time. The United States census returns of 1880 show
that there was then one spindle to every five of the popu-
lation, and that the annual production wis about 45 yards
per head of population. With the increased capacity and
production since then, there would now be not less than 50
yards per head. In Canada we have oue spindle to a little over
nine of the population, and the annual production is about
27} yards per head. This, it is true, is but slightly more than
half that produced in the United States, but there are two
facts which must be borne in mind in estimating the value of
this difference. One is that our normal consumption of cottons
is far less than in the United States, owing to the difference in
climate. Woollen goods are much more extensively worn in
this country and always will be, notwithstanding any modify-
ing influence of the changing fashions. . All things conaidered,
our norma! consumption may not be much more than one-half
that of America. ‘]Phen, again, America does not consume all
she produces, but exports to foreign countries a considerable
proportion of her cotton products.

Grass CroTHING. —The ingenuity that led to the manufac-
ture of articles of clothing from paper has been eclipsed,as similar
articles are now being made from glass. A dry-goods store has
on exhibition a glass table-cloth several feet square, of varie.
gated colours, with ornamental border and fringed edges. The
fabric is flexible and only a little heavier than those woven of
flax, while it is claimed that it can be washed and ironed like
an ordinary tablecloth. Glass has been spun and woven in
Austria for some years, but it is a new undertaking in this
country. A prominent glass manufacturing firm in Pittsburg,
Pa., recently engaged in the manufacture of this brittle sub-
stance into fabrics, which they claim are as perfect, delicate
and durable as the finest silk. A representative of this firm
said lately, that they can spin two hundred and fifty-nine
threads, each ten miles long, in one minute. The weaving is
done with an ordjnary loom, but the process is more difficult
and much more interesting than the spinning of cotton or
other threads. ¢ We can duplicate in glass any costume,”
said this gentleman, *“and can make it just as brilliant in
colour, elaborate in finish, perfect in fit, and equal in its
smallest details, even to the button on the original, The
fabric is very strong, cannot be ripped or torn, and can be
sold at a less price than linen, cotton or, silk, or other fabric
imitated. It is.also very warm, easy-fitting, and comfortable,
whether worn as dress, shawl or other garment in_ordinary
clothing.” Among the articles already manufactured of glass
are beautiful feathers, which resemble those of the ostrich;
towels, mapkins, and tablecloths.

STEEL FOR HEAVY SHAFPTS.—An engineerat a meeting of
the Society of Engineers at Aix-la-Chapelle gave some facts in
regard to the qualities of mild steel for heavy forged work that
tend to modify the growing confidence in that material as ¢om-
pared with iron. He said that a Bessemer steel shaft of a high
speed engine belonging to a rolling mill broke suddenly while
the engine was moving slowly. The shaft was replaced by one
of iron. In an engine works on the Rhine a steel shaft of 158
inches diameter broke, and inside was found a hole large as a
man’s fist containing two steel balls that during the two years
of the shaft's rotation had been worn quite smooth. Another
engineer said that in casting steel ingots it is more frequent to
have a porous casting in mild steel than in hard steel. If steel
ingots have incomplete, hollow, or porous spots, these do not
become welded together by further heating and working, but,
after being rolled thin, they retain their iorosity, as unwelded
spots are retained in wrought iron. As these porous places are
generally in the centre of the ingot, the round bars, the pistdn
rods, and axles made of it have also usually an internal weak-"
ness, which it is difficult to set right in the working, and which
may cause breakages in the future. In the course of the djs-
cussion it was shown that steel that hardened on the surface
on sudden cooling ought not to be deemed mild steel, and was
treacherous in its character. No material capable of consider-
able hardening should be called iren, and, if narrowly exam-
ined, it will be seen that & great deal of the ingot iron speci-
fied as *“ incapable of considerable hardening,” is nevertheless
capable of very considerable hardenin? under certain circum-
stances, such as a sudden cooling of a beated shaft. This
¢¢inconsiderable hardening ” is just sufficient to shrink the
surface, produce tension, small cracks, and finally breakages.

W
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Fia. 1. — Outcrop showing weathering along the plane of stratification. F16. 2. —Isolated conglomerate mass showing increase of weath.
l .
‘
'

ering along the planes of stratification on the upturned edge.

Fi16. 3.— Weathering across
the plane of stratification.

F1a. 8. — The results of superficial weathering in the plane of g ate, with a double outlet, )
stratification.

F16. 7. — Broken odnglomerate outerop.

.
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PECULIARITIRS OF WEATHERING IN THE POTTS-
VILLE CONGLOMERATE.

nThe striking characteristics of the Pottsville conglomerate
‘nde’?atem_f‘:ennsylvania are its highly siliceous composition
sta, 1ts solidity. Owing to a consequent great durability, it
wh’.’ds out prominently along the different mountain ridges
co ich surround the anthracite coal-basins; but though, a8
inmpared with the associated rocks, its resistance to weather-
r 8 18 very great, the effects of this action are everywhere
©¥ealed on examination. ‘
. he surfaces of the finer and more compact varieties are
piet‘-l‘lently seen to be covered with numerous small holeg, or
Bl marks, resulting from the removal of separate grains.
m°c 8 of the coarse pudding-stone have generally a very
ab‘;gh Burface, the pebbles projecting half their thicknesses
P Ve the surrounding matrix ; and fragments of this rock are
i Metimes so thoroughly permeated and softened by percolat-
D8 Water that they can be crushed to grains by the hand.
mAleng the planes of stratification the subaerial decay of this
£ 18 particularly well marked. Deep clefts and gashes are
ound along these planes, which frequently cut entirely across
8¢ masses, dividing them into separate slabs. This action
;,be.“ developed along the upturned edges of steeply inclin-
and P8, Where water has the best opportunity to accumulate
isolg,w prolong its action in incipient grooves ; and, with
al, ted blocks only slightly inclined, the increased decay
00g the upturned edges, due to this same cause, is often
Noticeable. A gomewhat remarkable fact about such weather-
!N ig, tha clefts parallel to the stratification are found in an
pparently homogeneous rock. In such cases a difference or
| Celiciency of cometing-material must be the directing cause.
b eathering action across the plane of stratification is exhi-
In its first stages by shallow and narrow grooves, .w.hl‘gh
{l.u"‘ 8lnuously across the rock. These have their origin in
ttle.at"eﬂms of rain-water which flow from the surface down
® 8ides of the rock. Once siarted, such a groove forms a
a nel whose drainage capacity constantly increases as the
aegl‘e'ssxon enlarges; and by degrees the fine groove grows to
n edemd?d fissure, half 8 foot or more across, which the contin-
 &ction of rain-water cuts deeper and deeper into the rock.
b 18 fissure iy generally of approximately uniform breadth ;
Ut, as it enters farther into the rock, the water drains into it
tl:) ™ all sides, and an enlargement is sometimes formed at
¢ end, which I have seen to result in an almost circular
0.8, completely penetrating the rock, .
weat he most peculiar and remarkable of all the results of this
cial ering action are, however, those produced by & superfl-
action in the plane of stratification. Over flat surfaces of
me lliock, white-washed looking patches occur; but where 8
ags t depression exists, the water accumulates and stands, and
are‘ fl’msequence the graius of the rock in immediate contact
awa oosened, and, on the evaporation of the water, blown
onl Y. Thus the depressions which were at first, perhaps,
Y a fraetion of an inch, are deepened, and, by degrees,
arg 8 of as much as a foot in depth are eaten out. These
thgtf)ﬁ'en 80 regular in outline, and with such smooth sides,
iny. they might readily be mistaken for pot-holes; and,
€ed, it was such that I first considered them, and was puzz-
prodto account for the peculiar channel in which the waters
of ucing them must have flown. A distinguishing feature
cut ;se depressions, however, is that each one has an outlet
accop 1, 10 near the bottom of the cavity ; and this is easily
gide unted for, on the theory of their subaerial origin, by con-
alw Ting, that, once such a basin started, the overflow would
478 pass off over the lowest edge, and as the basin increas-
Out.lt::; depth, by continued dissolving action, so would the
the fac&lso' A further confirmation of this is furnished by
the 1o ts, that in inclined rocks the outlet is always towards
ZOntalwer rim, and the bottom of these cavities i8 elthex'- hori-
Kenemﬁr sloping towards the outlet. In the bottom is also
recent]. y accumulated a small amount of gravel and sand
up ': ¥ loosened from the bed. These basins are of all sizes,
ried,_t':mee feet and more in diameter. Their shapes are Va-
slopi Ommetimes circular, sometimes oblong,—With gently
¢ r:c‘;'des’ or steep, even recurving ones, according te the
by ml;:)f the rock, ‘They are frequently connected in stnl{K;
the enlar, channels, like a miniature lake system ; and, Wit
Bement of these channels, a simplé, deep groove
a @ rock results, all this action combining to give the
VeTy rugged appearance.
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The very great proponderance of silica grains in this rock, to
the exclusion of any good cementing-material, is probably one of
the chief reasons for its decay. Rain-water is, without doubt,
one of the most active agents; but the secretions from the
thick growth of moss and lichens, which frequently covers the
surface and penetrates into the cavities of the rock, have pro-
bably also their effects. The deep gashes produced by the
action of the rain-water offer excellent oppertunities for frost
to continue the work of destruction ; the ice forming in these
clefts, and, by its prying action, completing the separation of
the already partially divided mass.

As a consequence of this wide-spread weathering process,
large continwous outcrops are rarely found. Collections of
huge blocks génerally mark their site ; and the thick accumu-
lations of smaller fragments, which are so frequently found
over conglomerate areas, results, without doubts, from the
father subdivision of these larger blocks.

The products of decay either accumulate in place, are
washed down by streams, or blown away by the wind. On the
top of Broad Mountain, and elsewhere, the distintegration in
situ, I am informed, is 5o great that the loose rock is dug out
a8 gravel ; and, in valleys watered by streams flowing down
from conglomerate ridges, deep depesits of siliceous sand are
found, valnable for building-purposes.

