Tar Annux,]
May 1, 1863,

. Parabolic Construction of Ships.

103

TasiLi II. ELnipric STERN or VESSELS.

Exponent. ORDINATES FPOR ELLIPSES OF DIFPFERRENT ORDER.

n 3 1 2 3 4 ] [ 7
2 ‘3398 | 4840 | "6016 | ‘7808 | "8660 | "920% | 9682 | ‘9922
24 4108 | 5480 | 7147 | *8274 | ‘9004 | 0405 | 0801 | 9938
2} *4870 | *5537 | *7057 | ‘8627 | "9252 | ‘9648 | 9873 | ‘0078
23 5174 | 6514 | 8029 | ‘8901 | *9434 | *0740 | ‘0983 | 0989
3 ‘5604 | 6911 | 8331 | *9019 | *90565 | ‘9821 | ‘0948 | 0984
8t 5001 | 7252 | ‘8578 | ‘9275 | 9664 | 9871 | 0973 | ‘9996
33 6333 | 7548 | 8782 | ‘0406 | -9740 | ‘9907 | -0078 | -9998
4 ‘6908 | 8021 | 9093 | ‘9595 | "9840 | '9950 | ‘0905 | ‘0999

Sheer 30° | -0149 | ‘0582 | *1321 | -2374 | "8740 | ‘5449 | 7531
of 45° | 0167 | 0539 | 1221 | *2152 | *3517 | *5227 | 7313

Vessels. 60° | *0160 | ‘0474 | 1088 | 1972 | *8190 | ‘4794 | *6948

SuErR.—The sheer lines are calculated for circle-arcs of 30° 15°, and
60°; they will be ellipses of the second order; for 30° the elliptical form
is hardly perceptible, but for 60° it is more so.

DEAD Frat.—There is a difference of opinion among shipbuilders as to
where to place the dead flat Q. Some place it forward, some abaft, and
some in the middle of the vesscl. It appears that on sailing vessels the
dead flat should be located forward, on account of the centre of effort of
the sails being high above the ship. In paddle steamers the dead flat
-should be located in the centre, and in propellers abaft the centre. In
sailing yachts the dead flat is most generally abaft the centre.

The yacht Airerica, which won the prize at the Exhibition in London
in 1851, had her dead flat about three-eights from the stern. The yacht
America is a perfect model of the parabolic construction ; her exponents
aren = »' = 2, and #”” = 2}, with no hollow lines.

The clipper ship Great Republic had her dead flat abaft the centre, and
‘the centre of effort of her sails was about 12ft. ahead of the centre of
gravity of her displacement. This is an exceptional case ; in sailing vessels
‘the dead flat is most generally placed forward of the centre.

Horrow LiNEs.—It is the fashion in our days to make the load water-
Tine hollow fore and aft. which fancy is only pleasing and deceiving to the
eye. Experiments have been made with a view to find out some less re-
sistance to vessels with hollow lines, but have not, that I am aware of,
given any satisfactory results. The hollow lines take awny a good portion
-of the displacement, and diminish the strength and stability of the vessel.
In order to follow up the fashion I will here describe how hollow lines are
formed in the parabolic construction. Let ¢, Fig. 1, be the point where
the hollow line is to commence; draw through ¢ a line parallel to the
centre line, draw the ordinate z, find z’ = z, make @ = a’; then e is the
stem or stern of the boat. Druw equal number of ordinates on « and a’,
by which the line ¢’ ¢ is transferred to i e, and forms the hollow part of the
water-line. The ordinate z is the measure of the hollow line, and ought
not to exceed = % 0. The formnla 16, 17, 18, and 19, are for calculating
different parts connected with the hollow line, as will be understood by
referring to Figs.1and 8. Should it be desired to be very fashionable,
we can even form a wave-line by the parabolas.

Tne HuLL or VEssELs.—The urea A of the hull of a boat will be found
by the formula 20,

Example 8. A vessel constructed with the exponentsn = n” = 4, Q =
307 square feet, d = 12 feet, L = 250 feet, and the area of the water-line
4‘1 E 5600 square feet. Required the area of the immersed portion of the
Jhull

4

Formula20. A =2 «/7
4+

'If the vessel is to be coppered, add 15 per cent. to the area A, and it gives
the surface of copper required to cover the immersed portion of the hull,
dncluding the lap.

Example 9. A vessel of the same dimensions as in the preceding example
‘has the npper deck 8 feet above the load water-line; the beam B = 28
£eet, makes d’ = 12 + 8 = 20 feet, and Q = 307 + 28 x 8 = 531 square

1(:307 +12 « 250) + 3000 = 11518 sq. ft.

feet, area of the upper deck, a’ = 6720 square feet. Required the area of
the bull from the keel to the upper deck.

A=2% \/ . .“_i.(s:n +20 x 250) + 6720 = 18,614 sq. feet.
+

Example 10. Sup, the hull of the vessel in the preceding examples
to be of }-inch plate iron, and add 15 ger cent. to the area A for lap and
rivets. Required the weight of the hull in tons, from the keel to the
upper deck.

A = 16,614 x 116 = 19,108 square feet.

The weight of }-inch iron is 201bs. per square foot, when the weight of

the hull will be
19,108 x 20 _ 34y tons nearly.
220

Example 11. Suppose the distance between the frames to be 18 inches
or 1'5 feet. Required the length of all the frames to the upper deck.
From example 9 we have A = 16,614 square feet, when the length of the
frames will be

_lﬁie}4 = 11,076 feet,—the answer.
‘o

= 11'2 feet.

Example 12. Required the depth of the centre of gravity in the hull
of a vessel with dimensions, as in the preceding examples. The exponent
for the cross section #’ = 10. The bulwark and keel omitted. Length of
upper deck L = 262 feet.

Formula 26.

cm o xo0 o o 041y, fi]

. 2 x 20 x 250 + 5000 + 2 x 531 10+‘.’.) 4+ 2

It will be seen that the exponents perform the most prominent part,
both in the calculation and construction. By proper selection of the expo-
nents, any form of vessels can be constructed by the parabolic method.

The formula 21 is for calculating the horse-power necessary for a given
speed ; the co-efficient ¥ will be found in Table I., last column, in the line
of the given exponent for the displacement.

Example 18. What power is required for a vessel of dimensions as in
the preceding examples to propel her M = 9 knots per hour? »” = 4

k =182, Q = 307, and L = 250.
o BT
Formula2l. H 19 % v 4018 horses.
P i et >

A

é'l

14

!
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FiG. 4. FiG. 6.

Fig. 3 is a scale of displacement at different drafts of water; it is cal-
culated and constructed by the formulee 13 and 14. The numbers on the
curves denote the exponent n” of the vessel, and not the index . The
displacement T is represented by the 8th water-line, from the figure 8 to
where it meets the curve ; all the other water.lines represent the displace-
ment ¢ at the noted draft.

Fig. 4 is a diagram for laying out the ordinates in the water-line and
cross section; one of these should be constructed for each exponent x.
This diagram is constructed with the exponent n = 2, thelineg 4 = 5,
Figs. 1 and 2, and the ordinates in the inner parabola correspond with the
distances from g in the diagram. It is constructed in the following way:—
Make a right-angled triangle of any desired size; make the base longer
than the height; call the height = 1; decide the exponent for the diagram ;
set off from the right angle the ordinates in the line 4, Table I., and join
them with the opposite angle in the triangle; then any beam & set off
at right angle from the base to the hypothenuse gives the corresponding
ordinates in the water-line or cross section.

Fig. 6 shows how to lay out the
spring of the beams; the length is
ﬁ‘iqaq% divided into 8 equal parts from each
) end, numbered as shown by the figure.
Fi6. & The spring of deck beams ought to
o be a parabola of the second order,
when the ordinates are calculated from the line &, exponent 2, Table I.
the spring & = 1.
(To be continned.)
14
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DESCRIPTION OF AMSLER’S PLANOMETER, A8 APPLIED TO
SHIPBUILDING.

This very ingenious and useful instrument seems to be but little known
among engineers and constructors. It is a very important instrument in
the construction of ships, where it saves a great deal of time and calcula-
tions ; by applying the planometer to the frame drawing of a ship, the
displacement is obtained correctly with only one multiplication, in a few
minutes.

The accompanying figure represents Amsler’s Planometer in position to
take the areas of the immersed cross-sections of a ship. The instrument
rests on three points, namely, A, C, and ¢; it has a hinge at H ; the point
C in stationary when the point P moves about; the wheel ¢ turns in
different directions, indicating the area described by P. The nature
of the instrument is such that, when the point P moves from D via A to
B, the wheel ¢ indicates the area of the figure A, B, C, D ; if P is moved
further from B via E to D, the wheel ¢ subtracts the area B, C, D, E.

leaving indicated the area A B E D. The wheel ¢, with the assistance
of a vernier, gives three figures in the reading, and the wheel e moved
by a worm-screw gives the fourth figure ; the instrument gives a nicety
of four figures in the reading, which is sufficient for most practical
purposes. '

The planometers are always made so that the point P is to be moved
with the sun. However irregular a plan-figure might be, the point P
moved through the whole boundary, gives the area on the whole ¢ and e.
The cross-section A, B, b, is obtained by moving P in the boundary from
A via B, b, and back to A. -

When it is desired to know the area of all the cross-sections, it is not
necessary to read off every one of them, but continue to move through
all the boundaries, and the wheels will add up the whole to one sum, which,
maultiplied by 2 and the distance between the sections, gives the displace-
ment ; though care must be taken not to take the greatest section p twice.
Suppose all the arens of the figure before us is to be taken for the displace-
ment : Move P from A to Bb A, Ba A, B E D 4, further from A to 2, B
A1, B A, and the wheels will show the total sum of half the sectious.

INSTITUTION OF CIVIL ENGINEERS.

STRUCTURES IN THE SEA, WITHOUT COFFER DAMS;
WITH A DESCRIPTION OF WORKS OF THE NEW ALBERT
HARBOURS AT GREENOCK.

By Mz. D. MILLER.

It was stated that the immediate object of this Paper was to treat of the
various methods of constructing the foundations of quays, walls, piers, or
breakwaters, for the formation of docks and harbours, in deep water ;
and to describe works of this kind which have been carried out on prin-
ciples different to those usually practised, and to point out the further
application of those principles to other structures of a similar nature.
The plans which had chiefly prevailed werg, founding upon piling carried
up to about the level of low water, comstructing within caissons or cofter-
dams, or building under water by means of diving apparatus. Instances
of the failure of the first of these methods, which we#€ believed to be
inapplicable where there were marine worms, were given. The second
was most effectual, but was generally expensive, and often attended with
danger. The last was also cosfly, besides being subject to delay in the
progress of the works. In bridge building, of late years, the plan of
forming enclosures of close piling, of the shape of the pier, and filling in
with hydraulic concrete, hed been pursued by French engineers; and the

substitution of iron for perishable timber piling, in the construction on
this plan of the piers of the Chelsea and Westminster bridges, by Mr. Page
(M.Inst.C.E.), was considered to be asuccessful departure from stereotyped
rules.

Although the value of béton, or hydraulic concrete, was now appreciated
in this country as a substitute for masonry, and had been employed in
some important works, yet its use was chiefly confined to forming a homo-
geneous and monolithic bearing stratum for foundations, and not, properly
speaking, as a constructive material. The modes in which concrete had
been applied for constructive purposes were, building it dry in mass, and
allowing it to set before being placed in the work, as had been adopted
in the construction of the walls of the Victoria and of the London Docks;
preparing it first in blocks, and allowing it to harden before being
used, as employed at the Dover breakwater, and for the new ses forts at
Portsmouth and Plymouth; and depositing it in a liquid state, and
allowing it to set under water, as practised at the Government Graving
Docks at Toulon. The facilities for making beton, which bhad the in-
valuable property of setting under water, and of thus forming an artificial
rock or stone, were very great ; as it might be made either from the natur-
ally hydraulic limes, the artificially hydraulic limes, or cement, or from
the rich or non-hydraulic limes, rendered hydraulic by the admixture of
other substances, such as Puzzolana, minion, or iron mine-dust. Various
examples were adduced of the application of concrete, on a large scale,
prepared from these different materials, especially at the Mole of Algiers,
at the brenkwater at Marseilles, and at other French ports, as well as in
the Pont d’Alma over the Seine, in which case both the arches and the
piers were formed of rubble concrete.

As Engineers-in-chief for the new harbour works for the port of Greenock,
the author and his partner, Mr. Bell, had an opportunity of introducing
a system of constructing sea walls and quays in deep water, without the aid
of coffer dams, diviug apparatus, or other means equally expensive. These
works were situated on the west side of the town, and had been projected
almost entirely beyond the high water line into the sea. The outer pier
would ultimately be upwards of 3000ft. in length and about GOft. wide at
the top, with quays on both sides. Within this there would be space for
two harbours, each 1000ft. in length, 15ft. deep at low water, and 25ft.
at high water, with entrances 100ft. wide, and ample room for the con-
struction of graving docks, for the storage of timber, and for the erection
of sheds. At present it was only proposed to erect about one-half of the
sea pier, and to form one harbour or tidal dock. In the design of these
works, it was suggested that the walls under low water should consist
of a combination of cast-iron guide piles in the front, with a continuous
stone facing, slid down over and enclosing these piles, timber-bearing
piles being used in the body of the walls where required, aad concrete
backing being deposited in a soft state; and that the upper part of the
walls should be built of masonry in the usual manner. The first operation,
when the water was not sufficiently deep, was to dredge two parallel
trenches to the required depth, 17 feet below low water, for the founda-
tions. A staging of timber piles was afterwards erected in the line of the
pier over its whole breadth, for carrying the tramways travelling cranes,
and piling engines. Tho cast-iron guide piles were then driven from the
staging, with great precision, 7 feet apart in the line of the face of each
quay wall. These piles were driven until their heads were near to the
low water line, by pile engines, furnished with long armns projecting down-
wards, strongly stayed by diagonals, and forming & trough, into which the
pile was placed, and from which it was shot, like an arrow from a cross-
bow. The piles were connected at the top transversely by wrought iron
tie-rods stretching through the pier. When the piliug was driven, a bed
of hydraulic concrete, 3 feet thick, and 20 feet wide, was deposited in the
trenches to form a base for the wall, and to give a large bearing surface.
Into the grooves formed by the flanges of the iron piles, large granite slabs
from the Ross of Mull, from 18 inches to 2 feet thick, were slipped,
the bottom one resting on the concrete base, and on a projecting web cast
on the piles. This constituted the face of the wall, and in each compart-
ment between the piles, 16 feet in height and 7 feet in width, there
were only three stones. Behind this facing hydraulic concrete was lowered,
under low water, in large boxes having moveable bottoms, and was
discharged in mass to form the body of the wall. To confine this at the
back before it had set, loose rubble stones were deposited. The hearting
of the pier consisted of hard till, stones, and granite up to the level of
low-water. When the whole of this mass was consolidated, the heads of
the iron piles and the granite facing blocks were capped by a granite blocking
or string-course, and the upper portion of the walls was built in freestone
ashlar and rubble. The remainder of the hearting between the walls
was then filled in, and the whole finished with u granite coping and
causeway. The walls were 33ft. in height from the foundations, 114 feet
thick at the concrete base, diminished by 5ft. at the top. In the part of
the work already executed, the outer flange of the iron piles was exposed
to the action of the salt water, In future it was intended to reverse
this plan «and to wmake grooves in the stone facing, so that it should over-
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lap the iron piles, filling in the grooves from the top with cement. When
the whole extent of the seaward pier was completed, the interior operations
for the harbour would be proceeded with ; this pier serving as the principal
coffer dam, and a short dam, about 100ft. in length, closing the entrance.
It was stated that this mode of constructing walls in deep water without
coffer dams had been most successful, and that a sea-pier of great solidity
and durability had been formed in deep waler at a comparatively mode-
rate cost. The works of the Albert Harbour were being executed under
the superintendence of Mr. John Thompson, as resident engineer, by Messrs.
W. and J. York, contractors.

The application of this system to the construction of breakwaters and
harbours of refuge, was then noticed, reference being first made to the
principal modes of construction hitherto adopted, and to the peculiar
phenomena by which such structures were affected. The usual method
of forming breakwaters was by the pierre perdue, or long slope system,
as carried out at Plymouth, Cherbourg, and Holyhead. Where stone
was most abundant, a vertical wall was built from the bottom by means
of diving apparatus, of which the breakwater at Dover, now in course of
construction, was the most prominent example. Besides these systems,
which might be taken as the extremes, an intermediate form of section,
combining both, that was to say, a rubble mound to a certain depth under
low water, and a vertical wall above, had been carried out at Alderney.
From an examination of the general principles which affected breakwaters,
and the modes of construction usually adopted, the conclusion arrived at
was, that the vertical system was that which had best resisted, or rather
averted, the destructive action of the sea, and required the smallest amount
of material. Both the long-slope and the vertical systems, as at present
carried out, were expensive, from the quantity of material used in the
one case, and the costliness of the material and the mode of con-
struction in the other; the former might be characterised as involving
the maximum in quantity, and the minimum in cost of material; the
latter, on the contrary, the mimimam in quantity and the maximum in
cost of material. The object sought to be attained in the new system
was to effect a minimum, as far as possible, both in the quantity and in
the cost of the material. Breakwaters might be thus constructed, either
wholly vertical from the bottom, or partially vertical, springing from a
rubble mound. The principal feature of the new plan was a framework
of iron piles, or standards, and ties, which would serve during the con-
struction as the staging, and would afterwurds form an essential portion
of the structure, by binding together a strong casing of stone, or other
sufficiently durable material, which would enclose and form the facing of
the breakwater, the interior being filled up with loose rubble, cemented
into a solid mass by liquid concrete. Ae soon as a pair of piles trans-
versely had been fixed, rubble would be deposited ap to, say, 18ft. under
low water. Strong casing blocks, either of stone or of bélos, made to
enclose the iron standards, would then be lowered, the blocks being locked
or arched into eaeh other, 80 as to resist pressur¢ from behind and made
to break bond, if thought desirable. The hearting of the work would be
proceeded with sinultaneously with the building ot the casing, and would
consist of rubble in the centre, and of hydraulic concrete behind the stone
casing. It was believed that such a structure could be erected in a depth
of 6 fathoms, with a range of tide of 15 feet, for £190 per lineal yard,
without a parapet, and at £200 per lineal yard including a parapet. The
economy of this system would arise from the smallness in quantity and
the cheapness of -the bulk of the material. It would also the
advantage of rapid execution, as the mass of the material could be deposited
without any tedious operation being necessary over a great length of the
work at one time.

The author was of opinion that- the system which had been described
admitted of being applied for the construction of the works under low
water, of marine fortifications, as well as of breakwaters, piers, quay-walls,
lighthouses, and other similar structures. He considered that, although
the mode of constructing an engineering work must be determined greatly
by local circumstanees, this system presented the followirg advantages—
great economy, combined with strength and durability; facility and ra-
pidity of execution; and adaptability to situations where the present
modes of construction would be inapplicable.

ROYAL INSTITUTION OF GREAT BRITAIN,

ON ARTIFICIAL ILLUMINATION.
By Epwarp FRANKLAND, EsQ.

Ten years ago the speaker gave in this Institution a sketch of the con-
dition of Artificial Illumination. Since that period but little progress had
been made towards perfecting those processes of producing artificial light
at that time in general use. Nevertheless, the improvments effected in the
{noduction and application of the electric light, the increase of our know-

edge both of solar and terrestrial light, and especially the discovery of an

entirely new illuminating agent, threatening to produce s revolution in
lighting almost equal to that which was'the result of the invention of gas
—rendered it desirable again to review this subject, after the lapse of a
decade.

In glancing at the improvements effected in the different departments of
artificial illumination, those which relate to the Electric Light were first
noticed. The electric light is produced by the interruption of an electric
current flowing through good conductors ; by this interraption the current
is made to leap across a space provided in its circuit. The boundaries of
this space, in the ordinary electric light, are formed by two portions of gas
carbon, and during the passage of the electric current across it, the two
pieces of carbon are heated to a most intense degree, and far beyond that
produced by any other means at our disposal. The great source of illu-
minating power wasshown to be the ignited ends of these two pieces of
gas-carbon, and not the space between them.

Such being the nature of the electric light, the principal improvment
which has been effected in it during the past ten years, consists in the pro.
duction of the electric current through the intervention of heat and me-
chanical force by what is termed magneto-electricity. More than thirty
years ago, Mr. Faraday produced a spark from the ordinary permanent
magnet. Here, said the speaker (producing a magnet), is the very cradle
of this magneto-electric light, and this is very magnet with which Mr.
Faraday operated. Thisimprovement constitutes one of the greatest steps
in advance which have been made in the application and production of the
electric light. By the combustion of coal a certain amount of mechanical
power is obtained, which is applied to the rotation of masses of iron in the
neighbourhood of very powerful permanent magnets. In this way, currents
of electricity are produced, and these are thrown together, and made to
circulate through a system of conductors : in fact, there is no difference,
as regards the effect at the carbon-prisms, between tbe action of this
magneto-electric current, and the ordinary electric current produced by the
chemical action which takes place in the voltaic battery. But this im-
proved mode of producing the electric force demands less manual labour,
the mechanical work being performed by a steam-engine, which causés the
rotation of the armatures.

This magneto-electric apparatus, as perfected by Mr. Holmes, has now
been in use for upwards of two years in the South Foreland and Dungeness
Lighthouse, where, as well as in other similar beacons, the production of a
light of the greatest intensity is of the greatest importance to the mariner.
During this time it has performed its office remarkably well, snd without
a single instance of failure, thus proving itself well adapted for the
purposes of lighthouse illumination.

For domestic light it has not been yet brought into use, its expense, doubg-
less, at the present moment, being far too great to adwit of i%s being em-
ployed in this way ; but where a light of great intensity, regardless almost
of the question of expense, is requnired, as in the case of lighthouses, the
magneto-electric light can scarcely be too much prized.

The speaker also described the mercurial electric light, but considered
it inferior both in brilliancy and steadiness, to that procured by the passage
of the electric current between carbon terminals.

The discoveries and improvments connected with gas as an illumination
agent were then considered. It is of great importance that gas, as light-
giving material, should be improved to the utmost possible extent, soas to
make it a perfect source of light. Its conveniences are so patent toevery
one, its use is attended with so few discomforts, and the light is obtained
with such facility, and of any desired intensity with certain limits, that
there is, perhaps, no source of artificial light capable of such general appli-

ti Nevertheless, this is one of the modes of illumination which, having
been long previously in nse, has not made great progress during the
past ten years. The sulphur compounds, which at the commencement of that
time were complained of being present in purified gas, are still there in consi-
derable, if not in undiminished quantity, although there has recently beena
process devised by means of which these impurities can be, to a great extent,
got rid of. It remains to be seen whether this process be applicable, on a large
scale, in the gas manufactory ; but, so far as can be judged from experiments
made upon a small scale, it is a process which is likely to be very effective.
It is the invention of the Rev. Mr. Bowditch, of Wakefield. These sulphur
compounds are irremovable in the ordinary process of purification. The
gas may be passed in the usual manner over hydrate of lime, or the per-
oxide of iron ; but this operation does not, in the slightest degree, affect the
sulphur compounds in question; during the combustion of the gas, how-
ever, their sulphur is converted into sulphurous acid, which diffuses itself
into the apartment in which the gas is burned, and a great deal of the
discomfort of which many complain in the use of gas is due to this cause.
Mr. Bowditch discovered that though cold hydrate of lime will not remove
impurities, they are to a great extent got rid of by heating the hydrate of
lime to a temperature varying from the boiling point of water up to 400°
or 500° Fahr,, a temperature of 400° being the most convenient for the
development of the effects of his process, The heated hydrate of lime con-
verts the sulpbur compounds into sulphuretted hydrogen and carbonic acid,
which can then be removed by the ordinary purifying material—cold hy-
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drate of lime. This process hae beenfound by repeated experiments toremove
all but about 2 or 8 grains of sulphur per 100 cubic feet of gas, the quantity
of sulphur originally contained in the gas varying from 5 or 6 grains up
to 20 grainsin 100 cubic feet. Heated hydrate of line was shown to develope
sulphuretted hydrogen from the gas supplied to the Institution.

Another recently ascertained fact in connection with gasis the discovery
of an illuminating constituent recently made by M. Berthelot. This isa
gaseous body, called Acetylene, which is produced under very peculiar
circumstances. Unlike all other hydrocarbons with which we were formerly
acquainted, an intense heat is favourable to the production of this body.
For instance, it is produced when coke is very intensely ignited in hydrogen
gas; and Dr. Odling has recently demonstrated that two of the constituents
of coal-gas, light carburetted hydrogen and carbonic oxide, which are use-
less for lighting purposes, may, by means of strong ignition, be made to
form acetylene, and thus become luminiferous agents. It has generally
been considered important to preserve a moderate degree of heat in gas-
making, in order to prevent the destruction of the luminiferous hydrocar-
bous; but the discovery of the formation of acetylene, under the circam-
stances named, will render it necessary to investigate how far the produc-
tion of this substance can be carried on upon a large scale, and rendered
valuable for increasing the illuminating power of gas. The subject is yet
in embryo, but it has an important bearing upon the future progress of
gas-lighting. Acetylene and olefiant gas contain, in equal volumes, the
same amount of carbon, but the former contains only halfas much hydrogen
as the latter ; consequently, the illuminating power of acetylene is probably
at least double that of olefiant gas.

The compound of acetylene with copper, is a substance not altogether
devoid of interest to the gas-manufacturer. When it attains a certain
heat, it explodes with considerable violence, and the same effect may be
produced by friction. It has been demonstrated recently, that acetylene,
of copper can be produced by the passage of ordinary coal-gas, containing
as it does, a trace of ammonis, through copper or brass tubes; and explo-
sions which have taken place through cleaning out such tubes, resulting in
serious injury to workmen, have been doubtless due to the presence
of this substance. It is of course obvious that an explosion of this
kind, even if slight in itself, may be communicated to explosive mixtures
of gas and air (in a gas-holder or gns-meter, for instance), and may thus
lead to very disastrous resulis. An explosion of this kind occurred a few
years ago in Lancashire. A large meter had been detached and
brought into the openair; a workman was unscrewing one of the brass con-
nections, when the meter exploded with a loud report. The explosion could
not be accounted for, as all the eye-witnesses were positive that no ignited
body of any kind was near the meter.

The improvements effected in the production and application of oile for
illuminating purposes were next referred to.

The animal and vegetable oils, which for ages have been employed for
this purpose, have received no development of importance during the last
ten years. On the other hand, new sources of this class of illuminants have
been discovered, which threaten to prodnce a great revolution in the modes
of obtaining artificial light.

One of the most important of the materials manufactured from these
sources is paraffin-oil, the production of which from bog coal bas been
carried out on an immense scale with great ingenuity and success by Mr.
Young, of Bathgate, near Edinburgh.

This new source of light is, however, already threatened by a formidable
rival—native coal oil—which has been distilled by nature herself, and con-
sequently does not require those preliminary processes which oil produced
from bituminous coal has to undergo. These discoveries have been made
principally in the United States of America, and more especially in Canada.
In the latter country alone no less than twenty millions of gallons of this
oil have been obtained from wells, several of which are spouting-wells.
From these the oil rises, probably from the pressure of gas, to a considerable
height above the surface of the ground, so as not to require pumping.
The twenty millious of gallons, which represent the annual productions
of the Canadian wells, may, upon a moderate calculation, be said to furnish,
in refined oil alone, illuminating material equal to one hundred and eighty
millions of pounds of sperm candles.

The importance of such a vast amount of illuminating material so cheaply
obtained can scarcely be overrated in connexion with the question of the pro-
duction of artificial light. Up to the present time, the refined oil from
this crude petroleum has been prevented from coming into effective comn-
petition with the original paraffin-oil, owing to the carelessness with which
the former has been manufactured. There is a considerable portion of
light naphtha left in this oil, which renders it capable of forming explo-
sive mixtures in the lamps wherein it is burned. Both these American
oils require to be still further freed from volatile naphtha; they would
then form valuable illuminating materials.

The speaker then directed attention to the following tables. The first
contains the results of his experiments on the illuminating effect of these
;}il; in connection with that of some other materials used for giving artificinl

ight :—

Illuminating Equivalents, or the Quantities of different Illuminating
Materials necessary to produce the same amount of Light. :

Young’s Paraffin oil ....................eceeeeeeeeee 1 gallon,
Am:r?can rock @i, No.1 ...oooineiiiiiennnnnn, 126
” No.2 . 130 ,,
Paraffin candles........... ..... 18'6 1bs.
Sperm 5 eens . 229 ,,
\Vax' O 264 ,,
Stearic . » .. 276 ”
Composite ,, . 295 ,,
Tallow ” .36

From this table was made the following calculation of the compara-
tive cost, from different sources, of the light of twenty spermaceti candles,
each burning for ten hours, at the rate of 120 grains per hour :—

s d.
L SRR .7 2
Spermaceti ... 6 8
Tallow ...... 2 8
gpell'm oil ... 110

oal gas ...... 0

Cannel gas ............... . 0 ‘:‘3*
Paraffin..........cc........ .. 310
Paraffin oil ..............o..oo ...0 &
Rock oil ....ooiviiiiiiiiiiiiii . O B

Thus, from an economical point of view, the rock-oil and the paraffin-oil
approach gas much more closely than any other illuminating agent hitherto
invented, while the enormous quantities in which these oils are now
being produced, cannot fail to make them still lower in price. They may
consequently be regarded as very formidable rivals of gas-light.

The following table contains the carbonic acid and heat generated per
hour by various illuminating agents, each giving the light of twenty
sperm candles:—

Carbonic acid.

cubie feet. Heat.
Tallow .oooovviiniininienens 1001 e, 100
Spermaceti "
pen } 83 oo 12
Paraffin .. 67 .. 66
Conl gas.. 50 47
Cannel gas 40 .. 32
Paraffin oil 30
Rock oil »

This table shows to what extent the atmosphere of rooms is deteriorated
by these illuminating agents. It shows also that, from this point of view,
paraffin and rock-oils stand out as the best sources of light.

The chemical and physical laws upon which all modes of artificial illumi-
nation depend were then referred to. Every method of artificial illumi-
nation depends upon the heating of certain bodies to such a temperature
that they become incandescent. With gases this temperature is much
higher thanr liquids and solids. There is only one instauce in which the
incandescence of vapour is used, and that is the mercurial electric light,
already alluded to. In all other cases the incandescence of solid bodies is
employed. In the ordinary method of obtaining the electric light, the
incandescence of solid prisms of carbon is the source of luminosity. In
gas and oil flames, it is the incandescence of little particles of carbon, and
in all these cases the light is produced from solid matter. The luminosity
of any flame depends, first, upon the number of solid particles which exist
in it at any given moment ; and, secondly, upon the temperature of the
flame. The number of solid particles is dependent upon the nature of the
flame itself, whether it be a flame produced by the burning of bodies rich
in hydrocarbons, or by the burning of bodies which are poorer in this re-
spect. Such a flame is always affected by the pressure of the atmosphere ;
the higher the pressure of the air, the greater the number of luminous
particles of carbon present at one time in the flame. If, after the barome-
ter has been standing at 80 inches, it falls to 29 inches, the light of all
flames is reduced to the extent of about 5 per cent. The temperature,
upon which tbe luminosity of a flame also depends, may be increased by
heating both the gas and the air supplied to it for combustion, before they
are brought together to be burned.

The speaker exhibited a gas lamp which he had constructed to effect
this object. It consisted of an ordinary argand burner, with glass chim-
ney, but furnished with an outer glass cylinder resting upon a solid plate
of glass, through the centre of which the tube supplying the gas ascended.
Thus all the air sppplied to the flame was compeiled to pass down between
the chimney and outer cylinder, becoming thereby strongly heated before it
reached the flane, whilst considerable heat was also imparted to the gas
before the latter issued from the burner. In this manner a great increase
of light, with the same counsumption of gas, was obtained.

The following table was exhibited, showing the effect of this hot air gas-
burner in reducing the consumption of gas for a given amount of light, and
thereby also the impurities and heat which are thrown into the atmos-
phere in which such a lamp is burned
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R:i':no;:fg;“':p' Mluminating power.
3'3 cubic feet 13 sperm candles.
Argand burner supplied with cold air< 37 » 16 »
42 ” 17 ”»
e . 18 M
26 »” 155 »
Same burner supplied with hot air ...< 27 . 167 .
30 » 197 »»
33 217 ,

» »

For an equal amount of light, the saving of gas = 33 per cent. For an
equal consumption of gas, the gain in light = 62 per cent. '

The temperature necessary to render subst: incandescent may be
imparted to them in various ways. It may be given directly by mechani-
cal power, as in the * steel mills,” formerly used in coal-mines. Usually
however, chemical action is employed, as in gas, candle, and oil-flames; or
electricity is used, as in the various forms of electric light.

The conditions necessary for a good and satisfa artificial light were
now examiuned. In the first place, the light should contain all colours;
that is, it should be capable of showing every variety of tint which will be
exposed to it. This is the case with the carbon e{ectric light, and that
of candle, oil, and gas flames, since the light from these sonrces contains
all the colours of the spectrum. But there are many colours which the
wmercarial electric light is incapable of showing, siuce they are absent from
its spectrum. It was also shown that all pure colours, except yellow, were
perfectly black, when seen by the light of incandescent sodium vapour.

Solar light, although in so many respects superior to artificial light, is
defective as regards the showing of colours. There are certain colours
which cannot be seen by solar light—for instance, all the colour which can
seen by the sodium flame is quite invisible in daylight. If a pigment could
be made of such a yellow colour as to be of exactly the shade of that pro-
duced by the same sodium flame, it would be absolutely black in solar light.
But our pigments are all mixed colours and no sach pigment which thus
entirely disappears in the light of the sun is known. But in addition to
this tint of the sodium flame, there are hundreds of other tints which are
also not present in the solar spectrum, and which are consequently invisible
in daylight.

Although solar light is inferior to artificial light in the completeness of
its colours, yet, in another respect—in the comparatively small amount of
heat which accompanies its raysin proportion to the light itself—it is greatly
supperior to every sort of artificial light. The great amount of heat in
our artificial lights is absolutely useless. It is nearly all intercepted by
the humours of the eye before it reach the retina, and, no doubt, produces
that irksomeness which is felt after working in artificial light for any
considerable time, and which is not experienced from daylight.

The speaker concluded as follows :—The history of artificial illumination
cannot fail to impress upon us the difficulties in the way of the application
of scientific discovery to the utilities of life. How long was it after the
discovery of the production of gas from coal, before a manufacturer could
be found to bring it into actual operation? Thirty years ago, work-
ing in his laboratory at Blansko, Reichenbach showed us the process
by which we could obtain paraffin and paraffin-oil from bituminous coal ;
but the discovery remained unheeded for twenty years. More than
thirty years ago, Mr Faraday pointed out a source of the electric light
in the permanent magnet; but we are only now beginning to use it for
illuminating purposes. The brilliant little spark was long looked upon
as a mere scientific curiosity, and is only now beginning to flash across
the sea, guiding the mariner safely into harbour, or warning him from
approaching a dangerous coast. How long will thermo-electricity have
to wait before it receives a similar application ? In thermo-electricity we
havea direct transformation of the force of heat, which we obtain with such
great economy from coal, iuto an electric current, and this, by farther
education and development, might be rendered available in the production
of the electric light. Hitherto, its application in this direction has been
altogether unheeded, and yet, of all sources of power necessary for the
electric light, thermo-electricity evokes this power most directly
from coal. In the magneto-electric light we have the great disadvan-
tage, that the heat of burning coal must be first transformed into mecha-
nical power, which is made to rotate the armatures of magnets, and thus
produce the necessary electric current. In tbis transformation of heat
into mechanical power there is no less than 9-10ths of the original force
in the coal absolutely lost. Hence the advantage which would result
from the direct application of heat to the production of the electric
current.

The man of science rejoices in the discovery of truth for its own sake.
He give his results freely to the world. It is no part of his duty, it is not
his function, to apply those truths to the utilities of life. Success in this
direction demands quite diffierent powers of mind. Those who
these powers ought also to acquire the necessary knowledge which would
enable them, with more facility, to seize upon the dircoveries of science,
and apply them to the wants of every-day life. This scientific knowledge
is the link which, up to the present time, has so sadiy failed in the appli-
cation of science to the manufacturing arts.

ON FOGS AND FOG SIGNALS.
By Jonx HaLn Grapstoxg, Esq., Pu.D., F.R.S.

During the course of the inquiry made by the Royal Commission on Lights,
Buoys, and Beacons, the attention of my colieagues and myself was called to the
fog signals which form part of the apparatus of many lighthouses, and of all
British light-ships. 1In the report we expressed our conviction,  that they are
not sufficiently powerful, and recommend the provision of a more efficient warn-
ing in fog as subject of investigation and experiment.” About the same time,
some scientific men in Ireland stirred in the matter, and induced the British
Association to appoint a committee, at the head of which is the Rev. Dr. Robin-
son, of Armagh, to bring the importance of the subject more directly under the
notice of the legislature. These circumstances led me to turn my attention to
fog ; and I propose now to lay before you some of the results arrived at, with
reference both to the meteorological ph enon itself, and to the means
adopted for preventing its disastrous consequences among the vessels that sail
alonﬁ our shores.

I have received voluminous returns of the occurrence of fog at about 250 sta-
tions, for which I am indebted to the kindness of the three general Lighthouse
Boards,—the Trinity House, the Northern Commissioners of Lighthouses, and
the Ballast Board of Dublin; also to the Board of Trade, through Adiniral Fitz-
Roy ; and to Mr. Glaisher. I wish here also to express my thauks to several
gentlemen who have aided me in the preparation of this discourse, especially
Mr. Alexander Cuningham, who has just read a paper on the subject at the
Royal Scottish Society of Arts, and to our friend Professor Wheatstone.

Fogs.

A fog is simply a cloud resting on the earth. In the first discourse of the
present season, Professor Tyndall explained the formation of clouds from the
aqueous vapour in the atmosphere; and defined a cuwulus as “the visible
capital of an invisible column of saturated air.”” A fog is the capital without
the column. It is the moisture evaporating from the warm earth, or river, or
sea, condensed at once by the colder air. Mr. Glaisher told us here how, from
his lofty position in the balloon, he saw a fog following all the windings of the
Thames. This is a frequent observation, and it reminded me of a scene from
the summit of the Righi one morning last summer. There lay in the valley of
the Reuss a mist like a white sheet on tlie ground, but as the sun began to exert
his power, and a light breeze to spring up, the uniform layer began to break into
regular masses, anﬁ soon far beneath us there stretched a cirrus cloud, identical
in aspect with those we s0 often see in the highest regions of the atmosphere.

Fog, then, is composed of minute particles of water, most likely in a globular
form, for there seems to be no ground for the popular notion of vesicles of
vapour. Smoke enters largely into the ition of that peculiar yellow fog
which visits London a few times each year,—a fog of wonderful darkness and
quietness, and strangely bewildering. )

This condensed vapour has a great effect in obstructing the passage of light ;
the sun himself cannot look through it. A slight mist seems to attack princi-
pally the more refrangible rays of the spectruin, so that the light appears redder
than usual. I once analysed with a spectroscope the rays which reached
Worthing from the great revolving light on Beachy Head, twenty-eight miles
distant, and found that those only situated between Fraunhofer’s lines C and F
were transmitted. This was on what would be called a clear summer night. An
objection has been raised against the orange-red glass used in many of the
French lighthouses, that in misty weather a%l bright lights are reduced to very
nearly that colour, and thus the distinction is lost; a misfortune that could
hardly happen with the deep-red glass employed for the red lights of the British
Isles. W’ijlen the sun shines through a cloud or mist, we do not detect those
atmospheric lines which make their appearance when his disc is near the
horizon. Yet I have observed in London, when the sun at a considerable alti-
tude loomed red through a slight fog, that the characteristic C 6, 3, and 7 were
visible.

There is, of course, every conceivable gradation between the lightest haze and
the densest fog, and it is a difficult matter to draw a line of distinction between
fog and mist. Thevalue of the meteorological returns in my possession depends

reatly on this, and there is reason to fear, even from internal evidence, that one
ighthonse keeper calls by the name of fox what another keeper thinks suffi-
ciently described as mist or haze. Yet these keepers have a certain general sen-
timent and similarity in their way of thinking, and with many the practical
definition of a fog is when it is necessary to sound the signal. Among amateur
observers on land the greatest discrepancy prevails; but nautical nen seem to
bave  general agreement as to what amount of thickness is to give a claim to
the designation fog. For such observations Mr. Cuninghan suggests that a
pole, painted vermilion, should be set up at a hundred yards from the station,
and that such an amount of mistiness as renders it invisible should alone be
named fog. The colour of the pole should, of course, be in strong contrast to
the objects behind it. This definition is somewhere about that practically
adopted by seamen ; it has been accepted by Mr. Glaisher, and it is to be hoped
that it will be generally adopted by all observers.

From the returns received, the following deductions may be drawn :—

1. While many fogs are quite Fa.rtinl in their character, others cover a large
extent of country. The irregular distribution of a London fog is a matter of
frequent observation. Thus, on Tuesday, the day of the royal wedding, one of
the densest yellow fogs obscured Westminster, while at Bayswater there was
nothing more than a murky mist. The long-continued fog of November last in
Tondon, extending from the 19th to the 25th, was observed also at Berkhamp-
stead, Oxford, and Banbury, but other parts of England seemn to have been clear.
The occurrence of fog at the lighthouse stations all round the coast during the
first six months of the year 1861 has been especially studied, and the fogs of that

April have been represented on a map. e of them cover large portions of
the British Isles. For instance, that of the 14th stretched all round Ireland,
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except the south-west corner, crossed the Irish Sea to the headlands of Wales
and the south-western isles and coasts of Scotland, and made its appearance
again across the mainland in the Firth of Forth.

2. Some months are marked by fogs much more than others. For instance,
along the south coast of England, February and September are comparatively
free, while January and June are foggy months. November is notorious for
fog in London, but does not seem to deserve that character elsewhere.

8. Some years are much more visited by fogs than others. Xor instance, 1861
was freer than 1858 along most parts of the coast.

4. Different localities are very variously visited by fog. England does not
deserve that pre-eminent character for mistiness which is attributed to it by the
popular imagination of the Continent. The value of the returns in showing the
relative distribution of fog in different places is seriously affected by the different
standards in the minds of the obeervers, but the following points seem pretty
clearly made out :—A fog is more uniformly distributed over the surface of the
sen than on the adjoining coasts. Fog is not particularly prevalent about sand-
hanks, or Jow headlands ; but where cliffs or high hills catch the south-west wind
jnst after it has swept the ocean, as at the Isle of Wight, the Start Point, Lundy
Island, and the Rocks of Pembrokeshire, the nunbers run very high. The
highest>return is from Barra Head, the southernmost point of the Hebrides,
where winds surcharged with moisture from the Gulf Stream strike the cold
northern rocks, and wrap them in cloud or fog.

Foe Srawais.

As light only very imperfectly genetmtes a fog, attempts have heen made to
warn vessels of their approach to danger, or to acquaint them with their position,
by means of sound. The fog signals actually in use are as follows:—Bells are
emploved at many of the lighthouses, and in the Irish light-ships, the finest,
perhaps, being two near Dublin, and that at the Copeland Island, in the Irish
sea, which is rung by machinery, and is said to have been heard thirteen miles
off. At the end of the pier at Boulogne there is a large bell, in the centre of a
large pavabolic reflector facing [the sea. Tt is struck by three hammers alter-
nately, the motive power being a falling weight. Gougs are made use of in all
the light-vessels belonging to the Trinity House. Guns are fired on board the
Kish light-ship, from the mountain ahove the South Stack Lighthouse, at Fleet-
wood, and elsewhere. A very powerful steam-whistle has for some time been
in operation at Partridge Island, near St. John’s, New Brunswick, a part of the
world peculiarly affected by fog.

At the Skerries, near Holyhead, terns and other sea-birds are encouraged, as
their crics serve as a warning to vessels during fog; but unfortunately some rats
escaped from the Regulus, which was wrecked there about seven years ago, and
they are destroying the birds. A cat has been tried, but she preferred birds
to rats.

The comparative efficiency of these various methods is a very serious question ;
indeed. there are grave objections to the use of sound at all as a fog signal. The
difficulties are as follows :—A sound indicates the proximity, but not the exact
direction, of a danger. In this respect it is totally different from a light. Yet
the mere warning is something ; and probably a suitable ear-trumpet would give
abetteridenofthedirection thanisobtained withoutit. Thereis evidence that vessels
have sometimes steered by a sound ; for instance,—* In the winter of 1860, the
steamer Iron Duke having been drawn by the flood tide to the northward past
Howth, was attracted by the sound of the bell, and steercd by it safely towards
Kingston, until the bell on the east pier of that harbour told her of her proxi-
mity, and ultimately led her into safety.”” The Royal Commissioners on Lights
made special inquiry about the Boulogne bell, and found that some of the cap-
tains of steamers frequenting that port could find their way in by the sound of
the bell, in thick weather; at least, in conjunction with the use of the lead.

An objection to the use of most of these fog signals is the fear that they may
be mistaken for other sounds, or other sounds mistaken for them. Bells are fre-
quently being rung on shipboard ; the firing of guns is the well-known sign of
distress ; and steamers in a fog are in the %mbit of whistling as they go along.
Gonzs do not seem open to this objection; and in the case of other sounds, it
might be obviated by having a definite system of repetition, as is done with the
flashing and revolving lights. My friend, the Rev. T. Pelham Dale,* has indeed
sugzested a means of signalling, in which musical notes are employed.