The decay of the sandstones and shales, associated with or
underlying the conglomerate, is even more pronounced than
in that rock. Changes of color, especially from the greenish
tints to red, brown, and yellow, are the most frequent results;
and this is often accompanied by a softening to a barely cohe-
rent sand or clay. Erroneous conclusions are thus frequently
drawn from surface indications, as to the nature of the under-
lying rock.

The subject of the decay of rocks bas recently been admir-
ably treated by Dr. T. Sterry Hunt, chiefly with regard to the
crystalline rocks ; and it deserves to be further studied, in the
case of these more recent rocks, from its evident importance
in chemical geology, its interesting and well-known relation
to topography, and its economic bearing.

ARrraUR WINELOW,

e e 0 el e en

THE GENERATION OF STEAM.*
BY MR. W. ANDERSON, M. INST. C. E.

The Lecturer commenced by remarking that the source of
our fuel supply was derived from the rays of the sun acting
upon the earth ages ago, He pointed out that those rays
were of complex structure, intimately bound together gnd yet
capable of being separated and analyzed. He remarked that
it required over 1,000 H.P. to separate 1 ton of carbon from
the atmosphere in twelvé hours; but that, in consequence of
the enormous area of leaf-surface in which the decomposition
took place, the action was silent and imperceptible.

As soon as a law of definite chemical combination had been
established, chemists began to suspect that the changes of
temperature observed in chemical reactions were also of a
definite kind, and that they were as much the property of
matter as chemical atomic weights. In the last century La-
voisier and Laplace, and after them, down to the present time,
Dulong, Despretz, Favre and Silbermann, Andrews, Berthelot,
Thomsen, and others, had devoted much time and labour to
the experimental determination of the heat of combustion and
the laws which governed its development. Messrs. Favre and
Silbermann, in particular, between the years 1845 and 1852,
had carried out a splendid series of experiments, by means of
a calorimeter, which was illustrated by a diagram. The appa-
ratus consisted of a gilt coppe receiver, in which the subs-
tances tested were burnt by a jet of gas. This receiver. was
immersed in another vessel lined with swan's-down. Ther-
mometers of great delicacy were employed to determine the
temperatures, and the whcle of the apparatus, used for gene-
rating the gases and for collecting the products of combustion,
was constructed with the utmost ingenuity and skill. Messrs.
Favre and Silbermann adopted the plan of ascertaining the
weight of the substances consumed, by calculations from the
weight of the products of combustion. By this means they were
enabled to deal with larger quantities, and several errors inci-
dental to the opposite process were eliminated. A Table was
given showing the calorific value and the chemical composi-

® A paper read before the Inst. of Civil Engineers, (Eng.).
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tion of such substances as commonly formed the constituents
of fuel.

The thermo-chemical laws relating to combustion and de- |
composition were then stated, and the general formula for cal- §
culating the thermic value of any kind of fuel whose analysis |
was known, was explained. It was pointed out that energy
existed on the earth in a form which was often unsuitable for
the wants of man :—for example, the water flowing down the [}
Alps was competent to furnish the power necessary for boring
through those mountains; but it was notin a form which could
be used directly. The kinetic energy of the water had first to
be converted into the form of stcam or air at high pressure and
teruperature, and then, by means of suitable heat-engines, it
could be used in the manner with which all were familiar. It
was probably to this circumstance that the tardy development
of the steam-engine was due, for its history dated back only
some two hundred years—a very small proportion of the time
during which the human race had existed.

A steam boiler was in reality a species of heat-engine, and
its action should be investigated upon the same principles,
and consequently the doctrines of Carnot were applied. Ac-
cording to these, the efficiency of a boiler depended entirely
upon the range of temperature through which the heated gases
acted, and, by means of an illustration derived from an appli-
cation of water-power, it was demonstrated that the proper
way to increase the efficiency of a boiler, was to raise the tem-
perature of the furnace to the utmost degree possible, and to
lower the temperature of the smoke to the lowest point prac-
ticable. Particular instances were then taken in which it was
shown that 1 1b, of carbon would be capable of evaporating
14-87 1bs. of water from and at 2120. The case of the prize
engine of the Cardiff show of the Royal Agricultural Society
in 1872 was described in detail, and it was demonstrated that
the maximum amount of work which could be expected from
its boiler was equivalent to the evaporation of 13+27 lbs. of
water, the actual evaporation having been 11-83 1bs., showing
a duty ot 89 per cent. In pursuance of the idea of treating a
boiler as a heat-engine, an indicator diagram was exhibited
and explained, and the laws of Carnot were stated in detail
and discussed. The terms of Carnot’s formula were then
examined separately,—first, in relation to the temperature of
the furnace, the process of combustion was explained, and it
was shown that the temperature of the furnace depended upon
the supply of air. A minimum supply would give the highest
temperature, but it was found necessary to add an excessin
order to make combustion perfect. It was pointed out that
the limit to high temperature in a furnace was the imperfec-
tion of the material out of which boilers were constructed. It
was shown from the fact that steel was capable of being melt-
ed in boiler furnaces, that temperatures so high as that were
not injurious; but that, when that melting-point of steel was
greatly exceeded, the boiler plates began to suffer severely.
Next, the temperature of the chimney end of the boiler was
examined. It was stated that by the adoption of feed-water
heaters and by the use of forced draught, not for the purpose
of augmenting the steam-production, irrespective of economy,
but with a view to promoting economy, that the temperature
of the smoke could be lowered to about 100, above that of the
feed-water. The loss of 11 per cent. in the Cardiff boiler was
then looked into, from which it appeared that it arose partly
from imperfect combustion, which always prevailed more or
less, and partly from losses incidental to the transfer of heat
from substances less dense to others more dense, and vice versa,
It was stated that this loss was common to all energy propa-
gated by undulatory motion. such as light, heat or sound. The
law of conduction through plates was then explained, and it
was pointed out that even joints in a bar of uniform material
interposed a eertain amount of resistance, and the fact was il-
lustrated by an experiment. The loss was much greater when
there was a joint between dissimilar materials, such as b.tween
the gases of the furnace and the boiler plate, and between the
boiler plate and the water. At first sight it would appear a
matter of common sense that a boiler which contained its own
furnace must be a better generator than one with an external
furnace formed of brick-work ; but brick-work was an ex-
tremely bad conductor of heat, while it was a very good radia-
tor, absorbing heat from the gases and returning them by
radiation to the boiler surfaces. This action was strongly
pronounced in the case of the reverberatory furnace, and in
the brick arches now commonly introduced into the fire-boxes
of locomotives.
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bag];({ zases forming the prod_ucts of combustion were very
nitre )isorbers, and very bad radiators of heat. Pure dry air and
heat gél'i‘ were absolutely incapable of absorbing or radiating
throuct hey were not in the least affected by the passage
was ugh them of the most intense heat-rays, Carbonic-acid
Wa;sa somewhat better radiator while the vapour of water
the i:j good absorber, and therefore a good radiator. It was
r.i mainl ¢monstrated that the products of combustion consisted
Whorlly of air and nitrogen, and consequently, taken asa
or n &, the products of combustion were bad radiators. Little
0 economical advantage was derived from making the
combustion in a boiler perfect, because the colder luminous
ame was a good radiator, on account of the white-hot
}mrt{cles of carbon it contained, while the notter and non-
iminous flame was a bad radiator, and carried a great deal of

Y an experiment, by which it was proved that an intensely-
ot nOn-lpmiHODS Bunsen flame had very little more effect
;lpon an air thermometer than a smoky luminous flame burn-
ng the same quantity of gas, but that the moment a spiral
Wire was hung in the Bunsen flame, it commenced to glow,
and the radiation from the wire immediately had a powerful
effect upon the thermometer. It was probably owing to this
f)]r,c“mstance that the backwardness of the owners of steam-
oilers to prevent smoke was to be attributed. Had consider-
| able advantage been obtained by the suppression of smoke,
Acts of Parliament would not have been necessary for the
Purpose.
. A different class of boiler was required for consuming flam-
8 fpel, as contrasted with such fuel as anthracite and coke,
urning with very little flame. In the latter case, tubular
oilers were preferable ; but unless the combustion was per-
fect before the gases reached the small tubes, the gases cooled
OWn so considerably, that the flame was frequently extin-
guished,  This fact was illustrated by an experiment, which
Showed that when pieces of 3-inch gas-pipe of various lengths
were placed over an ordinary gas-flame, the shorter tubes
?-l 10w§d the flame to pass through, while the longer oncs ex-
Inguished it, and the gas could be re-lighted at their upper
thds. Water, being completely adiathermanous, and a very
dzu% conductor, could not he heated by direct radiation or con-
e(llltpon' The process of heating hy convection was explain-
hea:n ~deta11., and a comparison was instituted between the
to t tlansmlttefi from ths hot gases in the furnace of a boiler
fer lf water, with the reverse effect of warming by the trans-
twoob heat from hot water pipes to the air of a room. The
aceo ‘;‘ng reverse operations, agreed very closely together in
cot n. ance with the theory of exchanges. The proper heating-
cvaac? to be allowed in a boiler to effect a given amount of
t ]cl)‘Ol'at“u)n was then dwelt upon. The mode of calculating
e X Scctional area of tubes and flues was given, the heat of the
morilﬁff}'s and their area was considered, and finally the ther-
inve amic theories relating to the formation of stecam were
stea stigated. It was stated that, of necessity, the molecules of
entrm'wh“-'h became emancipated from the water through the
thesg) of peat, carrle.d with . them particles of water, at}d that
Dﬁuf |;am('1t'8 constituted priming, the amount of which de-
the ‘E( t““"’“ the velocity with which the steam escaped from
ran r:,‘; er. A t:lM‘e was cxhibited of a large variety of boilers
,v(,,i";hllu order of the velocity and disengagement of steam
n whij ; water-surface ; and from this it appeared that those
Ject t()lL l'th? velocity was highest were also those. m(?st sub-
Bases \3mm”‘g~ The doctrine of the viscosity of liquids aud
manne a8 next dealt with, and applied to account for the
iml)uri:'n{ which pa}'tlcles of water and of very minute splld
1e st.ea]es were carried over from the water of the boiler into
the slowm' . The same theory was adduced to show that from
e com )(?ehs with “’hlg'h smoke fell in the atmosphere, it must
no vei sed of exceedingly small particles, and that they were
with \vl{ic?umem“s compared with the volume of the gases
how it w‘ls1 ttlllley were associated. It further went to show
marked e‘c at complete combustion did not produce any
ticles of ggﬁ({,my’ because the absence of the white-hot par-
Power. Tty on from the gases caused a loss of radiating
expected as thought that no great improvement was to be

in . N A
all"eady almostthria%}?:imy of boilers, for the limit had been

€ h ? ..
on whicl;) ':ﬂ“' of having first pointed out the true principles

-3 the duty of hoit i ly, b
compa oilers should be estimated, namely, 0¥
of the ?1?5 lt he work actually done with the pote’ntial energy

wmte Professor Rankine.

the heat into the chimney. This circumstance was illustrated

‘line, 113 ft. ; beam (moulded), 12 ft. 6 in. ; depth, 6 ft. 6in. ;

The Lecturer concluded by a tribute of respect and admira- -I
tion to the late Sir William Siemens. whose name was closely
associated with the subject of his lecture. At the time of his
death, Sir William Siemens was engaged in perfecting &
pyrometer, intended to indicate accurately temperatures above
those of melting stecl. In addition therefore to the many
causes of regret for his lamented decease, was to be added this,
that the production of a trustworthy pyrometer would be indefi-
nitely postponed. The impulse which Sir William Siemens had
given to the study and elucidation of thermodynamics would
not cease with his life. but this and succeeding generations
would long profit by his example and his labours.

—————aa—

TORPEDO BOATS.—( Engineering.)

On pages 20 and 21 of the present number are illustra-
tions of the two litest types of the first-class torpedo vessels
built by Messrs. Thornyeroft and Co. The Russian boat (see
page 21) is of the foilowing dimensions : Length on water-

draught forwaid, 2 ft. 6 in., aft, 6 ft.; displacement, 60 tons.
The hull is built of galvanised Bessemer steel, and is divided
into eleven compartments by eight water-tight bulkheads and
two half bulkeads in the manuer introduced by Mr. Donald-
son. The bost will float with any one of these compartments
filled. Six powerful bilge ejectorsare fitted. Two of these are
placed in the boiler compartment, and are capable of ejecting
40 tons of water per hour each with a boiler pressure of 75 1b.
In addition to the ejectors a bilge pump is worked off the main
engines, and hand pumps are ﬁtte§for pumping the bilge from
on deck. A separate steam donkey is provided, and the cir- .
culating pump, which is arranged with suction branches both
in the boiler and engine room, as well as from the sea, is gua-
ranteed to throw 45 tons of water per hour.

The main engines are 14} in. and 24} in. in diameter, by 15
in stroke, and were guaranteed to dcvelop 750 indicated horse-
power. They are of the now well-known Thornycroft type of
torpedo boat engines, such as described in the thirtieth volume
of Engincering ; they are fitted with a special valve by
which thev can he couverted inty non-condensing engines if
necessary. Auxiliary engines are used for driving the fan
blower and for the circulating pump, in addition to which
there is the steam doukey referred to; the former are placed
in the engine compartment, an i the doukey in the boiler room,
but both tan and donkey can be regulated from either com-
partment. A striking feature is these boats is the steam steer-
ing gesr which is fitted in the forward part of the conning
tower.

Tue condition which a steam steering gear for torpede boat
work has to fulfil, are somewhat trying, both weight and space
having to be reduced to the lowest points. In order to meet
the necessities of the case Mr. Donaldson has designed a gear
expressly. for snch requirements. This is lighter and more com-
pact than any yet introduced ; indeed, so far as regards weight
no other steam steering gear at present in use can be said to
approach it. During the trials of the Russian boat the helm
was put from hard-a-pert to hard st. rbeard by the steam gear
in four seconds. Still smalier vessels than these flrst-class boats
also now being supplied with the Donaldson gear. These are
no doubt the smallest cratt in the world steered by steam, and
indeed we should think are likely to remain so. In the first-
class hoats the bow rudder, which has been described in the<e
columns, is providel; when used it is worked in connexion
with the main rudder, either when the steam or haud in the
conning tower, or by hand by means of the wheel further aft,
which may be seen in the engraving on page 21. In the for-
warl compairtment is a Brotherhood air-compressing pump,
the engine and pump being seif-contained on one baseplate. By
this machine air is compressed to 1500 1b. to the square inch
for the purposes of charying the torpedoes and ejecting them
from the impulse tubes.

In the forward compartment is also the electric light machi-
nery, consisting of a Brotherhood engine and an M. Gramme
dynamo. A Mangin projector is used, by the aid of which
objects are rendered visible at a distance of 1} to 14 miles.

The boiler is of the usual Thornyeroft torpedo boat type,
which has already been illustrated and described in these
pages. The total heating surface is 1119 square feet, of which
1032 square feet are supplied by the tubes, and 87 square feet
are concained in the firebox. The grate area is 30 square feet ;
the area of tube section is 4,74 square feet. It will be seen that"
in this small vessel, of only about 60 tons displacement, there
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are no less than seven separate steam engines, and the main
engines alone are guaranteed to indicate 12} horse-power per
ton of displacement on full power runs.

The propeller is one of Thorncroft's patent ; it has three
blades, and is made of forged steel. The diameter is 5 ft. 7 in.,
and the pitch 5 ft. 8 in. As may be seen by the illustration
on page 21, the end of one blade is cousiderably out of the
water when the vessel is a trest, but even at a very slow speed
the boat settles sulfliciently by the stern to immerse the screw
immediately on the engines being started ahead.

Both the Russian and the Danish (pelo) boats are rigged in
the manner shown in the engravings for the purpose of making
long voyages ; they spread 1000 square feet of canvas. The
three jib-headed fore and att sails are hoisted by a sliding
gunter. The masts can be readily unstepped and stowed away
or left ashore. The armament ot the Russian vessel consists of
four 19 ft. Whitehead torpedoes, each 15 in, in diameter.
F Each of these carries a charge of 80 lb. of guncotton, and is

capable of propelling itself for a distance of 1000 yards at a

speed of from 18 to 19 knots per hour. Two siugle-barrelled
37 mm. Hotchkiss machine guns are placed on the gunwales on
either side of the conning tower. The Danish boat carries one
five-barrelled 37 mm. machine gun on the top of the conning
tower.
{l  There are three contract trials for all the first-class torpodo
boats that Messrs. Thonyeroft and ('o. now built. A three
hours’ speed is run ; a 100-mile coal trial, and a six-knot speed
trial. The following are particulars of the mean results of the
Russian boat's trials.

Three hours’ full power trial : Mean speed 18.97 knots ;
boiler pressure 129.5 1b. ; vacuumn 24.16 in. ; air pressure for
Blast in stokehold, 2.21 in. of water ; revolutions per minute
404. Six-knot full speed trial made on the measured mile in
Long Reach. Mean speed of the six runs with and against tide
at the rate of 19,506 knots per hour. Boiler pressure 130 1b.
Revolutions 413 per minute, vacuum 27 in. Air pressure in
J stokehold 2.83 in, The slip of the screw was 17.13 per cent.

of the speed. These and the following were tne official trials
made by the Russian naval authorities, and were conducted
accordingly to the Admiralty reguiations.

In the one hundred-mile trial, made to test the coal con-
sumption, run between the Nore and Purfleet, the vessel
steamed 103.8 knots in 9 hours 20 min. One ton of Nixon’s
navigation was weighed on board for this run, and at the end a
few pounds still remained. It may be said therefore that the
vessel run 104 knots at eleven knots speed on a ton of coal.
These boats are guaranteed to run a thousand miles at eleven
h knots on their own coal.

On all the above trials the regulation official weight of
stores and gear was on board amounting in all to 16 tons 14
cwts. and 26 1bs. The includes coal, armament, ammunition,
fresh water in tanks, crew, &c., bnt not the water in boiler.

The trials made to test the manceavring powers of the boat
resulted as follows :

Turning Circles at Trials Draught.

Time in Mak-|Diameter of}] Directlon of
I Speed.  |%,g Cireles. | Circle. Circle. -
knots. min. sec. fathons.
18 1 20 84 To port
1 35 120 ** starboard | both rudders
5 3 3 5 63 :¢ starboard
2 40 55 ““ port “
2 54 86 stern to
Astern _ starboard
3 speed 7 30 358 stern to “
‘ port.

ELECTRICITY AND MAGNETISM.
BY PROF. W. GARNETT.
( Continued. )

As in the case of gravitation, the zero of electric
potential (or level) may be arbitrarily selected. For
our zero of level we selected the Trinity high-water
mark, a purely arbitrary zero. Xor the practical zero
of electric potential it is usual to take the potential of
the earth, which for many purposes may be regarded as
sensibly uniform. In purely theoretically treatises the

Zgro of electric potential is that of a point inﬁm’lelyJ‘I‘

distant from all electrified bodies. Taking the poten-
tial of the earth as the zero of electric potential it fol-
lows that:—

The potential of a point is the number of units of
work (ergs) done by electric forces on the unit of (posi-
tive) electricity in passing from the point to the earth.

This is, of course, equal to the number of units of
work done against electric forces by an agent bringing
the unit of electricity from the earth to the point, for
otherwise * perpetual motion” could be shown to be
possible.