Another difficulty is, that even loud sounds cannot be heard far to windward
if a breeze is blowing ; bnt this is of less importance, as a fog usually occurs in
calin weather.

But the great objection to sound as a fog signal is, that a fog stops the waves
of sound as it does those of light. It is well known that sound will not traverse
a heterozenious medium, such as air loaded with mist. As to the fact of such
siznals being rendered inefficient by the very thing which they are intended to
penetrate, the testimony of mariners is somewhat conflicting. Mr. Alexander
Cuningham, who is the secretary of the Northern Commissioners of Lighthouses,
says :—*“ Many vears ago, having landed from the lighthounse tender on the small
skerry in the Portland Firth, a fog came on. We hurried off in the hope of
reaching the vessel; but before doing so, the fog shut her completely from our
view. We pulled in the direction (having a compass) in which the tender was
last scen; but those who know the variety and rapidity of the tides in that dan-
gevous Jocality will easily be prepared to hear that our efforts were unsuccessful.
We lay about the spot for some time, firing our fowling-pieces, and at last
pulled for the shore. Next morning the vessel came in sight; and on com-
paring notes, we found that we must have been within a very short distance of
her: and they had been firing small six-pound carronades all night, and we
uever heard them, nor did those on board hear our guns.”

Yet. on the other hand, we have accounts of bells being heard at a distance of
some miles during a fog. and the steam-whistle near St. John’s is said by the
captains and pilots of steamers frequenting that port to be most serviceable, and
to be generally heard for four or six miles during strong breezes blowing on

* “Marryatt’s Signals,” ed. 1856,

shore. It is, indeed, quite possible that fogs of the same intensity may still
havea very different effect upon the same signal, and that for two reasons; first,
one fog may reach far up into the atmosphere, presenting a hign wall to every
vibration ; while another may be a thick layer lying on t%:e surface of the earth,
with an open space above, through which the swelling waves of sound may
freely pass. Secondly, air perfectly saturated with moisture is no bad con-
ductor of sound ; a fog under such atmospheric conditions may therefore be far
less obstructive than when the medium is more heterogeneous.

Considering these objections to the use of sound as a fog signal, must we
abandon it altogether? We cannot do so, 28 we have nothing better to substi-
tute. We fall back upon the recommendation of the Royal Commission, that
further experiments should be made, which it is hoped will be gradually
adopted by the authorities, as the majority of the other scientific recommenda-
tions have been.

Experiments should be performed on the manner and degree in which fog
absorbs or destroys sounds of different pitch, or of different cl ,—for
instance, a sharp sound or a prolonged sound ; on the various meauns of pro-
ducing loud sounds, as to their pitch, volume, convenience, costliness, &.;
whether a repetition of the same sound, or some variation in note, octave, fre.
quency, &c., be desirable; on the influence exerted by the height above the sea
at which the sound originates; on the influence of a background, such as a
tower, cliff, or hill, in reflecting the sound, or of a concave mirror ; on the best
means of directing a sound to a particular azimuth, or of determining its direc-
tion when on board ship.

Captains Close and glisbet, of the Trinity Board, have made some experi-
ments on one of these points at Holyhead Mountain, where a gun was fired
from near the surface of the sea, and another at a considerable height, and the
respective reports were listened to from various distances at sea. They found
the upper gun was heard best for six miles, after which it lost its superiority
But the most remarkable result was the irregularity of the noise from the lower
gun, which, at certain points, in fact, was not heard at all, though the flash was
distinctly seen.

Powerful means of producing sound, besides those already mentioned, have
been suggested. Mr. Cowper has planned a large steam-trumpet for lighthouse
stationd, which may be made to revolve. There is something similar in America
worked by Ericsson’s engine, with which is associated the name of Mr. Daboll
And Professor Holmes, of the Magneto-Electric Light, has also a steam-trumpet,
which can be adapted for different notes, and gives a buzzing sound of wonder-
ful intensity. Suggestions on this point were also made to the Royal Commis-
sioners by several scientific men. Thus, horns were strongly recommended by
more than one; but Mr. Mallet prefers explosive sounds ; and Sir John Herschel
says :—*“ It would be worth tral, what would be the effect of a battery of
whistles, blown by high-pressure steam, or by a combtination of three, or several
sets of three, pitched exactly to harmonic intervals (key-note, third, fitth, ond
octave), but all of a very high pitch, and with a rattle (analogous to the pea in
a common whistle), which intensifies the action on the auditory nerve.” Captain
Ryder believes a gun might be constructed to produce the very distinctive sound
of an explosion, followed instantaneously by a whistle.

There is another and very promising field for experiment, the transmission of
sound through the water itself. The experiments of M. Colladon on the Lake of
Geneva proved the great distance to which sound is transmitted through water,
and the velocity and directness of its course.®

In his observations he employed a bell, let down into the water ; but thisisa
bad instrument for signalling, as its vibrations are almost instantly stopped.
Many arrangements would appear to be preferable. The Syren, which was so
called by its inventer, M. Cagniard de la Tour, because it would sing under
water, is well adapted to give any note that is found desirable.t Long glass
tubes, vibrating longitudinally, are said to produce immeuse volumes of sound in
water: and other means might be devised. As the sound remains in the water,
it would be necessary to make some communication between it and the ear of
the listener. M. Colladon employed an apparatus like a spoon, with a tube for
handle. By this means a mariner might listen for signals made at any impor-
tant station, such as the Lizard Point, and might not only hear them at a great
distance, but determine approximately their direction, unaffected by the state of
the atmosphere above.

THE LONDON ASSOCIATION OF FOREMEN ENGINEERS.

On the evening of Saturday, the 14th of March, the tenth anniversary of the
formation of the above-named society was celebrated by a dinner at the Bay Tree
Tavern, St. Swithen's-lane, City. Mr. Keyte, of the firm of Messrs. Shears and
Sons, of Bankside, presided on the occasion, and about sixty members and friends
of the intion were p t. It had been determined some months previously
to present to the President a testimonial in recognition of the services he had for
many years past gratuitously rendered to the society, and the celebration of the
anniversary was considered the most appropriate time for the ceremony. Mr.
Joseph Newton, who for the last five years has occupied the honourable post
named, was accordingly the principal guest at the diuner, After the usual loyal
and patriotic toasts has been duly proposed and responded to, and that of “ Pros-
perity to the Association ” had been given by the chairman of the evening, Mr.
Keyte proceeded to present to Mr. Newton the testimonial. This consisted of
several articles of plate, the principal of which were a salver of considerable di-
mensions, an inkstand of chaste design, a goblet, and a liqueur stand. In very
complimentary terms these were formally presented to the President by Mr.
Keyte, who concluded his remarks by proposing the health of the recipient, which
was heartily responded to.

* Mémoires de I'Acadamie des Sciences: Des Savans Etrangers.—Tome v.
1+ Ann. Chim. Phys, xii.,, page 171,
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UNITED STATES GUN BOATS.

were called upon to send in estimates. Fig. 1 being a tranverse section

As a great denl has been said about the gun-boat flotilla of the United | of portion of the hull, Fig. 2 a longitudinal section, and Fig. 3 being a

States, we herewith give for the information of our readers three views|part plan, Fig. 1 being drawn to an enlarged scale.

We regret and

of one of these vessels, showing the general arrangement of the boilers | are surprised to find that such a very objectionable form of boiler should

and machinery.

have been selected for this purpose. We allude more especially to the

Our illustrations are taken from the plans furnished by the United |height of the top of boiler above the water line. This will be apparent
States Navy Department to the several shipbuilders and engineers, who | to the most inexperienced person, on reference to figs. 1 and 2.

Fic. 1,

Fie. 2.

FiG. 3.

TRIAL OF THE IRON-CLAD FR{‘(‘}G:I;}‘}, “PRINZ EUGEN ” (AUSTRIAN

We learn from the Triester Zeitung that on the 25th of March the iron-clad
trigate Prinz Eugen underwent a 12 hours’ trial, with a view to test the working
of the engines, which had been supplied by the Trieste Technical Establishment.
A trip was made from Pola to the Muggia Bay and back. The engines are a
fac-simile of those working on board the iron-clad frigates Kaiser Mar and Don
Juan & Austria, supplied by the same establishment. The following are the
chief particulars as to dimensions, &c., of the engines, viz, :—Nominal horse-
power, 650 ; cylinders 74in. diameter ; stroke, 3%in. There are 6 tubular boilers,
each of them having 5 furnaces ; the aggregate heating surface is 13,000’square
feet.

Theworking of the engines was highly satisfactory. The greatest indicated horse-
power, computed from diagrams most carefully taken during the trip, is 2833
horse-power, i.e., 44 times the nominal power. The average number of revolu-
tions was 53, the maximum, 57 per minute, at which speed the engines worked
without interruption during several hours, without any apparent sign of straining
of the parts, thus bearing evid to their llent workmanship and their
correct proportions. The average speed ot the frigate during the whole trial
of 12 hours, was computed at 12 nautical miles per hour. From the Muggia
Bay to the entrance of the harbour of Pola she took only 5 hours, and a
length of 475 nantical wiles, viz., from Pirans to the Salvore Lighthouse
was done in 22 minutes, being n speed of nearly 13 nautical miles per hour, the
indicated horse-power of these engines being 4 times the nominal horse-power.
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The iron-clad frigates of the Austrian Navy were designed by and erected under
the superintcndeuce of the I. R. Chief Engineer, Herr Romako, and reflect con-
siderable credit upon him as a naval architect. The following is a return of
the engines built for the Austrian Government at the Trieste Technical
Establishent during the last eleven ycars.

Pairs 44 P
of Engines, “***
1851-57 1 100 for LR, steamship Tunrus.
”» 1 40 for I.R. steamship Alnoch.
» 1 180 for LK. steamship Prinz Eungen.
9 1 300 for I.R. frigate Donau.
» 2 230 for LR. corvettes Dandalo and Erzherzog Friedrich.
1858 1 800 for I.R. line-of-battle ship Kaiser.
1859 3 50 for I.R. gunboat for the Lagunes.
1860 3 90 for I.R. gunboats Kerka, Narenta, Sansego.
. 1] 90 for I.R. gunboat for the Gardu Lake.
1861 2 90 for I.R. gunboat Gemse and Grille.
» 2 500 for I.R. iron-clads Drache and Salamander.
“ 1 800 for I.R. frigate Novara.
1862 3 650 for iron-clads Kaiser Max, Prinz Eugen, and Don
—  ——  Juan &' Auatria,
27 6470 Total horse-power.

THE THAMES EMBANKMENT.

Tu » report to the Metropolitan Board of Works, Mr. Bazalgette says,—

“The total length of the embankment is about 7000 feet, but it is com-
pletely divided by the bridges into three sections, each of which will be
viewed by itself, and the line of vision will not ordinarily be continued
from one section to the other. The first section is from Westminster
to Ilungerford Bridge, the second from Hungerford Bridge to Waterloo,
and the third from Waterloo to Blackfriars Bridge.

“ A continuous line of embankment wall would not in itself be pro-
ductive of much architectural effect : the present landing-places for steam-
boats are exceedingly ugly, and there wounld be much difficulty in connecting
the river wall with the existing bridges, so as to produce an effective
and conxistent design. ‘

““ At each of the bridges there are, and must be, landing-places for
steamers; and midway between the bridges there are landing-places of
some description, which will have to be maintained.

““To meet these requirements, it is proposed to treat each length of
embankment from bridge to bridge as a complete design, and to muke
the steamboat-piers and landing-places prominent and effective, as well
as useful and necessary features.

“ At Westnminster Bridge, the rondway, which rises at an inclination of
1 in 80 to the level of the bridge, is set back some 30 or 40 feet from the
face of the embankment wall; and the intervening space would be pre-
served as a promenade and steam-boat pier, having access from the bridge
by a wide and imposing flight of steps opposite the Houses of Parliament.
This will terminate without abruptness the varying styles of architecture
at this point. Between Westminster and Hungerford Bridges would be
the landing-stairs for small craft ; and here it is proposed to introduce the
beautiful water-gate now situate at the end of Buckingham-street, and
erected after a design of Inigo Jones. On either side of Hungerford and
Waterloo Bridges would be steamboat landing-piers, the dummies for
which would be partly concealed within recesses formed by projecting into
the river, in front of the general line of embankment, massive granite
piers with moulded pedestals rising about 30ft. above the roadway, and here-
after to be enriched with bas-reliefs and surmounted by groups ot statuary.

“ Half way between Hungerford and Waterloo bridges it is proposed '
Y

to construct a flight of lauding steps 60ft. wide, projecting into the
river, and flanked at each end with massive piers, rising to the level of
a few feet above the roadway, and hereafter to be surmounted with colossal
figures of river deities, or other appropriate groups. It is proposed to form
an approach for foot passengers from the high level roadway to the river by
a second flight of steps, descending to the level of the lower or embank-
ment roadway, which would add much to the effect of this central feature

as viewed from the river. On either side of this approach, a line of shops .
" could be erected on the land side of the embankment roadway, the backs

of which wouald form a retaining wall to the ornamental crescent «nd
promenade above them.

* Between Waterloo and Blackfriars bridges, and in front of Arundel-
street, a steamboat pier would be constructed, in licu of the present Essex-
street pier, designed upon the same principle as those adjoining the bridges.

“The embankment wall itself has been enriched with mouldings of a
simple character, down to the level of high-water mark, the continuouns
line of woulding being broken by the introduction, at intervals, of massive
blocks of granite, to carry ornamental lamps, and by occasional recesses
for promenade seats.

It is proposed in the first instance to construct the embankment wall

and fill in behind it to the level of 4 feet above Trinity high-water mark,
and afterwards to arrange for the laying out of the area reclaimed. I
propose to divide the work into two contracts, the first from Westminster
to Waterloo Bridge, which may be let about the end of May or early
in June; and the second from Waterloo to Blackfriars Bridge, which
may be let before August next.”

The number of houses required to be taken for the construction of
the Thames Embankment on the north side of the river, situate in
Printer’s Street, Huish Court, Currier Row, Jackson’s, Canterbury, and
Green Dragon Courts, in St. Anne’s Blackfriars, amounts to thirty-two,
consisting of tenementa containing from three to eight rooms, and the
number of persons to be displaced thereby 437, children included. The
number of houses to be taken for the construction of the Southern Em-
bankment in High Street, Vauxhall, Princes Street, Upper and Dower
Streets, and Stangate, in Lambeth, is we understand, 124, including seven
model lodging-houses, and calculated to displace 1,175 persons, including
children.

REVIEWS AND NOTICES OF NEW BOOKS.

London and its Gas Companies ; State and Condition of the Companies supply-
ing Gasto the Metropolis, described in a letter to Her Majesty’s Principal
Secrotary of Stata%ro the Home Department, with references to the first
acconnts made out by each Company, in accordance with the Metropolis Gas
Act, 1860. By SauMurL Hucugs, F.G.S.,, C.E. Waterlow and Sons, 40.
Parliament Street, and 66, London Wall, E.C.

This pamphlet contains a complete and comprehensive examination of the pre-
sent financial condition of the London Gas Companies, showing their absolute
proportional capital, their incomes from various sources, and their expenditure
under appropriate heads. The working out of these statistical details has evi-
dently been a work of great labour, and is based upon the accounts made out by
the Companies themselves, in accordance with a form prescribed by the late
lamented Home Secretary, Sir George Cornewall Lewis, under the provisions of
the Metropolis Gas Act, 1860. An attentive perusal of this pamphlet will
show conclusively the great benefits which the Metropolis Gas Act has placed
within the reach of gas consumers. The author points out in the clearest man-
ner, that if the capital of certain extravagant companies be reduced to that of
more economical ones, the profits realised by the whole of the companies, would
vary from 11 to 18 per cent., according to the companies which are taken for
comparison. Under these circumstances, it appears that on every principle of
justice and common sense, the gas consumers throughout the metropolis, are
entitled to a large reduction of price, inasmuch as the companies are expressly
limited under the Gas Works Clauses Act, to a dividend of 10 per cent. The
Phenixand the South Metropolitan Gas Companies, have already g:en compelled
by the operation of the Act, considerably to reduce their prices, and it only re-
quires action on the part of the consumers to compel a corresponding reduction
all over the Metropolis.

It is evident, however, that the working of the Metropolis Gas Act and the
carrying out of its ample provisi longer be entrusted to the Vestries
and District Boards of the Met These wretched bodies are for the most
part so much occupiell with their own petty internal squabbles, and in other
cases are so much under the nfl of Gas Companies and creatures in their
interest and employ, that the real interests of the gas consumers are entirely
neglected by them. Out of the thirty-nine vestries and district boards consti-
tuted under the Metropolis Local Management Act, probably not more than ten
have complied with the provisions of the Gas Act, requiring them to provide ap-
paratus and appoint an examiner to test the quality of the gas supplied in their
respective districts. Of course this conduct 1s perfectly illegal, and we presume
it is in the power of any ratepayer, by applying to the superior courts, to compel
these public bodies to comply with a duty expressly assigned to them by Act of
Parliament.

That the magnitude and importance of this question may not be misunder-
stood, let us direct attention to the long contest which raged during the Metro-
polis Gas Inquiry, relative to the illuminating power which should be fixed as
| the standard for the London Gas Compani gI‘Ee standard which the companies
" contended for, was that of 12 wax, or rather more than 10 sperm candles, whilst
: the promoters of the Bill insisted on, and eventually obtained, a standard of 12
[ sperm candles. The difference between 10 and 12 candles, may therefore be con-
sidered the limits within which the gas of the metropolis fluctuates, and a re-
ference to the tables in Mr. Hughes's pamnphlet readily enables us to estimate
the importance of the question. By reference to table at page 4, we find the
ngfregategas and meter 1ental of all the companies supplying within the metro-
politan aren, amounts to £1,411,780, and deducting from this £15,6563 rw_elfd
for meter rental, there remains for gas alone a yearly rental of nearly one million
four hundred thousand pounds. .

Now, if the whole of the gas supplied to the metropolis be 10 candle gas 10-
stead of 12, it will be found by a simple rule-of-three sum that the metropolis
would be paying to the gas companies more than £280,000 n year in cxcess 0
the proper amount. It is not intended to report positively that this is actual
loss to the metropolis arising from the supply of inferior gas, but it must be
observed this would have been, in round numbers, the result of the companies
own proposal as to illuminating power.

The public may be left to judge whether the companies in the absence of ex-
aminers and apparatus for testing their gas, ave not very likely to relapse into
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their own old and favourite standard, in which case, as already shown, the loss to
the metmglis would approach £330,000 a year. The same kind of apathy was
displayed by the Vestries and District Boards with reference to the sale of Gas
Act, which iusures to the public the certainty of correct and reliable meters.
Fortunate for the gas consumers of the metropolis, that these effete and venal bodies
were not entrusted with the carrying out of this Act, which was happily assigned
to the Metropalitan Boards of Works, and has ever since been acted on with
‘much vigour and effect.

Mr. Hughes complains that the capital ts of the I gas companies
have hitherto been subject to no sach scrutiny, or investigation, as that which
took place into the analogous accounts of the water compaunies in 1851, when
the committee, which sat on the subject, referred the investigation of the
capital accounts to an accountant who went into the matter in great detail. Had
this been done in the case of the gas companies we should not be presented with
the anomalies which are now brought to light by Mr. Hughes, who shews that
some of the London companies have nearly three times the proportionate
amount of capital which suffices for other companies.

Besides the general control given to the Secretary of State, under the metro-
polis Gas Act, it appears the individual gas consumers have extensive powers
under the provisions of the Gas Works Clauses Act, which is incorporated with
the Metropolis Gas Act.

By Section 35, of the Gas Works Clauses Act, any two gas rate payers may
petition the Quarter Sessions to appoint an accountant, or competent person, to
examine and ascertain, at the expense of the gas company, the actual state and
condition of the ns of the pany and make a report thereon to the
Court. Then follows a provision empowering the Court to reduce the price of
gas in case it shall appear, after due investigation, that the profits have exceeded
the prescribed rate, which, in the case of the metropolitan gus companies,
amounts to 10 per cent. per annum. This power of examination could be most
readily exercised by any of the local boards, or vestries, under the Metropolis
Management Act, as these are all gae rate payers in respect of the public lamps.

These bodies, however, have hitherto shewn such a complete apathy and such
a fixed disinclination to trouble themselves, in any way, for the good of the
private gas consumer that an{ action on their part seems hopeless.

A t the same time we nrge the attention to this subject of individual consumers,
the remedy being trifling and expensive, whilelit is scarcely possible to conceive,
the good which might be effected by speedy and energetic action. Every days
experience painfully reminds us of the contrast between the metropolis and
the great centres of industry in L hire and other parts of Great Britain.
Considering the quality of the gas supplied in Lancashire the price is less than
one half of that which is charged in the metropolis, while in Birmingham,
Bristol, and other large towns the consumers are much dissatisfied with prices
far below those of London, and energetic efforts are now being made in introduc-
ing mew companies in these and other large towns.

Apart from its direct value to the gas consamers, of the metropolis, as shewin;
them the actual working of all the companies, this pamphlet abounds wit
valuable tables, which pnssess the test interest and value, in a statistical and
engineering point of view, for all those who are desirous of learning the con-
ditions unser which new gas companies can be profitably established.

Under this aspect the table at Page 11 is extremely interesting, as it shows,
for every one of the London companies, the ratio which the capital bears to the
tonnage of coal used in the works. It appears that the aggregate capital of the
whole thirteen companies amounts to £5,602,800, aud that every £636 of capital
represents 100 tons of coal. This is the aggregate working of all the companies,
but taking the two extremes there is a wide range of difference. For instance,
the Independent Company works with £427 of capital for each 100 tons of conl
used in the year; while the London company has £868, or more than double
the amount, for each 100 tons of coal. r. Hughes shews that five of the
p;inciy;al companies have an average capital of less than £300 for each 100 tons
of coal.

We may also direct attention to the tables at pp. 28 and 27, where the whole of
the receipts and expenditure of all the thirteen companies are worked out in the
most perfect manner and reduced to a standard price per ton of coal.

These tables afford the utmost facilities for calculating all the elements both
of old and new gas works as they are founded on the very large basis of a capital
represented by nearly six millions sterling, and are, therefore, of much higher
value than the experience derived from smaller works.

Viewed in this light the able exposition of theso accounts and the accompany-
ing tables will be found of the highest value to all directors, managers and
secretaries of existing gas works, and ought to be carefully studied by all who
profess to work economically. Their value in the case of contemplated, or new
companies, has been alreadpallnded to.

To show the imperfect and erroneoas statistics which are frequently circula-
ted, in reference to gas supply, it might be mentioned that in a popular diagram
of gas works, issued a few years ago by a publisher in the Strand, it is stated
that the consuinption of coal for gas making, in the metropolis, equals 350,000
tous per annum. Now Mr. Hughes shows from an examination of the accounts
which he has made, that in the year 1861 the consumption of coal for gas
making was equal to 882,000, or more than double the above amount, and this,
be it observed, is exclusive of a group of nine companies, which are situate on
outskirts of the metropolis, and supply partly within and partly without.

In conclusion we strongly recommend this pamphlet to all those who are any
w;.ayhilntereste(l either in the establishment of new gas companies or in the working
of old ones.

4

h

]

NOTICES TO CORRESPONDENTS.

8.—Yes; but we have received your note too late to enable us to give the Ad-
miralty order you refer to in onr present number. We will insert it in our
next.

“ Evasricrry.”—It is intended to embody the particulars to which yon refer.

P. O.—Mr. John Scaward was born in 1786, and died March, 26th, 1858.
Amongst the engines built by Messrs. Seaward and Co. for steamships in
H.M. Navy may be mentioned the Volcano, Megara, Alecto, Prometheus,
Ardent, Polyphemus, Driver, Styx, Viren, Geyser, Growler, Montezuma,
Firebrand, Penelope, Avenger, Sidon, Leopard, Blenheim, Hogue, Conflict,
Horatio, Nile, Termagant, Caradoc, and many others of less importance. At
the same time they adapted their engines to many large vessels for the Hon.
East India Company, for the Steam Navigation Companies at home, as well
as for various Governments and companies abroad.

RECENT LEGAL DECISIONS
AFFECTING THE ARTS, MANUFACTURES, INVENTIONS, &o.

Uxpxe this heading we propose giving a succinct summary of such decisions and other
proceedings of the Courts of Law, during the preceding month, as may have a distinct
and practical bearing on the various departments treated of in our Journal : selecting
those cases only which offer some point either of novelt{, or of useful application to the
manufacturer, the inventor, or the usually—in the intelligence of law matters, at least
—less experienced artizan, With this object in view, we shall endeavour, as much a«
possible, to divest our remarks of all legal technicalities, and to gmont the snbstance
of those decisicns (0 our readers in a plain, familiar, and intelligible shape.

APPLICATION FOR PROLONGATION OP PATRNT, Bovill.—The Judicial Committee of the
Privy Coupcil recently set in this casc. A petition for a prolongation of Bovill's patent for
grinding corn (part heard) was concluded. The Master of the Rolls gave judgment on the

art of their lordshipe, granting an extension for five getra. The lords present were the
aster of the Rolls, the L.ord Chief Justice Erle, and 8Sir E. Ryan.

MarTIN v. GRAY.—MINING Casx.—Mr. Thomas M , & t, Jof Wadebridg:
sued Mr, Thomas Gray, colonial broker, of London, as a partner in the Messer Mine,
for goods mrpliad to the mine. Mr. Collier, Q.C., in stating the case, said that the
plaintiff uupF ied goods, from the order of Captain Rich, the manager of the mine, to
the extent of more than £200, chiefly coals and thh\ﬁd absolutely necessary to work the
mine; all of them were used in the mine, and helped to realise such gains as were
obtained. A fair quantity of ore was raised, and the mine paid its way for some time,
but not altogether. The plaintiff, acting as a prudent man, never would have supplied
the goods but for Mr. Gray's visit to the mine, and the interest he took in it, This was
not a limited liability concern, or a joint-stock company, but a private partnership, in
which each partner was liable for the debts of the company, and could recover a contri-
bution from the other Rntners. Mr. Gray was sued because he was the only subatantial
man in the concern, those associated with him being merely men of straw. Captain
Rich, the captain of the mine, was thurineip.l witness against the adventurer. The
defence was that Mr. Gray had advanced money to Gregg, a shareholder in the mine, and
had gone to see it, as he had an option to become a shareholder, but did not do so. Mr.
Gray stated that the whole of his advances amounted to upwards of £1000, not one
farthing of which has yet been returned. Mr. Gregg stated that he had received the
money from Gray as loans, and contradicted some of the statements of Captain Rich.
Mr. M. Smith, Q.C., having summed up the evidence for the defence, Mr. Collier, for the
plaintiff, replied upon the case. He said that this was a case of great importance, as it
was an endeavour to put forth an optional partnership—if the mine was successful Mr.,
Gray was to be partner, but if it was not then Mr. Gray had notbing to do with it, If
such an optional partnership was to be tolerated, there would be a complete change in
commercial affairs. The learned Jus (Mr. Justice Byles) then summed up the whole
case to the jury. He said the sum claimed amounted to £236 13s. 4d., without interest.
This was a case of very great importance to the parties, and, he might almost say, to the
public. It was a case of considerable importance to the plaintiff, because he had un-
questionably supplied these goods, and it did not seem, so far as could be collected, that
he was likely to be paid in any other way. It was of great importauce to the defendant,
because he had derived no profit, but a very great loss, froin his counection with the mine
to which those were supplied, and very intelligible hints had been thrown out in
the course of this enquiry that tkis was but the precursor of many other like demands
upon him, He was sure this case had received their most attentive consideration. They
had had the advantage, and he had had the advantage, of hearing this matter discussed
by very able counsel, who were just as able as any men in England to dissect evidence,
and to show how the various parts of it bore one upon the other. Partly for that
reason, and partly owing to the great pressure of business, his address to them would be
very short. He would not trouble them with mauny observations on the confliet of evi
dence, but would content himself with telling them the questions for their determination,

and salient points of the cdse. A
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and make one or two observations on the lendinf fter
carefully going through the evidence, his Lordship told the jury that if they thought phe
defendant Gray had stipulated, when he made either of the three advances, that he shonld
have a share in the profits of the mine he was liable; and it he_did not so stipalate {ct
held himself out to the world and the plaintiff as a partner, and if plaintiff trusted b m,
he was liable. If, on the other hand, they were of opinion that he had no interest in the
mine except the option of taking shares in it, and that he never had these shares or any-
thing at all to do with them, but was a mere creditor, and nothing more, they would find
for defendant, as they also would if they thought the s were not supplied on the
credit of the defendant, and not of the machinery. The jury gave a verdict for the
plaintiff for £296 13s. 4d., without interest. .

Trg Mip-LxveL CourexsatioN CasE.—A Norwich special jury, under the presidency of
Lord Chief Justice Earle, have recently been for five days engaged in investigating an action
—Coe v. Wise, Clerk to the Mid-Level Commissioners—for negligence in not making and
maintaining the outletsluice of the Mid-Level, by reason of which the tidal waters broke
through and ran over the sluice, submerging the plaintifi's land. The importance of this
trial may be estimated from the fact that no fewer than 107 compensation claims, in-
volving about £70,000 damage, have been awaiting its decision. At the close of the trial
the Lord Chief Justice Yut it to the jury—First, was damage cavsod to the plaintiff by
the absence of due wkill and care on the part of the defendant in making the sluice;

dly, in maintaining the sluice; thirdly, in providing remedies against mischief after

_The following works are to hand, too late for notice in our present
viz, :—
Willson’s Scicnce of Ship-building. London : J. D. Porter, 31, Poultry.
Holmes's Magneto-Electric Light, as applicable to Lighthouses.

the slul'z"o was destroyed; and, fourthly, by reason that no puddle clay wall was made
along each side of the banks of the cut? The verdict was returned for the defendant on
the first issue, and for the sldntm on the three last issues—virtually a veedict for the

plaintiff. The question of damages will be settled out of court. 15
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NOTES AND NOVELTIES.

OUR “NOTES AND NOVELTIES” DEPARTMENT.—A SUGGESTION TO OUR
READERS.

‘We have roceived many letters from correspondents, both at home and abroad, thanking
us for that portion of this Journal in which, under the title of *‘ Notes and Novelties,”
we present our readers with an epitome of such of the *events of the mouth preceding”
as may in some way affect their interests, so far as their interests are connected with
any of the subjects upon which this Journal treats. This epitome, in ita preparationi
necessitates the expenditure of much time and labour; and as we desire to make it as
perfect as possible, more especially with a view of benefiting those of our engineering
brethren who reside abroad, we venture to make a suggestion to our subscribers, from
which, if acted upon, we shall derive considerable assistance. Itisto the effect that we
shall be happy to receive local news of interest from all who have the leisure to collect
. and forward it tous. Those who cannot afford the time to do this would greatly assist
our efforts by sending us local newspapers containing articles on, or notices of, any facts
connected with Railways, Telegraphs, Harbours, Docks, Canals, Bridges, Military
Engineering, Marine Engineering, Shipbuilding, Boilers, Furnaces, Smoke Prevention-
Chemistry as applied to the Industrial Arts Gas and Water Works, Mining, Metal-
lurgy, &c. Tosavetime, all communications for this department should be addressed
“19, Salisbury-street, Adelphi, London, W.C.” and be forwarded, as early in the month
as possible, to the Editor,

MISCELLANEOUS.

THE Lararst CARRIAGE MANUPACTORY IN THE WoORLD is that of a Berlin company,
formed for the supply of railways. Last year it is said to have employed 1552 men, and
10 have made sales to the amount of about £270,000. It delivered during the last year
290 railway passenger carriages, 993 goods waggons, 187 post, military, and other various
carriages. It began the new year with orders rendering it i)‘retty certain that this year
will exceed the last in Prosperity. Considerable deductions have been made for reserve
fand, &c., & dividend of 8} per cent. has been declared.

TrE Paris PRRMANENT ExriBITION.—Le Siecle gives the following account of the
grogrus of the palace which is being built in Paris for an universal and permanent Exhi-

ition, and of which all the cast iron works have been sent from Gl w :—* The winter
has been so mild that the building of the Auteuil Palace has been uninterrupted, and is
now far advanced. The stone work is fully 30ft. high, and a good many columns and
girders have already been set :H. All the heavy iron works are on the spot, and that is
the most important thing of all, It is a most curious sight to see the workshop where
the iron picces are turned and finished, and thence removed on railway trucks, and
raised by travelling craues to the places they are to occupy. That shop alone employs
370 men and 28 engines. The dome will be the principal feature of the building, and
next in importance will be the front entrance, which forms au arcade 70ft. high and 50ft.
wide, surmounted by a group of ﬁ(m-es of 15ft. The building will have another doorof
equ size, with fewer ts, ides eig ller ones. In a formal notice we
stated that other buildings would be annexed to the Palace, cach for a specitic purpose.
In a few days they will begin to lay the foundations of one of these supplementary
buildings, which is ded for the exhibition of machinery, and will measure 400ft, in
length and 120ft, in width,

Toors aT WooLwicH.—A contract has been entered into between the Admiralty and
Messrs. Smith, Beaock, and Tannett, the machine tool-makers of Leeds, for the supply
of their special machinery to Woolwich Dockyard, for the purpose of planing, shaping,
drilling, and slotting the armour-plates still to be attached to the iron-cased ship
Caledonia, and also those of the corvette Faronrite, ordered to be completed forthwith.
The mlch}nery, although on a much larger scale, will be similar in most respects to that
employed with success in Keyham Dockyard and the facturing departments at
‘Woolwich Arsenal,

NAVAL ENGINEERING.

TeriAL or THE ‘“Rovar Oax.”—The official trial of the Royal Oak took place on the
26th March last. On getting under way the Roye! Oak’s draught of water was found to
be 23ft. lin. aft, and 20ft. #in. forward, which was somewhat less than on the previous
day. Sixruns were made at the measured mile at full spced, the following being the
results :—In the first run the time was 5min. 30sec., the speed in knots was 10909, the

ber of revoluti of ines 60, and the pressure of stcam 31; in the second run
the time was 4 min. 13 sec., the speed in knots 14229, the number of revolutions of
engines, 59, and the pressure of steam,18%; in the third run the time was 5 min., 30sec.,
the speed in knots, 10909 ; the number of revolutions of engines, 60, and the pressure of
steam, 20; in the fourth run the time was 4 min,, 18 sec., the speed in knots, 13'953, the
number of revolutions of engines, 594, and the pressure of steam, 20; in the fifth run
the time was 5 min., 30 sec., the speed in knots, 10°909, the number of revolutions of
engines, 59, and the pressure of steam, 19; in the sixth run the time was 4 min., 17 sec.,
the speed in knots, 14:008, the number of revolutions of engines, 61, and the pressure of
steam, 20. In all the runs the vacuum forward and aft was 23. The mean speed of the
six_runs was 12°487 knots. The engines of the Royal Oak are of 800-horse power (nomi-
nally), while those of the Black Prince are 1250-horse power, and yet on the occasion of
the last tria! trip of the latter vessel she only attained a mean speed of 12209 knots, the
Royal Oak thus beating her by a quarter of a knot an hour. The actual displacement
of the Royal Oak during ber trial was 6500 tons, and this mass was driven through the
water at & speed greater than that attained by the largest of the iron frigates, with the
exception of the Warrior. At the termination of the runs at full speed, it was deter-
mined to try the vessel at half-boiler power, and four runs were accordingly made at the
measured mile, with the following results :—In the first run the time was ¢ min, 45 sec ;
the speed in knots, 8'89; the number of revolutions of screw, 47; and the pressure of
steam, 19; pitch of screw, 27ft. 6in. In the second run the time was 5 min. 9 sec. ; the
speed In knots, 11'650; the number of revolutions of screw, 49; and the pressure of
steam, 20; pitch of screw, 27ft. 6in. In the third run the time was 8 min. 29 sec. ; the
speed in knots, 9°254 ; the number of revolutions of screw, 47 ; and the pressure of steam,
20; pitch of screw, 27ft. 6in. In the fourth run the time was 5 min. 46 sec.; the speed
in inotn, 10'405; the number of revolutions of screw, 47; and the pressure of steam, 20;
piteh of screw, 27ft. 6in. In all the runs the vacuum fore and aft was 24. The ave
of the four runs at halt-power was 10°140 knots. At the termination of the tm
of s some experiments were made in order to test the time in which the half-circle
would be made. Four runs were accordingly made, with the following results:—First

of 18 deg., half circle made in 2 min. 20 sec.; second run, helm at port, and rudder at,
17 deg., half circle made in 2 min. 34 sec.; third run, helm at starboard, half circle made
in 3 min. 42 sec.; fourth run, helm at port, circle made in 2 min. 30 sec. At halfboilar
power the helm was put hard a-starbosrd by four men with three turns of the wheel, and
the rudder at an angle of 154 deg., when the half-circle was made in 3 min. 40 sec,, the
screw making 39 revolutions per minute, and the diameter of the circle 300 yards. The
helm was then put hard aport, at an angle of 144 deg., and the half eirclc made in 3 min. 32
sec. Commander Crewe-Read, who superintended the trials, then directed the helm tobe
put hard a-starboard to an an{‘l‘: of 18 deg.. and the ship going at full speed, with the
ecrew, making 54 revolutions, complete circle was madein 6 min. 38 sec., the diameter
of the circle g a little more than double the vessel's length.

Truar Trir or THR “ ANeLIA.”—The present fleet of the Atlantic Royal Mail Com.
pany is now oomplet;eg1 ready for sea, and in a condition to commence immediate opere.
tions, the fourth of their lar addle-wheel steamers, the Anglia, on the 10th ult,,
having made a most successful official trial at the measured mile in Stokes Bay. Like
her sister ship, the Columbia, this vessel has been materinll; strengthened and improved
since her first build, Messrs. Laird and Sons, of Birkenh having d the work
connected with the hull, while the machinery department was placed in the hands of
Messrs, Ravenhill and Salkeld, of London. The dsglic ran the measured mile four
times with the following results :—1st run, 4m. 16s., equal to 14'063 knots per hour; 2nd
run, 4m. 26s., 13°533 knots; 3rd run, 4m. 22s.,, 13740 knots; 4th run, 4m, 16s., 14063
knots ; revolutions of emgines throughout, 21. This gave a true mean of 13:742 knots
per hour, being about a quarter of a knot faster than the speed attained by the Columbia,
although the two vessels are alike in every respect. Dtu-ingﬁl the trial the pressure of
steam was 26lb., and vacuum 26 inches, force of wind 3. She had about 800 tons weight
of coal, water, &c., on board. The draught of water was 19ft. 8in. forward, and 18ft. 4in,
aft. After leaving the measured mile the dwglia was turned round while at full apee;li,
completing the circle in 7 minutes 35 seconds, Every portion of the machinery work
ndmrrably, and very little vibration wus felt in any part of ship when she was running
at the highest rate of speed. The Government surveyors present expressed their perfeet
satisfaction with the Auxglia’s performances during the trial.

TriAL or THE “Sparrow.”—The screw steam gun vessel Sparrow, 5, was taken out
side the breakwater, Plymouth, on the 11th ult., to test her engines and machinery, pre-
paratory to her departure for her station on the West Coast of Africa. She is of 430
tons burden, is built of wood, and, belng fully equipped for sea, draws 11ft. 3in. aft, and
10ft. 6in. forward. The maximum speed attained with full boiler- wer was 10°2 knots;
the average, 9817 knots; with half boiler-power, 7041 knots. This result is consid
highly satisfactory, and will bear comparison with that of any other ship of the same
class. The number of revolutions per minute was 105. The helm in still water can be
put over to 31 deg.; but when the rudder is in vigorous action the force of the sea upon
the steering tackle redaces it to 27 deg. A circle was performed under full speed in 4m.
13s.; lwith half boiler-power, 2m. 204s. The engines possess 60 horse power, and are
from the manufactory of Messrs. Napier.

TriaL Tarr oF THE “ LRANDER.”—The Leander, 51, 2760 tons, 400-horse power, was
taken from her moorings in Sheerness harbour on the 15th uit., for the trial of her ma
chinery at the measured mile off Maplin Sands. The trial was not quite successful,
owing to excessive {;riming, and the vessel was therefore taken out again on the following
day, when a comP etely successful trial was made, with the following results:—True
mean speed at full boiler-power, 10°448 knots per hour ; revolutions—maximum 57, mean
55 to 56 per minute; pressure of steam, 20; vacuum, forward and aft, 24; draught of
water, fore 19ft. 9in., aft 21ft. 1lin.; temperature—main deck, 56 deg.; cngine-room, 6%
deg. ; stokehole, maximum 110 deg., minimum 74 deg. The vessel is fitted with Griffith’s
screw, pitch 24ft., length 3ft., immersion of upper edge 2ft. 5in.

THE “PANDORA,” 4 screw, has completed her trials of speed at Portsmouth with full
and half boiler-power, realizing 2 mean speed in knots with the former of 8'528, and with
the latter of 5430. At the full boiler-power trial the temperature ranged:—On deck,
from 51 t&o §8 deg.; in the engine-room, from 65 to 70 deg. ; and in the stokehole, from
80 to 95 deg.

Tr1AL TeIP OF THE “CoNQUEROR.”—The screw steam line-of-battle ship Conqueror
(late Waterloo), 86, 2845 tons, 500-horse power, was, on the 17th ult., taken from her
moorings in Sheerness harbour to the measured mile off Maplin Sands for trial of her
machinery, after being brought forward and placed in the first division of the steam
reserve some months ago. The results of the trial are as follow :—True mean s at
full boiler-power, 99356 kuots; half boiler-power, 8°126 knots per hour; revolutions,
maximum 63, mean 61°3 per minute; vacuum, fore 24}, aft 23; duupilzt of water, fore
28ft., aft 24ft. 9in.; temperature, on deck 58 deg., engine-room 74, stokehole, maximum
104, minimum 94. ' The circle was made at full boiler-power, with helm port 17 deg., in
6m. 30s.; revolutions, 54 per minute; the diameter of circle being 500 yards at half
boiler-power, with helm starboard 20 deg., in 6m. 27s. ; revolutions 50 per min., diameter
400 yards. The half circle was turned at full speed in 4m. 29s., and at half speed in 3m.
40s,” She is fitted with Griffith’s propeller, pitch 20ft., but variable from 17ft. to 22ft.;
length 3ft. 9in., diameter 18ft. The trial was made in a smooth sea, with the force of
the wind very slight. It was perfectly satisfactory.

Tre TeiaL oF THE IRON ScREW STEAM TrANSPORT “ORONTES,” 3, recently built
for the Admiralty by Messrs. Laird, Birkenhead, took place outside Plymouth break-
water on the 16th uit. The trial was under the supervision of Captain Astley C. Key,
C.B., and Mr. A, Dinnen, inspector of machinery from the guardship of steam reserve,
Iudus, in Hamoaze. The weather was very fine. The Orontes, which is built entirely
of iron, and has her lower mast stepped, has a burden of 2812 tons, and draws 17ft. 1lin.
aft and 17ft. 3in. forward. The engines, direct nctinf, are of 500-horse power nominal,
but were worked up to 2020-horse power ; cylinders horizontal ; diameter, 3lin.; stroh'r.
36in. The screw shaft is about 110ft, lo% by 13in. diameter. The screw is Griffith’s
shifting ; diameter, 18ft.; pitch, 25ft. e mean speed obtained from six runs was
13-292 knots, which, when it is recollected that the ship had been in the water since the
beginning of December, and that her bottom could not consequently be clean, is con-
aid?:zed very fair. The maximum number of revolutions was 63 per minute; the mean
number of revolutions at full power 613 ; the pressure 25lb. to the square inch. There
were no indications of hot bearings or of priming. The engines of the Orosfes are
similar to those of the Prince Regent, Sanspareil, and Barossa, li( the same manufac-
turers. This ¢ t has dation for 1150 troops. The trial under steam
appears to confirm the auucigations of her good gmlities for speed expressed when she
was launched on the 22nd of November last at Birkenhead.