It is very important to observe that level is an atéri-
bute of a point in the meighbourhood of the earth
whether there be any smafter at the point or not.
Thus, in our foot pound system of measurement, if we
say that the level of a point is 1,000, we imply that
1,000 foot-pounds of work would be done on a pound
in falling from the point to the sea level, but we do not
imply that there is a pound or any ether quantity of
matter in the ¢mmediute neighbourhood of the point,
whose situation with respect to the earth is alone suffi-
cient to confer upon it the attribute of level.

Similarly, in the case of electricity, potential is an
attribute of a point in space, and it does not follow
that there is any electricity af, or in the ‘mmediate
vicinity of, the point, Of course, there must be elec-
tricity somewhere in the neighbourhood, or there could
be no electric potential, but the potential of a point is
due to the electrification of all bodies which are suffi-
ciently near to exert any electrical action at the point,
Thus, a conductor may be at a high potential while its
charge is zero, in consequence of other bodies positively
electrified in its' neighbourhood, and it may, and it
often does happen, that a body is at a high positive
potential and is, nevertheless, negatively charged. This
will happen when its own negative charge is insufficient
to neutralize the positive potential due to positively
electrified bodies in the neighbourhood.

When work is done by electric force on the unit of
[positive] electricity in passing from the earth to any
point, work will have to be done against the electric
forces in bringing the unit of electricity from the point
to the earth, and the potential of the point [like the
level of points below Trinity high-water mark] is
reckoned as negative.

When a positively electrified body tends to go from
A to B a negatively electrified body will tend to go
from B te A, so that, while positively electrified bodies
tend to go from places of high to places of low poten-
tial, negatively electrified bodies tend to go in the
opposite direction.

It is convenient to employ the term electric field for
any portion of space in which electric forces act.

If a body which is a non-conductor [or insulator| be
placed in an electric field, so that some points of the
body are at places where the potential is higher than at
other points, [positive| electricity will tend to pass
from the places of higher to those of lower potential,
and this being resisted by the insulator stresses will be
exerted on the substance of the insulator itself, which
will thus be thrown into a state of strain. Thus, any
non-nonductor, or dielectric, placed in an eiectric field,
will experience a state of strain, resisted by the elasti-
city of the substance, and it is to this state of elastic
strain of the dieletric that the energy of an electrified
system is due. Sometimes the electric stresses exceed

——
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t}lm elasth limits of the substance, and discharge takes
Place, which may be of a disruptive character, and
Causes the fracture of the dielectric.
o It a conductor be placed in an electric field, positive
sctricity will flow from places of high, to places of low
E{Otentla‘, causing the latter to become electrified posi-
1vely, and therefore raisiug their potential, while the
]gl‘me_r becomes negatively electrified with a consequent
thWel‘mg of potential. This action will go on until
® potential at every point of the conductor is the
same, and the distribution of potential throughout the
eld, as well as in .the conductor itself, will, in gene-
Tal, be changed. This action is known as electric
nduction.
thIf a body be charged with positive electricity, and
there be no other charged body in the neighbourhood,
d ® body will thereby be raised to a positive potential,
epending on the size and shape of the body, and the
8mount and distribution of its charge; for & unit of
Positive electricity in the neighbourhood of the body
Will be repelled by it, and work will therefore be done
UPon it as it goes away to the earth.
Similarly, a body charged with negative electricity
and removed from the influence of all other electrified
dies will have a negative potential, for there will be
8 tendency for positive electricity to come from the
%arth to the body in virtue of the attraction of its
Regative charge.
chBut When a number of bodies are near together some
ofal‘ged positively and some negatively, the potential
any one of them will not depend on its own charge

only, but in part on the charges of all the others, and,

;i:i 1t may happen, as indicated above, that a body
and a”‘bl;‘(’lgath{ehchargq may have a positive potential,
potentin]. y with a positive charge may have a negative
mﬁ:)}’) conductor in communication with the earth
ritg - st potential zero if there is electric equili-
elec;n" forif its potential were above that of the earth,
untilnmty would flow from the conductor to tl}e earth
tricit equality of pOl’:ential was produced, Whllf? elec-
pote JLiaWOIIId flow in the opposite direction if the
eam? 1 of the conductor were below that of the
anghuls’ a conductor in communication with the earth,
itSelfpba'ced near to a positively electrified body, will
tial g © electrified negatively in order that the poten-
posiﬁue to its own negative charge may neutralize the
electryﬁe potential due to the charge upon the positively:
cond ified body, and thus reduce the potentiel of the
muniu ctor to _zero.  Similarly, a conductor 1n com-
electr(':gtlon with the earth, and placed near a negatively
nl ed bOd.y’ WI.“ itself be electrified positively.

0 Connection with every electrified surface a series

:3 :‘ﬁp otential (or level) surfaces may be drawn such
rom © work done on the unit of electricity in passing
in orda 1y point iu one surface to any point in the next
Wouldel‘;)ls equal to ome erg. Such a set of surfaces
scribed eb'malogo‘ls to the set of level surfaces de-
electrie _3t0ve3 and as in the case of gravitation, the
portionallntemlty at at any point will be inversely pro-
8ive equi y thB.Pel‘Pendlcular distance between succes-
poim;,q Potential surfaces in the neighbourhood of the

D ..
BF. The electric intensity at any point is the force

which :
that po?l:’tl.lld act on the unit of electricity placed at

Electric intensity is frequently called electromotive
force at a point. Maxwell called it electric intensity

in analogy with magnetic nfensity and the intensith .

of gravitation. Instruments intended to defect differ-
ences of petential are called eleclroscopes. Instruments
designed for the measurement of differences of potential
are called electrometers.

It should be borne in mind that electroscopes and
electrometers do not serve primarily to detect or mea-
sure charges of electricity, but simply the difference
between the potentials of two points connected with
each instrument, and called its electrodes, and hence
of conductors in communication with the electrodes.

The gold-leaf electroscope consists essentially of two
gold leaves suspended from a brass plate or knob by
means of a brass rod, and protected from currents of
air by a bell glass, through the neck of which the brass
rod passes. The gold leaves should be surrounded by
a wirs-gauze cage placed within the bell jar, and having
a wire attached to it which passes out through the
stand of the instrument. The brass plate or knob then
forms one electrade, and the wire attached to the gauze
cylinder the other. If no gauze cylinder is employed,
the walls and other objects in the room take its place.

MOVEMENTS OF THE EARTH.—(Nalure.)
(For illustrations see pages 25, 28 and 29.)

It will perhaps be convenient at this stage to compare the
fineness of the division of time given by a clock of this descrip-
tion with the fineness of the division of the second of arc we
have already discussed. There is, however, a little difficulty
about this, because at present there seems to be no special
reason why any particular unit of tine shonld be selected. Or-
dinarily a day is divided into twenty-four hoars, each of these
twenty-four hours is subdivided into sixty minutes, these again
being each divided into as many seconds. The origin of this
division of time will be seen later on ; for the present let the
fact remain that it is so.

Now a modern clock beats practically true seconds, and
astronomers after a little practice gain the power of mentally
breaking that second up into ten divisions, each of which is of
course one-tenth of a second, so that we can say that a day
may be divided into 864,000 parts, and in this way institute a
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comparison of the fineness of the division of time with those |

minute measurements of angular space with which we so re-
cently dealt.

It is a familiar fact that the length of a pendulum which
vibrates seconds is some thirty-nine inches, and it is easy to
understand that there are many conditions in which a clock of
this kind, with its pendulum of more than a yard lon%, cannot
be used. Not only indeed is there this inconvenient length of
the pendulam, but it is necessary that the clock to which it
belongs should be rigidly fixed in an upright position. The
question therefore arises, 18 this clock which deals out seconds
of such accuracy the only piece of mechanism that can record
and divide our time, or is any other time-measuring instru-
ment avaiable § Fig. 21 shows part of such an instrument,
known as the Chronometer, in which, whilst the principles
necessary to be followed in the construction of the clock have
been adhered to, the pendulum has been dispensed with, and
the perfect stability and verticality of position so important to
the clock, are here unnecessary.

In this instrument the pallets of the dead-beat escapement
have been replaced by a detent, 0. Let us consider the action.
The escape-wheel, 8, is advancing in the direction of the hands
of & clock. One of its teeth meets the detent, and the wheel
is locked. Then what happens is this: when the balance-
wheel, P1, swings, the circle, P2, centred on it shares its mo-
tion. This, it will be seen, is armed with a little projection.

We left the escape-wheel locked. Now assume that the ba-
lance-wheel is swinging in the direction of the arrow. It carries
the small circle with it, and the piece, Py, in its motion, com-
ing into centact with the end of the spring, seen projecting
beyond the arm of the detent, raises it and the detent so re-
leasing the tooth of the escape-wheel. The slight retardation
which the balance receives in consequence of this action is im-

S
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Fi6. 2x.~Chronometer Escapement.

C B

F1G. 23.—Model to illustrate parallax.

¥'1G. >4 —Diagram to show how the inclination of the horizon of London will
change with the rotation ot he earth.

=

Fie, 5 .—Di
s Dllmmhgo show how the inclination of the horizon of a place on
the equator changes in one direction only.