Tar “Bracx Princs,” 40, iron frigate, coaling in No. 10 dock, at Portsmouth, will be
undocked about the 4th inst. Her bottom has been scraped over, and it is now.ordeml
to be coated with the McInnes composition on one side, and with the composition pre-
pared by Mr. Hay, the Admiralty chymist, on the other, in order to obtain a comparative
result of their respective merits. A good deal of corrosion is vicible in placcs, but the
most serious injury exists on the third streak of plating below the armour-plates. These
results forcibly illustrate the danger which must always attend the use of copper com-
positions, as at present Apﬁlied to the bottoms of iron ships. For about 40ft. along this
streak of plating, where the vessel is broadest, there run straight lines of indentations
irregular in number, averaging about an eighth of an inch in width, and at their greatest

run, helm put hard a-ctarboard, with four men at the wheel, and the rudder at an angle

Ldepth about the sixteenth of an ineh, The ship has here evidently rubbed against some-
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thing, bly the staging alongside the doek{;)rd on first leaving the dock, and scra)
through the composition to the surface of the iron, and this done a powerful battery has
‘been at once formed, the power of which to destroy the ship was only a question of time.
In the instance of the Black Prince this power has been arrested, but it is a proof that
all iron ships coated with copper preparati ire frequent docking to ascertain
whether the outer surface of the p is undisturbed

Triar or THE “Hzxsr.”—The trial trip of this twin screw steamer took place on the
$5th ult., between the Nore and Mouse lightships. The Hebe is the third vessel on this
principle which has been built and engined by Messrs. Dudgeon of the Isle of Dogs. The
performances of the first two—the Flora and the Kate—have al becn noticed in our
columns. The Hebe is an iron vessel, of 470 tons, 185ft. long, 23ft. beam, 13ft. 6in. dee&
having a deck house 7ft. high extending about three-fourths of her length, fitted up wi
cabin and saloons. Draught of water at time of trial, 5ft. forward and Sft. aft. Being
without dead weight to give her sufficient immersion, the vessel was under considerable
disadvantages, especially as there was a strong wind blowing, which materially retarded
those revolutions which formed the principal feature of interest to most present. The
screws were three-bladed, 7ft. 6in. in diameter, with 15ft. pitch, worked b{\two separate
and independent engines, having’each two cylinders 2lin. in diameter, with 26in. stroke
of pistons, and 120 collective nominal horse power. The revolutions at the time of trial
between the lightships were 110. The time occupied between the Mouse and Nore light-
shipe was 33 min. 15 sec., the distance being eight statute miles. Among the evolutions

ormed for the satisfaction of the scientific gentlemen present, were the following :—
. Full speed 2head with both screws helm hard a starboard; circle completed in 4 min.
2. Fullspeed ahead, both screws, helm hard aport ; 3 min. 40 sec. 3. Helm a starboard,
with port screw stogpod ; circle completed in 3 min. 9 sec. 4. Circle made the reverse
way by putting the helm aport and with starboard screw sttt)‘pped, in 3 min. 38 sec. 5
Helm hard aport, the screws being turned in opposite directions, the vessel pivotted on
‘her centre in 3 min. 2 sec. 6. A second experiment the reverse way was made in 4 min.
10 sec., the mean time of these last two revolutions being 4 min. 8 sec. 7. Helm amid-
ship, the screws working in opposite directions ; the circle was completed in 4 min. 58 sec.
‘The engines varied alternately in these trials from 90 to 108 revolutions per minute. As
before mentioned, during these experiments a fresh wind prevailed, which materially re-
tarded the turning, the vessel being light, and consequently exposing a large area to the
wind. The engines worked admirably throughout, the bollers giving an abundance of
steam, and the whole of the g ts were llent, reflecting great credit on the
builders. We may add that during the trial luncheon was served on board in very excel-
lent style by Mr. G. J. Atkins, of the World's End Tavern, Tilbury. Mr. At{lm is
becoming deservedly well known as a caterer upon sueh occasions.

TrEE TRIAL OP THE “JASKUR,” 5, screw steam gun vessel, 435 tons, 80 horse power,
commissioned for service on the West Coast of Africa, took place at the d mile

sition

MILITARY ENGINEERING

EXPERIMENTS AT SHOEBURYNRSS.—On th& 27th March the bers of the Ord

Select Ci itteee and the Ironplate C made some novel g:mry experiments
at Shoeburyness, both with cannon and forms of projectiles. The was made by the
Ordnance Committee entirely, and consisted of trials to ascertain how far a method now

rather in favour among French artillerists, by which a series of holes, about an inch in
dismeter, are bored through the substance of the cannon near its muzzle, in order, by
permitting a quick escape of gas, to diminish its recoil, affects the service of the piece
as to range and accuracy. The experiments were made with two brass nine-pounder
ordinary smooth-bore field pieces, which were loaded with the usual serviee charges and
spherical shot. Five rounds were fired from each gun in succession, the reecil of both
being carefully measured after each discharge. were then shifted, so that each
occupied the platform which had been used by the other, when again more rounds were
red. The general merits of the performances of each gun could be seen at a glsnce,
and were exactly what were anticipated before a shot was fired. The recoil of the
nary was, in round numbers, just twice as great as that which had the holes bored
muncg the muzzle, while the range and accuracy of the latter were scarcely more than
half as as that of the common piece. The lateral escape of gas and flame through
the side holes of the French gun was very t indeed, 50 much so as to prove at once
that even If the gun otherwise p d the most dent merits it could never be
used either on shipboard, in casemates, or even at embrasures. In the openair thet,
had to be pulled by & lanyard nearly 20 yards long. One half of the force of the explo-
sion evidently escaped through the side holes before the force of the powder was
expended on t‘\e shot, and virtually therefore the barrel of the gun is shortened by as
much of its length as is thus perforated. The results obtained with this curiously bored
on Friday were enough apparently to satisfy the Ordnance Committee that it would
m waste of time to continue the experiments further. Some experiments were then
made with the Armstrong 110-pounder service-gun, loaded with steel shot, -rlnn a box
target faced with 4d-inch plates, and lined inside with teak and an iron skin like the
Warrior. The only interest of this ment was to test the penetrative power of the
rojectiles, one of which was p d by the Ordn Comnﬂm,hwelghlng 685lb, and
gred with a 16lb. charge of powder. The immense superiority of this projectile over the
cast iron and wrought iron shot, which, as the standards or units of penetration, were
fired at the t before, was at once apparent. Its indentation was nearly 50 per cent.
deeper than either the wrought or cast iron missiles. The next shots tried were those of
a peculiar kind of steel made by Messrs. Makin and Sons, of Sheffield. This occasion
was the third time that steel shots supplied by this firm have been tried at Shoeburyness.
and always with the same result—that their metal, both for toughness and hardness,
is superior to any other kind that has yet been experi ted u‘l:"“- A ical-headed
shot of this kind, of which the cone was small and sharp, ;vit a very full lltltc:ulder.
hed its et

©off Maplin Sands on the 21st ult. The trial was most satisfactory. The following were
the results:—True mean speed at full boiler power, 8:388 knots per hour; revolutions,
maximum, 102, mean 99 per minute; pressure of steam, 20lb., and vacuum gauge, 253.
At half boiler power the true speed attained was 6876 knots; revolutions, maximum, 87;
nean, 81}. The circle was made at full boiler boiler, helm starboard 35 deg., in 4 min.
7 sec.; revolutions, 92: diameter of circle, 200 yan'fs; at half boiler power, helm star-
board 36 deg. in 5 min. 17 sec.; revolutions, 73 ; diameter, 300 yards. The half circle was
nade at full boiler power, helm port 28 deg., in 2 min. 16 sec.; helm starboard 31 deg.,
in 1 min. 48 sec.; at boiler power, with helm port 31 deg., in 3 min. 30 sec., and with
helm starboard 32 deg., in 2min. 57 sec. The vessel was started full speed ahead in 4 sec.,
and stopped in 6 sec. She was started full speed astern in 7 sec., and stopped in ¢ sec.
“The force of wind was trom 5 to six; and the draught ot water, forward, 10ft. 8in.; aft,
12ft. The pitch of the screw was 12ft.; di ter, Oft.; i ion, 1ft. 6in. ; pera-
ture, on deck, 53 deg.; engine-room, 84 deg.; stoke-hole, 90 deg.; weather barometer,
29°80 deg.

Cost or SHirs.—An account has been issued showing the charges for works upon Her
hmest,\"s ships in the financial year 1861-2. The sum jof £613,820 was expended in
‘Duilding vessels in the dockyards, and £832,323 in building by contract or purchasing;
also £363,292 upon ships commenced as wooden ships but converted into iron-c
wvesscls while building, and £118,480 upon ships launched as sailing ships, and subse-
quently converted into screw steamships. The sum of £1,003,048 was expended in fitting
out or refitting steam vessels and in repsirs and maintenance; also £183,395 in fitting
out, refitting, repairing, and maintaining steam vessels permanently employed as troop,
store, or surveying vessels, tenders, yachts, &c., and £63,393 for sailing vessels, £69,168
was laid out in the building and maintai of yard craft, steam tugs, &c., and £9,642
in fitting and maintaining hulks. Details are given for each ship. The Accountant-
General pro to submit a further account for the same year, showing the cost of
manufacturing and repairing articles of store in the several workshops and factories in
the dockyards; and to supply before the close of the Session an account showing the value
of the stock in hand in each dockyard on the 31st March, 1863,

Trs AustRIAN IzoX FLEET.—The Austrian fron-clad frigate, Don Jnan of Austria,
completely iron clad and equi%gcd, left the Port of Trieste on the 16th ult. She goes
afterwards to Pola to take on board her guns. There will thus be at Pola, in a very

.sh:vrit time, the entire sqnadron of five iron-clad men of war, all ready for sea and active
service.

Navar _Arroryryexts,—The following appointments have taken place since our last,
E.J. B. Bird, Chicf Engineer, to the Cwmberlund, for the Cadmus; J. Grant, Acting
Assist. Engineer, to the Asie, as supernumerary; R. 8. Willcocks, Assist. Engincer, to
the Pandora; J. L. Du"ncs, of the {k nx, promoted to Engineer; H. Williams, Chief
Engincer, G. Lynch, Engineer, H. White, and J. Dingwall, Assist. Engineers, to the
Archer ; T. Baldwin, First-class Engineer, to the Fisgard, as supernumerary ; W. P, Guyer,
in the Narcizens, promoted to Acting Engineer; T. Waterlow, Chief Engineer, to the S,
George; W J. 1bbet. and C. F. Serjeant, Chief Engineers, to the Pembroke and Urgent,
respectively ; J. Roberts, Acting Chief Engineer, to the Tudus, for the Orontes; T. Parker,
Engineer, J. D. Lamont, and F. E. Shean, Assist. Engincers, to the Jaseur; J. Watt, of
the Hautings, for the Griper; J. C. Williams, of the Black Priuce, R, W. 5ones, of the
Asia, lent to the Warrior; L. Thompson, of the Spider, G. Thompeon, of the Fisgard,
‘T. Ball, of the Lecen, and F. Wheeler, of the Rattlesuake, promoted to Engineers; 8.
Lawton, of the Sparrorw, J, Pearse, of the Mulacca, D. P. Steddy, of the Immortalité, N.
Farrant, of the Wrangler, and G. H. Loxdale, of the Topa:e, promoted to bLe Actin,
Engineers; R. Williamson, Chief Engineer, and J. Ross, Engineer, to the Julorous; J.
Dyson, in the Harrier, promoted to Acting First-class Assist. Engineer ; W. Russell and
F.S. Turner, Assist. Engineers, to the Falorous; G. T. Stronach, Assist. Engineer, to the
Cumberland, as supernumerary ; T. Bullions, Chief Engineer, and J. Etherington, and W,
Skelton, Assist. Engi to the Hannibal; W. Wotton, Chief Engineer, R. W. Hulford,

weighing 651b. and propelled by only 14ib. of powder, cone pletely through
the plate, damaging the backing and breaking & rib behind—the greatest result that has
ever been obtained with 8o light a shot and so small a chnr‘ge. It was evident that only
the very full form of the shoulder beneath the cone (part of which was sheared off) pre-
vented the whole going completely through the target. A second shot of the same kind,
the same weight, and fired with the same charge, struck the uplper plate of the target on
an uninjured part, and about 12in. from its edge. It completely smashed away a piece
about 15in. deep, by 18 or 20 wide, splintering and ﬂgging up the backing behind. One
piece of the plate, of considerable weight, was carried far behind the target where it fell
with the shot itself. An examination of the latter showed a of the cone broken off,
but in other respects it was little injured, though the injury to the target was very for-
midable, in spite of the hard, rather than tough, character of its metal. The trial seemed
to show that to pierce the plates almost as much deﬁnds upon the metal of the projec-
tile as upon either the iun or charge of powder which fires it. Certainly, the result
seemed quite to upset the notion that a flat-headed shot is essentially necessary to punch
armour plates, and, on the other hand, to strengthen the belief that the best form for
this purpose may, after ail, and with proper metal, be found to |be the conical form
adopted by 8ir William Armstrong.

Avustriax Gux Corrox.—Take cotton yarn and twist it into strands of suitable size
to answer the same purpose as grains in gunpowder. (The size of these strands can only
be asce ed by experiments.) It is then steeped for a few minates in nitric acid_con-
tained in a stoneware vessel, sq 1, and thoroughly hed by water, which is per-
mitted to fall upon it from a pipe sct at a height ;l’ several feet.  After thisit is squeezed,
and dried in a room heated to 130 Fahr,, when it is ready to Le treated with a mixture
of nitric actd of 1'32 specific gravity, and sulphuric of 114 specific gravity. These acids,
in eaunl quantities, are mixed together in a glass or stoneware vessel, and allowed to
stand for twenty-four hours, then the prepared yarn is immersed in it for Ibrty-elght
hours, with occasional stirring ; the vesscls being covered ; then it is squeezed, washed
for several hours in running water, and dried . After this it is soaked for a short
period in dilute silicate of Hotuh. squeezed, washed again, dried, and is fit for use. This
gun cotton is manufactured by M. Reny, of Vienna. It emits but little smoke, and is
not’subject, like common gun cotton, to explode by percussion.

StEEL yoR Fizrazus.—Captain Caron has been for some time addressing papers to the
Academy of Sciences about his experiments on steel, effected at the Depot des Poudres

Saltpétres, for the pupose of applying that metal to ordnance and firearms in general.
More than twelve months ago, samples of a peculiar soft steel were brought to the
artillery factories, and the remarkable qualities of this metal induced Colonel Trielle de
Beaulieu, the director, to n{:ply it to the facture of tubes i ded to protect the
comm- of the points of sight of heavy ordnance. This steel has the property of drawing
cold, in tubes of any dimensions, and after drawing—above all, if the metal be tempered
—the grain, perfectly homogeneous, is tine and watered, the steel has become strengthened
(mervewz), and ofters an ext inary t of resi Since then, gun els,
manufactured from the same material, have been presented to the factory for the models
of arms, and Captain Maldin, director of this establishment, struck by the beauty of this
metal, thouﬁ:n. it his duty to try the barrels, in order to establish their quality. The fol-
lowing are the very curious results at which this officer hasarrived :—. barrel of the
ordinary dimensions of that of a sporting gun, after having been trued, was tried fimst
with 30 grammes (1 oz.) of powdcr‘ and one ball of 37 grammes (1} oz.) This charge,
producing no deterioration, was fol d by trials with a ball of the same size, and in-

ing the ch by 10 gr at a time up to 60 grammes (20z.) The 60 grammes
were then replaced by 40 grammes of extra tine Esquerdes powder (the most destructive
powder known). Not being able to burst the barrel, the experiments were continued with
npowder, and after some trials, a charge ot 150 grammes (50z.) was arrived at without
mlducing a rupture. A last experiment was then tried, in which 150 grammes (50z.) of
powder and five bals were employed, the latter weighing together 135 grammes (say
#}oz.) well rammed home The only injury seen was a swelling inthe barrel at the spot
where each of the balls were pl , but the barrel was not burst, not even cracked. If

Engineer, W. B. Cottam, J. Wendover, and G. Fordham, Assist. Engineers, to the Leander ;
C. F. Hulford, Assist. Engineer, to the Ciemberland, for the Arethusa; J. Forster, Assist.
Engineer, to the Indus, for the Aurora; R. W. Watson, in the Petrel, promoted to Actin

Engineer ; J. D. ont, Assist. Engineer to the Cxmberlund, a8 Supernumerary ; “f
Dall, Assist. Engincer, to the Jasenr ; W, Fenton (12 and G. Edwards, Asssist. Engineers,
from the Recenge to the Edgar, for the T'rinculo; R. J. Wemyss, Chief Engineer to the
Curagoa ; F. Brockton,_l-:n neer, to the For; R. T. Martell, Engineer, to the Figilant ;
J. Rice, J. Slater, and (. Patterson, Assist. Engineers; and J, Mecrser, Acting. Second-
class Assist. Engineer, to the Curagoa.

it be dered that the chu-ge of powder was already 23in. long, and that a more con-
siderable quantity would not have had time to burn entirely, it may be fearlessly con-
cluded from these experiments that the metal employed in the manufacture of these
barrels is capable of giving arms which caunot be burst by the effort of any charge of’
powder whatever.

TrE ArMSTRONGS.—Admiralty instructions have been received at Chatham, directing
that particular care is to be used in increasing the strength of all breeching bolts, in
order to resist the enormous strain of the recoil of the Armstrong guns owing to their
lightness as compared with the shot fired.
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STEAM SHIPPING.

THE PENINSTLAR AND ORIENTAL CoMPANY’S8 FLEET.—Two of the eight new vessels by
which the Peninsular and Oriental Company’s already numerous and powerful steam flee:
is about to be augmented—viz., the Poonak and the Carnatic—are now completed and
mdz for sea. The first of these had her official trial trip on the 11th ult. The Rangoon,
built by Messrs. Samuda, has recently been launched; the Syria, building by Messrs.
Day and Co., of the Northam Ironworke, at Southampton, will be ready about September
next; the Golconda, by the Thames Ironworks Company, at the end of the yoar; the
Delki, by Messrs. Wi‘fnm, in the spring of 18684 ; the Baroda, by Messrs. S. , in the

tends, is a source of weakness, springing from two causes—first, the frames, being in a
vertical direction and parallel to each other, cannot offer sutficient jresistance to any
force or strain having a tendency to tear the ship asunder; and, secondly, the frames
being secured to the outside shell by rivets running in a vertical line from the wale
to the keel entail one continuous line of weakness in that direction. The lwling?:nm
of the di | plan, as described by the inventor, are these :—*“That in the case of the
vertical principle the line of resist to any torce acting in the direction of the vertical
planes of' the ship will be in a line with the shortest circumferential line of the body of
the ship, thereby opposing the least amount of resistance to fracture coming in the

sammer of 1864; and orders have just been given to the Thames Iron Company to con-

g: tion of these planes; whereas, in the case of a ship built in accordance with :3

struct a new pufdle steamer which is not yet named. All these vessels are screws, with
the exception of the Syria and the one last mentioned. The Poonah is a magnificent
screw st built and ipped by the Thames Ironworks Company at Blackwall, and
fitted with engines of 500-horse power nominal by Messrs. Humphrys and Tennant, of
g)e&tford. The length of the Poonak is 315ft.; extreme breadth, 4lft. ; dem of hold,

.5 b builders’ t, 2696 ; 3370 tons displacement. She 609ft. of
section and 226ft. of firebar; and her indicated horse-power is 2356, She has a pair of
compound engines, on the same principle as those of the Aooltan, but laid horizontaily
instead of vertically, as in that vessel, and at a moment’s glance will convince the most
g:ipmﬁsed eye that engines of this ch ter are well pted for ships of war, they

ng out of the way of all shot. The vessel is stcered by Mr. Hamphrys’s hydraulic
steering gear, which has been found to answer so well in the Mooltan, and among other
numerous ingenious inventions she is fitted with Captain Field‘s improved compass cor-
rector and course register. The following is the result of four runs at the measured mile
in Stokes Bay.—First run, 4 minntes 4 seconds, equal to 14'764 knots per hour, 84 revo-
luti : d run, 4 minutes 52 18, equal to 12329 knots, 64 revolutions; third run,
4 minutes 11 seconds, equal to 14°342 knots, 61 revolutions: fourth run, 4 minutes 51
seconds, egual to 12:371 knots, 63 revolutions ; the true mean of the whole being 13'391
knots per hour. Pressure of steam, 25lb.; vacaum, 25; weight of coals, water, &c., on
board, 893 tons. She ran on an even keel, the draught of water being 19ft. 1lin., both
fore and aft. When at full speed the ship made a full turn in 8 minutes. The machinery
worked in the freest manner throughout the trial.

THE TrraL TxIr OF THR “ PRINCRSS ALEXANDRA" took place on the 8th ultimo. The
Princess Alexandra has lines well adapted for sea-going qualities. Her length between
perpendiculars is 176ft. ; breadth, extreme, 24ft.; deptﬁ. 14ft. 7in. She has & pair of
engines by Messrs. Penn and Son, each of 80 horse-power, but capable of working up to
six times that power. The engines are upon the oscillating system, the cylinders of
52in., stroke 4ft. At the measured mile off the Lower Hope, the distance was run against
tide in 4 min. 45 sec., giving a speed equal to 12'63 knots per hour. On returning with
the tide, but against a strong head wind from S.\V., the measured mile was run in 3 min.
486 sec., equal to a speed of 15'9 knots per hour. 7'he mean of the run was at the rate of
14'26, being nearly 14 knots above the contract speed.

TriAL o THE NEW StEAMER “ Carwaric.”—This handsome vessel was built on the
Thames, by Messrs. Samuda, and engined by Messrs. Humplrys and Tennant, of Dept-
ford. Her keel was laid on the 30th of January, 1862, and she was launched on the 6th
December last. The following are her dimensions :—Length over all, 315R. ; length be-
tween perpendiculars, 285ft.; extreme breadth, 3sft.; depth of hoid, 28ft.; tonnage,
builders’ ement, 2014; displ t, 25800 tons; midship section i 1, 5481,
She is fitted with a pair of combined cylinder engines, inverted, with surface condensers,
two of the four cylinders being 43in. diameter and the other two 96in., with 3ft. stroke,
and Lamb’s patent sheet fiue boilers. She is propelled by a two-bladed screw, with the
leading corners cut off, diameter 16ft., and 23ft. pitch ; and steered by Humphry’s patent
hydraulic steering gear. The weight of coals, water, stores, and ballast on uring
the trial on the 18th ult. was 793 tons, and the vessel’s draught of water was 18ft. Gin.
forward, and 18ft. 4}in. aft. The Carnatic made four runs at the measured mile in Stokes
Bay with the following results :—1st run, 5m. 9s., equal to 11'650 knots per hour, 71} re-
volutions; 2nd run, 3m. 54s., equal to 15°38t knots, 71 revolutions; 3rd run, 4m. 47s.,
equal to 12'643 knots, 72 revolutions; 4th ruu, 3m. 50s., equal to 15°652 knots, 72} revo-
lutions ; pressure of steam, 261b. ; vacuum, 23; force of wind, 4, E.N.E. to SS.E. The
true mean of the four runs was 13835 knots per hour. The first and third were against
wind and tide, and the sccond and fourth with. The engines, which are of 400-horse
power nominal, indicated 2412 during the trial, being over six times; whilst four times
the nominal horse-power is generally considered good for a new vessel. She has 163ft. of
firebar, 8o that the result showed no less than 14-horse power per foot of firebar; whilst
Her Majesty’s shig Warrior, on her trial trip, realized 63-horse power per foot of bar, the
difference being the true measure of the economy of fuel.

TriarL Trip oF THE STEAMER “ RoMaXN.”—The new screw steamship Roman, one of
the tleet of the Union Company, which carries on the mail service between this country
and the Cape of Good Hope, underwent an official trial on the 23rd ult., at the measuced
mile in Stokes Bt:y, prior to Ien\'ing with the outward May mails. This vessel, which is
the seventh built for the company by Mr. Charles Lungley, of Deptford-green Dockyard,
is the second he has constructed on his unsinkable and fireproof principle. A watertight
trunkway is carred from each lower deck to the upper deck, so that in the event of water
getting into either of the bulkheads it cannot rise throughout from deck to deck, as in
ordinary ships, but can only rise in the watertight trunkwn;iothe rest of the vessel bein,
kept buoyant #nd free from water. The dimensions of the Roman are as follows ;—lengt
over all, 279ft. 10in. ; length between perpendiculars, 26Sft.; breath of beam, 32ft. 3in.;
depth of hold, 26ft. ; registcred tounage, 1027 tons. The engines, constructed by Messrs,
Day and Co., of the Northam Ironworks at Southampton, and laid horizontally, are of
220 nominal horse power, giving out an indicated power of 973, and are fitted with the
modern improvements for saving fuel,—viz.. superheating apparatus, surface condensers,
and steam jackets to the cylinders. The results of four runs at the mile were as follows':
1st run, 5 min. 4 sec.. equal to 11'841 knots per hour, 74 revolutions; 2nd run, 5 min. 8
sec., equal to 11688 knots, 72 revolutions ; 3rd run, 5 min. 26 sec., cqual to 11°043 knots,
76% revolutions; 4th run, 4 min. 44 sec., equal to 12'676 knots. 754 revolutions; pressure
of steam, 22}1bs.; vacuum, 26in. The true mean of the four runs was 11'588 knots, to
which the surveyors add a third of a knot to compensate for the adverse influences of the
wind, which was blowing strong throughout from the north-west, with a force of 6 to 7.
The vessel's draught of water was 14ft. 5in, forward, and 15ft. aft., and she had 470 tons
of coals and stores on board. The Saxon, a sister ship to the Roman, and which is now
making her maiden voyage out to the Cape, was built and engined by Messrs. Day and
Co., the engines for the Roman being the ninth pair constructed by that firm for the
Union Company. This C. y has the longest steam line in existence, and as an in-
stance of the test to which the machinery of these Cape steamers_is subjected, it may be
mentioned that on her last voyage the Briton made the run from Plymouth to Table Bay
in 32 days 19 hours, during which time her engines were not once stopped, and thus made
by the counter 2,644,320 revolutions without cessation.

Irox SHIPBUILDING ON THE DIAGONAL PrixcipLE.—An iron clipper ship, called the
Sydney Eggers, and built on Taylerson’s ﬂntenlcd diagonal principle, is at present to be
seen in the anplng Dock, Liverpool. The principle adopted by Mr. Taylerson, and for
which he has obtained a patent, is widely different from that now employed by ship-
builders. In the ordinary construction the frames are placed vertically, and parallel to
each other, the frames being secured to the outside skin by rivets in a direct vertical line
from the gunwale to the keel on each side of the vessel, This plan, Mr, Taylerson con-

agonal principle the line of resistance to forces acting in the direction of these verti
planes be diagonal to the circumferential line of the body of the ship, thereby opposing
the greatest amount of resistance that can be given to an angle equivalent to the Enclim-
tion of the frames. The same argument and the same reasoning lp;i\ly to the perfors-
tions in the plates, or outside skin, which, running in the same vertical line with the
frames, as already described, produce a series of lines of inherent weakness in the structure
of the ship, and which I g.ropow to remedy by my patented mode of making the line of
Junction of the butts of the plates diagonal instead of vertical, as in the present mode of
construction.” In connection with the diagonal framework Mr. Taylerson’s introduces
bulkheads on & new construction, and also a hollow keel and keelson, all of which afford
increased strength and security to the vessel. The ship Sydney Eqggers atfords an illus-
tration of the patent. She is a handsome vessel, of 347 tons register, with extensive
carrying capalcty. In a report from Mr. R. Thornton, civil and practical engineer,
Edinburgh, he states that to tear assunder a ship on the vertical principle, size an
weight of metal being the same as Taylerson's, a strain would be required equal to
11,610 tons weight at each end; whereas on the diagonal plan it would bear a strain equal
to & weight of 23,152} tons without any injurious etfect on the vessel.

LAUNCHES OF STEAMERS.

Launxce or Tk ‘“Marco Poro” MarL STRaAMER.—On the 9th ult. Messrs. W, Simons
and Co., London Works, Renfrew, luunched a very hand new ger paddle-
steamer for the mail service of 750 tons, and 250 horse-power. She was christened Marco
Polo by J. Beaumont Neilson, Esq. The engines were also manufactured at the London
Works, and were started and worked on board.

Lauxcnr or Stamxes oN THE CLYpx.—The Clyde builders continue exceedingly well
employed. Messrs. Henderson, Coulburn, and Co., of Rentrew, have launched a screw
named the William de la Rue, 1771t. in length, 24ft. 6in. in breadth, and 13ft. in depth,
with engines of 80-horse power on the diagonal oscillating principle. She has been
built for Mr. H. S. Seligmann, of Glasgow, and is to be devoted to the Bordeaux trade;
her builders are now engaged on a sister vessel for the same line, which is nearly ready
for launching. Messrs, W. Denny and Brothers have launched a screw of 2000 tons,
built for Messrs. A. Lopez and Co., of Alicante, and intended for the Spanish line of
mail steamers between Cadiz and Havannah. She has been named the Priucipe dlfoaso,
and is now being fitted by Messrs. Deuny and Co. with engines of 00-horse power.

TELEGRAPHIC ENGINEERING.

STBMARINE CapLE IN Louem ForLe.—Mr. B. D. Watlock, chicf engineer of the
Magnetic Telegraph C vy, lately sul ged a telegraph cable in Lough Foyle, by
means of which irom two to four hours will be saved in the tr ission of despatch
by the Canadian steamers,

SunMARINE TKLEGRAPH COMMUNICATION—DUxcaNX'S Ratan CaBLE.—The strength
of this cable has been carefully tested, and given satistactory results. A copper wire of
seven strands, the combination being about %in. in diameter, is surrounded with a pro-
tectinF covering of India rubber, or other suitable material, and the canes are then lad
spirally round, as in the ordiuary wire-rope cable. It has been found by experiment that
a cable so made, and protected with a coating of Duncan’s patent compound, weighs but
1 ton to the nautical mile, and will bear a breaking strain of 24 to 2} tons, the specific
gravity being 1°069. When a single wire is laid with each cane, so as to give additional
weight and strength, the weight is raised to 1 ton per nautical mile, and the breaking
strain is 4 tons, the specific gravity being 1'248. And when by layiug a double wire with
each cane the weight is raised to 1} ton per mile, the breakingstrain is from 6 to 6} tons
and the specific gravity 1'54.  Mr. Duncan states that in the last two instances floatation
and gravitation are excellently aud mechanically united and balanced. With regard to
the joining of the canes, he tells us that some doubts have been expressed as to the
practicability of effectually and strongly joining the canes, he is desirous of stating that
the joints are made very easily and simply, and on being tested they have been proved to
be as strong, or even stronger, that the canes themselves. The jomnts will be arranged
to fall at intervals and break joint, 80 as to secure the maximum strength. It is con-
sidered that although ratan cane is most peculiarly and strikingly adapted for deep
water cables, yet by its wonderful durability in foul mud, and other usually destructive
inﬂuence!:l, it is not less valuable as a protection to the heavy metal sheathing ot shallow
water cables,

Ecxrtracts from Dr. Odling's Report on ratan cane.
“The entire cane yields 803 per cent. of ash, having the following composition :—
Silica ... 76°0% | Soda ... .. 686
Sulphuric acid 7°36 | Lime
Potash ... 730

"

with traces of iron, manganese, magnesia, and phosphoric acid. The outer portion of the
cane, sliced oft’ with a knife, yields 40°0% per cent. of ash, of which 9707 per ceut. i3
silica. The remainder of the cane, from which the exterior had been sliced off, yields
240 per cent. of ash, of which 28'26 per cent. is silica. The substance rof the cane is
made up of cellular tissue, with irregularly interspersed bundles of woody fibre, or
more correctly, of fibro-vascular tissue. The cuticle of the cane consists of tlattened
closely adherent cells, filled with silica, so as to form a complete siliceous sheath to the

whole.”
RAILWAYS.

Tae East IXp1a Raimrnway, which was begun in 1851, has been carried on at the rate
of 90 miles a year, and is completed from Calcutta to & point near Delhi, with the excep-
tion of 140 miles.

RAILWAY THROUGH GRRENWICH PaArx.—Two reports, one by Prof. Airey, the other by
Admiral Washington, on the above line of railway, which has lately been proposed, have
been just published. Admiral Washington says:—“ I have read the report of the
Astronomer Royal, giving the result of some former experiments ou the vibration cause
by the pussage of a railway train at the distance of 10001t., and 1 am of opinion that their
lordships should withhold their assent td any line of railway that passes within that dis-
tance of the Royal Observatory. No doubt the accommodation and convenience of the
travelling public should have every consideration, but with all due deference it must not
be allowed to interfere with the high character that the astronomical observations made
at Greenwich have hitherto borne. Of the two proposed railways the London,(‘haﬁglm.
and Dover extension passes within 825ft., and the South London, Greenwich, and Wool-
wich within 610ft. of the Royal Observatory. I thercfore submit that their lordlim"f,
refuse thelr assent to both the above Vills, and that the Board of Trade be so informed.
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MzTROPOLITAN RatLway CoMMUNTICATION.—The Select Committeo appointed to in-
uire whether any, and, if any, which of the schemes before Parliament for the construc-
on of lines of railway within the limits of the metropolis can be proceeded with in the
present session without the risk of interfering with the future adoption of a comprehen-
sive plan of metropolitan railway ication, and to ider what provision can be
made for the securing such a comprehensive system, with the greatest advantage to the
public, and the least inconvenience to the local arrang ts of the metropolis, and to
report to the House,—report that the committee have met, and having considered the Bills
rred to them according to the terms of the reference, but without any consideration
of their merits, they are of opinion that there is no reason why the following Bills should
not be proceeded with in the ordinary course.—The Midland Railway (Extension to Lon-
don) Bill; Barnes, Hi ith, and Kensington Railway Bill (the agent for the Bill
having informed the committee that it is not intended to p with that mlw of
the line between Kensington and the junction with the West London Extension Railway);
Hammersmith and Cit; Rnllwugi]l ; Victoria Station and Pimlico Railway Bill; Totten-
bam and Hampstead Junction Railway Bill; London, Chatham, and Dover Railway (No.
1) Bill (with the exception of the Thames Branch); Ludgate Station and Junction Rail-
ways Bill; and London, Brighton, and South Coast Railway (Extensions and Alterations,
&cs Bill And the committee are also of opinion that it is not ex) nt to proceed far-
ther with the East London and Rotherhithe Railway Bill; Grand Surrey and Commercial
Docks Railwaye Bill ; Metropolitan, Tottenham, and Ham Rallway Bill; Rother-
hithe Railway Bill; and the London Railway (Victoria Section) Bill.

Tre Lupeare HiLt Viapucr.—The secretary of the London, Chatham, and Dover
Railway states that the compal(lly are willing to construct such a bridge as will, at once,
be an ornament to the City, and at the same time facilitate the widening of Fleet-street,
80 that from the foot of Ludgate-hill, where the bridge crosses, a good view of St. Paul's
may be obtained. N .

’l{nn RarLway yeox RoMm 1o Crvrira VERCCHIA.—An accident of a single nature
threatens the railway from Rome to Civita Vecchia. It consists of a subterranean flame,
asort of incipient volcano, which has shown itself at the place called Mont-des-Pictres,
seven kilometres from Rome. The focus of the flame is on the slope on the right han
side of the railway, in going from Rome to Civita Vecchis. The space occupied by the
crevices which give forth the sulphurous exhalatlons is about 20 metres in length by 10
in width. The temperature of the surface of the soil is remarkably high, so that at cer-
tain points it is painfulto in standing for afew ts, even with strong shoes. In
penetrating the soil to the depth of & metre, the roek is found to be incandescent, and
visibly red in open day. This ignited rock is a clayey slate, rich in lignite and in fossil
vegetable deposits reduced to a bituminous state. ]

Traz Moxt Cevis Tuxxer.—Mr. Bartlett, an English engineer, set to work a boring
machine, by which a tunnel could be pierced with a rapidity eight or ten times greater
than any ‘ltherto obtained by ordinary means; but Mr. Bartlett’s contrivance wes
wrought by steam, and could not be applied to & tunnel where air could not be hadj for
combustion. The Italian engineers proposed to substitute d air inst of

AcorpExNT 70 AN Exrress Trarn.—On the 31st ult. the express on the Great Western
line which left Birmingham for Birkenhead at 8.55 suddenly broke down on the Bradley
embankment. The train was running at about 30 miles an hour, had not swgped since
leaving Birmingham, and had above three miles to run before it would reach its first
s?&plng station at the entrance to Wolverhampton. When the train was nearing the
Bradley-bridge the engineer was alarmed by a violent jerk among the macbinery of the
engine, which immediately afterwards began, in the words of the engineer to “ roll about
very much.” but it did not leave the metals, and was brought to in about 300 yards. It
was then found that the massive crank axle of the engine had broken at the big end
journal of the connecting rod' where it is about 11 inches across, and about 4 inches in
thickness. The driving-wheel at this end of the axle thus becoming liberated, it fell
between the flange of the rail and the timber and broke off a of the splasher, and
to this extent happily the accident was confined. There were about six carriages in the
train, with the ordinary p! t of p s who ped all injury. e train
which was dated out of Birmingham five minutes after the express left was kept back by

o! the ‘tnlin. who hastened to Wednesbury

the g:%m action of the officials in charge
and usual signals put up, after th g the fog signals upon the rails,

BOILER EXPLOSIONS.

MANCHESTER ASSOCIATION POR THE PREVENTION OF STEAM BorLke Exrrosions.—At
the ordinary monthly meeting of this Aseociation, held the S1st March, the Chief Engineer
presented his monthly Report, of which the following is an abstract:—* During the past
month, there have been examined 370 engines—1 specially; 492 boilers—6 specially, 17
internaily, 60 thoroughly:‘ and 409 externally, in which‘ the following defects have

«p

found :—Fracture, 2 (1 ) 5 , 18 (2 ) ; safety valves out of
order, 4; water gauges , 24; (1 d ); p gauges ditto, 16; feed appa-
ratus ditto, 5; blow-off cocks ditto, 47 (1 dang ); ove , 2; deficiency of
water, 2; b lates, 2. Total, 130 (8 dangerous). Boilers without glass water

gauges, 1; without pressure gauges, 1; without blow-off cocks, 38; without back pressure
valves, 58, Two explogions ?nve occurred during the past month to boilers nclx)t. under
the inspection of Association, by which 15 persons were kilied, and 18 others injured,
mking a total of 31. Both boilers have been p lly ined subseq to the
expl No. 4 expl. occul at an fronworks to a boiler connected to a series of
eighteen others. It was very similar in g ] constrt , though not precisely so, to
those known as upright furnace boilers, like which, it stood erect, was of considerable
height, and surrounded with brickwork. The top of the boiler was hemispherical, and
the bottom flat; wh in the ordinary fu class, both ends are hemispherical,
which is an important difference. The boiler was 20ft. high, and about 9ft. 6in. diameter.
The internal fire-box was 10ft. high, 4ft. 8in. diameter at the crown, and also for about
the first 3ft. 6in. below; from which point it tapered outwards to a diameter, at the
bottom, of 6ft. 6in., leaving an annular water space all round, about 18in. in width. be-
tween it and theshell. This fire-box was united to the shell at the bottom, by a flat plate

steam ; and, notwithstanding long opposition on the part of rorelgf\ scientific men, their
method is now in full operation, and their success exceeded the most sanguine expecta-
tions. The tunnel was begun in 1857, with ordinary means. That year and the two fol-

ted by rings of angle iron inside the water space. The crown of this internal fire-
box was slightly domed, and flan, at its attachment to the cylindrical sides, being
amply stiffened by six angle irons laid across and well rivetted to it. At the upper part of
the fire-box were the two outlets previously referred to, and which were formed by short

Jowing were spent in preliminary operations, such as the construction of h , work-
shops, &c., for in that inhospitable regions there was all to be done. The first experi-
ments with the boring machines were made in 1881 at Bardonnéche, on the Italian side;
but even on this side the regular work on]iy pr)roceeded uninterruptedly in 1862. The in-
vention of the new machine was yet in its infancy ; its occasional failures, aud even its

dual improvements, could not fail to cause considerable delays. The tunnel at Bar-
s;:méche, on Jan, 1, 1863, was 1274 metres. In the years 1857, 8, 9, and 1860, 724 metres
had been achieved by ordinary means. By the aid of the new ‘machines 170 metres were
added in 1861, and 380 in 1862. On the Savoy side, at Modane, fiom 1833 to Jan. 1, 1863,
only the ordinary means were employed, and the resul: was for the whole of that period
only 925 metres. The tunnel, calculating the work achieved at both ends up to the be-

ning of the present year, has attained a length of 2199 metres, 550 of which have
ﬂ‘;n made with the new machines. What was done at Bardonnéche in 1862, in spite of
the imperfection of a half-developed method—namely, 380 metres—must surely be pos-
sible in 1883; nay, it is quite certain that the result of the present year will be at least
400 metres. On the side of Modane, again, the new method was applied on Jan. 25 last,
and, as there the errors which retarded the work at-Bardonnéche will be ded, the
avoided, the result of the work on both sides for 1863 will be no less than 800 metres.
The engineers are very confident that the work will proceed with even greater speed, but
the Minister would base his calculation on the most certain data, and, by limiting the
results of the yearly progress to 800 metres, he thought the whole undertaking would be
achicved in 1zi years. . .

RusstaN RaiLway.—The concession for o railway from Kieff to Odessa has been
granted by the Government to a Russian company. The railway will be 647 verats
or 429 miles long, with two branches of 300 versts or nearly 200 miles each. The
capital will amount to 55,000,000 roubles, or £8,500,000, under & government guarantee of

5 per cent. interest.
RAILWAY ACCIDENTS.

AccrpeNT T0 AN Exrress TrAIN ON THR GREAT NORTHERN RAILWAY.—AnN express
train on the Great Northern Railway, travelling at 'the ordin speed of 40 miles an
hour, was nearly dashed to pieces on the evening of the 4th ult., but fortunately no lives
were lost, although, most of the passengers were severely hurt. The accident happened
close to the Little Bytham station, about seven miles from Stamford. For some distance
north of Little Bytham the line runs along a high embankment, which on passing the
village itself is elevated above the tops of the adjacent houses. Some 30 yards from the
station arc a series of what are called “ coal drops,” by means of which coal trains are

loaded of their ts; the coals p g through openings bet the rails to the
ground below, whence they are carted away. At this ?oint the line appears to be elevated
somewhcre about 20ft. above the road below. On a siding over the coal drops stood a
number of goods van and cattle trucks at the time of the accident, and to this circum-
stance must in a great measure be attributed the escape of any of the passengers with
their lives. An express train leaves Manchester for London at 3 p.m., and on this occa-
sion isted of four ite carriages, separated from the tender by a break-van;
the rear being brought up f),y a second break-van, in which was the guard. At ;8 o’clock
the train had just passed Little Bytham village, and was within about 150 yards of the
station, the speed being, as already mentioned, at least 40 miles an hour, when the tire
of the leading wheel of the engine suddenly snapped aud flew off. The whole train
jmmediately left the main line, ploughed up the ballast, and rushed through the metals
of several sidings. The engine struck the first of the vans standing over the coal drops
before mentioned. Most of the cattle trucks and goods vans on the siding were com-
pletely shivered to fragments, the woodwork bcing detached from the wheels and strewn
all around; strong telegraph poles were snapped like slender rceds, and to add to the
confusion the wires rende t il less for ication ; the engine and
tender were doubled up in a way which pf'ninly indicates the terrible force of the colli-
sion, while the carriages of the train were shattered and piled about the embankment
in a state of ruin which rendered it apparently hopeless to expect that any of the passen-
gers could be found alive. One of the carriages, containing several persons, occupicd a
most exgraordinary gosmon; the wheels at onc end were resting across the metals on
the verge of the embankment, while the other end was mpportetf by the telegraph wires,
aad thus prevented from falling a considerable depth,

flues p through the water space, and thus establishing & communication
the int and the external flue. Theseshort flues, which were opposite
one to the other, and at right angles to the furnace door, were 2ft. 8in. in diameter, and
attached by rings of angle iron at each end. The thickness of the glatos was: in the
hemispherical end and cylindrical sides of the external shell, three-eighths of an inch; in
the flat plate at the bottom of the water space, seven-sixteenths; while all the angle irons
were 3in. by 3}in. thick. In the fire-box, the thickness of the crown plate was half an
inch, and that of the sides seven-sixteenths. With regard to the lay of the plates, that
in the shell was acco! to the usual plan, belnglndisl in the hemispherical end, and
circumferential in the cylindrical sides, the seams in the latter breaking joint ; while, in
the taper-portion of the fire-box, the l)lntes were laid longitudinally, and thus, which it
is important to notice, the seams were in line for a length of between six and seven feet.
The riveting was slngie throughout, and the seams were the ordinary overlap. The boiler
had been fitted with a float, two gauge laps, one feed stop-valve, one feed back-pressure
valve, and one lever safety-valve of 5in. diameter, which was loaded to a pressure of
nearly 50lb., and at all events would have allowed the steam to have reached that pressure
when bloiving off freely. Also there were two junction valves, one of which was in the
steam-pipe communicating with the entire sories of boilers, and the other in that con-
nected to the steam-hammer. There was no steam pressure-gauge on the boiler itself,
but one was fixed to the main steam-pipe beyond the junction valve, and thus afforded no
indication of the pressure of the steam within the boiler, when it was shut off from the
others in the series. Both of the junction valves were closedat the time of the explosion,
and thus the safety-valve formed the only outlet for the steam. What the pressure then
rose to cannot now be ascertained, the steam-pressure gauge, as just pointed out, giving
no indication under such circumstances. The safety-valve, however, was found to be free
after the explosion, and there is no reason to conclude that it had been otherwise pre-
viously. But it is ap) nt, from this, how circumstances will arise which make it ime
portant that every boiler should be fitted with a duplicate safety-valve, ax well as with its
own independent pressure guage. A serious oversight had been made in the d of
the boiler, the top end being hemispherical and the bottom flat. The hemispherical end
would, when the steam was fully up and blowing off freely, have an upwa pressure of
nearly 250 tons acting upon it and tending to tear it away from the bottom. There would
be an equal downward strain counteracting this, induced by the pressure of the steam
upon the crown and tapering sides of the fire-box, combined with that upon the flat plate
forming the bottom of the annular water spacc. As long as the at‘achinent between the
bottom and the top of the boiler held good, the two torces would be held in equilibrio
and the boiler remain at rest upon its bed. But should the attacl fail, the up i
force would imtmtl{eshoot the top of the boiler up into the air with a buoyancy of 250
tons, which, it may be remarked, is equal to the weight of a long railway train, includin,
the engine and tender fully equipped with coke and water. This action is exactly whal
took place. The flat plate at the bottom gave way, rending pletely round through the
seam of rivets, at the outside ring of angle iron which attached it'to the shell; when
the boiler flew up and was carried to a distance of 160 yards from its original seat,
The brickwork at the top of the chimney was shaken, and there were marks of violence
on the crown of the boiler, so that it is possible that it struck the top of the chimney in
its course. There is nothinq surprising in this, when the amount of tﬂe pent-up force of
steam within so large a boiler is considered, and the due appreciation of which shows
how unnccessary is the supposition of the exist of explosive g compounds, or
any force greater than that of the steam itself; while the propagation of such theories
only tends to divert attention from the real cause of steam boiler explosions. The rent
at the flat bottom plate, however, was by no means the only one that was made. The
short transverse flues passing througll the water space, and which considerably assisted
the bottom plate, also gave way, and were torn from both the shell and fire-box, their
mode of fracture giving unmistakeable evidence of the upward flizht of the shell. The
resistance of these flues to fracture had severed the fire-box in the waist at the ring seam
of rivets, at which the longitudinal plating terminated; and thus the fire-box crown, as
well as one ring of plates with the two short flue tubes, had flown up together with the
shell, which made a somewhat remarkable and complicated feature in the development of
the rents. Added to this, the remaining portion of the fire-box, which was taper, and
plated longitudinally, rent at one of the longitudinal seams opposite the fire door, and
collapsed at that part. No. 5 explosion occurred to one of two mill boilers working side
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by side and connected together, both being of the plain double fined, internally fired
class, termed ** Lancashire.” The length of the one in question was 28ft., the dismeter
of the shell 10ft., and that of the flues, which were parallel throughout their whole length,
3. 9in,, the thickness of the plates was seven-sixtoenths in the shell, and three-eighths
n the flues. The boiler had been fitted with one glass-water gauge, one feed back-pressure
and stop-valve combined, one blow-out tap, one lever safety-valve, and one Schieeffer
steam p! gaug to both boi The p e at which the safety-valve
was stated by the cnm'n‘o; attendant to have blewn off, was 30lb, on the square inch, which

Tus Gas CoMMITTEE or WOLVEREAMPTON have presented & report to the Town
Council, in which the following is found. *“ The Company charge the Corporation with a
consumption of_ 18,000 cubie feet of gas for each annusal lamp. This calculation is made
on the basis of the original contract to supply five cubic feet per hour for 3600 hoars. For
the lampe which are burned only ¢ight months in the year 14,000 cubic feet of gas is
clnr?d for 2800 hours.” A reference to the followins"towns will show that the charges
paid for lighting the lamps are considerably less than Wolverhampton, for while there the

rice is £3 124. 64., it is in Ashton-under-Lyne, £1 44. 1d. ; Bath, £§ ; Birmingham, £3 10s.;

an ton of its i levers, and weights ocorroborat g

boiler it was found that the right hand flue had oollapeed from one ond to the other, and
by the flattening action had b d pletely in two at some of the ring seams
oi! rivets, as well as torn away from the end plate at the back of the boiler. The boiler
had not stirred from its original position, and the tions to the one alongwide ro-
mained unbroken. The rush of water, however, from the ing at the back, had blewn
up the brick flue and carried awsy the end wall of the er house, in consequence of
w,{xich a floor above, as well as some cast-iron girders which it had been supported,
were brought down. It was by the fall of the building that the three men received their
injuries, one of whom was found to be dead when dug out of the débris. At the front end
o'}lthe boiler the furnace mountings had been blown off. With re%l;d to the cause of the
collapse, there was no evidence of “ shortness of water,” judging from the sppesrance of
the plates; added to which, the other furnace in the same boiler remained unaltered in
shape, which could not have been the case had deficiency of water ooeut‘x“md; while, in

dlackbumn, £2 2s. 94 ; Bolton, £1 8. 3d.; Bradford, £2 8s.; Bury, £1 8s. 24.; Coventry,
£2 10a.; Derby, £3 6s. 2d.; Preston, £2 16s. 7d.; Salford, £2 2d.: Dudley, £3; Leeds,
£2 bs.; Manchester, £1 Ge.; Sunderland, £3 15s. 64.; Warrington, £2 14s.
: CANALS.
Inprax Canars.—The Indian Government has sanctioned the excavation of a canal
through the Richia Doab, with its head near Aknoor, or at the confluence of the Chenab

aud the Tavoy.
DOCKS, HARBOURS, BRIDGES, &c.

Paorosep Hizsour Dzyencms ar Sax Fuaxcisco.—The Adjutant-Gereral of the
United States army, in command of the California department, proposes for the defence
of the ent: to the Harb of San F' isco (the “ Gold d)a "), the construction
of two iron-plated towers, one on Ioint Bonito, and another on Point Lobos (on both
sides of the entrance to the Bay of San F: isco), and, if 'y, another still in the

)s

addition, it appeared that the eol.h.%u of the flue had d at
length, and not over the farnace, where the shape was less distorted than at any other
part. The collapse cannot be fairly attributed to “shortness of water,” but ite true cause
will be found in the construction of the flue, which was not strengthened with flanged
seams or the addition of any hoor. Such a flue as the present, of 80 large a dinmeter at
3ft. 9in., and 28ft. long, made of plate only three-eighths thick, is not safe for regular

work with steam at a pressure of 30lb. per square inch, as was the case in this instance, | th

It might work for a time, but atill there would be a risk, as the event (pmvec; a rise

that might have been avoided had the flue been strengthened with sny of the approved

methods, namely, ﬂ::lred weams, or hoops, either of angle-fron, T iron, bridge rail sec-

tion, or any other suitable form; to the importance of adopting which attention has

been called, it is feared with tedious frequency, though an Af:logy for 8o doing, it is

thought, ma¥ ll',t? found in the frequent occurrence of such e? sions as the present, and
ife

in the loss o consequent upon them. It may here be added, there is every reason to
conclude that the boiler in question was an illustration of the danger refe to mt ptbl:
0]

vious reports, arising from internal flues being tctulll?‘ oval, although supposed
circular. The angle iron rings at the en':dplm were lar, but the inclination of the
axis of the collapse of the fiue indicated that the middle portion had been oval. The
other flue alongside was evidently so, and in q been sti hened by two
stays attached to the crown. The flucs of all the boilers under inspection of the Asso-
ciation are guaged to ascertain their actual shape, when the members allow an o?ortu-
nity of making ‘“ thorough cxaminations,” withont which it cannot be doue; an
numerous are the instances in which flues, previously supposed to be circular, are foun
on actual measurement to be oval.

BorLkr ExpLosiox wxae GuasGow.—At an early hour on the 8th uit. a boiler ex-

losion, resulting in serious loss of life, at the Moesond Ironworks, near
i'ioh’wwn, a station on the Caledonian Railway, about 13 miles from Glasgow. The
works in question, which are the property of the Mossond Irom Company, cover
nine or ten acres of ground, and comprise several large sheds occupied by forges,
together with an extensive rolling mill. The machinery in these two departments
was driven by separate engines, these having each its own set of boilers,
and it was to the boilers connected withthe rolling mill that the accident occurred.
‘These boilers were five in number, and were placed side by side on a solid foundation of
brick, their ends pointing towards the north and south. They were all 25ft. in length,
and four of them, which were *hp-end boilers, were 5ft. in diameter, while the fifth, a
flue-boiler, had a width of 6ft. The fire-hole extended along the south ende of the boilers.
Beyond this is a tramway, on which some coal-| trucks were standing at the time of
the accident, and south of this again stands the rolling mill. On the west side of the
boilers, at a distance of about 20 yards, are the forges, and on the east side, aboat double
the distance off, is an engineer’s shop. The chimney which carried off the smoke from
the furnaces stands on the north-west corner of the square site which the boilers occu-
pied. At the time when the accident occurred—2 o’clock in the morning—there were
upwards of 300 men mnﬁd in the works, the portion of them being dispersed
through the forges and rolling mill in the imm te neighbourhood of the boilers. At
the hour mentioned the whole neighbourhood was alarmed by a crash, followed by a
shower of bricks and other débris, which flew in all directions to a distance of 300 or 400
yards. On repairimlag to the spot, it was found that the site formerly occupied by
the boilers presented & yawning crater, the force of the explosion having com;:letely torn

iddle of its | middk the p These plated towers are to rest upon a foundation of masanry,
to have dome-shaped revolving roots or turrets, and to be pierced for two tiers of xum:

each tier to mouat thirty and the foundation provided with casemated

Across the throat of the harbour from fort to fort could be placed a series of mﬁfv‘;
chains, attached to windlasses moving by steam engines in the forts, which would also
revolve the turrets (or roofs) containing the batteries; these chains to be drawn up by

e windlass, when required, to such a deflection as to prevent the passage of vessels.
This would check the momentum of the vessel, and it would be at point-blank ra:
under the fire of two forts, each capable of eliverin? a shot every second. As t
tarret (or tower, or roof, as the upper works are indiscriminately called), revolves, each
gun in its turn is brought to bear upon the objcct direct, and the revolution is made in
one minute if desired.

A WEr Dock ror Jersey.—In the report issued by the Chamber of Commerce, it is
stated that there is every reason to believe that the project ifor the iconstruction of a
wet dock at St. Helier’s is about to be carried out. The cost of the wet dock, including a
greving dock, is ﬁit down at .ﬁss,ooltl)m

OMMRRCIAL HarBOURS.—A parliamentary return recently issued gives the following
details of £450,000 estimated for ial harboars. Tl{e eatlmugtio is for the coast
batteries designed in accordance with the special requirements of each these, viz.—
Humber, £70,000; Tyne, £20,000; Sunderland, £20,000; Yarmouth, £10,000; Lowestoft,
£10,000 ; te, ;" Dungeness, £10,000; Poole, £6000; Torbay, £8000; the
Severn, £40,000; Swanses, £3000 ; Holyhead, £25,000; the Mersey, £40,000; the Clyde,
ﬁ;gb%oo l'ie i}l):trdg:. "%12,%0‘01 H theeTlay, £l(s).l(l)‘0&;‘ Firzﬁ or Forth, 2«;;000 ; Kingstown.

; ast, 000 ; way, £15,000; on, £10,000; sun arbou
—giring u total of £450,00. ’ d ™ £3000
NxW BLackrRisRs Bainas.—The Commlttee have duly passed the bill.
MINES, METALLURGY, &c.

Nicger.—Mr. Lewis Thompson, M.R.C.S., in regard to this metal, states, In & recent
paper, as follows:—There is cvery resson to suppose that metallic nickel is an alloy of
that metal with cobalt in greater or smaller proportion—that, in fact, absolutely pure
nickel has not hitherto been obtained. Pure nickle is, however, much more casily made
than pure cobalt, for its affinity for oxﬁen is much less. Taking advantage of this fact,
I made up a quantity of pure oxide of nickel into a paste by means of a little water, and
forced this paste through a perforated earthenware plate, 80 as to form it into a granu-
lated mass; when this mass had been thoroughly drle-% I introduced it into a porvelain
tube, and after heating it red-hot, I passed a current of pure hydrogen gas over it, and
continued this until it had become cold. The grey metallic sponge thus produced was
fused with a little borax, in a crucible lined with pure alumina, and yielded a beautiful
white silvery-looking button, of the weight of 620 grains; its specific gravity was 8575,
and it was almost as soft as copper. Its malleability seemed very great ind, for a piece
of it was rolled out nearly to the thinness of tinfoil; it showed, ﬁowever. a disposition to
tarnish after a few days’ exposure to the air, and then became of a pale yellow colour—e
kind of m-sickness tinge. Its magnetic pro‘)crtieu were less decided than those of
cither cobalt or iron ; and, judgingil:jy the globular form and other evidences of perfect
fusion in the button, I believe that nickel is much more fusible than the two just men-
tioned. - When portions of it were melted with copper and zinc, in the quantities usually
adopted to !omlbuu, it produced a compound vastly superior in appearance to any of

up aud xcattered to a distance the mass of substantial brickwork. As for the boilers, one
with Loth ends blown out lay along the tramway to the south of the firehole, where it
bad thrown down the chimneys of two of the rolling mill furnaces; the greater part of
anotner lay a little further to the south, amonﬁ the ruins of the rolling mill sheds; a
third had been precipitated about 30 s to the northward of its bed, where it lay in
the shape of a huge spiral riband; while the remaining two had boen hurled northwards
quite out of the works, and alighted in a field at a distance of about 250 yards. Besides
these ponderous masses, domes, ends, and other fragments of boilers had {)een thrown to

reat distances both to the north and south. One large giece, weighing about two tons,

ad flown across the turnpike road on the south side of the works and alighted in a field
at 3% vards’ distance. The roofs of the rol mill sheds were completcly destroyed by
the falling débris, and those of the forge sheds and the engineer's shops suffered con-
siderably,  Of the persons employed in the neighbourhood of the boilers seven were
cither Lilled on the spot, or so severely injured that they did not long survive the acci-
dent ; whilc several others were more or less hurt.

WATER SUPPLY.

WATER StpPLY OF Parrs.—Among the numerous advantages bestowed on the inhabi-
-tants of Paris within the last few years is to be reckoned a good supply of pure water.
Paris now receives, from various sources, 8 volume of water equal to 153,000 cubic
meétres daily, of which the canal of the supplies 105,000 cubic metres, This water
is distributed by means of 20,948 métres of pipes for the supply of houses, and of 754,852
matres of pipes for the supply of the public, of which the diameter of the largest is not
les< than one métre ten centimétres. Two steam pumps ave being constructed on the
Quai d’Austerlitz, of 100-horse power each, which will increase the present supply of
water by from 12,000 to 15,000 cubic métres the day. Taking the present daily supply of
153 () cubic métres, this is equal to 33,660,000 gallons, equal to about 20 gallons per
head of the present population of Paris within the fortifications.

GAS SUPPLY.

Gas 1¥ Parrs.—The annual meeting of the Paris Company for lighting and heating by
g3 has recently been held. The dividend declared was at the rate ot 17 per cent. per
aunum, the profits realised in 1862 having been £1,200,000.

Tur. SREFFIFLD UNITED Gas LIGHT CoxPaNY announces a reduction in their price
of zas from 3s. 9d. to 3s. 6d. rper 1000 feet—a reduction which also invoives the paywment
of a dividend of 10 instead of 8 per cent.

the mi e-shifts that now disgrace our markets. Indeed, I am quite convinced
that it would well repay any respectable person to commence the manufactare of pure
nickel, and it would not surprise me if a compound of aluminium and nickel could be
formed which, for beauty of appearance, might equal silver, and surpass it in durability
and freedom from sulphurous deterioration. Whilst aliuding to the adv ges of an
improvement in the manufacture of nickel, it may not be amiss for me to notice two
points of some importauce in the way of imp t. t the extraction of
nickel from the ore is made to depend very much upon the afhinity of arsenic for that
metal, 30 a8 to form with it an arsenjuret of easy fustbility and sufficient specitic gravity
to separate freely from the melted slag or gangue; and for this p large quantities
of arsenic are employed b{ the workmen, not only to the detriment of their owa health,
but also to the injury of their neighb is ici practice is quite unnecessary,
a3 1 bave myself proved by experiments upon a ange scale; for example, after carefully
roasting six hundred-weight of the common ore of nickel, which is an ansenio-sulphuret,
I mixed it with half its weight of chalk, and threw the mixture into a cubilo furnace in
full blast; the result was that the lime of the chalk formed, with the quartz and oxide of
iron in the ore, a perfect flux; whilst the oxide of nickel, being easily reduced to the
metallic state, fell, in that condition, into the well of the cubilo, lgom whencé it was run
out in a melted form, and readily separated from the slag. There was no appreciable loss
of nickel in this operation, and the rough metal was found to contain 88 per cent. of pure
nickel, the rest being cobait and iron, with a little sulphur, but no arsenic could be de-
tected in it; moreover, this rough metal might, from the cheapness of the process, have
been sold at 3s. per lb., and was decidedly more pure than the ordinary commercial nickel,
The other point to which 1 have alluded is applicable to the wet mode of separating nickel,
and depends upon a fact hitherto, [ believe, unnoticed by chemists. If we have in solu-
tion a mixture of the sulphates of nickel, cobalt, zine, manganese, iron, and copper, we
have only to add to this solution, in a warm state, as much sulphate of ammonia g it
will dissolve, and then set it aside to cool. Almost every particle of the nickel and cobalt
will separate a8 a green crystallised powder, and leave the other metals in solution. The
explanation is very simple. The sulphates of nickel and cobalt form triple salts or alams
wi_th the sulphate of ammonia, and these salts are absolutely insoluble in a cold saturated
5 of sulphate of particularly when this solution is slightly acidulous. I
shall conclude these remarks upon nickel by stating that this metal appears to possess the
property of “ welding ”* like iron. At my request a workman heated two small bars of
nickel, which had been previously powdered over with borax, the bars were heated in &
forge, and the two hot ends * jumped” together—that is to say, the white-hot ends were
forcibly driven one against the other by gentle plows with a hammer, applied to the other
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ends, the symmetry of the bar being preserved by blows applied Iaterally. Although the
point of junncntion 3:- afterwards mﬁnpected to much twisting, straining, and so forth, with
a view to test its cohesive power, yet it showed no signs of weakness, even after much cold
hammering.

Dmnxsfon or THE EirTi's CoaLrieLpe.—Professor Rogers states we have it on
the authority of competent surveyors, that the great coalfield of South Wales, the largest
and deepest in Europe, covers a surface of not less than 1000 square miles, and has a
wmaximum thiokness of from 7000 to 13,000 feet in its coal measures. In this prodigious
“book of time,” there are, it has been commuted, not less than 50 beds of coal, from 6in.
to 6ft. in diameter, and 26 of these are said to be each at least 2ft. thick. The smaller
Forest of Dean coal basin contai ding to the * Memoirs of the Geological Sur-
vey,” 31 coal beds in a thickness of coal measures of 2400ft. From the same source (the
survey) we learn that the North Staffordshire conl measures have an aggregate depth of
about 5000ft. ; while those of the Newcastle district arc believed to be at least 2000ft.
thick, and to embrace 3 total thickness of coal equivalent to 60ft. In the deepest por-
tions of the extensive c%al basin of Scotland, the upper productive coal measures of Mid-
Lothian have been found by the survey to possess a thickness of not less than 1800ft.
The number of the seams of coal wrought in the Lanarkshire field is in all 18. Turning
to other countries, the depths or thicknesses of the coal measures, and the numbers of
the coal beds, will be found to be on an equally grand scale. Looking first to the western
gide of the Atlantic, North America displays, ly with the breath of her

hysical features generally, several enormous coal regions, three at least of which are the
Y t known upon the globe. One of these, the Appalachian basin, has a length of 575
nnﬁ a maximum breadth of 180 miles, with an area in miles of 55,500. Where
deepest its coal beds have an aggrorm thickness of . A second, the coalficld of
Illinoir, Indiana, and Kentucky, has length 370, maximum breadth 200, and area 51,100
miles. This basin has 15 or 16 good coal seams, with a maximum thickness of 60 feet,
and the third and largest, but least opened, shows length 530, breath 200, and superficial
area 73,913 miles. In the anthracite basin of Pennsylvania the thickness of coal measure,
amounts to 3000ft., while that of the workable coal is not less than 120ft. The aggregate
area of the five chief coal fields of the American continent amount by careful estimates
based upon the latest surveys and the best geological maps, to rather more than 260,000
square miles; a surface greater by about 20 times than the eum of all the coalflelds of
Earope, or, indeed, of the whole Eastern world. The British carboniferous basins may
be estimated to embrace some 5400 square miles of coal; the French a little less than
1000; and the Delgian about 510. Rhenish Prussia has 960; weﬂtlphtlil 880 ; the Bohe-
nian field some 400 ; that of Saxony only 30; that of Spain probably 200; and that of all
Russia scarcely 100 sq miles. Comparing the coal areas with the total surfaces of the
respective coal producing countries, the United States has one sc}ummﬂe of coal toeach
15 of land ; Great Britainoneto every22}; Belgiuma like proportion; and France but one
of coal to every 200 of country. Adopting for the commuted total area of thecoalfields of
theworld 220,000 square miles, and accepting 20 feet Sa low estimate) for theaverage thick-
ness of the Availds)?e coal, the entire mass of the fael under the soil for the future wauts

15 days duration are given. In the experiments A, 16°606 litres of 1°593 acid, at a tem~
perature of 46° to 48° cent. was used; in thc experiments B, the guantity of acid was
doubled, other conditions remaining the same; in the experiment C, 16668 litres ot 1'743
acid, at a temperature of 113° to 122° cent was used ; and in the experiments D the quan-
tity of acid was doubled, other conditions remaining the same. e conclusions which
Messrs. Calvert and Johnson have drawn from their experiments are—Firstly, that of
the various kinds of lead existing in commerce, the purer they are the more they are
acted upon by sulphuric acid; lead chemically pure is more acted upon than auy ot the
others. Secondly, that slthough it is stated in many works on chemistry that sulphuric
acid only acts seneibly on Jead at a temperature of 195° cent., their experiments tend to
prove the contrary, since they find that acid of specific gravity 1'842 dissolves cold 67134,
and cven 201 grammes of lead Eer square metre of surface; and in another instaunce, that
acid of specific gravity 1°705 takes from the same surface 54, 56, and 59 grammes of lead,
at a temperature of 456° cent. only; and, lastly, that the action of sulphuric acid upon lead
appears, at least when there i8 no continuous agitation of the mass, not to increase in
rroportion to the quantity of acid employed—this is probably due to the formation of a
ayer of sulphate of I which, to a tgrolt extent, protects the surface from further
action of the acid. From the analysis of lead chambers with respect to which they were
consulted by a large chemical manufactarer, one which had lasted 15 years, was found to
be composed of an alloy of—lead, 9887 ; tin, 0°81; iron, 0°13, with traces of copper and
zine; whilst two others, injured in less than one year, contained only traces of tin, the
alloy being about 99°4 lead, 0°35 iron, and 018 copper and zinc.

APPLIED CHEMISTRY.

AxayTicaL Noricks oX Uraxrvy, sy M. H. Rosg.—Oxide of uranium may be com-
pletely precipitated from its acid solutions, having 1greviously saturated them with
ammonis, by addition of hydrosalphate of ammonia. No inconvenience results from the
solution containing many ammoniacal salts, exeeﬁbting, of course, carbonate of ammonia
and all alkalino carbonates. The precipitate is black, or reddish brown it the hydrosul-

hate be greatly in excess. It is washed in water, to which is added a small quantity of

ydrosulphate of ia, The precipitate is formed essentially of protoxide of uran-
iam, and contains no sulphide of uranium. After being dried, it is ignited, to expel
what little sulphur may be retained ; then it is calcined in a hyprogen current, at a high
temperature, and left to cool in the hydrogen. Pure protoxide is thus obtained. Should
the solution contain much salts ot potash, or of uther strong noun-volatile bases, the pro-
cipitate will retain a small quantity of these bases. Oxide of uranium is separable in the
following manner from most metals, esﬁcially from those which are completely precipi-
tated from their solutions by hydrosulphate of ammonia :—Add to the solution ex-ess of
carbonate of ammonia mixed with hydrosulphate. All the oxides which hydrosuirhate
transforms into sulphides are lE)mcipt.m‘ed, while the protoxide of uranium is dissolved in
the carbonate of ammonia. Leave the mixture to deposit in a closed vessel, wash the
precipitate by decantation, with water containing carb ¢ and hydrosul ¢ of
a‘mmonin, and then fiiter. Gently heat the filtered liquid, to expel most of the carbonate;

mounts by calculation to a cubic lump of nearly ten miles lineal dimensi or

g ;n :(?n:rc pluteu‘f of coals 100 niles wide in its base, and something more than 500ft.
in height. _The British lump of coal is a cube of a little more than three miles in
dlameter. In 1854 Great Britain extracted from her mines more than 64,000,000 tons.
In 1861 the product was about 80,000,000 tons, equal 10 a cubic block of 430 yards in
height, For the present year the Trobablo product may be safely estimated at not less
than the enormous quantity of 100,000,000 of tons. In the preliminary report lately
printed on the census of the United States for 1860, it is shown that the coal product of
the state of Pennsylvania amounted in that year to about 11,600,000 tons, while that of
all the coal yielding states together exceeded 15,000,000 tons. In the year 1850 Belgium
took from f’lcr mines ncarly 6,000,000 tons; France some 4,500,000 tons, and Prussia
nearly 4,000,000 tons. It has been calculated that one-fifth at least of the present vast
uct in coal of the civilised world, which fifth part we may roughly estimate at nearly

000,000 tons annually, is applied in the smelting and manufacture of iron alone, and
itis pl'-obable that more than one-tenth of the whole of the fuel lifted, or some 15,000,000
tons, is converted directly into mechanical power, through the generation of steam forthe
propulsion of machinery.

LeaD aXD Luap ALroys.—It has been generally supposed that the purer a metal, the
less it is acted upon by acids; and Messrs. Cnc&(_?nlven and Johnson, in some important
researches in connection with lead, considered it very dewirable to ascertain, at least,
whether the generally received opinion was correct as regards lead. They commenced
with sulphuric acid on ial lead, b that metal is extensively employed in
the construction of those large chambers in which sulphuric acid is manufactured; this
course combined scientific interest with practical utility. In the experiments which they
instituted, they employed snl{:huric acid of various degrees of concemtration and purity in
different volumes at various temperatures, and for various periods of time. They have
made use of two kinds of cial lead, choosing as types the two extremes in respect
of purity—common sheet lead representing ordinary impure lead, and v or Derbyshire

ig-lead. They have also thought it desirable to examine the action of chemically pure
ead. The common lead, upon assay, gave—Lead, 93'8175; tin, 0°3955; iron, 0°3604;
copper, 04026 ; zinc, traces =99'9760; and the virgin lead gave—Lead, 89°2060; tin,
0°0120; iron, 0°"3246; copper, 0'4374; zinc, traces = 99-9300. At the ordinary temperature
(15° to 20° cent.) perfectly pure sulphuric acid of the density stated dissolved from a
square metre of surface the following quantities (in grammes) of each kind of lcad :—

nsit In ten days. In fifteen days.
Er.adt(. Virgin. Pure. Common.  Virgin.
1842 13420 ... 89°00 ...... 194'34
1:706 . 3 . 1167 ... 1684 .
1600 . 17 ...... 1217

io which is very curious and instructive. The result of the fifteen day experiment
f.nﬁlyngonﬁrms thocgn day experiment, and even with hcated acid a-similar result is ob-
talned. They operated with acid at a temperature of above 45° cent. for eight days,
when the result was—

Density of acid. Common. Virgin, Pure.
1'843 418'34 4568'50 50734
1705 ..... sossssessnensseresass . 684 ... 1067 ............ 1300
1600 584 634 1184
1525 350 484 667

The question then occurred to them whether the purity of the acid employed had occa-
sioned such unexpected results. They, therefore, tried other experiments with acid from
the leaden chamber (density 15'08), and with acid not as it comes from the leaden
chamber, but after having been once evaporated in leaden vessef®, in which its
coneentration is commenced commercially (deusity 1°746). The results obtained were—

Common. Virgin, Pure. Common.
. 1Y tli; 34 ...

pose the hydrosulphate with hydrochloric acid; oxidize the protoxide of uranium
by nitric acid, and precipitate the oxide by ammonia, and, before weighing, caleine it in
a hydrogen current.

CoupusiTioN oF Gas RerUse ny Di. T. L. PaIPsoN.—It has been estimated that one
ton of Newcastle coal gives off in distillatlon as much cyanogen as is contained in five
to eight pounds of Prussian blue. As sulphuretted hydrogen is disengaged at the sa:ne
time in greater or smaller quantities, according to the natyre of the coal, it is natural
that sulghocyanldol should form also. My attention having been lately directed to was-
refuse obtained after eliminating the sulphuretted hodro(en and carbonic acid by hvira-
ted oxide of lime aud lime purifiers, 1 found in this tance certain sulphocyaniies,
and it occurred to me that it might prove a source of sulphocyanide of ammonium for
rhotogmpic gurposes. But the samples I have hitherto examined, hnvinF been usel as
ong as possible, with a view of obtaining the maximum amount of sulphur, have not
muised so much sulphocyanide as I should expect to find in the refuse purifiers which

not been employed for so long a period. It is curious to note, however, tha: this
substance, which is oftered to manufacturers of sulpharic acid on account of the sulnhar
it contains, has lalse been ded kers of artificial manures and to agri-
culturists as a cheap source of nitrogen! It will be seen by the analysis I subjoin that
the employment of this substance for agricultural purposes is not only useless, but may
become highly injurious to any soil. Besides the cyanog p 1 have found in
it, and which must be considered as prejudicial to vegetation, the existeuce of tar-pro-
ducts, highly antiseptic, and therefore capable of preventing organic decomposition in
the scil—a process indispensable to vegetation—is evident ; it contains al<o a very larze
amount of sulpbur. When this gas-refuse has been exposed ifor some time to the
air it contains the following substances :—Free sulphur in cousiderable quaatity, oxide
of iron, carbonate of lime, cellulose in small quantity, some bydrocarbons soluble in
alcohol, double cyanide of iron green{l, ferrocyanide of iron (blue), sulphocyanite of
calcium, sulphoeyanide of ammonium, chloride of ammoniam, sulphate of lime, ferrocy-
anhydric acid (to which the mass owes its acid reaction), and water. Some of these
arc present in small quantity only, but it is not difficult to putthem all in evidence. A
rough analysis of the whole has given me :—

Water 140
Sulpl 600
Urganic mat insolubl leohol e, 80
Organic matters soluble in alcohol : sulphocyanide of calcium,
chloride of ammonium, hydrocarbons, &c.............................. 15
Clay and sand. . . 80
Carbonate of lime, e of fron, &e........... ceeerianssntaneenaaes creeenes 135
1000
Hot water extracts n*hoc_nnlde of calcium and ium, sulphate of lime, and
ferrocyanhydric acid. The solution takes a red colour with persalts of iron. Hydro-
chloric acid disolves a iderabl e sub and the solution obtained

is deep-blood red, almost opaque, from the presence of sulphocyanide of iron formed.
Aleohol extracts rrlncipnlly Iphocyanides of calci and ium, chloride of
ammonium, a snall quantity of hydrocarbons, and ferrocynnh{‘drlc acid. By evaporat-
ing the aqueous rolution to dryness, after having added enough carbonate of pi-ash to
neatralise its ncldit?‘. and treating the residue by alcohol, the ferrocyanhydric acii 1~ it
behind as ferrocyanide of p jum, the alcoholic soluti Ins only chlyside of
ammonium and sulphocyanides of calelum and ammonium. By evaporating in prescive
of an excess of carbonate of potash to complete dryness, and treating with alcon.l, tie

latter takes up principally sulphocyanide of potassium, and by using carbonate o an-
monis, inrr of carbonate of potash, the alcoholic solution consists of sulpho.ya.te
and chloride of ammonium, which would serve for fixing g');otographic roofs. i
green compound which forms when gas-refuse is ex to the air, is no other thay i

double cyanide of iron, FeCy + FesUys, discovered by Pelouze, the composition of whi h
corresponds to magnetic oxide, By prolonged oxidation in the air it becomes bluz; -1
acids have no action on it, but hot nitric acid decom it. '

A Cuxiovs Crsxicar Discovkry has been made by Dissenbacher, a voung G.rnan
cheirist. By theaddition of a amall quantity of chlorine or iodine, pure sulphur i< ren-
dered pertectly voft, and the Paris Academy, to whom the the experiment was cxhibited
by H. Deville, were astonished to sce a thin leaf of sulphur treated as flexible as it ma:le
of wax,
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List of New Patents.

'HE ARTIZAN,
May 1, 1863,

LIST OF APPLICATIONS FOR LETTERS
PATENT.

WE HAVE ADOPTED A NRW ARRANGRMENT OF
THE PROVISIONAL PROTECTIONS APPLIKD YOR
BY INVENTORS AT THYE GRPAT SRAL PATENT,
Orrice. IF ANY DIFFICULTY SHOULD ARISE
WITH REFERRNCY T THR NAMES, ADDRRSSRS,
OR TITLES GIVEN IN THE LIST, THX RRQUI-
SITR INFORMATION WILL BR FURNISHED, FRRE
OF RXP¥NSE, FROM THE OF FICR. BY ADDRKSSING
A JLKTTRR, PREPAID, TO THE EDITOR OF
S“THE ARTIZAN.”

Darep MARCH 24th, 1863,

1& H. Conk—TUransmirting electric currents and
Tu.h for telegraphie purposes,
Reiliy & \W. Marun—Lubrieatior horizontal
ﬂmmnz and hearings ur all descriptions.
G. Daviea—\Vrippers or papers tor uerdles, and
mu-hum ¥ for aticking needles therein.
T71 8. Henlev—Zine.
772 H. Willinms—Drassing sintrs.
773 A.. J.. & J. Topham—Ornamental twist Ince.
774 J K:rkham—Iron and steel,
775 A. J. Covke—Portab « ** Hooka ® pipes,

DATKD MARCH 23th, 1863,

776 J. Whm—annng the surface of the fron
and ateel of shi

71"1'131 Phlllip-—Pl'nn or other metallic rod and

v,
778 J. Leach & J. Anderson—P' ring nnd spin-
ning «mon and otuer fibrous m P
79 J.H. V i-
of unoill. and in printiig therafrom.
780 G. Smnro—mmhmt Jate fibre
731 C. Munson: ravilnllun engine,
782 n Armitage & ¢ 8 g fabrics.
M3 J.H, Johuson—Zinc.
™ Wulmn—Uniuug enrthenwnre, metal,

and

other
785 R. A 'Bmmnn—cnrtln. ropes, and cables.
788 G.T. Key—Fog and other signals.

DATRD ManrcH 26th, 1803,

787 L Chnawﬂun-l"vn-nrm

788 R. Mushet—Treating sicel and iren prepored by
the pneumatic process,

789 G. Cowdrry—Muking bricka.

790 M. l. Parnell — Coustiuction of locks and
nd usting their apindles.

. R. Ha'l—Wewchmy appa-atus,
’92 W Johnsun—Pocket hooza, purses, wallets, aud

1 cases.
193 T. Parkinson & J. Wood—Application of em-
hroidery to entton printed fabrics,
794 W. Tod & R. Patersun—Fortable apparatus for
working drills aud other inttruments,
'7";6 f': l)lnn—xugrumg uptm mexnln.

797 J. quon—l’n{:‘chlen or ||'n|mm mausiles,
M . hels for luggage and other

aric.es
a ; App pgau-l!sulwnv carriage donn.

full easks and other .;nmj-, aud mnng- ﬂnpty
cisks or vessels,

Datrp Manca Zith, 1863,

801 J. ham — Ay d with
mul:hiurv used m mnuu!‘uturing compressed

802 W. M. Morgna—"onting metals,

803 R. » Broomun—Scouring wool.

80+ J T ylor—llmn wnter jnpes.

805 W. Clark—W' iudhu or copping frames.

806 J. D. Arquith & ;. Greruwood—Rag machines.
w J. Kinr & T. H. Nlnhull-l'replrin‘ laud for

Darep MancH 28th, 1863.

W. Goode—Journal. axle, or bearing
: Pmy—wurkmg railway poiuts,switches,

810 R. 8 hi
13

. Blwln & D. N. Mercler—Axletree with
linked ] vers ‘or litoug,

813 W, Symous—Ituometera.

814 G. Thumas—\Window rhutters and blinds.

815 J Dnile & G. Hinchot—Aniline, napthylamine,
and other unalogvus bud es.

DaTep MavcH 30th, 1863,

816 J. Musgra e—S8 enm buniers.

817 T. B-mn-Tm--inE fata and fatty oils and
volatile ails or exent Al oils,

818 R. Mushect—Mou.ds tur casting steel or homo-

rneona jron,

819 H. Hughes—Shaping metal and plastic sube
stances

830 J. Carvep—Carringes -mvlovﬂi in machines for
the mnking of Ince or ither tabrics

821 W. ¥ Newreu—Process for producing yellow
ecolouring muatters.

822 W. Axer— le:n: g und decorticating grain.

823 J. Payne—Fire excupes.

Datep MaRrci 3lst, 1863,

823 B.T.H: gbvl—cqumlltmll for rendering clothy
paper, and similar are.cles truusparent n’f

Kream engines und boilers.
826 A. B. D Muairmnd—Translueid evlmdrie ape
paratus fir briugiug tne torm r weights and
mensarvs into those of the present decimul system
d precis-ly, und vice versa.
827 R. FPuruival—P arting or braiding machines,

828 W. Forrest & H. Duckworth — Looms for
weavin,
829 A.H. & V. F. Beil—Coustructing the armour

of veas-ls of war.
839 R. A. Br.oman — Electric telegraph printing

np&:\n\

O, Coe — Propellers tor ships and other
venseln.

BS"H Hnmer—'l‘-nn c.

M. Dunlop—Ginning cotton.
DaTED APRiL lst, 1863.

834 J.8 Grtmlhnw-Cvdlmr nes.

Hindle, i

835 J. . F. Calvert,
Looms for mvm

E. Thornton—

Datep APRit 9th, 1863.

80t H. B Fo:—l)uh covers.

¥93 . J ¢ fornizing,
and eolounn( yarns and texule fabrics.

834 T. I Henth—Ceilings,

895 g 3. R

18se—Univeraul haft or handle.
P ing i o i

. ng n steam
engine hoflers.

897 A Hett & P. \V. Basset—Preventing the foul ng
-'-f 1hip.’ bottoms, and cleansing the same when
foules

- J. )ludlvy & D, Mdkll—-l’mtntmg the escape
of fumes and matters from furn:

899 }l K. Pmm—Wurlning rnllny carriages.

g
835 1. Rowland—Mileage apparatun for men-nrlnr ”:.:l e mrﬁrr&pnx oil or other liquid lubri-
;:itute"e-rrhc;n'h public 92 A. ewton—Offensive weapon. s and
837 J. Bnl.‘,l_r\ b railway 5 and |98 G I.zw—ll-chuwry for borlnx rocks ‘and other
other vehicles. . 904 A, V. hcvmm—&lm-pu. tml the mode of
838 M. Heury—Lubricating.
.39 w. Cln:]:-—- ng. in nlcoholi the same to saddles.

nd other lianlc while ¢ drawing them from their
oonlnlning vessels
M0 W, Wet—Workine ilway siguals.
W, Mitchell—Conting iron
€42 G. T. Bonaficld—8team boilers,
843 E. B. Wilson—Iron and steel and nther metnls,
84 avin—Pres-rvation of perishable liquids
durin¢ the withdrawal or consumption thereof.

Datep APRIL 2nd, 1863,

85 W, l’h“liyo—clunlng the bottoms of ships
or other floating vesse!
843 .:“ W. Law & J. lnglls—Mnkin; moulds for

847 E. P Clnrkp—?utenin‘ rails for milways.

848 D. 8, Sutherland—P: o vessels of war aud
fortifications from the effects of projectiles

849 J, c.m-n—sml- fur the distillation of petroleum
and other hea

850 J. J. Potel— urnwe- and ﬂn-pluu.

g:; 2’ Jonel—shilu or nueh

jnln, he‘mp, ﬂn, and othr ﬁbml or uxv.le

m A. P, Pﬂm—l’ndn. manafacture, production,
and r;’ihnn: of meu for

Darzp APRIL 10th, 1963.

905 G. Colomb—Manufecturing factitious blocks of
woud of diversitied -lwln and hues proper tor
veneeriu and other purpos

peri-—Semt-curwhr metallic slide.
l‘ B-ldwin-Snpnhntinx -m

o

and pre-
serva‘ion of human remains.

9lu R. Sn:ith—Medicated vil for the preservation of
metal, wood, or stune

911 J. Wichtman & C. Denmp—lhﬂn rakers.

912 J. Gymson—Screw cutting |

913 H w, myley—l’np.nnc and prmdn‘ wool

other tibres,
9H H Caudwell—Vessels of war,
DatED AraiL 1lth, 1963,

Mouldi

MSF ¥
9186 J. l.aekwmd—h am buller aud other furnaces.
917 D. M\ ln-w—lﬂrv-hru or furnaces ‘ﬁdl.
918 W.8 mraliwa i
to mitigate or lessen the effects nteollhum- 0

covers, or
bottles, jars, and other articles.

Ppe

Darer APRiL 4th, 1863

835 A. Ktewnrt—Saddles.
858 J Blain—Pinishing threads and ynrns.
&'n J. P, Hnru-—l)rﬂng coal, graiu, and other

Bbs J. &lrmu-—l\unchin; guarde to pressure
839 W, H. Perkin—Red and orange colouring

ma
860 W. E. Gedge—Bolting flon
861 J. Gimson—Actunting lhutdu in looms for
weaving narrow fahrics.
862 A. V. Newton—Pressure gnnsu
883 P. Spe acid

of iron,

DATED APRiL 6th, 1363,

864 F. C. Bskﬂnll—Wichhrhmp-.
465 B. Cooper—F udln‘. umbbhng, or carding

Bll"lll'l‘
T. B b i silk, flax,
ml. hcmp, c)nnagrnu. or other fibrous
tarinle.

57 W. K. Gedge—Aerial machine:
863 M, Henry—Protvs, catheters, nnd similar sur.

ug‘nlhm nts.

J len—cmiu‘ cotton and other fibrous
taners.

0‘0 J . B'lrwln-—l‘hker.

871 E ! tips of parasols,

\mbrellu, nnd mnuar articles.

DATED APRIL 7th, 1863,
872 J. Swinb & J. Stanley—S8; gi

8;5’;. Gi. bee-—Compuld«n for dressing aud pre
paring silk. cotton, aud wuvllen tissues and fibres,
And also mixtures of !he sume.

874 A. C. Baml and hil

875 J. Muﬁ-tyu—lmobc nd other -mf- in china

47 5

uml

Johnlon—l)rymt grain.

877 J. H. Julmm—l’olhhmg pncimn and other

hard s

818 R. A Bmman-—?ary(u and its derivatives,
obuhln‘ by-products, and nvlvlfyinx or recover-
uieerum agents loyed in ‘u

iles of the

veins, pores lunm, lnd tigures of wood upon
paer and other su

880 J. Howard,E.T. Bou-ﬁcld. & J. Pinney—S8team
engines.

881 A. V. Newton—Projectilis for ordnance, and

ses ¢ or.
€83 G. H. & W. R. Hill—Steam boilers,

DATED APRIL 8th, 1563.

or m«l-u in compasses
J. M

ng the i

mag!

needls

and dressi
metallic ores, quartz, and other mnﬂnr substances.
. Brown- moﬁn the bearing springs
of railway carriages

w-ggm to the axle
mbuxu of t nld enrriagu an

juu snd
other vwblc Bbres fﬂt lpiunng and other pur-

J R Harris—Propelling veasels.
588 “ﬂ. E. Gedg!—l’rvpclling and n.vignhg small

889 W, H. Mitchel—Barometer.
8 J. L. Noﬂon—WnMnI wnd drying wool and

919 J. Farrar—Twisting or doubllnt yarns of wool
o ;r ‘ovthn& ﬁ'l_akm- substance: from thei
. Clark—Separatin, om from their gangues.
PP Buly—Bn-kwn'!’en, piers, sea w‘nl.hf:'ud
other similur structures.
92?. . li'. Maclure—Looms for weaving figured

9‘1.3 0. A. Collins—Loadiog car:s and waqgom with
bay, straw, and uther ngnlnr producta.

DATED ArRiL 13th, 1863.

924 J. Ramsbottom — Hammering, rolling, sad
shaping metals.

925 J. Gill—Panting muhln.rg

926 A. Ro.fe—Il'rupeliing carriages on railways,
trumways, or on common ronds,

o7 R, tt & R. Gittus—Cutting chsff and
other mxncnlturnl produce.

928 J. Lark—Artificinl fuel and cement.

"9 B, Rev- n-Ln,nnd m-nun clrlll‘.

930 R. Newt i
fibres of silk waste and oﬂmr Ibrwn b

the

959 W. Oldfield—Locks.

960 A. Samuetson—Oil.

98l T A. W. Clarke—S8hutile driver.

962 ¥, A. E GuironuntCide Maisns—Smut machines,
and mackines fur clemmng and preling gram
unud seeds.

Datrp ApPriL 17th, 1863,

963 R Knight—Treating and Ting iron, e
yer, nnd uther wires f r mphn‘ otl::.
uses for the purp .ve of preserving them fm cor.
rosion or deeny.

954 R R-Iuv—c c«n and chocolate.

963 J. & T. Ricamoud & D, ling—Looms fur
weaving.

966 J. Goucher—8term hoilern, nud regulnting the
::Humon of air inte the furvmoes of steam

eis.

967 R. C. Claphnm—Trenting the was'e liquor from
bleaching powder stills i:‘ order to oh'ain bydro-
clﬂoric acid and other products therefrom.

908 R H. lawson & W. Dariow—Obtaining motive

rwer,
ng Massiugham — Apparatus for
liguida. & Ppe coaliog
970 C. Turner—Felted fabrics.
971 B.2J Weblwr—Sepnrating corn from the ears,
und {or combing straw.

Darep ApriL 1Sth, 1863,

972 C W. X V. Siemens—Furnaces which are pria-
elvlly -ppliahle to (ln smelting of on,

\ng auimal,
and minernl substa. -ces. S i '
Vi3 "5 B irdem— W necl snd siles pplicsbe
en = s and nxles appl
locomotives, carringrs, umd p.d.n. wh‘:,:l-.
976 G. A. Bachholi—Hulling grain and reducing
grapular suabstances.
977 T. Hunt—Obtmuiug motive power.,

Darap Apnis 20th, 1863.