F1G, 26.—~Observing condition at London.
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mediately compensated. The moment the escape-wheel moves
on again, one of its teeth meets the projection, P, and the
balance-wheel receiving this fresh impulse goes on to complete
its swing. Then it returns and swings in the opposite direc-
tion, this time without acting in any way on the detent. When
the balance-wheel made its first swing and the point P2, met
the projecting end of the spring, the latter could then only
bend from the end of the arm with which the detent is pro.
vided and against which the point Bg forced it. Butoun the
return swing the spring is found capable of bending from the
more distant point of its attachment to the shank of the
Jocking-piece. It is therefore easily pushed aside ; there is no
change in the position of the detent, nor is any resistance
offered to the motion of the balance-wheel, which goes on te
complete its swing. Then another tooth is caught, the escape-
wheel is again locked, and again released by the lifting of
the detent, So the action goes on, the teeth of the escape-
wheel being constantly detained and as constantly released by
the action of the point'B2. The balance wheel, it will be
noted, receives its impulse only at every alternate swing,
whereas in the clock the pendulum receives its impulse at each
vibration,

Time then can be divided down to the 1.10th of a second,
or as we expressed it, down to the 864,000th part of a day, not
only by a clock, but also by this chronometer. Having ob-
tained this 1.10th of a second by these instruments, the ques-
tion arises as to whether it be possible to get a still finer divi-
sion. It will be seea that a very much finer division than this
can be obtained, the 1-100th part of a second being a measur-
able quantity ; not that such a small fraction of time as this
is ever necessary in astronomy, nor will it be until the present
astronomical methods have ceased to exist. 1f it were possible
to get all observations made by photography, then it would
be worth while recording with such minuteness, because pho-
tography would always behave in the same way, whereas two
observers never have the same idea as to the time of occur-
rence of any phenomena which they observe. Yet, although so
great an accuracy as this is not attempted, it will be quite
worth while to consider the means by which this exquisite fine-
ness of the division of a second of time has been arrived at.
We shall see that just in the same way as an appeal to me-
chanical principles resulted in an improvement in the construc-
tion of our clock, so this fineness in the division of time has
been obtained by an appeal to the principles of electricity. Lot
it be assumed that the seconds pendulum of our clock swings
with perfect accuracy and with absolute uniformity from se-
cond to second, in spite of changes of temperature and other
perturbing influences; and having assumed this, let us see
how electricity can be made to aid in the measurement of
time. The instrument used is called a chronograph. It consists
of a metal cylinder revolving by clock-work and covered with
cloth, over which a piece of paper can be stretched. Below
the cylinder and parallel with it is a track along which a frame
carrying two electromagnetic markers or prickers is made to
travel uniformly by the same clock that drives the cylinder.
Wires connected with a battery lead from one of these magnets
to a clock and from the other to a key, which can be depressed
whenever an observation is made, and a current so sent to the
magnet. The effect of this is to cause it instantaneously to
attract its iron armature and cause the pricker with which it
is connected to make a matk on the paper above.

The connection of the chronograph with the clock is as fol-
lows :—The bearing shown in the middle of the diagram (Fig.
22) is a continuation of the bearing on which the seconds hand
of the clock is supported, and thereis a little wheel which
does its work quietly at the back of the clock in exactly the
same way that the seconds hand does its work quietly in front
of it. What that wheel does is this. Every time that each of
its teeth—and there are sixty of them—comes to the top of
the wheel it touches a little spring. That little spring then
makes electrical contact, and a current is sent flowing threugh
parts of the apparatus already described. Now the teeth in
that wheel, being regularly disposed around its circumference,
always succeed one another after exactly the same interval of

 time, and there is no difference or distinction from second to
' second, or from minute to minute. But suppose that before
the clock is started one of these teeth is filed off, and so filed
off that when the seconds hand points to o seconds, and the
minute hand to a completed minute, this part of the wheel
shall be at the top, and there shall be no electrical contact
established, for the reason that the tooth of the wheel is ot
there to act on the spring. ln that way it is easy to manage
matters so that the beginning of each minute shall be distin-

T —

guished from all the other fifty-nine seconds which make up
the minute. Let the cylinder, covered with paper, revolve
once in a minute. In that case, the electrical current will
make a hole or a mark on that paper every second, and as
matters are so arranged that the prickers shall be travelling
along at the time that the dots are made upon the revolving
paper they are thus made along a continuous spiral, and since
we have supposed the cylinder to revolve once in a minute,
the beginuing of each minute will be in the same line along
the spiral. Then, according to the length of the cylinder, a
second of time will be obtained written in dots, sixty of them
round the cylinder representing sixty seconds. Suppose now
that a man with a perfect eye makes an observation, recording
it by sending a current through the apparatus and making a
dot on the paper. He will then have an opportunity of ob-
serving on the paper the preaise relation of the dot which re-
presents the time at which the observation was made to the
other dots which represent the various seconds dotted out by
the clock, and not only the exact distance of the observation
prick from the nearest sccond, whether it be 3, or 1-10th, or
1-100th of the distance between that second and the next,
but the omission of the record of the first second in the
minute will give the relation that observation has to the near-
est minute.

For the sake of simplicity the case of one observer making
one observation has alone been counsidered ; but if the work be
properly arranged, then not only one clectromagnet, but two
or three, or four, may be at work upon the same cylinder at
the same time, each making its record, and that is how such
work is being done at the Greenwich Observatory.

This power of measuring and dividing time then having been
obtained, we seem to have reached our subject, ‘‘ The move-
ments of the Farth.” Yet even now there are one or two
other matters which require to be discussed before we consider
the movements themselves. The first of these is the impor-
tant fact that the earth is spherical in its form. There have
been many views held at different times as to the real shape of
the earth, but the only view we need consider is that stated.
In going down a river in a steamboat, or, better still, in
standing upon the sea-shore at some place, such as Ramsgate,
where there are cliffs, and where, consequently, one may get
from the sea-level to some height above it, it 1s observed that
when any ship disappears from our view by reason of its
distance 1t seems to disappear as if it were passing over a gen-
tle hill.

It does this in whatever direction it goes. This familiar
fact is a clear proof that the earth is a sphere, and is so obvious
that it may seem unnecessary to mention it, but it was well to
do so for a reason which will appear shortly. Besides this ar.
gument in favour of the spherical shape of the earth there is
the argument from analogy : the moon is round, the sun is
round, all the known planets are round. The stars are so in-
finitely removed from us that it cannot be determined whether
they also are spherical, but deubtless they are as round as the
earth. This point of the tremendous distance of the stars is an
important one to bear in mind. Their distance cannot be
convenieiitly stated by thousands,nor even by millions of wiles,
it is something far greater than that. It may be asked why it
is that such a statement can be thus positively made. For
this reason : the stars have been observexf now for many ages,
and the historical records of ancient times show that the chief
constellations, the chief clusters of stars visible in the heavens
now, were seen then. In the Book of Job, for instance, there
is a reference to the well-known constellation of Orion, and
there is very little doubt that for thousands and thousands of
years that constellation has preserved the familiar appearance
of its main features,the constellation called Charles's Wain,
or the Great Bear, was also known to the ancients. If the
stars were very near to the earth this could not be. 1If they
were close to us the smallest motion either of earth or star
would at once change their apparent position, aud would pre-
vent this fixity of appearance, and the skies would be filled,
not with the constellations with which we are so familiar, but
with new and ever-changing clusters ot stars. This constancy
of the constellations, not only from century to century, but
from era to era, clearly proves then that the sturs of which
theyhare made up must be at an infinite distance from the
earth.

Let us consider the question of distance a little further. If
two pieces of wood (see Fig. 23) joined together by a cross-piece
be taken, a moment’s thought will make it obvious that the
angles which A B and ¢ B make with the cross-piece A ¢, will
vary with the distance of the body, which can be seen first by

e —————




January, 1984
T

AND THE INDUSTRIAL ARTS. o7

—————

1 2
;?&};l&%sa,l)"“ﬁ.'\ B and then by looking along ¢ B. If these
must he o © l“e.Ctegi to a very near object in the room, they
o takenbr:ft,y inclined (as in'l). If something more distant
sight St p 1€i:e is less Inclination, and if it were possible to
there ‘Vt;ulflm 8 by looking first along o b and then along ¢ B,
istance be still less.. And if something at a still greater
nNation OfWere sigted, say St. Giles’s at Edinburgh, the incli-
Case of St APB and ¢ B wonld be still smaller than it was in the
tance kIt. h ?uls, because St. Giles’s is at a much greater dis-
remox;ed y ollows then that in sighting an ohject so mﬁnltel_y
tion of ro]x;) us as a star, the light from it will be in a eondi-
quite ?:lrﬁ le}xsm‘, and A and o B consequently be placed
sayin p(tha ¢lin viewing it (see 2). That is another reason for
ygit i:t the stars are at this infinitedistance from the earth.
Clea}rly by j\(:J(llml?;;_tam to iusist on this point will appear very
1itt13v:1 Sglppose that in the centre of this lecture-theatre a
theatre 0 ‘ilWere hung to represent the earth, the walls of the
ing the an lthe 1)301v1§ in it representing the heavens surround-
ances rea" 1. Now in such a case it is clear that the appear-
roun‘dI;}esemed would be the same whether the heavens woved
Let g - e{:"h or the earth itself were endowed with motion.
ocs m’omt out making the assertion, assume that the earth
of the h‘:’e. It is perfectly obvious, since the apparent motions
with w (a;“‘s are so regular, that if that be so she must move
move | onderful constancy and regularity ; she does not first
noth 1 one direction and at one inclination, and then at an.

er ; that would be very serious.