978 P.G. Rovnll& H. Holt—8ecuring the bands of
locomotive e and tender springs.
979 C. Ruudolpl & J. Kld«r—&xrﬁu condensers.
G., W., and J. Graham—Folding or plaiting

14

981 b. Bhno—Combnmlor for the purpose of using
nir aud stenm »s motive eT.

#3273 y—Beparating ,fluids from more solid
matiers.,

983 W. B, Newton—Iamps.

vs:‘ E. W, Hughes—Tura tables, turn bridges, and

1pe.

DatED APRIL 218, 1883

885 A. Ford and R. Rigg—Re-forming snd re
using uld or wnste vulcanized india rubber,
H. Ratften—Obtaining printing su:taces.

o7 .:I. Meap—Adjnsuhle wrenches for nuts, pipes,

n—Water-proof compounds,
oyd—Atmuspheric cugine,
990 M. Rnukel—Mume sienm engine govemnors,
891 J. W. Nottinghomn—Two-wheeled vehicles
992 H, R, 8. J. Yeadou—Healds f.r weaving.
95 H.' Donnld—s or straigh el

plates.
994 V. E. Newton — \Vr-nehem

and G \an-on—lao fabrics.

931 M. Myers—Trunks. ‘plmnnnunuu, nod boxes.
932 T. Mallinson & P. Willinms—Opening, clean-

jug. carding, and grinding or sharpenivg evmll
n:d‘lu yr:;nnng comnﬁnd other fibrous ma
terials,

DATED APRIL 14th, 1863,

933 J. Nasmith & 8. Thornton—Carding cotton and
other fibrous -ulmnm-u

934 G. Berry.

935 G. T Smitln-—Meulllc window shutters.

936 WI.‘ & J. Keats—Douts, shoes, or other coverings
for the feet.

937 J. Combe & J. H. Smalpage—Machines for
winding c-pe.

938 J. Kents & W. 8. Clarke—S8ewing machiues.

939 H 'lrnmudl—Vem. pep

MHOR. A,

and .
RYps-ous hmcmme and sand sud ealoarevus
LUK

11 l;.l A. Brooman—Lamps fir bumlng light and
heavy miceral and vegrtuble ofis.

842 J. Bmith—Furnsoes and builers for the genera-
tion of s.eam,

DATED APRIL 13th, 1863,

943 J. Lesch—Washing, squeezing, mangling, and
and churoing.

94 E. P, Colqnlwun & J. P. Ferris—Fire bars for
the furn=ces of steam boilers and fire-grates.

945 T. Gray—Prejaring fiax, hewmp, and other
fibres, by which a brillinnt lustre 18 imparted to
v.hou .ubmmeu. and the 6:»- :;v separated

86 W, Cl

m# A Bonneville—Gas burn

948 A. Mnrriott—Boilers for henﬁu‘ buildings,
nud regulators for the same.

949 W. Spence—Gunpowder.

950 H. Baton—Presses f.r bailing pusposes.

51 J. 8. ks.

952 AV, hrwu-n—lﬂowmg -pp-ntu‘.

953 T. B. E. Pl
solid portions of sewage.

the

DATED APRIL 16th, 1863,

934 J. B. Watts—8teel sword hilts.
D.'»SJ 1. McLay®Mariuers compasses.
rifying aud treat-
other

34
956 I. & W, Snnpnm—l’u
ing ®ns, sulphuretted hyd.npon. uud

ob.
t-lmug sulphur, sulphuric and other acids in mh

ug fabrics.
01 A. Kinder—Covering lead or alloys of lead with
tin or slloys of tin,

957 (i Ferrett — Preventing incrustation in steam
boilers.
958 8. Moulton—Lessening the recoil of canaon.

of

W7 W Rynn und W. Daniel—Tranemitting, equal:
iring, and registeriog human power.

DATED APRiL 2ind, 1863,
998 F. E. Bry ng the temy of
steam and its power of tension,
99 T, ttle — Roviug, -Iubbhag. and spinuing
cotton aud other fibrous substauces.
1 Durnnd—Mouldiug articies of chiua of
X oztll:er cluy or of other plastic materials.

i

1002 H. B. Barlow—Sktoes, buots, " and other corer
ings for the feet

1003 E.J Jeffs and T. Turner—Carriage ways.

1004 W. Clark—Obtaining publicity.

1005 J, Lew aud E. Dawson—Luoms for weaving.

1006 G. B. Barber—S8team boilers.

DATED APRIL 23vd, 1863,

1007 J. W. Proffitt and W, L. anu—-l)ismh‘-
Sng saud and ntner subsiances un the raila of rails
ways and tramweys.

« \¥ hitley, J. B. Pope, and J. W. Burton—

‘
1009 R Riehnrdm—llnﬂ'my permanent way.
1010 W. E. Newton—Repairing worn out files.
1011 W, Clark—Tises.
1012 T. Richardsou aud J. C. Stevenson—Sulphate

of sodn,
1013 ', McG gor—Spiuniog and dowbls

P

DATED APRIL 2ith, 1863,

1014 J. Cavanah—Cricket bats.

1015 J. B. Daines—Preparation of stone.

1016 W N. Wilson and J G Grey—Sewing.

1017 J. lambert—fiail coc!

1018 J. Sheppard—Steam sn‘i

1019 J. Kuuwlu and 8. Jucksod — Heating water.

1:20 R. Laven. ur—bu ator.

021 PV

1021 J. Corues wnd C. Davis — Lawn mowing
machines,

1083 3. Thombecn—bunchin metal

w4 om! — Punching metul

1085 W. A, Shaw—Lining lead pipe wit.ln tin.

1024 J. Hinks and J. Newman—Buttons.

1027 J. H. Johuson—Treating oils.

* DATED APRL 25th, 1363.
1028 C. Poole —Preparing avd apinning cotton.
1029 L. de Brey-nlkl—l"lxmg driils.
1030 8. }:‘cnwn—'ry

1031 A_H. Clark and H. Hope—Valves.
1032 \‘Vnum and C. thnn—l’nlluyn.
1033 J. nd E. B. Nu ultivators.

1034 J ‘Dunb-uud 7N W oodford—Steering sbips -
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STEAM ENGINE AND SUGAR MILL.
CONSTRUCTED BY MEssRS. M‘ONIE Bros., ENGINEERS, GLASGOW.
(Illustrated by Plate 242.)

Plate 242, accompanying the present number, illustrates the larger of
the two sugar mills, with the engine for driving it, exhibited at the late
International Exhibition, by Messrs. M‘Onie Bros., of Glasgow, who have
acquired a well-earned reputation for the production of this class of
machinery. In our Plate, Fig. 1 is a front elevational view of the steam
engine and sugar mill ; Fig. 2, a side elevation of the same; and Fig. 8,
an end elevation thereof.

We have already had occasion to allude to Messrs. M‘Onie’s sugar

i in our series of ARTIZAN EXHIBITION SUPPLEMENTS; and in
No. 8 of that series, we illustrated a portion of the machinery exhibited by
that firm.

The sugar mill illustrated by the accompanying Plate is worked by a
high pressure steam engine of 30 nominal horse power, fitted with the
usual short slide valve, and an expansion valve arranged to cut off the
steam at any part of the stroke. The diameter of steam cylinder is 2lin.,
and the stroke 3ft. 6in. The fly-wheel is 18ft. diameter, and the main
shaft and other motive parts are all of forged iron. The engine is regu-
lated to run at 35 strokes per minute, and with high pressure, steam is
capable of being worked up to 60, to 80 indicated H.P.

The connection of the engine power to drive the cane mill is carried
through a set of double gear spur wheels, which with their shafts and
gearing standards, are all securely arranged inside, and fixed to, a strong
bed casting. The speed of the steam engine aud gearing is arranged so
that the surface of the periphery of the cane mill rollers moves about 19ft.
per minute. e

The sugar cane mill is of the usual three-rollered form—rollers, 5ift.

by 28in. diameter. The mill bed forms the receiver for the juice ; and
the side framings for carrying the rollersare so constructed that any of the
rollers can be removed, if occasion occurs for such, without dismantling
the framework. ’

The steam engine with its sugar mill is of a size frequently sent out to
the sugar estates, and is capable of grinding canes for making 10 to 12
tons of sugar daily. The weight of the machinery (exclusive of boiler) is
about 75 tons.

The smaller, or cattle power sugar mill previously alluded to, was, in
general arrangement, similar to the larger mill, but having the necessary
attachments for the bullocks or mules.

We may add that the machinery—the subject of our plate—was, at the
elose of the Exhibition, forwarded direct from London to Trinidad, to
the Brachin Castle estate of Messrs. Gregor, Turnbull and Co., of Glasgow.

A CRITICAL AND HISTORICAL REVIEW OF LOCOMOTIVE
ENGINEERING.

By J. J. BIrckEL.
(Illustrated by Plate 243.)
(Continued from page 102.)

Closely connected with the general question of stability of the engine is
that of the state of repair of the carringe proper and especially that of
the wheel tyres, the axle bearings, and the axle-boxes. One great cause of
instability of the engine is the want of parallelism of the axles, the ten-
dency of which is to divert the engine from its straight course and to
produce, or to assist in producing, that sinuous motion, already spoken of
when treating of the disturbing element of the parts of machinery in
motion. The parallelism is especially affected by the play of the axles in
their bearings and of the axle boxes in the frame cheeks, or horn plates,
the structure and construction of all which should, therefore, be such as
to offer the least possible liability to wear. The realization of this object
bas been aimed at both in the axle bearings and in the frame cheeks, by
providing as large a frictional surface as possible, and in journals by in.

creasing their length when the condition of strength and durability of the
axle as affected by its diametre is satisfied ; in driving axles the diameter
of inside bearings varies from 5 to 7%in., according to the size of the
engine, these being very likely the extreme limits in locomotives for
ordinary traffic ; the length of the journal, which 15 years ago probably
never amounted to 7in. in any of the engines upon the narrow guage, now
very frequently reaches the somewhat large dimension of 10in., and is
seldom less than 7in. When the axle has both inside aud outside bearings,
these are generally smaller in diameter but at the same time longer,
though without any definite ratio to the inside ones. Mr. Clark, it is
true, adduces very plausible reasons to show that the frictional area of the
inner ones should be considerably larger than that of tho outer ones, yet
in practice the opposite more generally occurs, for the very simple reason
that when room is provided for a capacious inside bearing, the engineer
prefers to dispense with the outside one altogether. In coupled engines
the dimensions of the journals of the leading and trailing axles are
generally equal to those of the driving axle, for the sake of simplicity ; in
uncoupled engines their diameter varies from 4 to 64in., it being generally
larger in inside bearings than in outside ones, and the range in length
remains as previously stated. We shall have occasion to refer again to
inside and outside bearings, when treating of the general principles of
construction of the engine frame.

Driving axles which used to be made almost invariably of Yorkshire
iron, are now very frequently, and upon some railways exclusively, made
of Krupp’s, or Bessemer’s steel. Mr. Ramsbottom, who makes them, we
believe, of Bessemer’s steel, does not, on that account, reduce their diam-
eter, but Mr. Sinclair who makes them of Krupp’s steel, reduces it by the
full amount of one-sixth, at least, of its original diameter, and thus
realizes an apparent saving equal to about s};th of the total cost of the
engine.

Axle-boxes used to be made exclusively of cast-iron with brass steps fitted
into them, as illustrated by Figs. 3 to 8, plate 243. At a later date the driving
axle-boxes were frequently made of wrought-iron, as illustrated by Figs. 13,
14, and 15 in the same plate, chiefly with a view to avoid breakages; and on
the Continent they are now invariably made of that material ; with English
engineers, however, it becomes now a general practice to make them
wholly of brass, with a wrought-iron strap cast into them, as illustrated by
Figs. 9and 10. Thisstrap is a great safeguard to the sides of the box against
the suddeu shocks to which they are subjected, and are almost induge -
sible with underhung springs, when they are expected to the whole
load upon that journal. Mr. Ramsbottom lines them with Babitt’s metal,
as most of the other journals and wearing surfaces, and from its use he
derives unquestionable benefits. As remarkable instances of the property
ot this alloy to keep the journals cool during long and rapid journeys, we
may instance a journey of the engine “Lady ot the Lake,” which has
been recorded in THE ARTIZAN, which conveyed the Irish mail over a
distance of 113 miles in 144 minutes without stopping ; it may also be
stated that another engine of the same class took the same train overa
distance of 264 miles without changing.

Breakages across the thinner parts of the sides o’ the axle-boxes occur
very frequently from shocks when there is any play in the journals, or be-
tween the sides of the box and tke horn plates, andy, in order to prevent
these, and at the same time to soften the reciprocations of the of
machinery in motion, Mr. Haslam, of Messrs. Fairbairn and Sons,
patented the axle-box, illustnbedrlg Figs. 16 to 19, where an india-rubber
lining is interposed between the hard surfaces of the box and the horn plates,

that lining acting as a spring; in order to protect the india-rubber against
oil, and other causes of deterioration, the horn plates are and
the india-rubber compressed into the recess, a wrought-iron plate being

placed between it and the axle-box; in leading axle-boxes this plate is
wedge shaped, and the box has lin. of play on each side of the horn block
to enable the axle to adjust itself to the requirements of the road when
passing over curves. In a paper read before the Society of Mechanical
Engineers, in 1838, it was stated that some axle-boxes fitted up in this
manuer, which had run as many as 17,000 miles, were still as perfect as
when new, and that the definite result ascertained was a diminished wear
of the wheel fli nges where, in the case of leading wheels the elastic axle-
boxes had been used ; it was also generally admitted at the meeting that

16
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the interposition of the indiz-rubber wasa decided improvement. Another
attempt at improving the construction of axle-boxes with a view to aveiding
rapid wear is the one illustrated by Figs. 11 and 12, lately applied by Mr.
Sinclair to some tenders for express engines, we believe by way of experi-
ment ; here the journal rests upon a series of brass rollers, disposed around
the circumference of the journal, and when the carriage is set in motion, it
is exrcted that these rollers will revolve upon their own centres, and that
the loss of power and wear of the working faces will be that only due to
rolling friction ; the centres of the rollers are made of steel, and rest in
steel rings, though in reality they bave not to carry any pressure, since
that is transmitted from the axle-box to the journal, through the body of
the rollers directly; we understand, however, that these boxes have
already been replaced by common ones.

Horn plates are generally
made of cast-iron, rivetted
or bolted to the body-of the

.
1
B e }

moset extravagant piece of work that has ever been proposed from th,
earliest days of locomotive engineering to the present t?me. ¢

We have already had occasion to make mentian ofJthe springs in the
couree of our introductory remarks on the stabiltty of the engine, and as
the analysis of the duties to be performed by them forms an integral part
of the general problem of stability, we shall here proceed npon that
analysis and, incidentally, give an_exposition of the theory upon which
their construction should rest, and endeavour at the same time to lay
down practical rules to define their proportions.

The beneficial results of the interposition of springs between the load
mq the axle, or the wheels in all vehicles of what kind soever, are so
universally appreciated that it is scarcely necessary to make mention of
them. They tend both to the preservation of the road and of the
vebicle itself, while as re-
gards the freight, they ren-
der land carriage far more

frame, and are made go:bmd ! 5 agreeable to man, and make
as circumstances will per- . - L1 -2 it leas hazardous, or injurious,
:‘nt, in.orde:to gct"l:.\hrge T ; to :nny descriptions of

. wearing arfece - a8 pos- ‘ = ! ishable or fragile: goods.
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should 'form a-good/ A I the one ascertained by Qe-
the axleéboxes, bt sideways T 7 neral Morin, that the inter-
j:h-'eshonld bea little play, T T position of springs-consider-
inorder to enabls the wheels- | X e B T iz ‘¥ ably diminishes theresistanee
to - edjust’ thegaselves more . ot — i E P  totraction. Thuswe findit
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eailly o the inequslithes of
the y1‘0‘(1.’ M. M“Connell, 4

stated in the record of his
valuable experiments on

in” bis later pravtice, used Fia. 8 conrmon Toads,
toforge the hornplates-solid :mt:ot:':l;)oe:d of nine miles
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mn;.th)lr..ml‘hmobowom in all other respects, - the
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horse shoe, fitting round the
whble of the frame fork ; this

that the wear of the road,
as well as the increase’ of

in‘ the present--condition of - Fie. 20 resistance to traction, was
tha'mnm ‘of ‘steel ‘ is ) sensibly the same-after the
cheaper than ‘ the m::;od . of 4577 - toms -over
previously ,melationad,. is . the same track, for theears
probubly more ‘durable. ringe without springs going
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seyvation of the parts of the
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nent 'way ; - the' spokes are

miles per hour. If theveader
here does eall to mind~the
facts elueilated in oar
paper on train resistanees,
‘where it was -shown that
these latter increase in a cor

from 10%in..to 12in. distant
at’ the ‘rim of ‘the wheel;
their thickness .varies from
1}in. to 1}in. and their width
from 3%in, to 43in. Wheel

used to be made invari-
ably of Yorkshire iron,
shrunk on the wheeland fixed
in addition by mesms of u few
rivets, with a view chiefly
to prevent the tyre coming
loose when worn down 50 thin, as to roll iteelf out during performance of its

work. Now, however, they are made very frequently of Krupp's steel, |

which is less liable to wear, und causes the tyres to preserve their. original
shape dum}g a greater period of time.

1t Qecmonally happens, and especially 5o in steel tyres, that they break
when in use, and that a piece flies off, impelled by the centrifugal force
generated by therotary motion of the wheel; this circumstance has been
the cause of serious accidents, and in order to prevent them, some engineers
have thought 1.t advisable to fasten the tyres in such manner as effectually
to prevent portions of them fiying off in the manner stated. Figs. 1and2,
show two different contrivances to effect this; the one by Beattie with
clips placed between each pair of spokes, and a continuous dovetail on the
outside of the wheel; the other by Burke, in which the tyre is dovetailed
all round both inside and outside; this latter is in our opinion, .the

Fia, 12,

tain ratio with thespeed, he
will not fail to a inte
the importance of the inter-
position, and of the proper
arrangement and construc-
tion of the springs, in
their relation to the
economy of railway engi-
neering in general, and of
locomotive engineering in
particular.

As affecting the stability of the engine in progress upon the road, the
leading springs should be sufficiently stiff to absorb rapidly the rolling
motion caused by the component upward pressure of the steam ; com-
pared with the other springs' theyare subject to the greatest fatigue,
because upon them must be wasted all the irregularities of motion arising

from the labour of leading the engine, in the performance of which labour

there should be the least possible pendulous wotion to the front, in order
to save the frames from being twisted, and to keep the axle bearings true.
Their flexibility is not to exceed vth of an inch per ton load, unless the
wheels are well forward, in which case this limit may be slightly exceeded.
In uncoupled engines the driving springs should have great elasticity, or
in other words, a great range of deflection, to enable the wheels to follow
the rails freely, and to maintain the tractive load as equal as' possible;
for the same reasons also should the trailing springs be very flexible to
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give way to the driving springs, while the great elasticity in-them is also a
boon to the engine driver. Driving and trailing springs in uncoupled
engines have an elasticity of from {in.to #in. per ton. In six wheel

- coupled engines. drawing heavy loads and running at low speeds, the elas-
ticity of the springs is limited to about % of an inch per ton load, and in
engines having all the wheels under the boiler, the trailing springs have an
elasticity of 4 of an inch only to avoid as much as possible the pitching
motion spoked of at the beginning of this part of the subject. Mr. Clark,
upon entering into the question of constuction of springs, says that * the
whole subject is in the hands of empiricists, who work by thumb and by
,rote,” and in this we are inclined to agree with him, though we are con-
strained to limit that assertion to some engineecrs only. As for Mr. Clark
himself, he no doubt has some correct ideas about the laws of deflection
and strength of springs, but when he says that «“ the outer contour of the

- spring should be as nearly as practicable a parabolic outline when the
spring is flat, in order to secure uniformity of strength,” he evidently is
working by rote also, and had he looked more closely into the sabject, or
cousulted the writings of such as are known to discard empiricism, he
would have know that the law laid down by himself, as to the outer
contour, is totally erroneous; there are, indeed, many locomotive engineers
who labour under that delusion, but we know also that there others, among
whom we may mention Mr. Ramsbottom, who construct their springs more
in accordance with the theory which we are now about to develope, the
correctness of which, we think, cannot be impeached. Let the adjoining
sketch (Fig. 9) represent a series of plates resting upon one another by
means of narrow distance plates resting upon one another by means of
distance blocks; the plates are all of the same thickness and of the
same width throughout, but they vary in length in such manner. If
the difference be a constant quantity, and if » be the number of plates, we
shall have # z = ; if certain pressures p be applied to the ends of -the
upper plates they will transmit themselves unchanged to all suceeding
plates, each of which will be subjected to two couples placed symmetrically
on each side of the axis A. B,, and the condition of equilibriam isrenpressed
by the general equation.

Eb ¢
T19p (6]

in which equstion E- nts -the -modulus «of :slembiwity of ke -plabes,
b their breadth, ¢ their trlckne-, p the radius ofm-htey of the-element
of the plate under consideration, and 2 the distance of that element from

. the axis A, B subject to the condition that = be smaller than /;; from
equation (1) we readily deduce the following :—

Ed 8
12p2z

=p(l—2)—ph—2)=p2 ....

ceacdesnn

and owing to the condition that p and £ are constant, these two equations
teaceh us, first, that the molecular stress, or, as it is termed, the moment of
elasticity, is constant throughout the length of the plates; secoundly, that,
within the same limits, the radius of curvature is constant, or, in other
words, that the plates bend according to an arc of circumference. If,
hewever, in equation (1) = be made larger than /;, thea the gemeral-equa-
tion of equilibrium reads thns—

Edss
“13p TRU-I) 3).
and indicates that the radius of curvature decreases in proportiom as the
point = shifts from the point of support towards the end of the plate;
the conditw_n of _preserving the radius of curvature unchanged, however,
may be realised in two ways—first, by giving the projecting portion of the
plate a triangular shape as per sketch (Fig. 10) in such manner as to have
always

LA

Z

or by reducing its thickness, as per sketch (Fig, 11), in such manner as
to have always

b =

=87
for in the first instance equation (3) becomes
E —bzz‘ #
P2 = 12p
whence
Ebo s
P=15pz

and in the second case it becomes

whence again

Eve

= 12pZ
for any value of Z,, and at the same time the condition of equal strength
is exactly realised in the first case, and in the second case the plate is
slightly stronger than a solid of equal resistance.

Let us now apply these considerations to an ordinary curved spring
whose plates are bent to an arc of circumference, as per adjoining cut
(Fig. 12), where [ is nearly equal to the half length of the plate, and

o

2
1?=2Sdord= 25 (€))]

p being the radius of curvature ; but according to what has been said

Eb

.P= 12p 2

and if we substitute this value of p in equation (4), we find for d the fol.
lowing value— .
126pZ
d="gpe "

and if at the same time we remember that / = # Z, we obtain finally

8 pB
dgnE-bﬂ

From this equation+ve may calenlate the -defleetion .under a given load
p, but it is not sufficient to-enabla us to construct - the- spring, for we do
not yet know whati thickness and what number of ‘plates vare required to
enablé it to-carry-that load withsafety ; this will be realised if 1t is con.
stenchéd insnch -asemmer 728 to-sabinfy to-the condition expressed in the
followingeegatione—

Rb#

. pE=—%

where R stands for thestrain per square inch, with which the metul may
safely be logded { butas.we-have also the relation

14
Z=—,;'

we obtain finally for the condition of safety

Rabdt?
—8r— - ®

and if this value of p be introduced into equation (5), we shall define the
maximum deflection which the-spring may take with safety, as follows :—

RZ
D= BT

p=

@

So far we have dealt with one half of the spring only, but for practical
purposes it will be more convenient to introduce the total load and spaa
into the above formule, which, if S be the span, w any assumed load not
exeeeding the limit of elasticity, and W the whole working load which the
spring shall carry, will be modified, as follows :—

For deflection .under given load,

L Y PP T Y P

=135 ®
For the safe working load,

W g 2BEE e — o
And for maximnm defleetion consistent with safety,

D=1} VR}gf_ reveeeeeresenneeeneesrassssesessennenssessennnes (10)

which formule will.enable the student to construct springs for any given
load and circumstances, provided we supply him with the numerical values

of E and R. These values as accepted for the general purposes of engi.
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neering may be found in various works on practical mechanics, but the
reader will at once perceive that these may scarcely be expected to apply
to the present case, where the elasticity of the spring as manifested by its
deflection may be much affected by the mode of connection and super-
position of the plates, and where the peculiar circumst under which
it is called upon to do its work, must have a great influence in the
assumption of the unit strain. Here again, therefore, we think we cannot
do better than turn to actnal practice to supply this want, and on the
preceding page we give a table of springs as made by Messrs. Sharp,
Stewart, and Co. for various descriptions of engines, with their working
load attached to each of them, and an abstract of tests made to ascertain
the deflection under a gradually increasing weight. The working loads
in conjunction with the other particulars of the springs will enable us to
find a practical valuz for R, and the deflections with their corresponding
loads will enable us to find a practical value for E.

Upon inspection of this table it will be perceived that in each individual
casq the elasticity of the spring remains constant for equal additions to the
load throughout the range of the tests which have been varried to a point
far beyond the actual load of the spring. The value of the co-efficient of
elasticity, E, as calculated by means of formula (8) for each spring remains
within the limits generally assumed for that factor, with the exception
only of two cases, in both of which it exceeds the maximum limit, as we
indeed at the outset anticipated it should do, owing to the frictional resist-
ance to bending from closeness of connection of the plates; in both cases,
however, the construction of the spring is of somewhat exceptional character,
yet, notwithstanding these irregularities, for the 16 cases the mean value
of E is very nearly an arithmetical mean between the upper and the
lower limits of the value assigned to it by Dr Rankine. The value of R,
or the unit stress under the working load at rest, is somewhat considerable,
ranging from 12 to 34'4 tons, and for the 16 cases, averaging 23'6 tous,
and if an arithmetical mean be taken between these and the mean working
lond divided into it, the factor of safety will be found equal to 2 exactly.
As there are no indications, however, that the elasticity of the metal has
sustained any injury, though the tests have been carried much beyond the
working load, and as the cases recorded in the table above, embody not
only the experience of Messrs. Sharp, Stewart, and Co., but also that of
various engineers both at home and abroad, the mean value of R, which
we have found, may, with confidence, be taken as a sufficient amount of
safety for the particular case of locomotive springs here under consideration.
If these mean values of E and R be introduced into formule (8), (9), and
{19), these may be put into the following shape, viz :—

For the deflection nnder a given ioad,

- BB s o)
For the safe working load, °
W= 104 "5" . (®a)
Angd for the maximum safe deflection,
D = o g e e (108)

where w0 and W are expsessed in tons, and 8, b, t, d, and D, in inches and
fractions of inches.

To facilitate comparison with Mr. Clark’s formuls, which we have tran-
scribed below, we have modified the notations in the preceding formuls,
giving. like Mr. Clark, the deflection d, and the thicknees t, in sixteenths
of inches, 8 and 4 remaining as belore : —

w S
d =172 .3 0 .. (88)
1 nbt)?
W= " s R (1))
w0 S? —
d = w bt vervesennnns (Clark)
1 a bty?
W= 45 s correnernnens (Clark)

The great analogy between these formule shows that we were quite
justified in saying that Mr. Clark had some correct ideas about springs,
snd though his numerical co-efficients have been obtained by a process
widely different from our own, yet must they have been nearly identical
with those found by ourselves, had he based his calculations npon a number
of different examples instead of one only.

From a careful study of the theoretical considerations which form the
earlier portion of this part of our subject, the reader will perceive also
that the contour of the spring has nothing in common with the parabola,
but that, in order to realise the condition of practically perfect elasticity
and equal strength, the contour of the spring when it is under its maximum
deflection, should be as near as possible such, that the projection of each
plate over the one immediately underneath it be equal throughout the
length of the spring. This condition is decidedly aimed at in Mr.
Ramsbottom’s springs.

Springs which are intended to have much elasticity should be with
considerable camber, so that they may expand as they receive their load,
and the increased stiffness from friction of the plates be compensated by
the increase of span. Upon looking over the preceding table it will be
found that the springs which have the greatest elasticity have an original
camber of from one-seventh to one-tenth the span. The plates of springs
are held together by means of a buckle shrunk on in the centre, and at
the ends they have generally studs punched on them, which are made to
fit into corresponding slots in the contiguous plate; this, however, is un-
questionably a source of weakness to the spring, and we believe Mr.
Ramsbottom has dispensed with the slots altogether, and simply stamps
nips upon the euds of the plates in such manner as to caase them to fit
into each other. This is, we consider, decidedly the more preferable

plan.
(To be continued.)
————————————————
THE RUSSIAN IRON.CASED BATTERY “ PERVENETZ.”

We have given in another column an account of the launch of the iron-
cased battery Pervenetz, built by the Thames Ironworks and Shipbuilding
Company for the Russian Government, together with some other parti-
culars as to the dimensions and characteristic features of thut vessel. For
the further information of our readers, we insert the accompanying jllus.
trations (given in the next page) and additional remarks :—

Fig. 1 is a longitudinal outline elevational view showing the rig of
the vessel general contour of the hull.

Fig. 2 is a half midship section to an enlarged scale.

Fig. 3 is a horizontal sectiou of a portion of the hull amidships, shew-
ing two of the port-holes, the distance between the centre of which is
12ft. 8in. .

The height of the bottom of port-hole from the water-line is 7ft.

The height between the top of the lower deck to underside of main
deck is 6ft. 10in.

The keel of the Pervenefz was laid in April, 1862. The dimensicns, &c.,
lénving been pre;iouﬁly deter‘i}n;ined upon b;twegn the Thames Ironworks

‘ompany and the Russian Government, the Company proposed desigus
which were submitted to, and approved by the Ruupi:ny(ll:)vmment.

The Pervenetz is intended for shallow-water operations in the Baltic,
and the peculiarity of her construction renders her specially adapted for
this purpose. Her armour plating is 4}in. thick amidships, and 8in. at
the ends. The total weight of armour is about 600 tons; the teak backe
ing behind the armour is 10in. thick, worked horizontally. It will be
seen, on reference to Fig. 1, that the two ends are of very peculiar shape,
which occasioned some considerable difficulty in adapting the armour
plating to these parts. The stem is about 3ft. 6in. broad at the water-
line, and gradually assumes the form of the flat keel plates at the heel.
To the stem is attached the bulkhead running longitudinally as far aft as
the foremost engine-room bulkhead, theobject of this bulkhead being togive
to the stem the necessary strength to witgmhnd concussion in the event of
the prow being used as a ram ; which, however, is not very likely to be the
case, as the veseel is not supposed to steam more than 8 or 9 kmnots an
hour. The stern frame from its peculiarity aud novelty is also deserv
of notice, and considerable ingenuity has been exercised in the meth
arrived at by Mr. Macrow, —the naval constructor of the Thames Iron
Works and Shipbuilding Company,—of applying the steering apparatus,
as the rudder frame being at the extremity of the ship, there is mnot
breadth at that part to give more than about 25 degrees of angle; and in
consequence of the foremost post running up to reach the upper part of
saddle, there was not sufficient length of tiller. This necessitated the
transferring of the centre of the rudder-head to another centre before the
foremost post, by means of two strong wheels and an endless chain, so as to
get un angle of 42° or more if required. This arrangement will be better
unders! upon reference to the accompany sketches, Figs 4and 5; a being
the rudder, b and &' the two wheels, ¢ the tiller, ¢! the endless chain, d the
central line of the propeller shaft, e is the iron deck at water-live, f is the
main deck, g the 8in. armour plating, and % the teak backing.

It was originally intended that the engines of the Pervenefz should be
of 400 nominal horse-power, but it was afterwards decided that 800 would
be sufficient, and would effect a saving of some few inches in the draught.
We may add that the Russian Government are themsclves building in
Russia a similar vessel to the Pervenetz..
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ON THE CONSTRUCTION AND APPLICATION OF IRON
ARMOUR FOR SHIPS OF WAR.
By Mz. NorMaN S. RUSSELL.

The problem of forming an iron fleet would at first sight seem a simple
matter ; for starting with the following facts proved by experiment—first,
that lin. thickness of iron breaks up shells so as to prevent their explasion
as shells; secondly, that 2}in. thickness of iron stops them completely, and
prevents the fragments of the broken shell from being carried through the
ship’s side like grape ; and thirdly, that 43in. thickmess stops the heaviest
shot fired from the most powerful guus which the science and manufactur-
ing ekill of this eountry have hitherto produced—it is.only necessary that
the vessels of the present wooden fleet, as they already exist, with engines
on board, should be:coatéd with the heaviest-of these three - thicknesses of
iron which each ship is:able to carry, and an irorrpluted fleet will then be
obtained. It is true that this/immensefleet will cost more than a new and
effective one of equal power ; that not one of these vessels would be able
to cross the Atlamtic; thit the entire flees could not prevent a single fast
cruiser from seising -ull the: gold ships on their way from Australia ; and
that they wouldinot efféctivély bloekade the coasts of any foreign power
with whomn there might.be wap; our supremacy at sea would be gone,
but we should be safe from invasion, and able-to stop an -ememy attempt-
ing to land here.

This problem has already been ‘tasted with regard to the iron-coated
French and English battaries. Several of them were built'by this country
and sent ou their way to tire ‘Crimea; bat ufter several disasters, and
going as fast as they could: under stenar-and-sail, they got only half way,
and returned to this country havingidone-nothing ; in:short they were not
sea boats. Sick an iron-plated wooden fleet would be of adittle more value
than local batteries on.shove, but only-a very little ; they could shift their
pesition it is true; and ;provided- it-wue-known+where au enemy intended to
land, they ceuldprevent. his landing; but-theiradvantagein this respees
overlamdk batteries would hardlycompamate for their supesior cest.

If it is desiredr. to retain: our /snpremary at sea, aifleet - must be formed
that can not only: fightia)battlé, burt:also ensure-winniug-it. Such a fleet
must be designed and /constructed avew from the ‘beginning ; whether it
shall be construeted-entirely of iron:or with wood ing-to support the
armour plates is still an open question ; but-in order to- possess all the
good qualities which are required in'naval warfure, there can be no doubt
that the structure of the vessels must be of iron. The real diffilculty of the
problem consists in this, that any existing ship of war when iron-coated
will be slow, unseaworthy and combustible, and will be incapable of long
voyages ; whereas the fleet of England must be able to keep at sea for a
long time, to steam long distances, to go faster than the ships of any other
country, and to be in better condition than other fighting vessels in all
weather, especially the worst. The whole difficulty consists in designing
vesséls possessing all these qualities in addition to being shot-proof.

To begin the consideration of an iron shot-proof fleet, by taking an exam-
ple of a vessel which it would be wished to construct if possible; the ques-
tion arises, can shot-proof gun boats, sach as have hitherto” been built - be
now built 140ft. long, 24ft. beam, of 80-horse power, and ‘carrying 4 guns ;
and the answer is, they cannot be built, because the weight of iron would
sink them. KEven an iron-plated corvette of a favourite class, 190ft. long,
86ft. beam, and drawing 16ft. of water, propélled by 250 horse: power
engines, could not be constructed. In short, to carry a high side out of
the water, the ship cannot be much-less than 60ft. beam ; and to go with
the requisite speed it must have a length of about 400f. ; it weuld then be
a completely shot-proof iron ship worthy of the British fleet, but even this
vessel would be 7000 tons burden. Siwanller vessels can of course be built,
but if they are to have good gualities, and are intended to act in concert
with the more powerful veseels, they must be only partially coated and
will be compromises.

The first ship of this class will be like the Warrior, shown in the
accompanying illustration, Fig. 1; the next will be'a snaller vessel with
only the engincs, boilers, and magazine protected ; and the last will be a
small shallow-water guu-boat, with one gun protected by a shield in front.
But as far as a sea gaing fleet is concerned, the engines, boilers, and maga-
zine must be protected ; and it is this indispensable requirement which
makes an effective ship of war really a very large one. It seems to be
agreed that 14 knots an hour is the minimum speed of fighting vessels of
war for the future; but this speed cannot be got in a vessel under 200ft.
long, and for that purpose the lines must be very fine. In order to carry
the engines and boilers, which must be protected, the ship must be 60ft.
longer; and in order to carry also a coated battery of 10 guns it will
have to be 40ft. beam ; and even then the vessel isonly partiaily coated.

It will thus be seen that the large size of vessels which are to be entirely
coated, and the mere partial coating of smaller vessels, are equally inevit
able. Both are the results of unalterable laws, in the adoption of which
there is no choice. This point has to be insisted upon the more strongly,

because the question has sometimes been considered as if both the size of
vessels and the extent and nature of their armour were matters of free
choice. Such vessels are inevitably of enormons cost, and therefore too
much paine cannot be bestowed on their mechanical design and the strue
ture and durability of their armour.

The consideration of armour resolves itself into three principal questicns
first, what is the best kind of armour merely to resist the impact of shot
for which purpose the armour may be considered to be simply hung on the
side of the ship, in no way contributing to the strength of the structure
but merely as dead weight bhanging on the hull. Secondly, what is the
best way of forming the structure of a ship entirely of irou, with a view
of employing the whole strength of the iron for the purpose of rendering
the structure of the ship as strong as possible ; making the veasel only so
far shot-proof as the nature of the structure will admit, - snd considering
resistance to shot a secondary ohject. In the first of these methods
armour plates are hung on an already finished ship ; in the second a ship
is built up of thin plates in such a way that these plates may afford as
much protection’as their weight can give. It remains to be considered,
however, thirdly, whether the thick armour plates and the thin ship plates
could not be 8o combined together in the structure of a ship as to give thac
ship all the benefit of them both as armour plates and as integral parts of
the strength of the ship.

The first of these questions is easily disposed of. In the original floating
batteries of 1854 an ordinary wooden hall of a ship was covered with iron
plates -weighing about 3 tons each and 4in. thick, tacked on by through
bolts of 14in. diameter, slightly coued and countersunk on the outside with
nuts on the inside, perforating of course the sides of the vessel. It is in
this simpleand rude mapner that the six vessels now building by the Ad-
miralty are coated over, with 4} and B}in. armour plates. The armour of
the French wooden vessels is also fixed in this manner, except that wood-
serews have been substituted for through belts and nuts, as skown in Fig. 2,
b which . & sestiner of the sswsemyof La Gleire;. the first com-
strueted of the .

The: Warrior, the first English armenr-plated ship, is also coated on
this principle, as shown in Fig. 3, whieh is not affected by the circumstance
of this vessel having au iron skin.

The first reliable experiments made in this country on armour plates
were those againt the side of the ZT'rusty, in 1850, of which Admiral Hal-
sted hae left a valuable record. The armour, shown in Fig. 4, consisted of
4in. iron plates fastened to the side of the veesel,~which was equal in
scantling to that of a 90 gun ship, The general result of these experi-
ments was that out of more than 25 shots, fired from Armstrong, Whit-
worth, and ordinary 32 pounder guns, only two shots pierced the armour
at the joints of the plates, and these were then so spent that they dropped
on the deck of the ship without reaching the other side. It isnot known
that any experiments were made on the armour of La Gloire; no doubt
the actual experience gained from the iron-coated floating batteries at Kin-
burn was considered of more value than any which could be obtained from
firing against a target under cireumstances that could scarcely occur in
actual warfare.

The Warrior target, Fig. 8, like the plating of La Gloire, was based
upon the experience goined by the French floating basteries at Kinburn,
and } inch was added to the thickness of the plates as an allowance for
the improvements in artillery, making 4}in. total thickness. The plates
were wider, and the iron skin was placed behind, forming the side of the
iron Warrior. This target was subjected to the fire of the ordinary Arm-
strong and smooth-bore guns; the plates were driven in from the bolt
heads and were bent and buckled in  manner that proved their admirable
qualities, but the bolts were not broken, except when struck by shot, and
the skin remained intact. This was the great triumph of armour plating,
which proved that the iron-costed ships then in existence were invalner-
able under circumstances very unlikely to be reached in an actoal naval
battle. Subsequently experiments were tried with the 156 pounder gun,
and the three shots fired at the target punched a clean hole through the
armour plate, and lodged in the bseking, but did not penetrate the iron
skinbehind.

In the second method of constructing iron war ships; the best structure
of the ship exclusively has been kept in view, and it has been endeavoured
by increasing the thickness of the structure torender it shot-proof, without
sacrificing any of the materials for that purpose but retaining jthe use of
their whole strength in theship. This was a very likely course for either
an engineeror shipbuilder to follow, and those who took up the subject from
a mechanical point of view have mnore naturally adopted this system which
may be called the structural system ; while the artillerist took up the foqmer
former plan of simple iron armour, neglecting structural considerations.
The principal applieations of this second system are shown in Figs. 6, 6,
and 7.

Experiments on armour plates were madein the United States at the
beginning of the present century by Mr. Stevens, the father of the present
system of armour-plated ships; and the * Stevens Battery ” shown in
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in section at Fig. 5, was constructed at a later period by the American"Go-
vernment in consequence of those experiments. The ship was only half
finished when its construction was discontinued ; but since the agitation of
this question in America several experiments have been tried to test the
peculiarities in the ¢onstruction of this vessel, by subjecting a target of
similar comstruction to the fire of the heaviest American naval guns. This
armour is 8%in. thick in all, being composed of 2-in. plate with a number
of #in, plates behind it. The Stevens Battery, like the Warrior, is an
jron ship, and between the iron skin and the armour there is a timber
backing of 14in. of locust timber. The target was placed on a slope of
273° to the borizon,and fired at from a distance of 220 yards by a10-in.
service gun weighing 88 cwts., and subsequently by a Parrot rifled gun
of 6}in. bore weighing 86 cwts. The shot from the 10-in. service gun
was solid spherical shot weighing 124bs., with a charge of 11ibs. of powder.
The deepest indentation made by this shot in the armour was 1%in. Only
1001bs. shells were fired from the Parrot gun, with 10lbs. of powder, and
they made indentation only 1 inch deep. The slight effect produced upon
the Stevens armour must be attributed to the great angle at which it was
placed and the low velocity which 1241bs. shot would have when fired with
only 11lbs. of power. The Americans, however, still believe that a num-
ber of thin plates properly backed are better able to reeist shot than one
plate of equal thickness, which can only be considered to arise from an
inability at present to forge or roll thick soft and homogeneous plates of
large dimensions.

The armour of the Merrimac, shown in Fig. 6, although it was designed
simply for resisting shot, must necessarily, from its peculiar formation, add
to t.ll):e strength of the ship. It was not formed as is generally sapposed
of railway bars, but in a manner much more effective and ingenious.
Bars of iron 6in. wide and 1#in. thick were placed vertically on the side
of the ship, and another outer layer of bars of the same width but 23in.
thick crossed the lower layer at right angles, the whole being bolted at
each intersection to the side of the ship by Zin. bolts or screws. This
armour seems to have stood remarkably well against the heaviest shot of
the ships of war to which it was exposed, but fired at low velovities; for
as far as it is known, no shot fired from the Congress or the Monitor
pierced the side. It forms probably the cheapest armour that can possibly
be constructed, and has been introduced for fortifications by Captain
Inglis, where weight is of no consequence and cost is everything. In the
armour for ships of war, however, the case is precisely reversed.

In Fig. 7 isshown a section of the target constructed by Mr. [Iawkshaw,
who was gne of the first to see the important advantages to be derived
from the substitution of a structure of thin iron plates in place of the
thick armour plate with wood backing, provided an equally effective re-
sistance to shot could be obtained. This target consisted of twelve %-in.
plates with a 2in, plate on the outside, forming 1lin. thickness of iron
altogether, the whole being rivetted together or tied by 1iin. screws
tapped through all the plates at 8in. pitch. Only a few shots were fired
at the target, but the trial of it was a valuable experiment, and the result
proved that future ships of war conld mot be formed of thin plates alone,
though the question of iron backing still remained open.

Having now considered armour without strength and strength without
armonr, the third method of construction comprises the plans devised in
the belief that nothing but thick armour plates perfectly solid can be shot-
proof. In this conviction it has been attémpted to counect the fron armour
directly and immediately with the iron hull of a ship, so as to aveid wood
backing with its rapid decay, its bad fastening and its bad structural
qualitie,s and so as «to make the entire hull and armour one homogeneous
mass of iron, that it may as a whole, possess vast strength and great
durability. When this is done, the enormous cost of a fleet of large vessels
will not be perilled by the chances of premature decay, and the ships will
not be burdened by useless loads of material. Three plans have been tried
for this purpose. One is that of the Iron Plate Committee who were to
try the question of iron against wooden backing. A second plan adopted
by Mr. Samuda may be called the thick plate structure, because it takes
the thick plates of the armour and by scarfing them from the inside, 'builds
the upper part of the hull from the armour plates, so that they form the
ship itself. The third plan by Mr. S8cott Russell may be called the incorpo-
ration structure, because the hull of the ship is here built up quite inde-
pendent of the armour, and recesses are prepared in this structure into
which the plates are let as into oells, and the edges of the cells are then
rivetted down over the plates in such a manner as to incorporate the
plates into the previously existing structure; by this plan the backing and
fastening form parts of the ship, and the armour plates communicate as
much strength as one uninterrupted rivet all round the edge can give them.

The Iron Plate Committee, knowing the advantages to be derived from
the substitution of an iron for a wooden backing, designed the iron
target, shown in Fig. 8, which in every way except the wood backing was
on the same principle as the Warrior target. The bolting was the same
in principle, and there were ribs at the back; the only difference being
that a little less material was put into the skin and a little more into the
ribs. The result proged the utter insufficiency of the bolting, since 8

out of tha 46 bolts holding on all the armour plates snapped off at the first

round. It also proved that an iron target formed in this manner was not

an improvement on the Warrior target so far as resisting shot was con-

cerned. The target wounld probably have stood much better if the backing

and framing had been exactly the same as in the Warrior and had kad 3}in,

?lf ba:king with 10in. frames, instead of only 1in. skin, and ribs of twice thas
epth.

In Fig. O is shown the target next experimented upon, designed by Mr
Samudg It differed from %hnt of the Iron Plate g::mttee in ll:nyvmg
5}in. plates, and having a very different of framing ; the chief pecu-
liarity being & strong thick plate at the edges of the armour, through
which the numerous 1iin. bolts or rivets were fastened. The framing of
this target proved inferior to that of the previous one, but the plates
curled up in a much less degree, and stood better, excepting at the edges
where they were weakened by the bolt holes.

In Fig. 10 is shown the target next tried, constructed on Mr. Scott Rus-
sell’s plan of continuous rivetting, wholly of iron, and introducing the
principle of fastening the plates without bolts. The armour plates of 4}in.
tbickness, ave fitted in between wrought iron bars of the same depth, which
run longitudinally and vertically along the ship’s side and form part of its
structure. These bars are heated at the outer edge and hammered down
over the edges of the adjacent armour plates, in sach a way as to form one
continuous rivet passing all round the edge of each plate. There are
several other qhm for holding plates without bolts, which differ only in
their practical execution from that now described, but their principle is
the same, and the trial of this may be considered in effect as a trial of them
all. The result of experiments proved that the fastening stood perfectly,

and that an iron could be constructed entirely of iron which coanld
ﬁvent the 1561ba. shot fired with 50lbs. of powder from passing through
armour.

The author then proceeded to submit the following conclusions, vig. :—
In the first place & thick plate must be employed on the outside of the
target. As much of the armour as practicable should be put into the
structure of the ship, but it must have a thick plate on the outside. The
plate must not only be a thick one, but it must also be a wide one; in
other words the fewer cracks in the armour to begin with the better. The
large plates are of course very expensive, and it would be highly satisfac-
tory if smaller ones could be made to do as well ; but the 68lb. shot insists
upon large armour plates if it is to be kept outside the ship.

The next fact, which is common to armour backed with wood, and armour
backed with iron, is that every bolt hole weakens the plate. A large bolt
hole does not weaken it more than a small one; and if bolting is found to
be the best mode of fastening, the bolts should be large and there should
be few of them. The holding of the plate is of more consequence in an
iron than in a wooden target, for this reason, that the iron plate is driven
bodily into the wood and the only purpose which the fixing serves is to keep
the plate from absolutely falling off, It would prove a very instructive
experiment and would not cost much to have the Warrior itself sub-
jected to the same test as its section at Shoeburyness, and then seut to
sea to try the effect of the rolling of the ship upon the loosened plates;
the dockyards would also have an opportunity of finding out the easiest and
most efficient method of repairing such a iron fleet.

It seems very remarkable that in the construction of armonr plating,
such different mechanical proportions should have been adopted from those
of other iron constructions, and that while lin. plates would be fastened
together with 1%in. rivets or bolts, a large plate 20ft. long, upwards of
3ft. wide, and weighing more than § tons, should be fastened on bf{ron!y
fifteen 2in. bolts. Mr. Samuda’s target was far less injured and less
changed in general shape than that of the Iron Plate Committee, for the
simple reason that there were a larger number of bolts to hold the plate
to the skin; but they were unfortunately so close together that a couple
of shots happening to strike the edges of the plates where they were
weakened by the holes, one of the shots went clean through. In Mr.
Scott Russell’s target, constructed on the principle of fastening without
bolts, the face of the target was less disturbed. The area of fastening or
bolting to a given plate on this principle is 12 times that of Mr. Samuda’s
and 25 times that of the Iron Plate Committee’s target.

The effect of shot on a target haviag wooden backing is to expend all its
force on the armour plate, which is twisted and bent and curled up at the
edges, but the iron skin remains intact. In the iron target, on the other
hand, the skin and backing divide the work with the armour plate, and
while the skin is broken through, the armour plate remains but little in-
jured ; and probably, although several shots did go through the two iron
targets, if the firing were continued on them as well as on the Warrior
target, the latter would be smashed in long before either of the former.

Whenever, therefore, ships come to be built entirely of iron, as will be
the case at some future time if not now, it is submitted that they must
have the following qualities: the armour plates mast be wide, there must
be no bolts, the fastenings must be large, and there must be an inner skin
to prevent the pieces of iron from flying among the crew. Such an armour
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will then be superior in resisting power to that of the Warrior, adding to
the strength of the ship instead of detracting from it, having a skin un-
injured and independent of the armour ; and it will cost nothing for re-
pair, but will last for ever.
1t is important to glauce at the power of shot fired at high velocities

to penetraté iron armour, and the capabilities of the iron armour for resist-
ing solid shot. Not much is known positively respecting this, but the
following facts are tolerably well ascertained : that the 110lbs. Armstrong
shot has a velocity of 1200ft. per second, the 68lbs. shot a velocity of
1580f%. per second, and the 156lbs. a velocity of 1700 feet per second;
and that these shots have respective penetrating powers of 158, 170, and
430. It is also believed that, while the penetrating power of shot is as
the square of its velocity, the resisting power of a plate is as the square of
jts thickness. This has not been absolutely proved by experiment, but is
‘prebably not far from the truth, and any error is due to the difficulty of
manufacturing thick plates as homogeneous as thin ones. Assuming then
‘the two following data, that the 68lbs. shot just does mot pierce

late, and that the 156Ibs. shot just does not pierce a 4iin. plate,
gacked by 8in. of iron, it can %e determined approximately what
thickness of plate and backing would be required to
havi
nchmg-monrmd also to all the gualitice necessary in a ship of
war. At present the shot fired firom the most powerful gun yet made
§s stopped by a 4}in. armour plate and 3in. backing of iron, and the vessel
mecessary to carry such armour is of 7200 tors burden, and has a displace-
ment of 10,500 tons, a saving in weight of 600 tons being here made by
the adoption of the iron backing.

TABLE oF DIMENSIONS OF VESSELS TO CARRY DIFFERENT
THICKNESSES OF ARMOUR.

a 4in.’

stop a given shot
a given velocity, and what size of veuelwonldbenoedesto carry .

velocity of 2500 feet per second, such a shot could on the same data be
stopped by 1lin. armour plates backed by 8 inches of iropn, as shown in
(Fig. 12), and this armour could be carried from end to end by a vessel of
20,000 tons burden aud 3000-horse power, which would be under the size
already attained in the Great Eastern. A comparative calculation of
these vessels is given in the accompanying table.

It must be borne in mind that these veseels are coated from end to end ;
and smaller vessels can be made, but they must be only partially coated
with these heavy plates. It will thus be seen that the d}rys of armour-
plated ships do not end with 43in. armour, but that there will always be
a race between armour and artillery : defence has up to the present time
had rather the best of i, but that will not last long. It is omly to be
hoped that it may long remain a friendly race between artillerists and
oconstructors of armeur.

INSTITUTION OF (CIVIL ENGINEERS.

ON AMERICAN IRON BRIDGES.
By M. Zrrax Corsurn, C.E.

‘The great number of timber bridges in America might be accounted for from
the fact, that the first cost of the truss or superstructure of a timber bri of
any given span, was generally less than one-half that of an iron bridge of the
same strength. Iron had ‘been occasionally employed since 1885, but only within
the last ten or twelve years to any extent.

Cast-iron tubular arches, including one of 80ft. span, were erected from the.de-
sign of Major Delafield, about the time when similar arches were adopted by the
late M. Polonceau, in the construction of the Pont du Carousel, over the Seine.
Major Delafield’s arohed ribs were elliptical in section, the transverse vertical
axis being about four times the length of the conjugate axis, In 1858, an aque-
duct bridge was erected at Washington, by Captain Meigs, in which the two
arched ribs were formed of water pipes, through which the water flowed. The
span of this bridge was 200ft., the rise being 20ft. The Eipes were circular in

43-inch 7-inch 1l-inch
1 srmour. aymour.
Length of vessel ..........c.c.conenenn.| 400 foet 500 feet 600 foet
Breadth .......o. v veermesmnncssensencenns| 60 feat | 70 foet 80 foet
A Tonnage......ceesevnevarsienssenesasnnese.| 7200 tons | 12000 tons | 20000 tons
Horse-power of engines ...............| 1800 h.p. 2000 h.p. 8000 h.p.
Weight of engines ..........c.eeeoe...| 1800 tons | 2000 tons | 3000 tons
1 .,  armour ..o 2000 ,, | 4300 , {10000 ,,
» hall vciiiiiecieenenenns| 2000, 8700 ,, 5000 ,,
" ccals ...... o 4000 ,, 5000 ,, 7600 ,,
» armament 700 1000 ,, 1500 ,,
Total displavement ...........ccccoenen 10600 tons | 16060 tons | 27000 tons
ng%‘;:n?“d by aA.iopﬁon of iron} 600 tons 1500 tons 4000 tons

Although however no shot has penetrated the strongest armour hitherto
made, guns will doubtless be made to pierce it, for an Armstrong gan is
now being manufactured to throw a 800lbe. spherieal shot, and guns will
probably be made to throw 460 and 500lbs. shots. Un the other hand,
although 4in. armour is no longer invulnerable, it mast net be considered
that the thickness of armour cannot be increased because a vessel could
not carry the additional weight ; and the writer wishes to show that when,
the more powerful guns are manufactured ard used in large numbers not
only oan the shot be stopped by armour of reasonable dimensions, but:this
armonr can be carried by vessels of such moderate dimensions as to offer a
fair of the race between armour and artillery being continued
for the next twenty or thirty years. Thus taking the gun now in pro-
gress for throwing a 300lbe. spherical shot, which may be assumed to have
a velocity of 2000ft. per second at a range of 200 yards, this shot may
according to the preceding data, be stopped by a plate 7in. thick and
backed by 4}in. of iron, as shown in (Fig. 11). The minimum veasel re-
quired to ecarry such armour from end to end would be of 12,000 tons
burden and would be propelled by engines of 2000 horse power at a speed
of 16 knots per hour ; 1500 tons weight would be saved in :the . construc-
tion by the use of iron instead of wooden backing. Assuming still farther
that a gun is made to throw a spherical shot weighing 600ibs. having a

, 4ft. in diameter inside, and 13in. thick. This bridge was 28ft. wide over
all, and the roadway was of timber, sng rted on wrought-iron spandrils. The
bridge was tested with the arched ribs lY:d with water, and with a load of 1261bs.
per square foot upon the roadway, making the total weight on each rib about
350 tons. The thrust of one-half of this weight upon each abutment would be
about 470 tons, corresponding to a strain of 2 tons per square inch of sectional
area of iron in the pipes. This strain did not include the pressure of the water in
the pipes, which were proved to 300lbs. per square inch. These examples were,
8o far as the Author was aware, the only iron arches yet completed in the United
States : and with the exception of a few pivot bridges, and one or two ornamental
bridges in the Central at New York, they comprised nearly all the cast-iron
bridges in that country.

There were a small number of plate, or boiler iron bridges. The first was
erected in 1847, in place of a_timber bridge, by Mr. Millholland, on the Baltimore
and Busquehanna (now the Northern Central) Railroad. This was 50ft. span,
and the two girders were ench 6ft. deep, the two sides of each being formed of
plates %in. thick. Between the sides at the top a timber 12in. square was bolted
as a compression member, and the top was further strengthened by two wrought-
iron bars, 5in. deep by %in. thick, while four similar bars were rivetted along
the bottom of each girder. The sides were stiffened by stay-bolts, enclosed in
cast-iron distance pieces, 12 inches apart from centre to centre. The centre of
each girder was placed exactly under the rails, which were spiked to the timber
forming the compression member. The breaking strain of the pair of girders
was.equal to 269 tons vof distributed load, and the weight of the bridge was 14,
tons. When completed, this bridge was coupled at each end to a railway waggon,
and was slung by chains to a temporary timber truss. It was then taken 19
miles by railway, run exactly over the place it was intended to occupy, the exist-
ing timber bridge was cut away, and the girder bridge lowered with the perma-
nent way ready for traffic ; the whole operation not having caused an interrup-
tion of more than two hours.

. Having been long accustomed to trunssed timber bridges, American engineers,
in adopting iron, naturally employed it in trusses also. But, before describing
the various forms of iron truss bridges, the strength of American iron was re-
ferred to. It a from a vast number of experiments made by the United
8tates Ordnance Board, that there was but little iron in any American cast guns
of a less tensile strength than 11 tons per square inch ; and in 1851, the Author
had himself seen tons cut from 1lin. guns, weighing 6 tons 15 cwt., tested
:}) to 16'14 tons. The transverse breaking strength of a large number of samples

f re:melted iron, when reduced to the English standard of a bar 2in.deep and
lin. wide, resting on supports 3ft. apart, varied from 27§ cwt. to 48'1 cwt., the
general strength being 34 cwt. The minimum crushing strength of the irons
experimented upon was 87% tons and the maximum 774 tons. Experiments
made by the Franklin Institute twenty-five years ago, showed the mean tensile
strength of cast-iron at-the first melting to be 93 ‘tons; and the iron now em-
ﬂoyed by engineers in Philadelphia bore from 7-14 tons to 102 tons. .In 1858,

r. Albert Fink tested the iron used in_the construction of alarge bridge on the
Louisville and Nashville'Railroads. When the results were reduced to bars 2in.
deep by lin. wide, on supports 8ft. apart, the minimum breaking weight was
204 cwt. mean 32'68 ewt., maximum 39 cwt. Thisiron was a mixture of two-
fifths cold blast, two-fifths hot blast, and one-fifth scrap. ‘With regard to wrought
irqn, experiments made by the United States Board of Ordnance gave a ten-
sile strength varying from 17 tons to 33'3 tons per square inch; and those of
the Franklin Iustitute, a mean strength of 26 tons for plate iron. At the pre-
|eent time 27 tons was generally expected of American boiler plate. Other ex-
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periments were also quoted to the same effect ; and it is remarked that, from
what had been stated, American engineers might work up to rather higher
strains than were commonly allowed in this country. The high qualities of the
best American iron were due to the purity of theore and of the fuel employed
in the manufacture. In bridges of less than 160ft. span, even when loaded with
a weight of 1'38 ton per lineal foot of single line, the strains did not exceed 367
tons per square inch on wrought iron in tension, and 4°48 tons per square inch
on cast-iron in compression.

Of the iron truss bridges that were described, all had certain liarities in
common, distinguishing them from the trussed structures adopted in this country.
In almost every case the compression members of American iron trussed bridges
were of cast-iron cylindrical or octagonal pipes. These simply abutted, end to
end, against each other ; and although means were employed to prevent lateral
motion of the ends, flanges and bolts were never introduced for that purpose.
Another, and one of the most important peculiarities was the depth of truss, a
depth exceeding that employed by English engineers, except in rare instances,
as at Chepstow and at Londonderry. American engineers considered a depth of
one-eighth for spans of 200ft. as only moderate ; for shorter spans depths of one-
seventh and one-sixth were commom ; and in the case of one bridge of 120ft.
clear span, the depth was 23ft., or nearly one-fifth of the span. It should, how-
ever, be observed that, in some of the American trusses, the arrangement of the
tension members was such that, if the depth of the truss were not considerable,
the diagonals would be inclined at hardly more than 8° or 10° from the horizon-
tal; in which case a very large quantity of material would be employed, in pro-
portion to the supporting power obtained. No American iron or timber bridges
were ballasted ; nor had they any floor, only a foot-path of planks. In bridges
having the rails at, or above the level of the top chords, known in the States as
“deck bridges,” parapets were seldom employed ; and the trusses were often so
short a distance apart, that a passenger, on looking out of a carriage window, was
unable to discover any support beneath the train. In no bridges of two or more
spans were the trusses made continuous over a pier; each span being always
treated as a bridge by itself.

One of the earliest iron trusses adopted in the States was a trellis, known as
Rider’s Bridge. Cast-iron T, or angle-irons, were employed in compression, and
wrought-iron bars in tension. These bridges were so slightly proportioned that
they occasionally broke down, and the Author was not aware tplnt the plan was
now adopted in new structures.

A detailed description was then given of a Murphy-Whipple bridge, having a
span of 125ft., with the railway supported on the lower cﬁords. It was for a
double-line, and there were three trusses, 14ft. apart, from centre to centre, the
strength of the middle one being about one-half greater than that of either of
the others. The trusses were 23ft. deep, or 0184 of the span. The top chord
was formed of cylindrical cast-iron pipes, and the bottom chord of a chain of
square bars, 10ft. 5in. in length between the centres of the eyes. Upright cast-
iron posts, placed at the same distances apart, divided the truss into panels, and
as the posts were in two lengths, they were each trussed by four round rods, to
prevent lateral failure. The diagonals were in pairs of square rods, and were
formed also as eye-bars, grasping pins 2§in. diameter in the top chord, where
the pipes abutted upon each other, and pins 3}in. diameter in the bottom chord,
thus connecting the links, or bars, of which it was com; The diagonal
tension bars only crossed each otherin two panels on each side of the centre of the
truss. The top and bottom chords were iraced horizontally, with transverse
and diagonal bars. The railway bars were supported upon longitudinal timkers,
which rested upon transverse wrought-iron rolled beams. The total weight of
the superstructure complete was 102} tons, or 8 cwt. per foot of single line.
‘With an additional distributed load of 3000lbs. per lineal foot on each line, the
tensile strain at the middle tension rods would be 4'27 tons per square inch in
the middle truss, and 3'12 tons per square inch in the outer truss; but, with a
train on a single line only, the ordinary working straing did not exceed 2} tons
per square inch in tension, nor three tons in compression.

In 1861, an iron bridge was erected on the line of the Pennsylvania Central
Railroad, across the Schuylkill at Philadelphia. It had two clear spans of 192ft.

caused by the weight of the bridge, and of a load of 1} ton per lineal foot, were
2'1 tons per square inch in compression in the top chord, and varied from 436
tons per square inch in tension in the longer mlgension bars to 714 tons in the
shorter bars. Mr. Bollinan had stated, that this bridge was tested with & moving
weiﬁht of 122 tons of locomotives on one span of a single line, or nearly 1 ton
per lineal foot, and that the deflection at a speed of eight miles an hour was 1§
inch at the centre. .

The iron bridge designed by Mr. Albert Fink had been more extensively adopted
than any other on the railways of the United States. In this bridge a pair of
di onnf tension bars connected the foot of the principal strut or ﬁng-post in
each truss, with the ends of the top chord. This pair of diagonal bars supported
one-half of the whole weight of the truss and its load. h helf span was
subdivided by a strut, and two diagonal tension bars extended, one to the nearest
end of the top chord, and the other to the top of the centre post. Each quarter
span was again subdivided into eighths, and these n.iain, for spans ter than
100ft., into sixteenths. Under the direction of Mr. B. H. Latrobe, then engi
of the Baltimore and Ohio Railroad, in 1862 Mr. Fink erected an iron bridge of
three spans, each of 205ft., where that line crossed the Monongahela river. The
depth of the truss was about one-ninth of the span, and the railway was carried
at a little above the level of the bottom of the truss. The weight of the bridge
including the permanent way, was only } a ton per foot of single line, and with
an additional load of 1 ton per lineal foot, the tensile strains upon the wrought-
iron did not exceed 5°15 tons per square inch, and the compression on the cast-
iron 425 tons. The Greeu River and the Barren River Bridges were thed alluded
to as being identical in truction to that last described.

The Bollman and Fink trusses for a single line, and in spans of from 160ft. to
200ft., cost £14 per lineal foot, or nearly £28 per ton; while timber bridges of
the same span only cost from £6 to £7 per foot. Still, iron bridges now met
with an amount of favour, which appeared certain to insure their ultimate sub-
stitution for timber bridges. A gradual preference was being shown to the
plate girder, as thsobgrut annual range of temperaturo, from 20° below zero to a
reflected heat of 130° in the summer sun, was not favourable to the use of cast-
iron in structures of such importance as railway bridges.

ACCOUNT OF THE COFFERDAM, THE SYPHONS, AND OTHER
WORKS, CONSTRUCTED IN CONSEQUENCE OF THE FAILURE
?)g THAEGEST. GERMAIN'S SLUICE OF THE MIDDLE LEVEL

Br Me. Hawksaaw (PresipExt INst. C.E) ~

The St. Germain’s Sluice was situated at the confluence of the Middle Level
main outfall drain with the River Quse, near the upper end of the Eau Brink
Cut. This drain was made in 1847, from the designs, and under the direction of
Messrs. Walker, Burges, and Covper. It was deepened by them in 1857, and
then had, at the lower end, a bottom width of 48ft., the side slopes being 2 to
1. The level of the bottom was 7ft. under low-water spring-tides in the river,
and the rise of the tide at that point was about 19ft. at spriug-tides, the cill of
the sluice being 6ft. below low-water spring-tides. The of the drain was
of soft blue clay, and the sides consisted of variable thicknesses of soft blue
clay, peat, yellow clay, and surface soil. .

On the 4th May, 1862, the St. Germain’s Sluice gave way, thereby admitting
the tidal waters, which ebbed and flowed throughout a distance of upwards of
20 miles. A few days afterwards, the western bank of the Middle Level drain
burst, about 4 miles from the Sluice, by which 6000 acres of land were inun-
dated. Immediately after the failare of the sluice, the Author received in-
structions to execute whatever works might be necessary to shut out the tidal
waters, regardless of expense. The services of Mr. J. T. Leather were secured
as Contractor, who was ably aided by his assistant Mr. E. P. Smith. Mr.
Alexander G. Linn was appointed resident engineer. Subsequently, after the
cofferdam was closed, finding it impossible to devote so much time to the
gorks as he had previously done, at the Author’s request, the Middle Level

each, and one pivot span, or turning bridge 122ft. long. The construction was
similar to that just mﬁbed, but the truss was only 18ft. decp. The upright
posts or struts, were of wrought-iron, so rolled that when two bars were put to-
gether they formed on octagonal tube. The top and bottom chords of the turn-
ing bridge were of wrought-iron rolled beams, so that either might resist exten-
sion or compression. The three spans for a single line contained an average of
6 cwt. of wrought-iron, and 7§ cwt. of cast-iron per lineal foot. The nett cost of
the bridge, exclusive of masonry, was £8144 10s., or £14 4s. per lineal foot ; the
wrought-iron costing £22 15s. 6d., and the cast-iron £6 11s. 3d. per ton.

The pivot was of a kind extensively employed for turn-tables. It consisted of
a fixed and of a movable cast-iron disc, both grooved to receive a number of
steel rollers, each turned to the frustra of a double cone. A circular railway was
laid around the pivot, but the wheels only bore upon it, when the bridge was not
truly balanced on the rollers. With a load of 14 tons balanced upon one of these
bearings, the whole was revolved by a weight of 3}1bs. hung over a pulley, and
connected by a cord to the p::iphe of the turn-table.

The form of truss introduced by Mr. Wendel Bollman was next noticed. In
it the load upon each el was transferred directly to the ends of the truss,
through a pair of straight suspension bars, doing duty only in that panel. With
the exception of one pair of suspension bars, supporting the centre of the bridge,
the bars in each pair were of unequal length, and their lower ends were attached
to the upper extremity of a compensating link, in order to allow for contraction
and expansion. This bridge could not alter its form under unequal loading. A
bridge upon this plan at Harper’s Ferry, on the Baltimore and Ohio Railroad,
had four parallel trusses for a double line, and a clear span of 124ft. The span
was divided into eight panels, and the depth of the truss was 17ft. 6in. The top
chords were each formed of asingle line of octagonal cast-iron pipes, and the ver-
tical posts were also of cast iron. The strains upon the various parts of the truss

s associated with him Mr. T. E. Harrison, who had since con-
tinued to act.

Before the author assumed the direction of the works, and directly after the
failure of the sluice, an earth and cradle dam was attempted to be thrown
across the drain, at about 600 yards from the fallen sluice. This was relin-
quished shortly after the permanent cofferdam, of pile-work, was commenced ;
which the Author considered was the only plan likely to be effectual, and the
site finally fixed upon for which was about 880 yards from the sluice. The
cofferdam might be thus described :—Temporary %iles were first screwed into
the ground, upon which a staging was erected for the pile-driving engine. Two
rows of sheet-piling, 25ft. apart, were then driven transversely §own the slopes
of the drain on each side, from the centres of the banks to within 20ft. of the
bottom, leaving a central space of 88ft. of cofferdam to be afterwards comple-
ted. In this portion of the dam the piles were placed in pairs on each side, 7ft.
6in. apart from centre to centre, and with a space of 7in. between each pair.
The grooves thus left were for the reception of sliding panels, to be used to fill
up the intervals between the several twin piles. Waling pieces of whole tim-
bers were fixed to the inside and the outside, both at the top and as near the
level of low water as possible. As the piles were driven, struts and ties were
inserted, and strongly-framed raking struts were secured against the dam and
against abutments of piles, backed with concrete, on the land. The pauels were
composed of timbers 7in. thick, and of variable iengths, firmly bolted together,
and farther connected and weighted on one side by flat wrought-iron plates. In
order to put these panels in place, a frame was erected, from which they were
suﬁ)ended, and from which they cotild be lowered, and raised, if necessary, by
pulleys.

The rush of water through the dam was materially increased, while the piles
for the panels and the walings were in place; 8o that, at times, the difference
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of level between the water on the two sides of the dam was considerable. Aprons,
extending the whole width of the drain, and for some distance up the slopes.
were formed on both sides of the dam, of sacks of clay, and of gravel, g:gdle,
and stone. Only sufficient stone was deposited in the centre of the dam to
stiffen the clay; but large quantities of puddle were repeated thrown in at
slack water, most of which was washed away by the rush of water, which
uired & velocity of 8 miles an hour. .
he first; or lower tier of panels was 7ft. deep, and pointed at the lower end,
80 as to be driven into the mud. Inasmuch as they could not be driven to the
same depth, the second set was 80 al as to raise the panelling to the uni-
form hight of low-water spring-tides. ring these operations, sacks of Tlay
and gravel were deposited on the inside and the outside of the dam; but,
although the aprons were extended, only a few sacks of gravel remained in the
inside. It now became clear, that the water could only be excluded, by shutting
the dam at one operation. To accomplish this, the necessary panelling, which
had to be 12ft. deep, was suspended from the scaffolding, so as to be dropped into
place at slack-water neap-tides, when the differential head for the dam to sus-
tain was the least. On the first attempt to close the dam, three of the twin
piles on the lower side gave way, releasing some of the bottom ﬁanels, after the
tide had receeded 3in., and when there was a head of 8ft. The other panels
were readily lifted and removed ; and sheet-piling was then driven up to the
level of the lower waling pieces, thereby filling in the s between the
‘broken piles. The second attempt, which proved completely successful, was
postponed until the succeeding neap-tides, when the panels were dropped into
their places in twenty minutes, at low-water of ebb tide, that time being more
convenient, the difference of the head at high and low water not being con-
sidered of sufficient importance to counterbalance other advan . After the
panels were lowered, the inside of the dam was immediately filled with clay:
sacks of gravel and clunch being deposited in the centre. So complete were
the arrangements, that the raising of the dam was kept in advance of the rise
‘of the tide, and before high water, the operation was completed, the dam not
exhibiting the slightest indication of failure, or of weakness. The cofferdam
‘was commenced on the 16th of May, and the tidal waters were shut out on the
19th of June, 1862. 3
During this time, the means to be adopted for the future drainage of the
Middle Level received serious attention. After careful consideration, the author
determined that, in addition to such dninng:‘:s could be obtained through
‘Balter's Lode Sluice, the old outlet into the , syphon pipes should be laid
over the cofferdam. This plan of discharging water was not to him novel,
having pursued it in 1839, when engaged on the Manchester, Bury, and Bolton
Canal. The syphons were sixteen in number, and were laid transversely across
‘the dam, at an inclination of 2 to 1 at the sidés, and horizontally over the top.
Each end was terminated by a horizontal leagth, containing the upper and
lower valves, laid 18in. under low-water of spring tides, the top of the syphons
being 20ft. above the same level. The total length of each syphon was 150ft.
The syphons were of cast-iron, 8ft. 8in. internal diameter, and the thickness of
the metal was (excepting at the socket ends, where it was thicker,)mlegin. They
rested on the top of the dam, and on inclined framework, sup; .on piles,
at the sides. !ﬁ:derneath the extreme ends of the syphons, sheet-piling was
driven across the drain. Above the sheet-piling, the ﬂ)wes between the inclined
framework, to the underside of the syphons, were filled in with clunch, clay,
-and gravel, 80 as to form a solid and 1mpervious embankment. The bottom of
the dam, at the inlet and outlet of the syphons, was protected by substantial
wooden aprons, extending across the drain; and a row of piles was driven on
-each side, inclining towards each other, and contractinz the channel to a width
of 60ft., 80 as to keep the *“wash” off the slopes of the drain. The upper or
inlet, valve consisted simply of a loose hanging flap of teak wood, working
inw; as soon as the outward was the preﬁondmting pressare. The lower, or
outlet, valve was of cast-iron, turning on a hinge at the top, and fitted with a
balance weight, which was capable of resisting an interior pressure, but could
be readily released when the valve was converted into a flap opening cutwards.
The reason for adopting two valves was for the purpose of enabling the syphons
to be put into operation, either by exhausting the air, or by filling them with
water ; but at present only the former method had been tried. .

The syphons were put into action by exhausting the air from the inside, by
-an air-pump having three c{’ inders, each 16in. diameter with a length of stroke
of 18in., worked by a 10 H.P., high pressure, steam engine. Each syphon could
be shut off, or be bronght into operation at pleasure, by means of slidecocks,
fixed on vertical pipes, communicating with a transverse horizontal pipe, in con-
nection with the air-pump. An overflow pipe showed when the syphons were
fall of water ; and qtass gauges were also attached to some of the syphons for
the same purpose. The pipes were cast by Messrs. Cochrane and Co., and the
steam engine and air-pump were manufactured by Messrs. Easton, Amos, and
Sons.

After the breach occurred, it became evident that all attempts to stop it
should be abandoned. The area flooded was surrounded by banks, which con-
fined the mischief within certain limits. As soon as the cofferdam was com-
pleted, and the tidal waters were excluded, the breach was closed, by first tipping
stone to form a footing for an embankment of clay to the level of the bottom of
the drain, above which a small quantity of clunch was mixed with the clay,
to stiffen and weight it. The total quantity of material used to restore the
bank was about 2500 cubio yards. The bottom of the drain, where the scour
had taken place, was also repaired, and the banks generally were put in good
order. After the breach was secured, the water on the inundated land was let
off, through the Marshland Smeeth and Fen drain and the adjoining Marshland
sewer.

In conclusion, the author remarked, that he believed the syphons would be
found to answer all the purposes of a permanent sluice. They po! more-
over, the advantage of not rendering the safety of a district dependent uwpon
single pairs of gates; for it was clear, that any one or more of the syphons

might be damaged or destroyed, without affecting the operation of the others,
or endangering the district.

an Appendix, tables were given, showing the quantities of the several
materials used in the construction of the dam and the syphons, as well as the
results of the working of the syphons. .

ON THE COMMUNICATION BETWEEN LONDON AND DUBLIN.
By Me. Warsox, M.A., Assoc. Ixst. C.E.

Holyhead, the nearest point of land in Great Britain to the metropolis of
Treland, was naturally thought of at an early date as a convenient port of de-
parture and arrival for the mails. This route had accordingly been used for a
century and & half, and was recognised in an Act of Parliament passed in 1729 ;
but the communication bet don and Dublin was then irregular, and the
time occupied on the journey protracted. Travelling through North Wales was
attended with difficulty and fatigue, and the passage of the Channel was contin-
gent on the state of the weather. Though measures of improvement were pro-
posed before the close of the last century, no effectual steps were adopted, until
after the legislative union had taken place between Greateﬂ:itain and reland, in
the year 1801. The public commi were tantly engaged in inquiries,
and committees of the House of Commons presented no less than twenty-five
reports on the subject within ten years. These investigations had reference,
principally to the. land part of the journey; and by means of large grants of
public money, amounting, it is believed, to nearly one million sterling, in 1826
a continuous and easy road was completed between London and Holyhead, so
that the entire distance of 267 miles could be performed, with regularity,
safety, and comparative comfort, in thirty-four hours. Improvements for
the sea-part of the journey also engaged some degree of attention; but while
sailing vessels were in use, it was not thought that much could be gained in the
passage of the Channel. In 1819, a steam-vessel was placed on the Holyhead
statiou for the summer and autumn, and soon lﬂerwar& the U Soversi,
and the Meteor were especially built for the Post Office service, with engines by
Messrs. Boulton and Watt, and then the sailing cutters disappeared. The
average length of the passages of these two steam vessels, in the. first year,
between Holyhead and Howth, was seven hours and thirty-three minutes; the
shortest passage was made in five hours and forty-eight minutes, and the longest
was stated to have pied upwards of twenty-t{lree hours,

The mail communication between London and Dublin had been thus long
maintained exclusively by way of Holyhead ; but the rapidly-growing importance
of Liverpool led to the establishment, in 1826, of a direct postal service between
that port and Ireland. Steam vessels had been placed on that station, by private
enberﬂrise, as early as 1819, for the convmc: of passen, during the summer
months; and in 1823, Mr. C. Wye Willi (Assoc. Inst. C.E.) originated &
company for the maintenance of a regular steam communication throughout the
entire year, for the conveyance of passengers and of merchandise. As the rail-
way from London to Liverpool was opened in 1838, that line became for some
years the most expeditious roate to Dublin, and. the mails and passengers nearly
deserted Holyhead. Liverpool did not long, however, retain this superiority ;
for, in 1849, & continuous line of railway was completed between London and
Holyhead, by private capital, twenty-three years after the continuoas line of road
had been constructed, by direction of the state, and principally by grants of public
money. The conveyance of the Irish mails was then transferred from Liverpool
to Holyhead, and the large and powerful packets of the Government and of the
Company, which had carried the night mail under contract for the previous ten
years on the Liverpool line, were appropriated to other duties.

During the time these ¢ were in progress, the packet service was trans-
ferred from Howth to the Asylum Harbour at Kingstown, which was ultimately
connected with Dublin by a railway six miles in length. The only link then
remaining to complete the communication with Ireland was a superior class of
vessols. The Government having decided on building four vessels each of 700
tons burthen, with engines of 320 horse-power, the best result was admitted to
have been attained ; as the rate of speed of the Bansheeat the measured mile
was upwards of 18 statute miles an hour, or nearly four miles in excess of an
previously obtained. After a short trial of this service at heavy cost, the Lo
of the Admiralty determined that it should be performed by contract, as had
g:enomly been the case on the Liverpool line, and that the average s should

12 knots, or nearly 14 statute miles per hours. This service from May,
1850, until October, 1860, and wa:drrfomod within the stipulated time.

Further improvements being still demanded, a plan was submitted to Govern-
ment, and a new postal contract was entered into, the main provisions of which
were, first, that the entire distance between London and Kingstown, instead of
to Dublin, was to be performed in eleven hours, allowing four hours for the sea
passage ; secondly, that four steam packets should be specially built for the
service ; thirdly, that exprees trains should be appropriated exclusively to the
Irish traffic; and fourthly, a morning and evening departure from eac) capital.
The vessels referred to were each 2000 tons burthen, and in their dimensions
and general arrangements were nearly identical. Three, the Cosmaxght, the
Ulster, and the Munster were built by Messrs. Laird, and the one, the Leinster,
by Mr. Samuda. The ships were of iron, timber having been used only for the
decks and cabin fittings. The length of the Comnaught between the perpen-
diculars was 334ft., the beam was 35ft., and the dex:gx 21ft. There were nine
principal water-tight bulkheads, which not only provided for the safety of the
ship in case of accident, but added greatly to the strength. The bulwarks were
of iron plates, in continuation of the sides of the v , without any break for
gangways. Between the paddle-boxes there was wper deck, which further
added to the strength amidships ; and on this was pl: the wheel and binnacle.
The entire of the main-deck, from the foremost funnel forward, was covered by a
hurricane-deck, which had been found of great advantage in throwing off seas in
heavy weather. The engine in all the vesels were on the oscillating principle.
Thoee for the Connaught and the Leinster were made by Messrs. Ravenhill,
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Salkeld and Co. The cylinders were 98in. in diameter, and 6ft. 6in. stroke, the
air pumps being 54in. in diameter, with a length of stroke of 2ft. 8in. ; the boilers
were multitubular, eight in number, four at the end of the engine-room space,
arranged in pairs, with one funnel to each pair; there were five fire grates in
each boiler, and the total grate surface was 677ft. square, the heating surface
exceeding 19,000ft. ; the wheels were 31ft. in diameter to the outside of the
floats, wgich were feathering, fourteen in number, and each was 12ft. long by 4ft.
4in. broad. On the trial trips, the engines worked at the rate of 25} revolutions
per minute, with 25bs. of steam. e menan of the runs of the Leinster at the
measured mile was 20}, and of the Connaught 20§ statute miles per hour. The
engines of the Ulster and the Munster were constructed by Messrs. James Watt
and Co.; the cylinders were 96in. in diameter, with a length of stroke of 7ft.;
the wheels were 33ft. in diameter; the boilers had each six fireplaces, giving an
equal extent of grate surface with the other; the heating surface measured
18,033 square feet ; these engines were erected on board the vessels in the Liver-
1 Docks, and from a return of observations made on several trips, there
ing no measured mile at that port for testing speed, the rate attained
appeared to have been 20} statute miles per hour. One of the principal peculi:
arities, which made these vessels of so unique a class, was the post-office fitted
for sorting letters on the passage, so that the letters were ready for delivery, or
to be forwarded to their destination, on the arrival of the vessels, cither at
Kingstown or at Holyhead. About two hours were thus saved in the transmis-
sion of the mail.

The contract with the Postmaster-General had appointed January, 1861, for
the commencement of the improved service. But as the vessels were in readiness
some months sooner, it was commenced in October, 1860, and had since been
continued without interruption. From what had been already stated, it would
have been seen, that the difference of speed between the four vessels on the trial
trips was inappreciable—a matter of paramount importance to a mail service.
Thus, while the shortest passage of the Connaught across the Channel occupied
three hours and fourteen minutes, being at the rate of about twenty miles an
hour ; the shortest passage of the Leinster, the Ulster, and the Munster were
three hours and twenty minutes, three hours and eighteen minutes,and three
hours and twenty-two minutes respectively ; their average performance for the
two years and five months during which they had been on service, inclusive of
the trips made in fogs, gales, &c., was still closerﬁas %}lows —

s, Min.
The Connanght made 1064 passagesin 8 614 on the average
” nster ”» 919 ”» 3 52 »
» Ulster » 926 » 8 55 »
» Munster s 3 581-10ths

The consumption of coal in the first few months was considerably in excess of
the quantity originally estimated. Steam of from 25lbs. to 28lbs. pressure was
then used ; but satisfactory arragements had since been made to reduce the con-
sumption, while the additional time occupied on the passage was but a few
minutes, and was still within the time allotted to the sea service; the engines in
the Ulster and the Munster had been {rovided with superheaters, but experi-
ence had not shown any advantage, either as reducing the consumption of coal,
or as tending to a superior performance. These vessels iad made in the aggregate
1845 passages, in the average time of 8 hours 564 minutes, and had consumed
30 tons 7 cwt. of coal as the average of each, inclusive of the quantity required for
raising steam, which was considerable. The Leinster and the Connaught, with-
out superheaters, had made 1838 passageés in the average time of 3 hours 54
minutes, and had consumed, inclusive of raising steam, on the average, 80 tons
1 cwt. of coal.

It was satisfactory to be able to state that the ships had, so far, needed no
repairs, bem‘g] now in as perfect a condition as when the service was commenced,
in 1880. The frequency of docking, for the purpose of cleaning and coating, had
afforded constant opportunities of examindtion, when painting only had been

uired.

m‘}q conclusion, the author referred to the admirable performance of the ‘land
thon of the journey, from London to Holyhead, by the London and North-
Western Railway Company ; the punctuality in the arrival of the trains on the
jetty at the latter place, the speed mmintained, and ‘the excellence of the car-
riages, were the subject of universal approval. Further improvements, at
present not thought of, might yet be brought into operation ; but there appeared
to be no reason for apprehending that the communication by way of Holyhead
would ever cease to be the best for postal purposes, and to be preferred by the
travelling public, so long as the entire J;stnnce between London and Dublin
-oould be aécomplished within eleven hours and a half.

e ——————————————————
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NOTE AS TO TWO EVENTS IN THE HISTORY OF STEAM
e NAVIGATION,
. Br W.'J. MacquokN Ravxing, CE., LL.D. F.R.S, .
. (L) An interesting paper was lately read to this Society by Mr. Dyer, contain-
ing a history of a series of important events in the progress of steam navigation.
(2) Itisto be regretted, however, that the author has noted either very
slightly or not all, what appears to have beén an event of paramount importance
in the first adaptation of the double-acting cranked steam engine to drive a
pnddle-wheel.' fore that adagtntion was made, the success of all attempts
at steam navigation, such as those of Jouffray, Rumsey, Fitch, Miller, and
Taylor, &c., had been only temporary, b of the rud
for communieating motion from the piston to the shaft.
(3) That first adaptation was unquestionably accomplished by William
Symington in 1801, as is proved by authentic documents w ich'have{)een pub-
‘lished by Mr. Woodcroft in his Origin and Progress of Steam Nawigation.

of the machinery

Symington, instructed by the failuYe of the ratchet-work engine which he bad
made for Miller's boat, fitted up the Charloite Dundas in 1801. with a double-
acting horizontal cranked engine, and this made her what Mr. Wooderoft justly
called “ the first practical steamboat.” Her speed, when running alone, and not
towing other boats, was six miles an hour.

(4.) Theuse of this vessel was abandoned, not from any fault in her construc
tion or working, but because the Directors of the Forth and Clyde Canal feared
that she would damage its banks. Yet the man in all Britain who possessed, at
that time, the greatest practical experience of the working of canals—the Duke
of Bridgewater—was not deterred by any such apprehensions from ordering, in
1802, eight similar vessels, from Symington, to be used on his canal.

(5.) The death of the Duke of Bridgewater, early in the following year, pre-
vented the execution of that order. But Symington had evidently done all that
lay in his power, and all that was necessary, to convert the steamboat from an
awkward piece of jexperimental apparatus to a practically useful machine; and
the honour paid to0 his memory ought not be lessened because the career of his
invention was cut short by a misfortune. . .

(8.) There is nothing in this to detract from the honour which is justly paid
to Fulton, as having been the first to practice steam navigation on a great
scale, as a commercially profitable art.

(7.) Another event passed over in the paper to which I have referred, is the-
first introduction of commercial steam navigation into Europe, which was.
effected on the river Clyde, in 1812, by Henry Bell, as is proved by documents
cited in Mr. Woodcroft’s work, already referred to.

ON THE INTRODUCTION OF STEAM NAVIGATION.
By Mz. Dyrz.

In Dr. Rankine’s paper, entitled “Note on two Events in the History of Steanr
Navigation,” he calls attention to my paper, “On the Introduction of Steam
Navigation,” and expresses regret that * the anthor has noted either very slightly
or not at ajl,an event of paramount importance :—the first adaptation of the
double-acting cranked steam engine, to drive a paddle-wheel.” Now, I own to-
have taken no notice at all of this double-cranked motion, simply because I did
not consider it of much importance in attaining success in steam navigation. I
had before me Mr. Woodcroft’s interesting treatise, and I fully appreciated his
advocacy of the claims of Mr. Symington for having fitted up the Chariotis-
Dundas, as the first practical steam boat, in 1801. This fact is fairly stated in

my paper.

yl aimed to place before the Society the several inventions and discoveries re-
lating to the use of steam power to supersede that of wind to navigate vesaels,
and to prove that the final succcss was due to the invention of Watt's steam
engine. No great stress need be laid on the double-cranked action, or on any of
the other methods used for transmitting the power to the paddle wheels. The
principles involved in oversoming the resisting forces by steam power in naviga-
tion, are entirely apart from those relating to the mechanioal of rt
ing rectilinear into circular motion. It seems strange that such able engineers
as Dr. Rankine and Mr. Woodcroft should have given this prominence to the said
double-crank action. Whatever may have been the di of success in the case
of the Charlotte Dundas, in 1801, and whatever may be said about the bar to
further progress of Symix;s-ton’s inventions by the Duke’s death, the fact remains.
clear that his schemes died out with the Duke, a8 no more was heard of them
after the Charlotte Dundas, and from some cause, she was discontinued ; and it
wasin fact fifteen years after her advent before the Margery came qut from the
same waters to enter the Thames in 1816. 'What shall be said of the enlightened
of Glasgow, if Symington’s practical steamboat was suffered to rot and be for-
gotten, leaving no successor, and the inventor himself to remain unrewarded and
unnotioced for fifteen years.