calle she rotgtes shc. must rotate rou[}d some imagix;ary ljne
ecaus an axis. This introduces an important cons}detatlon
eavene’ whether the earth itself rotates on an axis or the
('a.vens move round the earth —and in the latter case the
ion m8 must also move round an axis—in either case the mo-
]imitedutSt be an eqnablg one ; so that if the matter 1s t}ms
as it w ‘{ a constant axial rotation or a constant revolution,
will haou d be called in the case of the stars, sgveral things
itself lPPe‘L Let us take the former case, in which the earth
will benloves' - Then the motion of the surface of the earth
axis on ei;:_t at those points which are nearest the ends of the
4 point v;, ich it turns, _Take the case of an observer at such
ing each .etw1.11 be carried a very little distance round dur-
ends of thlo ation ; similarly, if the stars move, a star near the
little distev axis on which the stars move wx‘ll be carried a very
sphore ance round during each revolution of the celestial

to(ltht::]g'3 the position of the man on the earth from the pole
distanc:quator'. Then he will be carried a very.cqn&derable

e stay found in each rotation of the earth: similarly with
carried s ; if they move, a star in the celestial equator will be
is the ﬁm““d.a very great distance during a revolution. That
to rotatr st point. Another point is that it’ we assume the .ee'u'th
which ae we must carefully consider the varying conditions

itant Orfe brought about by the different positions of an inha-
take the the earth under these circuwmstances. For instance
an equat, case of a man at the equator,, he looks at things from
he plup orial point of view, and in the rotation of the earth
Stary g oo> Straight up and straight down. Similarly, if the
Starg toaly revolution belongs not to the earth but to the
aPPe:irtan Obscrver_at the equator of the earth they would

ealing o love straight up and straight down; and now in
Whethgr i“t"lt)h this question and endeavouring to ascertain
Cessary o e t.he earth er the stars which move it is most ne-
movementcons‘d” the relation of the movements or apparent
serveq au(sl of the stars to the place from which they are ob-

ifference b 1n so doing it is found that there is an immense
hy etween the conditions which obtain at the poles and

e : e
servab}eqnator with reference to the phenomena which are ob-
© 10 each cage.

et o
e con:i?itake a globe to represent the earth, and let London
ered the central point for our observations. Now at

all
an f;l,;iii,‘l‘;‘ the earth, in whatever direction we look, we see
Servation to 'ﬁlee‘“‘g of earth and sky ; and supposing our ob-
ace of theo,¢,made on an extended plain or at sea, the sur-
8 a plape boarth or sea may for simplicity’s sake be considered
to meet, Thim'lded by the circle where the earth and sky seem
sent thig o 8 i3 known as the circle of the horizon. To repre-
globe (see F_plece of paper may be put over London on our
hen  tha 1g. 24), and London may be brought to the top.
Placed at g a8 been done, remembering that the stars are
centre of the elnﬁmte a distance, the horizon which cuts the
© considereq :rtl}:’.a“d Whi«;h is called the true horizom, may
8ensible hopj S belng practically the same thing as the small

R\lz"“ of London, represented by our piece of paper,

—

when at the top of the globe, because the two planes will be
parallel. For, whether a star be seen from the equator or from
London, owing to its tremendous distance it will appear to
occupy the same position in space. Now let the globe be made
to rotate, then the inclination of the plane of the horizon of
any place, of our horizon of London for instance, is continually
changing during the rotation (Fig. 24). An exception, how-
ever, must be made with regard to the poles of the earth. At
these two points the inclination will be constant during the

whole of the rotation. )

If now a point on the equator be brought to the top of the
globe, it will be seen, as the globe is rotated, that the obser-
vers's horizon rapidly comes at right angles to its first position
(see Fig. 25). This will show that the conditions of observa-
tion at different parts of the earth’s surface are very different,
and this whether it be the earth or the stars which move.

Let us now consider with a little greater detail the condi-
tions which prevail in the latitude of London. Let London
be again brought to the top of the globe. Let o (Fig. 26) re-
present an observer in the middle of the horizon, s w N E. Let
z be the zenith, which, of course, would be reached by a line’
starting from the centre of the earth, and passing straight up
through the middle of the place of observaticn. s'is a star,
and we want to define its position. How can this be done ?
Imagine first a line drawn from the observer to the zenith.
Imagine next another line going from the observer to the star,
or, what is the same thing, from the centre of the earth to the
star. Then the angle inclosed by these two lines will give us
the angular distance of that star from the zenith, or similarly
we may take the angle included between imaginary line join-
ing observer with horizon and star, and thus obtain the star’s
altitude.

Again its position may be state] not only with regard to the
zenith and to the horizon, but te some other point, say the
north point. In that case a line or plane, 2 £ W, is imagined
passing from the zenith through the oberver, and the distance
between £ and ~ will give the star’s angular distance from the
north point of the horizon. Again, suppose it be desired to
define the star’s position with reference, not to the zeuith, but
with reference to the pole of the heavens, that point where the
earth’s axis if prolonged into space would cut the skies. In
that case since P in our diagram marks the position of the pole,
a line » &’ will give what is called the polar distance oFthe
star ; and lastly, if the angular distance of the star from the
equator of the heavens be required, since the prolongation of
p ' weuld cut the equator, the distance from s to the point of
intersection will give the angular distance of the star from the
equator ; in other words its declination.

We have taken London, but of course each place on the earth
has its sphere of observation with its zenith and the north,
east, south, and west points. With regard to the axes of the
earth and the heavens, they both possess north and south
points, and in the heavens as in the earth, the equator lies
midway between them.

The several ideas concerning the movements of the earth
which were introduced in the last lecture will in the present
one have to be dealt with in greater detail.

It was then agreed that if the whole expanse of the heavens
were to travel with a perfectly equable motion in one direc-
tion, such a motion for instance as would result from all the
stars being fixed to a solid transparent substance like those
cystal spheres that the ancients really believed to exist ; or
if, on the other hand, the earth herself, instead of being free
to turn as she listed with varying velocity in any direction,
really went with perfect constancy in the direction opposite
to the apparent motion of the stars, the visible effects would
be the same in both cases, so that an appeal in our eyes would
not suffice to enable us to say whether the earth moved or
whether she remained at rest while the celestial sphere re-
volved around her.

Under these circumstances what is to be done ? It has been |
seen how, both with regard to the measurement of space and
the measurement of time for astronomical purpose, those in-
terested in the physics and beauties of the various classes of
celestial bodies outside our own earth have picked and chosen
now one bit of physical science and now another to help them
in their inquiries; and with regard to this very important
question,  Does the earth move or is she at rest 7”7 we shall
see how very beautifuly and perfectly the question has been
answered by the application of certain mechanical principles.

The majority of people, I suppose, have some acquaintance,
however slight, with machinery—with steam engines for in-

— —
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stanck ; and it is a familiar fact how very important a part is played
in the steam-engine by the flywheel. Why should that be? Why
should this ﬂywineel be to important that it is onl¥\ quite recently
that mechanicians have learned to do without it ? For this reason :
if 2 mass of matter such as a flywheel is once made to revolve, it
will rétain that motion for a long time, resisting agy tendency to

an-increase or decrease of its velocity, It is in consequence of
r this property which the revelving flywheel possesses that an
engineer is able to get over the dead points in bis engine, whilst

F1G. 37.—~Rapidly rotating whee! suprorted at one end of its axis.

it also acts in preventing the engine making too sudden a start.
In sddition to this, when we have a .nass of matter in the con-
dition of the revolving fiywheel it bas scme very peculiar
qualities, only observed when such a mass of matter is in motion.
_If, then, we have a wheel so arranged that a very rapid-rota-
tion is being imparted to it, it does not behave as it would when
st rest. These properties possesseéd by a rotating body can be
well shown by an instrument known as the gyroscope, of which
we shall speak more fully later on, It consists essentially cf a

G, a8.~Roaating disk of gyroscope. cc, knife odges ; A A, BB, adjusting
weights.

disk to which a very rapid rotation can be imparted by a train
of wheels or by other means. If the disk be set rotating, it is
found to possess those curious qualities of which I have spoken.
If whilst rotating at a high velocity it be placed in the position

shown in Fig. 27, it will not fall, but will takeon a movement
of revolution round the stand.

From considerations suggested by this and other similar ex-
periments, Foucault poinfed out that it might be demonstrated
whether the earth moved or whether she remained at rest. It
struck him that the problem should be attacked somewhat in
this manner :—

Suppose the earth to be at rest, and that either at the north
or south pole a pendulum, suspended so that its point of support
had as little connection with the earth as possible—so that it
should, in fact, like the rotating flywheel, be independent of ex-
ternal influences, were set vibrating. Then an observer at the
north or south pole would note that the swinging pendulum (the
earth being considered as at rest) always had the same relation
to the objects on his horizon.  But, said Foucault, suppose that
the earth does move, Then the swing of such a pepdulum
would not always be the same with regard to the places on the
observer's horizon. Let the earth be represented by a globe.
Sulppose it to rotate from west to east.  Place it with the north
pole uppermost, and set the pendulum, whose point of support is
disconnected from the rotating earth, vibrating. Then the
pendulum will appear to travel from left to right as the earth
rotates from right toleft beneath it. Now suppose the pendulum
to be suspended in the same way at the south pole, right and
left now being changed. The earth of course rotates in the same
direction as before, but the pendulum now appéars to change the

Fi1G. 2;.—~Gyroscope ; general view.

plane of its swing from right to left. At the equator the earth
simply rotates straight up and straight down beneath the
swinging pendulum,

From these con:iderations it became evident to Foucault that,
if there were any possibility, of demonstrating the movement of
the earth by means of the pendulum, the-demonstration would
take this form. Provided it were possible to swing a pen-
dulum so that it should be as free as pos-ible from any fluence
due to the rotation of the earth, and take that pendulum to the
north pole, it would appear to make a complete swing round the
carth in exactly th¢ same time that it really takes.the earth to
make a complete rotation beneath it. At the south pole ex-
actly the same thing would happen except that the surface of the
earth would appear to move in the opposite direction to what it
did at the north pole, Now it will be perfectly clear that if we
thus get a pendulum appearing to swing one way on account of
the true motion of the earth at the north pole and \n: the opposite
direction on account of the true motion of the earth at the south
pole ; at the equator, as we found in dealing with our model earth
and mudel pendulum, it will not change the plane of swing éither
way, that is to say, the time taken by a pendtlum to mbake a
complete swing will be the smallest possibrat the poles, whilst
at the equator it will be infinite,

At all places, therefore, between eitner pole and the equator
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the period of swing will be different, and the time taken to make
& complete swing will increase or decrease as the equator is
:PPfO&ched or receded from. So much for theoretical considera-
lgns.' Can they be put to the test of experiment, and an answer
%taxned from “nature herself? The fact is that this idea of
Oucault’s is so beautifully simple that anybody can make the
¢xperiment providing he has the mneans of using a very long
P.endulum.. This pendulmn must be rigidly, but at the same
time very independently, supported.
eneath the pendulum, in contact with the earth, and therefore
+10Wing any movement .of rotation which the latter may possess,
l;-" board, on the centre of which the pendulum nearly rests.
2 Tom the central point of this board lines are described show-
lhnf S0 many degrees from the central line over which the pendulum
d b swings, These preliminaries being arranged, let>the: pen-
Blum be started. This is done by drawing it out of the vertical
§nd tying it by a thread which is burnt when it is desired to
start the experiment,

Then, in consequence of that quality the existence of which
was revealed to us by the rotating disk and which is possessed
by this vibrating pendulum, and in cansequence of the precautions
which have been taken to prevent its swing being interfered with
by the motion of the earth or other perturbing influences, it
should be found, if Foucault’s assumption be correct, that the
earth is moviug beneath the pendulum. And if all the conditions
of the experiment have been complied with it is found that the
pendulum moves over the scale as the earth rotates beneath it,
That then is one demonstration of the existence of the earth’s
rotation, .