Through the limited space allowed for the abstract of my pag;r, Dr. Rankine
was misled respecting the other event, also cited by him from Mr. Woodcroft's
book, namely :—that I had passed over the first introduction of steam navigation
into Europe, by Henry Bell, in 1812 ; for in my paper due notice is taken of this-
well known experiment of Rr. Bell.” Altho KE; trial boat proved a failure, on
account of its being a very small one, and of his want of pecuniary means for
continuing or extending the experiment, and the lack of any aid or encourage-
ment afforded him by others, yet his trial boat served as the model for construot-
ing the Margery, three years after, which, as I'have before said, was a success,
and the first steamboat on English waters. I therefore think that due hounour
should be paid to the name of Henry Bell, for his spirit and enterprise, and a
due stigma cast upon the capitalists who allowed him to sink under pecuniary
pressure, from which he ouglljlt to have been relieved by them in so important an
enterprise, ,

THE LONDON ASSOCIATION OF FOREMEN ENGINEERS.

NEW MARINE PROPELLER.

At a well-attended meeting of this Society, held on the 2nd ult., Mr. Joseph
Newton, of H.M. Mint, President, read'a paper on a “New Mode of Marine
Propulsion,” suggested by Mr. Vaile. The extreme length to which the paper
extended renders 1t impossible for us to do more than summarise the chief fea-
tures of Mr. Vaile’s proposed plan.

Mr, Vaile proposes to apply to ships or boats one or more submerged endless
chain propellers, with feathering floats. The latter would be adapted in form,
number, and dimensions to each particular vessel to which they might be
applied. Such is briefly the charaoter of the invention.
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W Mr. Newton stated, it might be objected at the very outset that there was
nothing of novelty about Mr. Vaile’s scheme. A closer examination and inquiry
would demonstrate the reverse to be the fact. Mr. Vaile’s propeller

features which distinguished it sufficiently from all previous plans of an analo-
gous kind. Those features mainly consisted in the shape of the floats, their
mode of attachment to the travelling chains, their perfect and simply effected
feathering properties, and the total submergence of the entire apparatus when
in action.

Mr. Newton stated, that by enlarging the chain wheels of the Vaile pro-
peller, increased breadth might be given to the floats, Their breadth might,
indeed, be always made to equal the diameter of those wheels minus the
diameter of their shafts, and a few inches of clearance between the shafts
and the upper edges of the acting floats. Thus, for instance, if wheels
of 10ft. diameter were used with shafts of 12in., and 6in. of clearance were
allowed, the floats would be 8ft. 8in. broad, and as long as the beam of the
vessel would permit.

As in a ship expressly constructed for the reception of this kind of propelling
apparatus, one propeller would be placed on either side the keel, and nearly as
low down, it was contended that the floats travelling with equal velocity, and
having a direct thrust aft, must be far more effective thun either screw or
paddle-wheel.

It had been found in practice impossible to drive a ship at high rates of
speed without incurring the penalties of excessive expenditure of power and
fuel. This fatal evil was due rinm}nlly to the inadequate area of propelling
surface in })roportion to the lmfk and weight to be moved. With the screw, the
amount of acting surface was limited by the keel and water-line. With the
paddle-wheel it was governed by the size of that wheel, which nga&n was_Tre-
stricted to a reasonable diameter. No such limitations existed with the Vaile
propellers. These admitted of the employment of a number of floats of
area, and ensured them always acting simultaueously upon the water. ]
floats, too, miiht be of much greater depth and lengt{ than those of the ordi-
nary paddle-wheel. A perfect correspondence will, indeed, be established be-
tween the power given out by the engines and the media for receiving and dis-
persing that power—the floats.

This could never, or at least had never been the case with either screw or
paddle-wheel. The evils of “slip,” so considerable in the action of both its
<competitors, would be economised by the Vaile propeller. It was well under-
stood that although by the agency of the screw, and by that of the paddle-wheel, a
speed of from ten to fifteen knots had been obtained, yet that it a higher rate of
epeed was attempted, the result was most unsatisfactory. The slip, at all times
great, now became enormous. It increased in a much greater ratio than the
speed of the vessel.

The lowness of the position of the Vaile propellers gave them, in the
matter of slip, a strong claim to superiority. The floats obtained thereby a
hold on the densest water, through which the vessel moved, and would thus
at all times act with their full propelling force. Increased speed must follow
the application of increased steam power, and slip could not increase in a
greater ratio than the ship’s velocity. Constant submergence, constant action,
and perfect feathering were the ruling characteristics—the alleged advantages of
the chain propeller of Mr. Vaile.

Both screw and paddle wheel, when in a heavy sea were from alternate direction
and deep submersion, frequently ineffective, and to use a nautical but expressive
phrase they both at such times “ground up ” the power of the engine without
producing the “ push-a-head” effect nire£ Mr. Newton remarked that there
‘was no grinding up of power with theVaile propellers,they were calculated to absorb
the full power of the engines and to give it out with perfect effect. Mr. Newton
then proceeded to say the power of steering and manceuvring a vessel indepen-
dently of the rudder’s action, was gained to a considerable extent by these pro-

llers. By driving one ahead and the other astern, the ship might be turned
i her own length as on a centre.

ual

PROPOSED CONNECTION OF THE INDIAN AND RUSSIAN
RAILWAY SYSTEM.

This is a project broached by Russia and seriously entertained by Euglish
engineers, of connecting the Indian and Russian system of railway com-
munication by the Oxns valley and tke Cuspian. Taking the map, it will
be found that the swiftest and almost direct route between Calcutta and
London is from Raneegunge to Buxar, there cross the Ganges, and through
Oude and Rohilcund to Umballa, joining the Punjaub Railway to Lahore.
Thence a fine road leads to Peshawur, and a tunnel under the Indus at
Attock is more than balf bored. Leaving India, the Kbyber Pass is gone
through, past Jellalabad and Cabul, through the Hindoo Koosh, and strik-
ing on the Oxus, following it us far as Khiva, whence there will be found
the ordinary caravan routes to the Caspian, where a Russian steamer waits.
Arrived at Astrakhan we shall find in a few yeurs the St. Petersburg Rail-
way completed by Sarata, on the Volga, to that city, and from Lemberg
by Kiev to the same place. The route is two days shorter than by the
Euphrates Valley, or eight days in all from Calcutta to London. The
only difficulty is between Peshawur and the Caspian, and the only engi-
neering trouble would be the Hindoo Koosh. It wiil be more easy to make
a railway in Centrel Asia than along the Ukran coast, where Alexander’s
army perished, and where it is difficult to protect a line of telegraph.
It is not to be expected that the Euphrates Valley line will go further than
Bussorah for many years, any more than the Caspian line further than
Astrakhan and Peshawur on either side.

REVIEWS AND NOTICES OF NEW BOOKS.
Steam in the Farmyard : Its adaptation to Agrioultural Purposes. London :
W. Kent and Co. 1863.

Notwithstanding the obtrusively evident advertising character of this
pamphlet crops out in nearly every page, and the business object with which
it has, doubtless, been written becomes perfectly recognised, there is is so
much that is true and valuable for the purpose of reference, upon a sub-
ject on which so very much remains to be written and done—practically
and systematically—that we feel justified in calling the attention of our -
readers to the pamphlet. It is full of interesting figures and details,
showing the economy attending the substitution of steam in the farmyard
and in the fleld. The General Steam Cultivation Company, upon the
direction of which the names of his Grace the Duke of Sutherland and
other eminentand extensive landed proprietors will be found, appears to
have been originated to obtain a sufficiently large capital for the purpose
of supplying upon lease, or to sell upon agreements for payment by
instalments, the more expensive steam machinery proposed to be employed
for the cultivation of land and for performing the manufacturing opera-
tions connected with the farmyard.

A Record of the Progress of Modern Engincering, §c. Edited by W.
HUMBER, Assoc, Inst. C.E., and M. Inst. M.E. London: E.and F.N.
Spon, 1863. Parts 3, 4, and 5.

Mr. Humber’s Record certainly improves in quality and excellence. He
has made a very interesting selection of works for illustration in the more
recently issued parts.

A Short Ezplanation of the Analytical and Universal Nautical Code
of Signals. By Count D’EscAYRAC DE LAUTARE. London: J. Camden
Holten, Piccadilly, 1863.

The Author proposes a very comprehensive, simple, and ingenious
system of signalling at sea, which is deserving of the attention of nautical

men. .

The Science of Skip-building considered in its relation to the laws of
nature, by H, BowLBY WILLsoN, Esq., of Canada. London: J. D.
Potter, 31, Poultry, 1863.

The author has strung together, in some ninety-eight or one hundred
paragraphs, which are not very well assimilated or connected, much that
would be very valuable tonaval architects orship builders, after more care has
beenbestowed upon the present disjointed and crude mass of matter presented
by the author. What Mr. Willson goes in for as a midship section of &
sea-going ship, is the square, box-like form ; and for long, broad, and shallow
ships, strengthened by a longitudinalbow and string girder. By this method
the ship’s keel will become the basis of strength for the whole structure,
both longitudinally and transversoly, instead of looking to the outer walls,
as is now done, for the main support ”—(p.45). Now, as to how new and
how useful the “bow and string ” contrivance is, the practical experience
of many of our readers will enable them to judge of its usefuluess, and one
or two of them may have acquired that knowledge at a considerable cost.
Otherwise, in many respects Mr. Willson has, upon questions of construc-
tion and disposition of materials, and the internal and general arrange-
ments of both cargo, ships, and vessels of war, reproduced, to a great
extent, the plans of Mr. R. Roberts, Capt. T. R. Symonds, and others.
We are, nevertheless, much obliged to Mr. Bowlby Willson for the aid
which his pamphlet must give in helping along the common causé of all
who are interested in the progress of naval architecture, &c., by venti-
lating the subject more fully, Mr. Willson, in his preface, pays a
well-deserved compliment to a very promising young naval architect,
Mr. Thomas Smith, of Randolph, Elder, and Co.’s shipbuildin yard at

Glasgow.
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RTIZAN.

We cannot hold ourselves responsible for the
To the Editor of THE

HEAT AND FORCE.

In all machines it is observed that a considerable loss of power results from
friction, and a corresponding production of heat takes place. This production
of heat may be fairly considered as the equivalent of the force lost by the friction
of the machine.

By agitating a liquid, its temperature is increased because the movements of
the mass are changed into molecular movements, by the friction of the particles
on each other, and on the interior surfaces of the containing vessels.

As it is an undisputed fact that work can thus be directly converted into
heat, the mechanical theory of heat supposes that, conversely, heat is changed
into work. In the steam engine heat is obviously the cause of work, but it is
by no means evident that part of the heat is actually changed into work, as the
new theory supsoses.

It is argued that heat, or the intense molecular motion of ponderable matter
developed by chemical agency in combustion, is the source of work in the
steam-engine, and that perpetual motion would be realised if a given
quantity of heat can, by its passage through the engine, perform exterior work,
and still remain undiminished in amount at the end of the operation.

The force of this reasoning depends on the view which is taken of the con-
stitution of the vaporous and gaseous states of matter. The mechanical theory
of heat explains the constitution of vapours and gases, by the simple mechanical
laws of matter and motion, without the agency of repulsion, as the word is
generally understood. The legitimate scope of true philosophical inquiry should
certainly be to clear away mystery, where possible, and to remove all unne-
cessary complication from our ideas of the agency of natural forces in the pro-
duction of physical phenomena ; but, unfortunately, the current theory of ther-
modynomics, by discarding the old idea of molecular repulsion in elastic fluids
has introduced fallacies which seriously impair the practical value of an
otherwise beautiful doctrine, elaborated with admirable skill by some of the first
intellects of the age.

In former papers treating of this interesting subject, in tion with
thermic prime movers, I have endeavoured to show th.t heat, as molecular
motion, though the cause of work in the steam-engine, is not directly com-
verted into work, and that all the heat which leaves the boiler in the steam
should (theoretically) be found in the condenser, only more diluted, or of lower
temperature. Such was the conclusion to which the large experiments of
Seguin led twenty-five years ago; and Mr. Hirn, of Colmar, after the most
elaborate research on the thermodynamical phenomena of the practical working
of large steam-engines, not long since arrived at conclusions differing widely
from the new theory. Fortunately for truth, the correctness of his valuable
facts remains unimpeached, for it seems that M. Hirn has recently altered his
views, and given an interpretation to the facts of his experiments more in har-
mony with the general opinion of scientific men, as more particularly enounced
in the papers of Professor Clausius on the subject. M. Hirn’s experiments
showed that, besides the production of work without loss of heat, the tumultuous
dashing of high pressure steam from the cylinder of an engine to the condenser
produces an actual increase of thermometric heat ; and the apparent absurdity
of these conclusions disappears if we allow the obvious fact that high-pressure
steam must contain some form of energy distinct from that of mere thermo-
metric heat, as described by the thermodynamical theory, though always co.
existent with it.

Sadi Carnot, in 1824, likened the dynamical action of heat in the steam-engine
to that of water in a hydraulic wheel, the temperature of the steam represent-
ing height of fall in the water. Thus, a given quantity of heat concentrated
into a smaller space would correspond to a given quantity of water raised to a
certain height; the water in descending would produce work, and the heat ex-
panding into a larger space would also produce work. The agents in both cases
would remain the same in quantity, but it is evident that the water in its more
elevated position contains an amount of work-producing power which it did not
possess when at a lower level, and it must have required this work-producing
power at the cost of so much energy expended from some other active source.
This energy is obviously the equivalent for the work expended in raising the
water. 8o, also, a given weight of low pressure steam, compressed by some ex-
terior force into a smaller volume, contains more work-producing power than it
possessed in the more expanded state; and this increase of work-producing
power must have cost an equal quantity of energy transferred from the exterior

agent. We cannot trace the occult process of the transfer, but the visible re-
sults prove that it has taken place, and we find that the energy thus transferred
to the fluid has not increased its quantity of thermometric heat, as experiment
proves that one volume of steam at ten atmospheres pressure contains the same
(or very nearly the same) amount of thermometric heat as ten volumes of atmo-
spheric pressure steam, that is to say, each will raise the temperature of a given
mass of cold water the same number of degrees. Thus there is evidently a differ-
ence between thermometric heat and calorific energy in elastic fluids.

If we allow that elastic fluids may possess a property of moleculm' repulsion
distinct from the molecular inotion supposed to titute el accord-
ing to the current doctrine, we may conceive of the specific energy of high
pressure steam as of the energy of a spring wound up ; and common observation
shows that when a vapour or gas is compressed, and the molecular springs are
thus put into a state of greater tension, part of the latent heat of the fluid be-
comes sensible, and the temperature rises. And, on the other hand, when an
elastic fluid is allowed to expand quietly by gradually enlarging the space it occu-
pied, part of the sensible heat of the fluid becomes latent, and the temperature
falls. Now, the chemical energy of fire applied to a common steam-boiler, be-
sides effecting the change of the liquid to vapour, produces on the vapour formed
the same result as compression from an external source of power. This will
appear plainer by tracing the formation of steam in a boiler under gradually in-
creasing pressure. Each fresh particle of steam formed increases the density of
the steam already existing, and changes part of its latent heat into sensible ; and
if the first portion of the steam formed be supposed to remain in the upper part
of the vessel unmixed with that which goes on forming below, it is perceived
that its pressure will go on increasing with a corresponding rise of temperature
caused by a change of its latent heat into sensible, independently of any direct
communication of heat from beneath. The constitution of high pressure steam
is obviously the same whether it is generated directly at high pressure in the
boiler, or produced from low pressure steam compressed into a smaller volume
by external force ; thus it appears that a higher temperature in the heat absorbed
in forming the steam produces the same effect as the application or transfer of
energy from without in giving density and pressure. Therefore, the condition,
or quality of the heat, should be considered in these investigations as well as the
quantity.

Latent heat may be oonceived of as a kind of polar arrangement of the
particles of an elastic fluid, the angular distances of the like atomic poles in-
creasing and decreasing with the distances of the particles from each other. The
amount of latent heat which a liquid takes up in changing to a vapour is always
proportional to the pressure, and the pressure is abviously as the space in elastic
fluids, so that by increasing the pressure the apparent step between the two
states of liquid and vapour is made smaller and smaller. The quantity of heat,
or molecular motion, appears to be constant in the change of state independent
of temperature or space. Therefore when vapour is formed at a low tempera-
ture, and corresponding low pressure, we may imagine the energy from the fire
to actuate the particles in large orbits with few vibrations in a given time, and
the like atomic poles greatly averted, consequently low repulsion ; and, on the
other hand, when vapour is formed at a high temperature, and corresponding
high pressure, the same amourt of communicated energy may be supposed to
actuate the particles in smaller orbits with a greater number of vibrations in
the same time, the angular distances of the like atomic poles being smaller, and,

quently, i d t , or repulsive, force in the fluid. By some
such hypothesis we can conceive the amount of thermometric heat in a given
weight of saturated steam to remain constant under all changes of pressure and
temperature, while the molecular repualsion, or calorific energy varies with the
circumstances.

On a superficial view of the phenomena it might be imagined that, because
the quantity ot thermometric heat is the same in steam of various pressures,
the increase of energy in high pressure steam costs nothing. Commercially
speaking such is nearly the case, but in nature’s laboatory everything must
obey the laws of equivalence in phenomena of this kind, and there can be no
doubt that the increased energy of the high pressure steam is produced by the
transfer, or transformation, of some equivalent energy sent in from the fire;
but as the temperature of common combustion is enormounsly higher than that
of ordinary steam, and the temperature communicated to the liquid particles in
becoming vapour is only the actual temperature of the steam, the energy of con-
centration, or high temperature in the heat, is availed of only in a very limited
degree, and the greater part of it is allowed to run down and become diffused
without producing the amount of dynamical effect which would result if it could
be transmitted to the forming steam at a higher temperature.—J. GILL.
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Ohituary.
MR. BENJAMIN GOODFELLOW.

We regret to have to announce the death of Mr. B. Goodfellow, on the
29th of April last.

Mr. Goodfellow held a leading position in Hyde, and the neighbourhood
of Manchester, during the lust twenty years. He will be well known to most
of our readers as one of our leading mechanical engineers, and by his nume-
rous inventions affecting the various branches of engineering. He attained
the high position which he held by dint of unremitting energy and industry.

Mr. Goodfellow was horn of very hamble but industrious and exemplary
parents, at Rainin, a village in Macclesfield, in 1811. He commenced
working in a silk mill at the age of six years—and after the removal of
his parents to Hyde, he worked at the Carrfield Mills, Floweryfield, until
1838, during which time he worked upon all the machines needed in the
manufacture of woollen cloth, and finally was employed as a mechanic,
working upon the various machines used in spinning and weaving cotton.

In 1838 Mr. Goodfellow invented and patented his well-known metallic
piston, the novelty of his invention consisting in the employment of three
spring rings, producing both a vertical and a lateral action at the same time.

About the time of patenting his metallic piston, Mr. Goodfellow com-
menced business asa maker of them on his own account, at the Carrfield
Mills, the nse of the mechanics’ shop being granted him by the proprietor
of the Mills—the late Mr. Thos. Ashton.

He remained at Carrfield Mills about two years, and then removed to
the site of the works on Mottram Road, where he gradually embarked in
all the different branches of mechanical engineering. extending his works
almost year by year since 1848 (in which year the chief portion of them
was built) until they now stand on about 20,000 square yards of land,
and when times are prosperous above 400 men are employed upon them.

THE RE-OPENING OF THE COLOSSEUM.

The Colosseum, with its uumerous attractions, has been recently re-opened
to the public under the management of Mr. J. Nimmo. %uring the
time the building has been closed for the purpose of repairs, &c., advantage
has been taken of the opportunity, to re-embellish the whole of the interior.
The new mumement has been inaugurated by an attractive mme.
It is announced that the present will be the last season of the exhibition
of the moving cyclorama of the destruction of Lisbon by earthquake, and
of the great pictures of London by day, and Paris by night.

NON-CONDUCTING COMPOSITIONS.

Mr. James Spence of Her Majesty’s Dockyard, Portsmouth, has patented
some excellent and very effective compusitions, suited for covering stean
boilers, cylinders, steam pipes, and other heated surfuces, for retaining
the heat and preventing rudiation.

As a substitute for the hair-felt lagging, &e., it is cheaper, and unlike
hair-felt, it will perfectly withstand the highest temperature to which, by
the introduction of the superheating of high pressare steam, the outer
shells of boilers are now subjected.

By a variation in the proportions of the materials employed, Mr. Spence
adapts the character of the composition to the various purposes to which it
may be usefully adapted, whether for retaining heat, or excluding or re-
sisting intense cold.

It has been tried with perfect success for several months, during which
time we have had the opportunity of judging how admirably it is suited
for the several purposes to which it has been applied ; and, by its substitu-
tion for the present method employed for covering steam boilers in her
Majesty’sservice. Not only will a great money saving be effected in first
cost, and for renewals, but the danger arising from risk of fire will be
uvoided.

MR. RICHARD ROBERTS, C.E.

Messys .Moira and Haigh, of Lower Seymour-street, Portman-square,
have produced an admirable likeness of Mr. Roberts, of Mauchester, and
Messrs Marion and Co., of Soho-square, are the publishers. As a specimen
of photographic art, it is excellent, and will doubtless be highly appreciated
as u faithful likeness by all the friends of the worthy and highly talented
original.

TWIN-SCREW OR DOUBLE-SCREW STEAMSHIPS.—At the Royal United
Service Institution, Captain T. R. Symonds, R.N., on Monday, the 18th of
May, read a paper upon the advantages of maneuvring ships of war with
broadside guns in action by means of two screws, worked by separate and
independent engines, and compared it with the cupols system. The con-
struction of ships, and the mounting and disposing upper deck guns of
large calibre, proposed by Captain Symonds, enables fore and aft firing to
be performed more perfectly than in any arrangement previously brought
to the notice of naval artillerists, and, with the aid of the two screws, se-
cures advantages not possessed by either the cupola system or any other
plan of arming ships.

NOTICES TO CORRESPONDENTS.

PATER.—In answer te your enquiry, the Admiralty order to which you refer
is very explicit as to the points. For your information we give the points
"

S—

Engineer Boys and Dockyard Apprentices.

1. The vacancies tor these appointments are open to public competition.

2. Candidates must not be under the age of thirtecn years and nine months
or above the of fifteen years on the first day of the month after the
examinations. f of age will be required by certificate of birth, extract

from baptismal register, or declaration before a magistrate, which must be

produced at the time of the examination. They must also produce evidence
of respectability on a form which will be furnished by the superintendent.

They will not be admitted for examination unless their age is within the

above limits, and until they have been pronounced fit for her Majesty’s

service, by the medical officers in the yard, and they should possess the

following qualifications at the minimum age :—
eight 4ft. 8in.
Weight 80lbs.
Girth of Chest ... 26in.

but a deficiency in these muisitu will not exclude a candidate who may be
pronounced by the medical officers to be generally calculated to make
efficient workmen.

3. Examinations will be held in January and June.

4. The following will be the subject of examination, and the maximum number
of arks for each subject :—

Arithmetical 330
Spelling 100
andwriting 100
Reading 100
Grammar 100
English Composition 100
Geography 100
Euclid, 1st three books 150
Algebra, up to, and including quadratic equations ;
arithinetical and geometricul progression 150

—

Total 1250

6. A competent knowledge of the first four subjects will be required of all

candidates, and candidates for the factories must also 3 a com t

knowledge of the first three books of Euclid, to render them eligible for

appointment as engineer boys. The other subjects will count in the com-
petition, but will not be considered essential.

200 marks as a maximum will also be given for physical qualifications, viz.,

—height, weight, girth of chest, and strength.

The boys w‘i’{fbe appointed uecordin{; to their standing on the examination

list, and the successtul candidates will have the option of choosing vacancies

for eugineer boys in the factories, or for apprenticeship in the dockyards.
Candidates who fail at the first examination will be entitled to a second, if
not over age.

. All apprentices entered in future in the Master Shipwrights’ Department,
except millwrights, will be employed during the last two years of their
upprenticeship, or part of that time, on board Her Majesty’s sea-going ships
in commission. They will receive their dockyard 7:3', with an additional
day’s pay per week for Sundays, and will be victualled on board, and receive
tool money.

10. Apprentices receiving a superior course of instruction, if sent to sea, will

be allowed to continue their studies under the naval instructor.

11. On the expiration of their period of service they will receive a certificate
of their character and conduct, the progress they have made in their trades
and in the knowledge of the subjects prescribed for dockyard apprentices.
If this certificate be favourable it will receive due consideration, when any
of these young men shall be candidates for promotion, either as carpenters’
mates, or as inferior officers in the dockyards. .

12. The apprentices now in the service will be allowed to avail themselves of
these regulations on the recommendation of the Superintendents. .
18. The engineer boys are not agprenticed, but are admitted to the factories
for a period of about five years, with a view of becoming naval engineers
should they, on examination, be found properly qualified, and should their

services be required. . oL

14. The list of candidates for the factories and for apprenticeship, is kept by
the Superintendents of the dockyards, to whom all applications must be
addressed. Persons serving afloat must apply through their commanding
officers.

8.H.—Sketch received, and will be noticed in our next. .

Z. C. axp OraERs.—The water jet propeller may be seen daily on the River
Meuse, and, we believe, also on some part of the Elbe. The plan there used
differs from Ruthven's. Experiments are being conducted on some of the
French canals with vessels having longitudinal trunks or water ways, through
which the water admitted at the bows is ejected at the stern with considerable
force, by means of rotary pumps, . L. .

BuiLpEzs’' MEASUREMENT, &c.—You will find what you require in the “ Rudi-
ments of Naval Architecture,” by Peake, price 3s. (Weale’s series), and “ The
Theory and Practice of Shipbuilding,” by T. White, price 16¢. ; also by Weale,
High Holborn ; and, if you apply to Messrs. Spon, of Bucklesbury, the; will
forward you a series of books upon shipbuilding, and the various rules relating
to measurement, &c.

b S -]
o s

© ®

J.H.—The pipe joint we should recommend for the purpose is that recently
patented lrypﬁrj ormandy, which effects a thoroughly tight joint. Should you

use iron piping the same joint could be employed.

18
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RECENT LEGAL DECISIONS
AFFECTING THE ARTS, MANUFACTURES, INVENTIONS, &¢.

Uwpar this heading we propose giving a inct 'y of such decisions and other
proceedings of the Courts of Law, during the preceding month, as may have a distinct
and practical bearing on the various departments treated of in our Journal : selecting
those cases only which offer some point either of novelty, or of useful application to the
manufscturer, the inventor, or the usually—in the intelligence of law matters, at least
~—less experienced artizan. With this ohject in view, we shall endeavour, as much a«
possible, to divest our remarks of all legal technicalities, and to present the substance
of those decisicns (o our readers in a plain, familiar, and intelligible shape.

OrpryEEIM V. FrY.—This was a case tried in the Court of Queen’s Bench, which
raised an impertant point in the law of marine insurance,—whether the machinery of a
st should be d d part of the vessel, 5o as that the expense of putting out a
fire in the hull should be recoverable as general average on machinery and hull, or be
chargeable only against the hull. The policy was upon a steam vessel, valued at
ezz,&eo—mt is, £14,000 for the hull and £3000 for the machinery—and the sum insured
was £17,650; *average payable on the whole, or each, as if separately insured,” 3 per
cent. The went to Constantinople, and while lying there near the shore a fire
took place, which communicated to the hulf of the vessel ; and the sum in question was

8usTERRRANEAN Forrst.—During the progress of the Victoria Dock extension works at
Hull, a subterranean forest has been struok at a depth of 32ft. from the surface. In one
instance the root and part of the stem of an immense oak, about 20ft. in circamference,
and in a good state of mtﬁon. lies oxposed, and, as it is on a level with the bottom
of the dock, it will probably continue in its original position until the end of time. The
remains of the trunks of two other large trees have been dug up, one of which bears
the evident marks of fire. In some instances the wood is mixed with clay, and mostly
as black as ebony, and when cut by the workmen's es, soon crumbles into dust by
the action of the air. The forest appears to have been of a very great oxtent, for at
t no limit has been found to its daries. Wherever the excavations are con-
ued, the workmen discover traces of its existence, It may not be uninteresting to
describe the geol: condition of the strata. Clay is found to about 16ft. below the
surface, and eath that a seam of sand, which is followed by a stratum of sand of &
moister nature, greatly mixed with cockle and other fresh-water shells, and then comes
the seam containing the wood, wetter still

Tix Linxp Lrap CrsTERNS.—At & moetl'nf of the Liv 1 Chemists’ Association on
the 7th ult., specimens of lead pipe and sheet lead, electro-p! with tin, were exhibited
by Mr. Holt, and some discussion ensued g the use of lead coated in this

respectin manner
for water cisterns and pipes. It appeared to be the opinion of the meeting that the
coating of tin, instead of preserving the lead, was far more likely to insure its more
rapid corrosion, for if the coating of tin by any means happened to be scratched off, even
to the slightest extent, galvanic action would take place, and the lead would be destroyed
ver{ quickly. Dr. Nevins and Dr. Edwards stated that their experiments had proved
such would undoubtedly be the case, Dr. Edwards remarking that, in one case which he
had examined, a cistern made of lead, in which was an accidental admixture of tin, was

the amount of expense incurred in putting out the fire, which did not d the
machinery. When the owners came to claim upon the policy, the “average stater”
stated the ‘;anticuln average " at £386, in which, however, was incloded a sum of £9
for fees to Lloyd‘s surveyors for survey of the damage before the repairs ; and, deducting
that sum, there would be only £377. The other sum in dispute was thus stated as
“ general average.” * Sundry expenses incurred in putting out the fire in order to pre-
serve the ship from total destruction, employment of labourers, &c., £58,” of which
£35 was agreed to be the amount allotable to the hull, if it was a general average. The
sum of £9 was stated as “particular average.” Now, deducting the £9 from the £386
would leave £377, and adding thereto £55, would make a sum of £432, which would be,
it will be observed, more by £12 than the amount of 3 per cent. on £14,000, the value of
the hull. The average stater, however, stated the £55 as general average, out of which,
in that view, only £35 out of the £55 would go to the hull; and adding this to the 2377i
t of

eaten out by well water in six months, the lead being rapidly precipitated in the form of
sulphate, &c’

Paxn1s 10 Bx Lir BY Evxorricrry.—The lighting of Paris, it is stated, is to be entrusted
to M., J. Von Malderan, who has invented a new clectric light, one jet of which is equal
ibso 22(}))2 jetesd of gas. The Place Saint Surplice is destined to be the first where the essay

to be tried.

Cova aom J0in, hydraulic prese. erostod 1n Woohwich dookyab. or bevmiing aad preporing
's new 28in. hy: c prees, erec oolwich docky: r pre]

armour-plates took place on the 19th ult. The first test consisted of a trial of two d4in,
armour-plates, made hot, forming a thickness of 9in. of solid iron, which were placed in
the press and bent to a curve of seven-eights in the breadth of the plates in lesa than five

would make up the sum of £412, which would be less by about £8 than the
3 Szr cent. on the £14,000. The question in dispute (sald to be important in point of
principle) was, first, whether the £8 was icular ar “ﬁmenl average, and, next,
whether the whole of the £55 should be allotted to the h alone acd be deemed par-
ticular average, 50 as to raise the sum above 3 per cent. A certain sum had been paid
into court by the underwriters, and the question was if that was enough. If the amount
in dispute were appropriated to genenl average, then the loss would be under 3 per
cent., and the sum so paid would be enongh; if to partioular average, then the loss
would be above 3 per cent., and the sum would not be enough: The case was tried
at Guildhall, before the Lord Chief Justice, and the facts not being disputed, the t

, at & p of 1000 tons on the whole surface of ephton,tham
making aboat 130 revolutions per mi In the d trial the plates were adj;
80 as to bring the pressure near the centre of the plate. The pump was then worked up
to about 1639 tons by indicator, bending the two stsbl of iron to a curve of ane half in
their breadths, The third and last trial consisted of a simple test of the working of the
pump and the strength of the press. The pump worked up to about 1600 tons and
exhibited no visible signs of weal . The press is fitted with an improved apparatus—

of law was reserved for the Court. The Court thought that the plaintifl was not en-
titled to calculate more than £35 of the £55 as particular average, and was not entitled
50 to calculate the £9, the expense of the survey, for the rest of the £55 and the sum of
£9 were expenses incurred for the safety of the entire vessel. Thus, therefore, the loss
would be under 3 per cent., and the plaintiff was not entitled to recover more. Judg-
ment for the defendant.

NOTES AND NOVELTIES.

OUR “NOTES AND NOVELTIES” DEPARTMENT.—A SUGGESTION TO OUR
READERS,

‘Woe have received many letters from correspondents, both at home and abroad, thanking
us for that portion of this Journal in which, under the title of “Notes and Novelties,”
we p our readers with an epit of such of the “events of the month preceding”
as may in some way affect their interests, so far as their interests are connected with
any of the subjects upon which this Journal treats. This epitome, in its preparation,
necessitates the expenditure of much time and labour; and as we desire to make it as
perfect as possible, more ially with a view of benefiting those of our enginecring
brethren who reside abroad, we venture to make a suggestion to our subscribers, from
which, if acted upon, we shall derive considerable assistance. It isto the effect that we
shall be happy to receive local news of interest from all who have the leisure to collect
and forward it tous. Those who cannot afford the time to do this would greatly assist
our efforts by sending us local pap taining articles on, or notices of, any facts
connected with Railways, Telegraphs, Harbours, Docks, Canals, Bridges, Military
Engineering, Marine Engineering, Shipbuilding, Boilers, Furnaces, Smoke Prevention,
Chemistry as applied to the Industrial Arts, Gas and Water Works, Mining, Metal-
lurgy, &. Tosavetime, all communications for this department should be addressed
“19, Salisbury-street, Adelphi, London, W.C.” and be forwarded, as early in the month
as possible, to the Editor.

MISCELLANEOUS.

Izox Tawx Om Smrr.—~The Rmml an iron tamk-ship, built for the Petrol
Compm[. recently sailed from ivorpool for New \'grk. This vessel will arry
about tons of petroleum in tanks, and an equal quantity in barrels, and the system is

80 much approved by the underwriters that insurances can be effected on her at less than
he usual rates.

_ Nxw Fortrsrcarions.—The annual return relating to expenditure on fortifications
states that the £2,000,000 authorized by the Act of 1860 have raised, and £70,000 of
the £1,200,000 autborized by the Act of 1863. These sums have been obtained by the
creation of terminable ti (1855{; ting to £133,827. The annuities were
calculated at 3} per cent. interest. The amount wtuall{’ expended up to the 31st of
March last is as follows:—At Portsmouth, £764,729; at Plymouth, 2333.870; at Pem-
broke, £134,975 ; at Portland, £122,134; at Gravesend, £78,463; at Chatham, £122,242 ;
at the Medway and Sheerness, £125,463; at Dover, £190,718 ; at Cork, £21,493; on experi-
ments, £1,318; land surveyors’ charges, £10,414; surveys and legal expenses, £35,465 ;
officers, surveyors, clerks, draughtsmen, &c., employed, and contingent expenses, £40,165,
Total, £2,041,449.

namely, a table or e at the top of the cylinder to keep it from rising or canting, which
will enable it to worked up to the enormous pressure of 2000 tons. The Hussian
Got,'h o t have desired Messrs. Westwood and Co. to supply three of these presses
wi & le d

p patch, after havin, invesﬁs“ed the capabilities of the press
by a careful inspection during its erection in \Nyoolwich ockyard,

Axri-FovLixe CoxposiTioNs yor Izox Smirs.—The difficult problem of discovering
a mode through which the bottoms of iron ships shall be entirely preserved from fouling
has been but little advanced by the experiment lately completed at Devonport. The
premium offered by .the Lords of the Admiralty for producing the long-desi "?w
ventives conti therefore, open to petition. The iro steam tender Minz,
of 303 tons, which has engines of 10-horse power, commanded by Mr. James Pook, d
harbour service for the Channel fleet, and supplies the sh:fps with water. She received
last September on her port side amidships three samples of different compositions, each
10ft. wide, and extending down to the bottom of the keel. The sample forward wud tl:;:

an
ight in
the star

manufactured by Mr. Fidemore, the next was that supplied by Mr. Elsworth,
third was a preparation ded l:,v Mr. Edwards, assistant ter ship
Devonport cfock ard. The remainder of the port side forward and aft, and all
board side, received the composition of Mr. Hay, chemist, of Portsmouth. So mpned.
the Minz was fioated ‘on the 10th of October, 1963, since which time gho has can-
stantly occupied on harbour duty. Ships so employed foul much more npeedﬂi than
those making long voyages. After three or four months’ experience, it was found that.
sea-weed and grass had irown considerabiy on the port side of the Minz, which made
her very ‘‘unhandy with her helm.” Recently she was placed high and in dock, and
an opportunity was given for ining her bott inutely. There is considerable
difference hetween her draught when laden with water, provisions, &c., as a tender, and
when in ballast ; jand as she had been mostly in one or other of these conditions during
the last seven months, the load line and the ballast or light line are marked most die-
tinctly all round. Between the two there is not mach vegeuumh but on the lower line,
where the compositions of Messrs. Finemore and Elsworth are laid on, there is a distinct
fringe of weed two feet long. Bolow the in the former, light sea grass, small
barnacles, and much rust prevail. On Elswarth’s oom?onition there are barnacles and
thick m, but very little rust. On Hay's composition there are some weeds, many
small acles, but verv little rust. Before this preparation was laid on a coat of
bitumen was xun:.lied to theiron. The test 'ﬁ})“cd to the Minz, according to the present
trial, places Mr. Hay’s composition first, Mr. Elsworth’s second, and ilr. Finemore'’s
third, in order or success.

Messes. GwyNNE aND Co. have, we understand, received orders from the Admiralty
for the “""'E. of the pumping engines for the new docks at Malta (their patent centri-
fugal pump is to be used), and of a ity capable of discharging 35,000 tons of water
in four hours. Messrs. Gwynne and Co. have also in hand a pair of engines, with the
centrifugal pumps for the dry-dock of Messrs. Palmer Bros., ship-builders, Newcastle-on-
Tyne, and one to discharge 240,000 cubic feet of waterinthree hours, for the new floating
dock for the Dutch Government now being constructed in Holland, &c.

PrrroLEUM.—Messrs. Booth and Garrett, professors at Philadelphia U.S., have found that

CRITy | 2509 gallons of petroleum oil produce as much light as 1000 cubic feet of coal gas, or

11'699 gallons of a mixture of turpentine and alcohol. For the price of the petroleum as
compared to other lighting substances, the following return was made :—

£ s d

A quantity of light produced by spermaceti candles, cost.. .4 3 4
» » by adamantine 2 11 54

”» . by paraffinoil 2 88

”» » by coal gas .....ccevveeeeerennnns .0 89
”» ”» by petrolcum .. 4 5%

Owing to the cheapness of the petroleum oil, it is at present also o;;floyed as fuel in

America. Thus an oil refiner of Erie uses it in place of coal, by leading it in the re-
uired quantity to the furnaces through a tube. By this means he realises an economy of
4 per weck, As soon as means will have been found of removing the unpleasant smell

pesroleum spreads during the combustion, its use will become infinitely more extensive,
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AX INTERNATIONAL EXHIBITION OF AGRICULTURAL MACHINERY will be held at
Komi??nrg. Prussia, from the 24th to the 39th of August, 1863, in connection with the
ural and horticultural gathering, intended exclusively for Prussia. Manufacturers

all countries are admitted to competition. The awards will consist of medals and
diplomas. Several of the exhibited machines will be raffied for at the close of the exhibi-
tion. Most of the G ilway panies have ted a reduction in the rates for
transport of machines to be sent to the exhibition. Forms (which must be filled up and
mﬂ.in before the 15th of June), and information may be obtained from the S gy

AR InvENTION IN PHOTOGRAPHY has been made in Berlin. From the experiments
of Herr Heckert, it will be possible henceforth, it is said, to burn pho h into
glass. Herr Toelken, the secre! of the Royal Academy of Arts, speaks in terms
of the delicacy of the shades and the wonderful effect of light on a drawing o‘fr])hot
correctness and abundanee of detail. The first production of the new art will probably
consist in transparent pictures, to be hung up against the window panes.

Tex ALxarr Works Reeurariox Bini.—The bill introduced by Lord Derby has been
read a third time in the House of Lords. The title and provisions of the bill may be
shortly stated as follows :—It is to be cited as ﬁe “ Alkali Act, 1863.” It is to come
into operation on January 1, 1864, The term ® alkali work ” is to mean every work in
which muriatic acid is evolved. Every alkali work is to be carried on 8o as to ensure, to
the satisfaction of the inspector, the cond tion of not less than ninety-five per cent.
of the muriatic acid evolved. Any less condensation than this will make the owner liable
tos ty of fifty pounds for a first offence, and for every subsequent offence to a

ty not exceeding twenty pounds, nor lees than two pounds, for every day the offence
continues. All alkali works must be and every change of ownership must be
registered. The Board of Trade is to appoint i tors to ed districts. The next
clause is important, as showing the wish of Lord Derby to ensure fairness mlng
out the Act. No land agent, nor any one in any manufacture, or inf in
any patent in or according to which the deoomgmlnon of salt or the condensation of
murrsﬂc acid may be effected, shall act a8 inspec 8
eunter works at all reasonable times, day and night, without giving notice, but se as not
to interrupt the proeees of the manufacture, to see that the provisions of the Act are
enrried out. The owners of the works, upon demand, are to supply the inspector with
of those parts of the works (to be secret by the inspector) in w the salt
decomposed and the muriatic acid cond d. The inspector may make any experi-
ments to ascertain the efficiency of the condensing apparatus, and the owner of the
works is to give him all necessary facilities for the testing. All persons obstructing an
h“q:ocwr or rehnin{ to give him the facilities incurs a penalty of £10 for every offence.
are to

r;)ort to Parliament evel;yn{e-r Owners of works with the
sanetion of the Board of Trade, make special rules for the workmen attending to the
eondensing apparatus, and may annex penalties to the violation of rales. The re-
métmmmwmmmyor ponalties.

InPROVED Boring MacmInsrY.—The improvements which form the subject of the
invention for which provisional protection has been ted to Mr. James Gilchrist, of
Glasgow, have been Qesi with a view to obtain a more simple, convenient, and
efficient arrangement of the parts than has hitherto been adopted. In one modification
of the improved engine, the pﬂnﬁp:lﬁp.:m are fitted upon a framing, which is by prefer-
ence mounted upon wheels, The p. comprise a steam boiler, winding details with
actuating cylinder or cylinders, and a cylinder for imparting the required reciprocating
motion to the boring rods ; this last mentioned cylinder, which may be fixed or oscillating,
is disposed borizontally, and its piston-rod actuates the vertical arm of a bell erank lever
centred on a fulerum, or on journals at a higher level than that of the cylinder, and
ha its other arm projecting horizontally outwards over the bore, and being con-

to the boﬂng-rogs. The steam may have access to both sides of the piston, its
action on both sides, or on one side only, bein lated by a suitable valve, actuated
by hand or by the movement of the piston-rod ftsel f: or the steam may be allowed access
to only one side of the piston. The arms of the bell-crank lever need not in all cases be
at right angles to each other, but may in some cases be arranged to suit a diagonal or
inclined position of the actuating steam cylinder. When the boring-rods have to be
&Ml out of the bore, the bell-crank lever may be disconnected and turned out of

wey.

PrrrorEUM.—The importance of the trade in petroleum, or American oil, continues to
Increase at an unprecedented rate. The importations int&iverpool this year are stated
in a circular of Mr. Macrae to have been more than 70,000 casks, against 8000 casks in
the corresponding period of 1862, yielding in dock and town -dues alone nearly £2000 for
the four months.

Jape.—At the last sitting of the French A y of Sciences, M. Dx described
certain diffe which ted bet green and white jade, a well-known mineral
which is brought over from Asia, under the form of vases, bracelets, hilts of daggers, &c.,
and which, according to our author, is a kind of tremolite. These two species of jade differ
. considerably from each other; the density of tne white species being only 297, that of the
@reen sort, 3'34; the latter is rather harder, a little more translucid, and of a slightly
erystalline structure; its fracture is splintery, finely lamellary, and at times somewhat
fibrous. Under the action of the blow-pipe it melts into a transparent glass, while white
jade,on the eontrary, is transformed into a dull white enamel. Both kinds resist the
aetion of the nitrie, hydrochloric, and sulphuric acids. A chemical analysis further shows
that white jade is essentially fonned of silica, lime, and magnesia, and therefore belongs to
the family of the Amphiboles, while green jade belongs to' that of the Wernerites, and the

species calied Dipyre.
NAVAL ENGINEERING.

TrE Izox-Crap FLEET.—A return has been issued, giving the names, tonnage, horse
power, number of guns, dimensions, and other particulars of our iron-clads, with the
when they were, or are expected to be, 1 hed. Exclusive of the floating bat-
teries, there are Y iron clad 1s, eleven of which are building and will be
1 hed as :—The Valiant, June, 1863; Minotaur, July, 1863; Royal Alfred
and Reseerch, August, 1863; Prince Albert, Zealous, laal Sovereign, and dchilles,
September, 1868 ; ite, uary, 1864 ; Agimcourt, March, 1864; and Northum-
derland, May, 1864. The ten launched are the Black Prince, lf’m-iar, Hector,
Defence, Remstance, Caledonia, Ocean, Prines Consort, Royal Oak, and Eutom The
total tonnage of these vessels is 88,607, the number of carried 634, and power
18,080. Two of those building—the Prince Albert (
power), the Royal Soversign ( tons, 5 guns, and 800-power)—are fitted with turrets on
Captain Coles” principle ; and three—the Favowrite (2188 tons, 8 s, and 400-horse
power), the Research (1253 tons, 4 guns, and 200-horse power), and the Enterprise (880
toms, 4 guns, and 160-horse power)—are fitted with the turret on Mr. Reed's principle.
There are seven floating batteries, carrying 108 guns.