The question now arises whether there be any other method
of determining the same thing.  There is, but in answering the
question in the affirmative it must be said that this second method
is neither so simple nor so satisfactory as the first,

We owe it also to the genius of this same man, Foucaunlt. It

depends upon the same principles and: is connected with the
same series of facts as the other.

But befo.e proceeding to

FiG. 30.—Transit instrament and clock.

di .

‘Ws:‘tl:ls:,lthls fecond experiment it will be well to consider thege
“ Astro Ny wh,],‘:h have been taken from Galbraith and Haughton's
Pendy} nomy,” because they show not only what the swinging
gYroseonr. “bould do if it behaves properly, but also what the
o if i? ,g:’ ;‘;: ms"’“mfnt used in the second experiment, should

S properly.

® first tablepis f:ué

Hourly Motion of Pemdulum Plane.

Place North [Observed Cat]ecgla.
Lat. motion { motion Observer
per hour h
per hour
G 56 1870 1'515 Schaw and Lamprey.
4044 | 9733 9814 | Loomis.
hod 4gt 9955 | 9'833 | Carswell and Norton.
421301 9970 | goag
42 12 | 10'522 | 10856 | Dufour and Wartman.
4% 50 | 11'500 | xr'g23 | Foucault.
©| St 27 | 11988 | 1xy63 | Bunt.
ceen | 3330 | ar'ors {12065 | Galbraith and Houghton.
——— 779 e | w68 | Gerard

B e

The second is
Rotation of Earth deduced from Pendwlum.

Place ‘Iime of Rotation
he m. s
Colombo, Ceylon ...c.cocvvvmivmniniininn 23 14 20
New York.......covenee 24 8 ¢
Providence, R.I......cc......... 23 38 29
New Haven, Ct. ..ooovvvnn coiieineiiininnns 23 50 7
GENEVR ....cvevveeiinrnrerniens . 24 41 39
Paris ........oovrnvennerenmnmeniiinanns 23 33 §7
Bristol ....ooovieiiiiiiinn e 23 53 2
Dublin ...ocovvvnivieiii e 24 :3 7
ADErdeen .....ooveiieiiieie i 23 49
Mean value.......ooovenenns 23 53 ©

The pendulum planc is of course ‘the plane in which the
pendulum swings. The first co}uu}n in Table 1 gives the place
where the pendulum was set swinging, the second the latitude,
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the third the observed motion per hour, and the fourth the
calculated motion. The table has been so drawn up that it
begins with places nearest the earth’s equator and passes gra-
dually to others farther awayv, going from Ceylon at 6° N, lat,
to New Yerk at 40° N. lat,, New Haven at 41°, and ending
with Aberdeen at 57°, At the first-named place it will be seen
that the pendulum swings through less than 22 per hour, whilst
at Aberdeen it swings through nearly 139, which is an approx-
imation, at least, to the statement I have made, that, since
the rotation of the pendulum planc will be most rapid at either
pole, the further from the equator we swing it the greater will
the number of degrees passed over per hour.

J. NorMAN HoOCKYER.
(To b2 continued.)

GALTON'S INQUIRIES INTO HUMAN
FACULTY AND ITS DEVELOPMENT.

BY R. W. BOODLE.

The significance of Mr. Galton's last work upon
Human Development will be understood by all who
have watched the changes of public opinion upon the
evolution theory. Victorious from the first in the
scientific world, for few names of any eminence were
bold enough to oppose it, it gradually won its way
among the great mass of intelligent readers, with whom
the practical application of scientific theories rests:
and ite victory almost immediately dealt the last blow
to the fables and fancies, upon which pre-scientific
ages had constructed their religious and social ideas,
and which had lingered between life and death ever
since the days of (ibbon and Hume. Thus though the
evolution theory was by no means in itself a theory
of negation (for it told a tale of the ascent of man from
lower organisms, a conception as ennobling as the story
of his degredation which it displaced), it was possible
for the supporters of the old faith to confuse it with
its negative side, to insist that this negative side was
its important side, to deny that it gave any grounds
upon which a religion and morality might be con-
structed, in short to identify evolntion with agposti-
¢'sm.

The importance of such works as Spencer’s ¢ Data
of Ethics” and George Eliot’s “ Theophrastus Such”
and the present volume lies in their expounding,
each in a different way, the positive side of the new
faith, and in their thus being the best answer to the
charge, so constantly biought against modern science,
of being merely agnostic and destructive. “The chief
result of these Inquiries,” writes our author in the
summary with which he concludes his book, ¢ has
been to elicit the religious signiticance of the doctrine
of evolution. It suggests an alteration in our mental
altitude, and imposes a new moral duty. The new
mental altitude is one of a greater sense of moral free
dom, responsibility and opportunity ; the new duty

which is supposed to be exercised concurrently with, -

snd not in opposition to the ones upon which the
social fabric depends, is an endeavour to further evolu-
tion, especially that of the human race.”

The new mental attitude that Mr. Galton desires to
emphasize will be best understood from the fullowing
passage : “ While recognising the awful mystery of

- conscious existence and the inscrutable background of
evolution, we find that as the foremost outcome of
many and long birth-throes, intelligent and kindly man
finds himself in being. He kuows how petty he i,
but he also perceives that he stands here on this par-
ticular earth, at this particular time, as the heir of un-
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told ages and in the van of circumstance. He ought
therefore, I think, to be less diffilent than he is usually
instructed to be, and to rise to the conception that he
has a considerable function to perform in the order of
events, and that his exertions are needed. It seems to
me that he should look upon himself move as a free-man,
with power of shaping the course of future humanity,
and that he should look upon himself less as the sub-
ject of a despotic government.” Man’s duty in the
world follows from his mental attitude, viz., ¢ to awake
to a tuller knowledge of his relatively great position,
and begin to assume a deliberate part-in furthering the
great work of evolution. Ile may infer the course it
is bound to pursue, from his observation of that which
it has already followed, and he might devote his
modicum of power, intelligence, and kindly feeling to
rend: r its future progress less slow and painful. Man
has already furtheied evolution very considerably, half
unconsciously, and for his own personil advantages,
but he has not yet risen to the conviction that it is his
religious duty to do so deliberately and systematically.”

Such are the results of the work before us, which is
occupied in detail with the attempt to found the science
of * Eugenics,” or the science of improving the human
stock, With this view, Mr. Galton shows by a number
of separate lines of investigation, such as the history of
the lives of twins and of the races of domesticated
animals, that nature is superior to nurture; and that
if we wish to better the humau stock through voluntary
effort, we must study and improve ancestral influences.
To this end the formation of public sentiment tending
to discourage narriage where its results would bhe bad
from the sanitary stand-point should bs fostered. Of
course, there is a lurge element of visionariness, in Mr.
Gaiton’s theories just as in the Republic of I’lato, and
in other Utopias that have been given to the world at
different epochs of speculation. But ideals like these
show us the objects at which we should aim, they
bring vividiy before us the corollary of our accepted
scientific theories ; and Mr. Galton’s volume will not
by without its value 1f it leads people to think seriously
about the future of ecivilization when evolution is no
longer an unrecognized process, but a law of life that
has forced itself upon the consciousness of the world.

Scicntific Ilotes.

Ax ELectric GuN.—Atarecent lecture by Colonel Foshiry
at the Royal United Service lnstitution, he exhibited a new
gun bought from Liége, which is fired solely by electricity.
The lock mechauism is dispensed with entirely, the firing ap-
paratus being a sinall accurnulator, which can be placed either
in the stock of the gun orin the vest pocket of the gunner.
This accumulator, the construction of which wasnot deseribed,
is said to be capable of firing 2,000 rounds. It is probably a
chloride of silver cell.

Crre rFor THE CorTroN PraNt Wonrym.—Experiments have
been made in Georgia to save cotton trom the ravages of
the worms which have hitheito done so much damage to
the plant. Loudon purple was the poison used to kill the
worms. This was dissolved in water, half a pound to 50
gallons, aud was sprinkled over the cotton by means of a
pump. The first application succeeded in driving away the
worms. A stronger solulion was then threwn upon the plant,
and this caused the death of the eating worms. Where a
anlation of one pound in 60 gallons of water was used it was
found that where it collected in drops it injured the leaves.
The proper strength is in a solution of oue pound of the poison
in from 80 to 90 gallons of water.

A — —
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lll:plilnl‘)v Exrros1ve.--A French chemist named M. Fugéne
Power wha's’ it is stated, dxscovere.d an explosive of tremendpus
8 manin, ich he terms Panqla:snte," and for which he claims
o Whichu'm' of force with a minimum of risk, the two materials
pin 1 1t is composed being innocuous until mixed. M. Tur-
ecently made experiments at Chatham before the nilitary

authoritj N °
isfactoryl.es’ and they pronounced the explosive to be very sat-

E'A;LWAYS IN THE CASPIAN REGION — (eneral Chernaieff,
mmg]zernor of Turkestan, has recently gone over the route
ed for ungrad to the Caspian in person, and finds it well suit-

xus V;hlcles. Even a railway between the delta of the
°°Illlecail'l the Gulf Mertvi-kuttuk has been talked of. The
journs ion of Tiflis and Baku by rail is completed, and the
in thi ¥ ¢n now be made between the Black and Caspian seas

11ty hours without change.

byLIJIMIé OF HEARING, —This subject has recently been studied
the F.re - Panchon, and his results have been communicated to
a pOWernfc? Academy of Sciences. The notes were produced by
actuatedub siren of the kind invented by Cagniarl-Latour, and
way had 2y steam. The highest audible notes produced iu this
Vibrated 72,000 vibrations per miuute. M. Panchon has also
Powder dme‘tal stems fixed at one end, and rubbed with cloth
steu, tl: with colophane. In diminishing the length of the
e find e shurpness of the note is increased. Curiously enougu
inde S;hat thf’ length of stem giving the limiting sound is
. l(;en ent of its diameter ; and for steel, copper, and silver
ese Lgths are in ratio to the respective velocities of sound in
stool metals—ihat is to say, as 1,000 for copper, 1,002 for
» and 0.995 for silver. Uolophane appears to be the best

e s?g.“}bstance. When the acute sound ceases to be heard,

{llblltxv3 flame of a gas jet is still atfected by it.

1 0,: ;upon the subject, we may mention that Mr, Francis
enable hf’;s recently inveuted a ¢‘ hydrogen whlst:le," which
earins im to obtain notes far above the upper limit of human
Which & 1ts object being to tesi the hearing powers of insects,
Rum b, 8818 now known, have very very acute ears. The
sally eT of vibrations produced by a gas in a whistle is univer-
thirte‘:?p?m%fxl to the density of the gas, and as hydrogen is
given wht.lmes lighter than air the sounds produced by itin a
Piteh i ﬂl:‘o'tle are 'thlrteen times shriller —that 1s to say, the
14 inch lll‘teen times higher. Mr. Galton has madea whistle
Ren gag pi ong and 0°04 inch in diameter, which with hydro-
Whisgie &iTes & sound of 312,000 vibrations per second. The
and it j 8 fitted with a piston at its base to regulate its length,

a8 shortlesrplz:,b;g? that still higher notes can be obtained with

maCAiz;I:G ELECTROTYPE PLATES.— There are several ways of
them “tOOden blocks and mounting electrotype plates wpon
Warpi’ng wl?one of the methods prevent them from swelling or
Tendering tho, the * forms” are washed, thereby injuringor
anger of sl altogether useless. An invention by which all
aecler, o?lll)Ch damage is prevented has been devised by C.
made, th ortland, Ore, U.S.A. When an electrotype 18 to
Manpey, ,a ; matrix is put in the casting-box in the ordinary
of icl’x nd the core of wood is set in place by supports, two
eng, ﬁ'“’ in the lower end of the box and one at the upper
be mount filn an electrotype plate is already cast and is ready to
he electreot e b}?"k. another mode of working is followed.
ned or p), y;ae is ‘“backed” in the usual manner and straight -
e Castig l;)e - Then, laying the face against the bottom of
in foj} pu%. 0X, the core is placed on the back and strips of
Metq) ig uar%“nd the edges, and the strips are fused when the
enoug Poured. Then some pieces of fusible metal, just thick

h
stis .to fill the space between the core and the lid of the
g-box,

CIOSing side are placed on the back of the core, and the en-

re and end bars are set as in the first case, when it is
are O{dtgrr 'iﬁ"““’ the molten metal. If the electrotype plates
the outside 2? cast or corroded in any way, the edges around
JOW of meta) the core where they are to fuse with the new
0 the joint are usually scraped bright and the tin foil p]aped
1n alloy, it isu before. " If the metals to be joined are similer
® Commop 0ot always necessary to use tin foil ; but any of
the same__g acid fluxes may be employed, and the result is
Proof, ig not g?{?d joint. A block made in this way is water-
Valuable feat: ected by the air in any manner, and has other
Partially eng) res.  They also require less metal than those of
and in the ea:sed cores with ends or sides open to damnpness ;
Mounting, ¢ ee Of electrotype plates previously made ready for
' 1nclosing ‘metal may be of a commoner and

cheaper sort, and barely thick enough to flow and cover the
cores, greatly reducing the expense. By this method even
the largest plates can he mounted and used with safrty and
durability, a feature not obtained by any other method.

SIR WILLIAM THOMSON'S QUADRANT ELECTRO-
METER.—(Engincering.)

The quadrant electrometer is one of Sir William Thomson’s
many and beautiful contributiins to electrical science. This
instrument iliustrated under, is invaluable to the electrician,
enabling him, as it does, to measure, with great precision,
resistances and differences of potential, the insulation of con-
densers, and the capacity of submarine cables.

It derives its name from the four brass quadrants, which are
so arranged around a common centre as to enclose a small
cylindrical box-like space. The opposite quadrants are joined
together by a fiue wire, and the two pairs thus formed are separ-
ately connected with the electrodes of the instrument, Fig. 1.
page 32. [t is essential that the quidrants be placed symme-
trically with respect to the needlo. Three of them are movable
along radial slots and adjustable by hand, whilst the fourth is
susceptible of very fine aljustment by a micrometer screw,
fixed on the main cover, Fig. 1.

The ¢ needle,” which is somewhat paddle shaped. is of thin
sheet alumininm. It is freely movable about a vertical axis
consisting of a stiff platinum wire. The upper part of this
wire carries a short horizontal cross-piece to which are attach-
ed the two threads (unspun silk) of the bifilar suspension.

The needle is charged and kept at a high potential by being
in permanent connexion with the inner coating of a large
Loyden jar. This coating consists of strong sulphuric acid
which, besides being an excellent conductor of electricity, has
a remarkable affinity for water, so that the inner working parts
of the electrometer are kept dry and well insulated. The out-
side coating of the jar is formed of strips of tinfoil, sparsely
arranged in order that tne interior of the instrument may be
seen.

The dielectric is the glass of the jar, which is of white flint,
and carefully chosen as to quality and insulation.

A charge is given from (say)s small electrophorus to the
acid by means of the charging rod which is seen in Fig. 2 pro-
jecting from the upper gemi-cylindrical part of the electrome-
ter, techmically known as the lantern.”’ A stiff platinum
wire is rigidly connected to the needle, and carries, at its
lower extremity, a small weight of the same metal which dips
iuto the sulphuric acid. In this way, the needle is alw.ys at
the same potential as the inner coating of the jar ; its oscilla-
tions are, moreover, partly checked by the resistance which the
acid offers to the rotation of the terminal weight. The wire is
protacted against surrounding influences by a narrow metallic
cylind-r, cilled the ¢ guard tube.” .

As the needle is completely enclosed by the quadrants, it is
thereby screened against extraneous electrification and is, be-
sides, kept in a constant field of electrical force. Hence the
angular deflection of the needle will be constantly proportional
to the diff-rence of the potentials of the quadrants.

This deflection is measured by the displacement over & finely
divided scale of the image af a narrow slit, through which rays
from a lamp are admitted that are afterwards reflected from a
mirror in rigid connexion with the needle. This mirroris a
light disc of fine microscope glass, silverad and slightly con-
cave. It is surrounded by a sort of brass hood to protect it
against the influence of neighbouring electrified bodies.

It is easily seen that the sensitiveness of the electrometer
varies with the potential of the needle. Hcnce measurements
are comparable tnier s only inasmuch as the potential is maint-
ained constant. This condition is attained by means of the
replenisher, which accessory is merely a small but ingeniously
contrived induction machine. By twirling a milled head, Fig.
1, the potential of the jar may be raised or lowered according
to the direction of rotation ; and, as the increments or decre-
ments are very small, a definite charge map be accurately
reproduced. This is indicated by the idisstatic gauge.

This gauge is itself an attracted disc electrometer. It is
known that the jar has reached its normal charg: when the
sighting hair lies evenly between two black dots, Fig. 2, which
are made on a small white porcelain plate. Errors of parallax
are avoided by viewing the air through a plano-convex lens,
taking care to keep the line of sight perpendicular to the centre
of the lens.
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m INDUCTION PLATE

When the difference of potentials to be measured is compa-
ratively great the light sEot may be sent off the scale. To
obtain a reading in such a case it is necessary to reduce the

I sensitiveness of the instrument, and this is effected by means
| of an oblong braes strip, called the induction plate.

| that if one point of an clectrified conductor be connected with\

This plate is fixed immediately over one pair of quadrants, so

it, instead of with the underlying quadrant, the charge in the
latter will be less than if direct connection had been made, and
the de flection will be correspondingly reduced.

Fixed on the main cover, Fig. 2, is a small circular spirit.
level which, together with the three foot-screws, permits of the
instrument’s being accurately levelled.

The readings of the quadrant electrometer may be converted
into absolute measure when the constant of the instrument has

i’ ,';.

.q l |

been, oncs for all, determined by comparison with an absolute
electrometer. When this determination has been made it is
evident that the position of the quadrants must not be altered,
and the normal charge of the needle must always be exactly
reproduced before a measurement is made.

Another means, and one of frequent use as well as of easy
application, consists in comparing the obtained deflection with
that given by a known difference of potential, such as that of
a Latimer Clark’s cell, or Sir William Thomson’s standard
Daniell.

The quadrant electrometer is also (at Kew) advantageously
used as & self-recording instrument for registering, by means of
photography, the variations in kind and degree of atmospheric
electricity, and in this connection it has already rendered im-
portant services to meteorology.
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