TaE TriaL or THE “ BLick Princs,” 40, iron screw frigate, engined by Messrs. Penn
and Sow, took place at Portsmonth on the 22nd ult. Six rume were made with full bofler
power at the measured mile, the mean speed of the gix runs being 13'501 knots. The
revolutions of the engines were, maximum, 644, and the mean . The load on the
safety velve was 25lb., and the {ndicated horse-power 5309. The of water was
200, forw, and The propeller was a Griffiths of 24ft. , 38ft.

a,

r under this Act. The Inspectors may | ¢

20 tons, 5 guns, and 500 horse | 1,14,

. | Acting Second-class Engineers to the Orlend; W,

ard, 271t aft. 6in
pitch, and 4ft. 10in, length, Two runs were made at half boiler power—six boilers, the

mean d of which was 12'221 knots, the revolutions of the engines being 47. The
trials of steam having been concluded, the ship was next tried in making circles under
full steam. With a starboard helm the full circle was made in 10 min. 8 sec., the half
circle in 5 min. 20 sec,, the angle of the rudder being 18 degrees, with two tarns of the
wheel, and the revolutions of the engines 43, having been 54 previously to commencing
the circle, With a port helm the full circle was made in 10 min. 25 sec., the half in 5 min.
82 sec. ; the angle of the rudder was 223 degrees, the turn of the wheel 21; and the re-
volutions of the engines 48. There were in both instances 12 men at the wheel. The
speed attained by the ship was about one-tenth of a knot less than on her last trial. The
time occupied in makini the circles exceeds the average of our ships of war. She is
steered by a screw over her radder-head, but the lever arms of the screw are so confined in
the rudder-head that the greater the angle is made with the rudder the less the power of
the steering screw mes.

TaE “ EMERALD,” 34, screw frigate, Capt. A. Cumming, on the 8th ult. made her fourth
experimental screw trial, at the measured mile in Btokes Bay, near P th. The
ship’s draught of water was, as nearly as possible, the same as on the three former
occasions, being 20ft. 9in. forward, and 21ft. 10in. aft. The wind was at a foree of from
2 to 8 from the south-east. The screw used on thig occasion was one of four blades, the
blades being set at equidistant intervals round a Griffiths boss. The mean of six runs
made gave the ship a speed of exactly 12 knots, an ‘extremely satisfactory frecult, and
fully confirming those obtained with the same description of screws in the experimental
tmiu of her Majesty’s ship Shaanox. In fact, it may be stated, that the four triais of the
Emerald confirm the trials made with similar screws in the Skanwon, and that so far
nothing has been added to the knowledge we already possessed on the¥su Itis
expected, however, that the Emerald will conclude her serles of trials with the lesding
corners cat off her four and six-bladed common s and with a two, a three, and &
four-bladed screw of the Grifiths pattern. In maki :'he circles on this oceasion at the
conclusion six runs at the measured mile, the Emerald, with the helm -yom made
the circle in 7 min. and 9 sec., the angle of the rudder being 18} dex., and revol of
e 53. With the helm pmgbond,a fall circle was completed in 8 win, sad
22 sec., the angle of the rudder being 14 deg., and the revolutions of the engines 53%.

Tur “Curacos,” screw frigate, made her official trial of speed on the 18th uit., at the
measured mile in Stoke's Bay. Six runs were made at the mile with fall boiler power,
the mean speed of the ship being 10750 knots. Four runs at half-boiler power gave the
ship a mean speed of 8'670 knots. Circles were also made with the followiag reeults
With fall power:—Port helm—The half circle was made in 3min. Slsec. and the full
cirele in 6min. 46sec., the angle of rudder being 15 deg., the tarns of wheel 2}, and the
revolutions of engines 69}, Starboard helm—The half circle was made in 3min. 8sec,,
and the full cirele in 6min. 15sec,, the mgle of radder being 15 degrees, ‘the turns of
wheel, and the revolutions of en, , 68. With half power :—Port helm—The half
circle was made in 4 min. 7 sec. ; the full circle in 8 min, 22 sec., the angle of rudder
being 10} d and the revolations of en 51. With half power :—Starbosrd
helm—The half circle was made in 3 min. 52 sec., and the full circle in 7 min. 29 sec.,
the angle of rudder being 19} degrees, and the revolutions of engines 51. The ma-
ehi:‘edry. 350-horse power, Maudslay, Field and Son, gave every satisfaction to the
officials on board by its wor{ing.

Priarep Friaares vor Turxey.—Mr. Tucker, one of the superior officers of the
ship t's department of Woolwich Dockyard, has been ordered by the Board of
Admiralty to irooeed to Glasgow and survey the frigates (three in number) under con-
struction by Messrs, Napier and Co. for the Turkish Government. The frigates will be
built of iron, of the Warrior class. Two of the ber are alreaday hat

VEXTILATION OF THR IRON-CLaDs.—Inconsequence of the great success which has at-
tended the newly-invented ventilating arrangemente on board the iron-clad screw frigate
Royal Oak, 85, Capt. Campbell, fitting for sea at Chatham, the Lords of the Admiralty
have decided on introducing a similar system on board thoother vessels compesing the
squadron of armour-plated steamers. Orders have accordingly been received at Chatham
dockyard for one of the officisls from Devonport dockyard fo proceed to Chatham for
the gurpoae of obtaining a knowledge of what has been done, with a view to their being
applied to the armour-plated frifm Ocean, recently launched at Devonport. The
system of ventilation carried out in the Royal Oak is from a plan submitted to the
Admiralty by Capt. Fanshawe, superintendent of Chatham dockyard; the engine-room
and stokeholes being ventilated according to the principles laid down by Mr. er, in-
spector of machinery, and the chief of the engineering department at Chatham.

A NewLy-INVENTED ErEcTRO MucHINE CoATING i8 about to be applied to the plates
of theiron-cased steam-frigates Gloire and Invineible. 1t appears that this new eompo-
sition haibeen found to be very successful in the on ot metals. The Minister
of Marine bas addressed a despatch to the sev Port Admirals, instructing them to
send & gl;mber of shipwrights to Paris, to be instructed in the preparation of this new
composition.

Navay AprornTarNTs.—The foﬂowin%‘q;gointmmh have taken place since our last,J-
Roberts (a), Acting Chief Engineer; F. erring, Engineer,J. Ambler and T. Carlines
Pirst-class Assist. Engineers, and W. Scott, E. J, Hnmﬁ‘hreyl, and T. W. H. Ramsey
Acting Assist. neers, to the Orontes ; Ww.C. Beck, neer, to the Ca , for
the Miy- J. Blight, acting Engineer, to the Tadwe for the Gleanor ; J. A. Tuck, Chief
Engi . Hill, Engineer, P. Richmond, Engineer, A. Martell. J. Ciark and H.
Darroll, acting Engineers, and H. W. Ross, and W. Ambler, acting Assist. Engineer, to
the al ; E. ¥, Lucas, acting Assist. eer; to the Asia, a8 Supernumerary ;
R. Williams, Chief Engineer, W. W. Christie, Eagineer, and C. R. Lacy, H. J. Wilson, J.
Forrest, H. London, and W, Hallowell, Assist. Enginner, to the Liverpool ; H. C. Jones,
Engineer to the Fisgard, for the Enterprise; W. In# ), First-clags Assist. Eng
to the Pantaloon; C. B. Henl:zé 8 d-class Assist. Eng , to the Black Prince ;
G. Rigby, Supernumerary in Indus, promoted to First-class Assist. Engineer; A.
M'Innes, Chief Engineer, to the Geyser ; J. Ross, Engineer, to the Indus, for ftal
treatment; J. Wyllie, and A. Moreton, Assist. Engineers to the Valorous: H. A. Henri,
and G. Thompson, Engineers, to thc Inudas, for the Tilbwry and Nightingale mpecuvke‘m;
F. Day, Assist, Eugineer, to the Eczurd as supernumerary ; J. Smethers, of the Jackall,
J. F. Hattersday, of the !Edgar, W. M'Glashan, of the Electo, P. Thompson, of the
Pombroke, Willlams, of the Fhadamanthus, and T, W, Cameron, of the Princess Char-
promoted to be First-class Aseist. Engineers; T, Marsh, of the Orlando, R. L.
Owen, of the Charybdis, H. J. Packer, of the Algerine, M. Blunk, of the Bacchunte, C.
Wiggins, of the Coromandel, and J- B. Scarlett, of the Encounter, promoted to be acting
First-class Assist. Engineers ; J. Melrose, Assist. Engineer, to the Mirror; F.G. Gissing,
in the Asa for the Foam, promoted to Engineer; T. W. Bower, Engineer, to the Ajax;
J. Annable and J. Roberts (B), Assist. Engineers to the Indus, as Supernumeraries; H.
J. Hall, Acting Second-class Assist. Engineer to the Indus; P. Butler, H. Wooley, and
C. J. Incher, Engi to the Columbine, Alert, and respectively; J. C. Grayand,
sod J. J. Rose, Assist. Engineers, to the Columbine ; C. C. Hyde, and K. M*Caskill, Assist.
Engineer, to the Alert; R. Bacon, Engineer, and E. Watson, t. Engineer to the
Geyser; R. 5. Lee, Assist. Engineer to the ﬁ% P. Colquhonn and J. Green,
H. 1, Acting Chief E: , T. 8,
Grice First-class Assist. Engiueer, and H. White (B) Acting Sccond-class A . Engineer

ful?
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to the Cossack ; E. J. Murphy, First-class Assist. Engineer to the Edinburgh ; J.A. Cooke STEAM SHIPPING.
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‘(‘::2 11 m‘lg.c;m‘ﬂ?ﬁié&‘xﬁnﬁf"v@f“i{fﬁ&“&i& \)};:::lgm Asgm?e;::;g{:;eer TIAL OF AX ANGLO-CHINESE DEsraTcE Boat.—A very interesting trial took place on

and T. J. Andrewortha, Acting Second-class Assist. Engineer to the Esk; G. Weeks Chie
Engineer to the Majestic ; E-gDuniels Engineer to the Cumberland from the Salamis; E.
Judge First-class Assist. Engineer, and F. Smiley Second-class Assist. Engineer to the
Cockatrice R. H. Trubshaw Acting First-class Assist. Engineer, additional to the Cumber-
land, for the Lowiea; D. B. Keiller Second-class Assist. Engineer to the Caracoa; R.
Sutherland Second-class Assist. Engineer to the Miranda.

MILITARY ENGINEERING

NT8 AT SEONBURYNESS.—These experiments took place on the 27th of April
lulz"?hre‘?xlget fired at was constructed at the Millwall Ironworke from the designs of
Mr. Chalmers, The target was 13 feet long by 10 feet broad, faced externally with
hammered armour-plates 3%in. thick. Behind these were laid longitudinal teak beams
10in. wide by about 5in, deep, a web or flange of wrought-fron §in. in thickness passin
between nc{: beam, and being rivetted to a plate 13in. in thickness at the back.
this plate again came another pad of teak 5in. thick, which rested against the skin of the
ship—the same thickness as that of all our ironclads, §ths of an inch, and behind this
were the usual upright beams oriron ribs of the vessel. Thus it will be seen that,
though the target was apparently a light one trom its external ¥lntes being only 33in.
thick, yet in reality it had, after all, 5in. of iron in it, with 15in. of teak, exclusive of the
longitudinal cellular iron webbing we have mentioned between the teak beams, which,
though not nominally called upon to resist the shot, yet, in truth, alded the resistance
enormously, by distributing the force of the concussion and giving great stiffness to the
whole stracture. The trls to which this target was subjected was precisely similar to
that heavy ordeal which the Warrior target had to go through on the occasion of its
défbut at Shoeburyness. The number of rounds fired, the guns, ch ,and missiles were
precisely the same on both occasions; but, as the target of Mr. Chalmers was nearly
one-third smaller than that of the Warrior, the experiment was obviously more severe

for the smaller target, as the fire had to be more concentrated The trials were gradually
king fc from low cbai and shells filled with sand, up to
4 dve fn theit :‘m S forc w'; 200-pounder solid cast-iron shot

fired with the full service chal
:l:l:d 3&3‘3&;«, then fired in salvoes of thnerge:t a time ; and, lastly, simultaneous
ealvoes of three 110-pounders and two 68-pounders fired with full charges and solid shot.
The live shell and shell filled with sand, as usual, effected very little, nor did the 110-
with 10lb. charge, nor the 200-pounder with a 10lb. charge do much more. The
lower armour-plate of the three which composed the ecided]

ur'ﬁt was inferior to the
badly early in the day. e method of

ing on the

two upper ones, and cracked ning e
Its, with sto) conical heads and a sq thread, y to g

Dlates byloz.tlnmbo o:i' to work 4 irably. Partly from the resistance offered by these bolts,

iy from the foroe of the concussion itself being so deadened and distributed,
t‘ll::epv.v’:nyve" little buckling out of the ends of the plates when struck even, by the
heaviest missiles. The dints in the armour plates made by the shot varied according to
the weight of the projectile when rifled, and in uo case were much to speak of. The 68-
pounders, as usual, left a severe mark, in some instances nearly three inches deep. The
salvoes of the two 68-pounders and three 110°s were a severe trial. 'l'l.xe five shots were
concentrated on one spot, and struck with a terriffic crash, splintering themselves to
fragments. The main side ofthe backing—the skin of the ship, in fact—had, up to this
time, been carefully examined after each discharge; for on the integrity of that under
any fire depended, in fact, the success of the construction of the target. It had, how-
ever, shown no sign of ylelding. Some three or four of the small rivet-heads had been
jnmind off, with one or two small bolts, and there was a just perceptible deflection of one
or two ribs where great strains had come, but this was all. The armour-bolts all held
firm, and the back of the t showed no that it had ever becn fired at. One of the
armour bolts was struck and the head knocked off at the back, and the ribs gave tokens
of distress, but beyond this it was perfectly astonishing to see how well the target with-
stood the five ponderous missiles. The worst and most dangerous parts of the programme
had been borne by the t with impunity, and, as it was wished to sce how the back-
ing would break, if it could be broken, Mr. Chalmers was asked to permit the 300-poun-
der rifled Armstrong, loaded with its formidable steel shot, to be used against it. The
300- der was dingly loaded with a 451b. charge, and sent its projectile com-
pletay through the target, leaving a large and ragged hole, though not so ragged as the
same shot would have made in passing through armour plates backed up by teak in the
common fashion. This dmmct})ve shot brought the experlmenu to a a close, the result
of them being undoubtedly in favour of Mr. Chalmers's s{:’wm’ of backing the plates,
which is much superior to t{:e g};nl adopted either with the Warrior class of vessels built,
or the Minofexr class now building. : . " N
I1NG ARMOUR PLATES AT POoRTSMOUTH.— A testing of armour plates on the
Po‘l;.e";'ul. old sailing line-of-battle ship took place on the 21st ult. The plates tested
comprised one rolled, from Messrs. John Brown and Co., Sheffield, 15ft. in lenu't‘hi 3.
8in. in width, and 5in. in thickness. The Thames Ironworks sent two hammered plates
of about the same dimensions as Messrs. Brown’s The Mersey Works, Messrs. Clay and
Horsfall’s sent two h d experimental charcoal-iron plates of about 5ft. by 3ft. 3in.,
and 5in. in thickness ; and the Millwall Ironworks sent three of nearly the same dimen-
‘sions, two of the three being rolled iron, and the third of steel. The practice was made as
usual, under the supeﬂnunSe'nce of Capt. R. 8. Hewlett, C.B., with a 95cwt. 68-pounder
n, and the distance was 200 yards, Messrs. Brown’s plate ‘received nine shot in one
ﬁr‘i of its lenrxth. One of the Millwall fron plates received eight shots, and the other
seven, Onme of the Thames plates received eight shots, three overhpplniedewh other,
and four others being edge blows. All thess plates were more severely tested than was
the 5}-inch French plate that was recently tried at Portsmouth, and all the tests
with considerably less injury to the metal than was inflicted on that plate. The second
plate of the Thames Company was not of quite so good a quality as the first named, and
the experimental steel plate of the Millwall Company broke up under the first shot. The
The two plates manufactured by the Mersey Company were also easily broken t& by the
shot. Itis necessary to state w&h regard to these two plates that the Mersey mgmy
manufactured them at the request of a company in the iron trade, having a peculiar kind
of charcoal iron, which they thought very suitable for armour plates, and which they
desired to be tested. The result has, however, proved it to be utterly unfit for the

purpose.
Mix REECH-LOADING CANxON upon a new principle, the invention of Mr,
L.AW. Bml:;::l'l,%f New Orleans, U.S,, was prl:red on the 22nd ult. at the experimental
ordnance range at Woolwich, in the presenco of the Select Committee of Woolwich
Arsenal, and gave satisfactory results. The chief recommendations of the new gun are
the remarkable simplicity of its breech-loading arrangements, and the solid and substan-
tial method on which if appears to be constructed, as proved by its resistance of the
severe test to which it was subjected on trial. The gun is on a small scale, for experi-
ments only, and when brought out on la dimensions will, as stated, prove a most
serviceable weapon. Not g 18 req to initiate the gunner, the method of loading
being simply the removal and replacing of a small block of iron for the introduction of
the charge. There is a self-acting expanding ring, which serves to seal the breach her-
tically at the t of disch and which does not impede the movement of the
vent-plece. The projectile invented by Mr. Broadwell to be used with the gun is an
clongated shot, and is simple and plain in construction,

Behins n

the 6th ult. at the measured mile in Stokes Bay, near Portsmouth, of the new paddle-
wheel steamship Kiang-Soo, bullt by Mr. John White, of West Cowes, for the Emperor
of China. This vessel {s built on a dinﬁ: 1 principle. Her length is 241ft., breadth, 20ft. ;
depth, 15ft. Sin.; and tonnage, builders’ measurement, 1000 tons. She is fitted with
oscillating engines, constructed by Messrs. C. A. Day and Co., of the Northam Ironworks at
Souf ﬁton, and has patent feathering paddlewheels. The diameter of the cylinders i3
68in., with 5ft. stroke, and the velocity of the piston at full power 450ft. per minute.
The Kiang-8oo left the Southampton Docks, where she melveir her engines and machi-
nery on board, and steamed rapidly to Stokes Ba;, where she was at once placed on the
mile. and the result of four runs was as under :—First run, 3 min. 59 gec., equal to 15063
knots per hour; second run, 3 min. 8 sec., equal to 19-148 knots; third 4 mins, 4 sec.,
equal to 14°764 knote; fourth run, 3 mins. 15 sec., equal to 18°462 knote; the Admiralty
mean of the whole being 16903 knots, or 19} statate miles per hour. Revolutions of
engines, 45; pressure of steam, 27lb.; vacuum, 26in. The en| nes, which are of 300
0! mer, worked up to 2,279. being over 7} times their nominal power. The
vessels mean L&M of water was 9ft. 3in. At her highest rate of speed there was
scarce any perceptible vibration, the machinery working with the greatest freedom, and
she steered very easily. The boilers gave out an unlimited quantity of steam during the
day. After the four runs were completed the vessels head was 1gut to the eastward, and
she ran rapidly through Cowes 8, down the Solent, to the Needles, sul uently re-
tumlu{to Stokes Bay for a trial of her speed at half power. With only two boilers at
work she traversed the mile in 4 min., or 15 knots per hour, and a oeeont( time in 4 min.
27 sec. or 13483 Imotlr the mean of the two being 14241 knots per hour, with the exercise
of only half her st g power ; rev fons, 33; steam, 201b. ; vacuum, 27in. With such
extraordinary results as these, the Kiang-Soo was unanimously pronounced by all the
naval and scientific authorities present to be one of the fastest vessels afloat. The Kiang-
800 is intended as a despatch-boat for the Chinese navy, for the special personal use of
Captain Sherard Osborne, the commander-in-chief of the Anglo- ese exvedition.

Tae “Bricurox,” paddle-wheel steamer, belonging to the Weymouth and Channel
Islands Company, having had new boilers and mﬁ:rheaﬁng apparatus fitted to her,
underwent a at the measured mile, at Stokes Bay, on the 8t ult., when her
was found to average 13 knots, or 15 statute miles The trial was pronounced
in every way satisfactory.

Tz EspLoraToR®.—On the second.trial of the Royal Italian despatch veseel ,
built by Messrs, Wigram, and fitted with engines of 850-horse power by Messrs. John
Penn and Son, which took place recently, the speed was greater than on the former
occasion. It was 17°28 knots, a gain of rather more than a quarter of a knot, or 20
statate miles tKer hour. The engines worked up to seven times their nominal horse
power.  With less than half the power of the Holyhead boats the Esploratore attained a
greater speed.

SreamsHIP BUiLDING OX THE CLYDE.—Messrs. Tod and M‘Gregor have entered into
a contract to build 2 screw of 3000 tons for the British and North American Royal Mail
Steam Navigation Company. The vessel, which will rank with the Scotia, Persia, &e., is
to be named the Cuba. The Artidonite, just completed by Mr. Seath, for the Société
Accélérée d’Haiti, has made a trial trip at the measured mile on the Gareloch. She is of
250 tons register, with engines of 50-horse power, capable of working ng to 150-horsee
power effective; and at her trial she attained a mean s of 11 miles per hour, being one
mile above the rate specified iu the contract, although the n&omns were made against a
gale of wind with the screw only partly immersed. Mesars. tt and Co., of Cartsdyke,
have launched a screw of 530 tons, named the Fartry, now being fitted with m.fi.ne-
sg-horu powerrby the Gmno%khl-‘onndry Company. She has been designed speclally for
the t port of hinery and heavy casting

per hour,

LAUNCHES OF STEAMERS.,

LAUNCR OF AN IRON-CASED BATrERY roR THE Russiax Goverxmzxr.—The launch
of the Russian iron-cased battery Pervenetz took pace on the 18th ult., at the Thames
Ironworks and Shipbuilding Yard, Blackwall. The Pervenetz is a remarkable iron-cased
ship,of the following dimensions and tonnage:—The length between perpendiculars is
220ft.; the length of keel for tonnage, 188ft.; the breadth for tonnage, 53ft.; the depth of
hold, 26ft. ; and the burden, 2811 tons. In other words the length of the Pervenetz is
only equal to four times the breadth; while our Monitaurs and Warriors are in length
something like seven times her breadth. This is one of the points that distinguish the
Pervenetz from the iron-cased ships we are constructing and converting. Another equally
important point is that the tides of the Percenetz are inclined at an angle of 27 degroes
from the vertical; and the stem and stern, instead of projecting, as usual, above the
load water-line, recede so as to relieve the ship from all ble top hammer at the
extremities. Above the water, therefore, the Pervenetzis a ship constructed on the Jones®
angulated principle, and not only are the sides mEuhted. but so are the extremities fore
and aft. In such a structure there is iderable ightliness at 1 hing, but it
will entirely disappear with the immersion q on pleting the armour plating,
the rigging, and the shipping of the armament and service stores. There is great
displacement, light draft of water, top hamper d a mini bﬁ‘t’he loping
sides, and fore and aft fire. from the bow and stern, on a line with the keel. ¢ engines,
by Messrs. Maudslay, Sons, and Field, are of 300-horse power, capable of being worked
to 500-horse power, 8o as, under fa ble ci t , to secure a speed of 9 to 10
knots an hour, or from 11 to 12 statutes miles. The armament on the main deck will
consist of 28 68-pounders, or guns of ter calibre should such be desired ; and on the
upper deck there will be mounted t‘onrilrge pivot guns, We have given at another page
1lfnttndom and further descriptive particulars relative to this vessel.

LAUNCE oF AN IRON-CLAD ¥or DExmamx.—The Rolf Krake, a cupola screw armour-
clad man-of-war, built for the Danish navy, was recently launched from the buil yard of
Messrs. R, Nasler and Sons, on the Clyde. Her dimensions are—length over all 185R. ;
breadth, 38ft.; depth, 14}ft.; e es, horse power; tonnage, 1,248 tons. She is com-
pletely armour-clad from stem to stern, the plates extending for some distance below the
water line. Her armour plates are 44in. in thickness, increasing to 7}in. at the port-
holes, with a backin, throxhout the hull of 9in. of teak. The cupolas or towers are
built of plates outside, fixed on T-iron, and backed by 19in. of tea! , the plates being
43in. thick. These cupolas gro ect 43ft. above the upper deck, and are 21}ft. in diameter.
They revolve on the lower deck, on which the rests, and where they are easily
turned either from the inside or from the outsid er ar t will ist of four
68-pounder guns, two in each tower, being worked inside and pointed by & gunner, who
will take aim from a manhole in the grated roof. The same principle to ensure great
strength has been carried out in bullding the Kolf Krake as in the Black Prinoe and
Hector,

Lauxce or THE “S8aramys.”’—This vessel, dod%:md by the master shipwright at Chat-
ham, Oliver W. Lang, Ksq., was successfully launched from Chatham Ig)ckyud, on the
10th ult. The Sulamis was laid down August 10, 1861; she is built upon the diagonal
system, the wood used being mnhog:nr{, and it is calculated she will be one of the fastest
steamers in the Royal Navy., Her principal dimensions are—Length between perpen-
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diculars, 228ft, over all; breadth, extreme, 28ft. 2in.; depth of hold, 14ft. 6in.; burden in
ns, 834 50-94; horse-power, 250 ; she will carry two guns. The muchinehry is to be sup-
rought u i

RAILWAY ACCIDENTS.

'Accmnn,ogAﬂn Sourr WEesTRRN RarLway.—On the 12th ult., a serlous acci-

Adder, her draught of water was found to be forward, 4ft. 3in., and aft. 4ft. 6in.

E “ LorRD Gouar” was launched from the yard of Messrs. Caird and Co., on the

2nd ult. She is the property of the Dublin and Glasgow Steam Packet Company. Her

dimensions are :—Length, 230ft. ; breadth, 26ft., and depth, 74ft. 9in. She will be pro-
pelled with oscillating engines of 350-horse power.

TELEGRAPHIC ENGINEERING.

TELEGRAPRIC COMMUNICATION WITH AUsTRALIA.—Two projects are’in the field for con-
necting Australia with Java. It is proposed.to lay the cable on the north-west of A
on the shores of the Guilf of Carpentaris, or to take it round to Brisbae, the capital of
Queensland. At this_point the cable would be in communication with the existing
intercolonial lines; and New South Wales, Victoria and South Australia would be thus
brought into connection with the countries of the old world. The cost of laying the line
from Java to (‘ueenalnnd is estimated at £1,000,000, but from Java to the north-west a
cable could be laid for £243.000. Considering the many risks to which the submarine
cables are exposed, und the uncertainty of their action, their can scarcely be a doubt as
to the policy of selectinF the cheaper route. The cost of such a land line has been
estimated at £120 per mile, or fer the whole distance from the north-west coast to Ade.
laide a sum of £177,000, which would make together a sum of 420,000, as the cost of the
complete system from Java to Adelaide.

RAILWAYS.

AND MEDITERRANEAN Rarnway.—It appears that in the course of 1868,
the administration devoted to the traffic service 106 new | ives with tenders, of
which six onl{I were for thet port of p gers, the ining 100 being required
for goods. The rolling-stock of the pany was also I d last year by 104 passen-
er carriages, and 5611 goods trucks of various models, principally, however, coal trucks.
e orders now in course of execution, and which will be carried on in whole or in part

in 1863, are 111 ] tives and tenders, 180 p ger carriages, 1700 trucks.
A part of this plant is constructed in the company’s own workshope at Ouillens. The

to!

gle:!' by Messrs. Ravenhill, Salkeld, and Co. On the Salamis being b 1
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trafiic of this -‘y‘:!em is immense. The receipts are now close upon £130,000 per week,
and there can be little doubt that the revenue for 1863 will approach, if ind it does
not exceed, a total of £6,500,000 In 1868, the receipts increased £400,000 as compared

w-ith 1861 ; and in 1861, they advanced £1,000,000, as compared with 1860.
THE SOUTH AUSTRIAN AND LOMBARDO-VENETIAN BAuwer;—T'fh‘il great work now

dent the Wilton and the Dinton Stations on the South Western Rail-
vux. The up luggage-train arrived at Dinton Station shortly before nine o’clock a.m.,
and was gllowed‘to go on. Tne ordinary mixed train also left Salisbury at eight o’clock,
and was despatched by the stati ter of the Wilton Station. There is a double line
of ralls between Salisbury and Wilton, but from that point to Dinton it is single, the
additional line not being leted. The q was that the two trains came
violently into collision near Hurdcott. The speed of each train was very much dimi-
nished; but the two engines ran into each other, There was between tel:{rty and forty
passengers, and all were more or less injured. .

BOILER EXPLOSIONS.

MANCHESTER ASSOCIATION POR THE PREVENTION OF StBAM BoILER ExPLOSIONS.—
At the ordinary thly ting of this A iation, held on April 28th, 1863, the chief
gi presented his monthly report, of which the following is an abstract :—* During
the past month, there have been d 288 engines and 408 boll Of the latter, 6
have been examined ially, 11 internally, 79 thoroughly, and 310 externally; in addition
to which 2 of these bollers have been tested by hydraulic pressure, The following defects
have been found in the boilers examined :—Fracture, 5 (1 dangerous); corrosion, 30 (1
dmgerous); safety-valves out of order, 1; water gauges ditto, 8; pressure gauges ditto,
9; feed apparatus ditto, 1; blow-out taps ditto, 32; furnaces out of shape, 4; over-
pressure, 4; blistered plates, 4—Total, 98 (2 dang ). Boilers wi lass water
gauges, 6; without blow-out taps, 13; without back pressure valves, 21. ree explo-
sions have occurred during the past month to boilers not under the tion of this
Association, by which nine persons were killed and four others injured. of these ex-
Eloclonl occurred so far from Manchester, that only one of them—viz., No. 8, which was
y far the most important—has been personally investigated. No. 8 Explosion.—This
explosion occurred at an ironworks, and is one of the most remarkable that have come
under the notice of this Association—five boilers, working side by side, having in this
instance exploded simultaneously, the shells of all of them being rent asunder, and
thrown to a considerable distance from their o brickwork ng, which was com-
gzetely destroyed, and reduced to an unintelligible heap of ruins. fragments and
iler fittings were shot in every direction, many of them falling through the roofs of the
uﬁoinln%huﬂdlngl, and one through that of the dwelling-house of the proprietor. Two
of the boilers were thrown over a tramway, and landed in a l)longhod eld beyond; one
of them raking the rails in its course, cutting them complete! {lthronghd.the solid metal,
and tearing up the roadway, 8 {iece of one of the rails, that had been shorn off, being
ggled away to a distance with the boiler. There was a strong tendency to imputc
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imcludes 1482 miles, and 440 miles more are yet to be 1 e p

on a foundry ot its own at Gratz, and makes all its own rails and other heavy fronwork
at & very reasonable cost. On the Venetian lines all that remains to be constructed are
the stsgon at Venice, the bridge over the Plava, and the line from Padua to Ro

The whole of the Lombard lines will be at work this year with the exception of the l'lig:t. an im,|

phece from Gallaratta to Calendo, which will be completed in the spring of 1884. As to

plosion to the action of explosive gases, or to the taneous generation of
steam, from red-hot plates; since it was thought, that steam of the ordinary working
pressure was quite inadeq to produce the Its developed hese views are always
revived on the occurrence of every serious explosion; and although chimerical, still have
i &runce, thonﬁh a most unfortunate one, from the fact, that they tend to divert
attention from the simple cause of the disaster, while they throw an air of mystery
d the subject, which at once arrests all sound investigation, and thus destroys the

the Central Italian branch, the second section is to be ognedln the course of the aut ,
and the remainder in the autum of 1864. The total traffic receipts amounted for the year
1862 to £2,621,024; the expenses to £991,635, lhomni a surplus of £1,629,309, being an
augmentation over the receipts of 1861 of £72,670. Adding the surplus to the balance
from the preceding year and the interest on investments, the available sum will be
£1,749,439, out of which the allowance for the sinking fund and interest on the loans
must be deducted, leaving a bal equivalent to a dividend of 34s. per £20 share for
the year 1862, The total capital received to the 3lst of December last, amounts to
£26,160,000 ; three-fourths of the company’s lines have been opened for traffic; a divi-
dend at the rate of 10 per cent. per annum, on_ the average has been distributed during
the four years g the shareholders, and thei t on loans has been paid out of
the profits of working the open portions of the lines in course of construction; the profits
on exchanges and the i ts on inv ts, with the exception of about £800,000
which was, as usual, charged to capital, being only about 3 per cent. of the total expendi-

ture on capital account.
Easteex or Fraxce RarLway Coxpany.—At the close of the yea%iws. the rolling
ol ten-
Imperial ¢

stock of thi; compuk)ly %ompﬂsed r‘:l:i ‘l 158; of various sy ,
ders, 25 tenders on the Engorth principle, passenger carriages, 11 ages,
and ’11,190 trucke of various d ptions. This stock was increased last lyenr by the
delivery of 313 additional goods trucks. The administration hasordered 21 locomotives,
12 un?eu, and 84 trucks, which will be delivered in the cour~ of the present  year.
IMPROVEMENTS IN RaILways.—A new ic per el way, i b‘y Mr. G.
F. Griffin, is attracting attention. The sleepers are made of ¢ ated cast-iron, and
the cost per mile is stated at £1245 against £1808, or £1844, under the existing systems.
Apart from saving in annual maintenance, Messrs. Bms&y, Betts, Trevethick, and others
have given very favourable opinions of its qualities, and an experimental portion laid
down about 15 monihs ago on the Great Northern Ifne is stated to have shown moet sat-
isfactory results.
New Raiuway 1N Russia.—It is understood that a new railway line, in connection
with the Riga and Dunaberg lines, is about tobe brouglex:nout. with a capital of £2,500,000.
Nw RaiLway CARRIAGES IN Fraxce.—A trial is g made on the Eastern Rnlfway
of some new carriages which will, it is expected, many i i long com-
plained of. A in the centre_communicating with one compartment to another
enables the n.llway officials to see what is going on during the progress of the train, and
allows the passengers to freely move about from one end of the carriage to the other. A
platform or balcony for smokers is plaved at one end. Ventilators are also fixed, which
ean be opened or shut at yleuure 80 as to give a supply of fresh air. The new plan
appears to present the following advantages—security, facilities for smoking without
annoyance to anyone, and exemption from danger of fire {as the carriage is constructed of

sheet-iron.
Russtax Rarnways.—It is now understood that a new Russian railway line, h}
pital o
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chance of one explosion becoming the means of preventing the occurrence of others. 1If,
however, at any boiler explosion, the existence of an nt more subtle and destructive
than steam ever ap probable, it certainly was in the present instance. Still, a little
fnvestigation will show to how simple a cause the whole may be traced, and though
great as was the havoc, there is no need for the supposition of any force beyond that of
steam at an ordinary working To do this, it may be well to enter more into
detail as to the g l ar t, construction, and fittings of the boilers, as well as
into the tion of the fractures, and flight of the Kurts The five boilers were

side by side, all of them being connected, both by the steam-pipe and feed-pipe. Their
d.irection was very nearly north and south, the furnaces being at the south end. No. 1
em:lrig at the west, was of Cornish construction and internally-fired, while
the remaining four were cylindrical, with :ﬁg-onds, and externally-fired. The
length of all the boilers was about 25 feet, while the diameter was 6 feet in No.1,and 5
feet in the remaining four, the thickness of the plates being seven-sixteenths in the for-
mer, and three-eighths in the latter. The boilers were cach fitted with one feed back-
pressure valve, and feed stop-valve combined, one glass water , one alarm low-
water steam whistle, worked by a float fixed inside the boller, and- one lever safety-
valve, of 4 inches diameter, in addition to a Bourdon’s pmmm-g::ge fixed on
the steam-pipe at some distance from the boilers. The safety-valve admitted of a pres-
sure of nearly 60 pounds per square inch, but it was stated that 45 pounds had been the
limit at which the boilers had been worked, since the weight had always been placed at
some distance from the end of the lever. Even the er pressure. however, would not
have been sive for boilers of such di jons, as far as the cylindrical shells are con
cerned. The rent. were extremely complicated by the effects of the explosion, and al-
though hlghlg imgomnt to do so, it is in these cases difficult to determine which are the
rents from which the explosion sprung, and which are those that resulted from it; or
otherwise, which are the primary ones, and which the secondary. It appeared, however,
that all the egg-ended boilers had rent in two, transversely, one portion flying northw.
aud the other southward, the rent occurring at one of the transverse seams over the far-
nace, while the larger portion had in every instance flown northwards. In some cases
both ends were blown out, and the plates ¢ vandyked,’ and curled up, the distortion being
such as is difficalt to describe. The Cornish boiler was also rent transversely, at about
the middle of its length, both through the shell and flue tube, the end furthest from the
furnace beinﬁ demolished, the shell gemg opened out, ripped spirally, and the end plate
torn off. The other half of the boiler was comparatively unhﬁundt the whole, though
thrown from its orlgln&l seating, holding together, and the farnace retai its cylindri-
cal shape. All the seams of externally-fired, egg-ended boilers, placed imme-
diately over the furnace, are liable to fract , and freq opportunity has
been taken in previous reports to call attention to their treacherous character. ere
were circn;uunces‘, however,Tv;hich rendered these seams 3, y liable to fail 1:“ &e
boilers under + 3 o b %

boiler, comnm

connection with the Riga and Dunaburg, is about to be brought about, with a
,000.

% Brore Gravr Incrine.—The construction of the Bhore Ghaut Incline, now
completed, has occupied more than seven years, and during the geuter part of that
time there have been 45,000 workmen daily employed upon it. The incline is a series of
t ls through ins of rock, and viaducts stretc! across valleys, alternating
with each other, each part a triumph of modern science and skill ; the exsemble, stupen-
dous in virtue of its magnitude and stability. Some of the dest embankments
have been raised up within the last few months—some, fact very recently.
These n y require heavy rains to settle and soldify them. As a matter of course
they will sink many feet in the next rains. This will render the use of the incline
impossible during the first monsoon. Until the rain actually falls, however, any amount
of trafic may safely flow up and down the line, and after the approaching rains no
serious interruptions, will occur on the incline. The measures of safety that have been
adopted are such as to secure it, in 8o far as it possible for man to do so. The formal
opening of the Incline by the Governor of Bombay took place on the 21st April, at
Lanowlie, the top of the Incline. In T Axrizaw of October, we gave a copper-plate
engraving of one of the powerful locomotives, specially deslﬂn'ed by Mr. Kersnam, for
working on the of the India Peninsular Railway. We also gave some further
details and particulars as to the gradients, &c.

\ and thus strain the seams.

peciall
ilers were about nine years old, and fed wit!
mentary water. Repair to the plates over the furnaces had frequently been rendered
y on of the leakage at the seams, though a decided improvement had
been found to result on the adoption
Also the introduction of the feed was peculiarly t:

of surface blowing out by means of a scum-pipe.

rying to these seams, since it was brought

down from the top of the boiler by a vertical bell-mouthed pipe, terminating within six
inches only, of the plates immediately over the furnace, the effect of which would be, by
the intermittent introduction of the water, to induce alternate expansion and contraction
This bination of cf ces is idered quite suffi-

cient to account for the primary fracture of one of the boilers at the transverse seams
over the furnace. The fracture of these transverse seams, though very frequently attri-
buted to shortness of water,is quite independent of it, and is constantly found to take
place where the supply is ample. In these externally-fired boilers the steam is generated
ona ¢ surface, while in internally-fired ones it is ‘ﬁcnontod on a convex one, and
it would appear as if the steam could not escape 8o readily from the concave surface as
from the convex, and thus, linger ng longer in its tion, keeps the water from contact
with the plate, and leads to its i:ciny burnt. In the internally-fired boilers, the steam
generated at the sides of the furnace tube renders the stratum of water in contact with
with the plate lighter than the surrcunding mass, and thus an ascending current is set
up which passes over its surface. ‘i'his removes the globnles of steam as soon as they are
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formed. and substitutes a fresh film of water to be evaporated. Tt will be seen that this
action cannot take place upon the concave surface. and it is thought that this may ac-
count for the fact, that while instances of injury to the plates of internally-fired
boilers, when fully supplied with water, are quite exceptional, tﬂeg are, with exter-
nally-fired boilers, of very common occurrence. Some externally-fired boilers with a hot
firo have been known to bulge very shortly after setting to work, the injury being quite
independent of any accamulation of sediment, while the same plate has in some casce
had to be renewed again and again, its condition affording indications of having been
red-hot, although known to have always been covered with water. The fact, therefore, of
these boilers having failed over the furnaces, even through overheating, cannot be accepted
as an evidence of their having been :;glected and allowed to run short of water. A strong
impression, however, existed that s had been the case with one of the boilers, since
the colour of the plates had, it was stated, been quite blue immediately after the explo-
sion, though shortly removed by exposure to weather. It should not be overlooked how-
ever, that the mere fact of explosion may give this appearance from the shock on coming
to the ground after the flight, and from the blows the boiler receives on its course.
These are quite sufficicnt to remove, at all events in places, an Rrotecﬁng scale from the

lates, and to lay bare their original surface, the effect of which is mistaken for that of

re. The Cornish boiler, which was the most likely to have suffered from any neglect of
the supply of water, had evidently not been short, since the shape of the furnace crown,
with ita coat of scale was unaffected. There still remains to be explained the fact of the
whole series of five boilers having exploded simultaneously. The percussive force of
water, as an important element in producing the destructive effects in steam boiler ex-
plosions, has lately excited considerable attention, and is & subject of much interest. The
view is as follows :—The temperature of water in a steam-boiler working at 50 pounds

pressure, is 300°, which is 83> above the boiling point at atmospheric pressure. On the | goq¢

occurrence of a rent above the water-line, or the rending off of a steam dome, the blow-
ing-off of the manhole cover, or the fracture of a steam-pigg, &c., the steam above the
surface of the water would escape and remove the pressure from it. The 88° of free heat,
with which the whole body of water is charged, over and above that necessary for main-
taining it at the boiling point at atmospheric p! , would instantly flash & iderabl
Kortion of it into steam, whiles the globules, not being generated at the surface merely,
ut throughout the whole mass, would blow up the water with considerable force, con-
verting it into & prajective, having a velocity equal to that due to the preasure. This
would give it a destructive force far greater than that of the simple statical pressure of
the steam ; just as in the injector, the stream of water acquires a force of etration,
that renders it superior to the pressure of the steam that imparted it, and which enables
it to enter a boiler working at a higher pressure, than the one supplying the injector.
It is thought, by its advocates, that on this principle it is possible that an explosion might
happen, without either the existence of any previous weakness of the boiler, the occur-
rence of any primary rent, or excessive pressure, but simply from the sudden removal of
the steam from the surface of the water, when it would be violently projected, as just ex-
lained, against the upper part of the shell. It has been proj to submit this to the
t of experiment, and to aceomplish the instantaneous clearance of the steam space,
either by condensation, effected by the introduction of a jet of cold water, or by the
opening of a large valve. Such an invuﬁﬁ::lon would certainly be most interesting and
useful, while the result would be highly prized by the engincering world. Of the fact of
the sudden liberation of the steam throwing up the water there can be no question, since
that is already a matter of experience; whether, however, the entire steam space can be
80 instantaneously cleared, as to allow a sufficient velocity of the water being attained,
—on the accomplishment of which the force of impact depends,—appears to me a matter
of ?uestion. and I cannot but think that steam would be generated with sufficient
rapidity upon the surface of the water, to retard the velocity of the mass, as well to form
a cushion which would soften the blow against the shell of “boiler. This is a nice point,
and must await the issue of the experiment for determination. I have for some time
since, in examining exploded boilers, full hed for indications of this action, and
it appeared at first that there were manifestations of it in the explosion under consid
tion. For instance, the feed water had been introduced, as previously stated, at the top
of the boiler, the feed stop valve being bolted to the side of the steam dome, and the
water carried by the feed-pipe through the steam space. The failare of this feed-plpe,
would have allowed the water to play amongst the steam, and thus produce the very con-
densation desired in the pro experiment just mentioned; added to which, the steam
domes were torn off from the shells, as if by upward impact, and blown in & different di-
rection to the boilers themselves. The feed water, however, proved to have been heated
by the exhaust steam from the engine, and thus would have produced but tardy conden-
sation : and even if the flight of one boiler, on the rending of the transverse scams over
the farnace, had, carried away the steam-pipe or rent off the domes of the others, which
is highly probable, and thus by suddenly relieving the steam pressure, set up this ‘per
cussive action,—still, the force of the impact which must have been upward, can hardly
be supposed to have developed the transverse rents previously described, or to have
thrown one-half of the boiler to the south and the other to the north. With a full ap-
preciation of the valuc of the impact theory, it is not thought that it applies in the pre-
sent instance, as having produced primary rents, important as it may have been in
developing secondary ones. The cause of the simultaneous explosion is thought to have
been as follows ;—A single ext lly-fired egg-ended boiler say No. 3, rent at one of the
transverse seams over the furnace in the first instance. The escape of steam and water
from the bottom of the boiler then lifted the remaining ones, and threw them up in the
air several feet high, blowing down at the same time the brickwork seating, so that the
poilers, on coming again to the ground, fell upon aloose irregular bed, and all became so
strained that each rent and exploded in turn. That the percussive action of the steam
was sufficient to have done this, as illustrated b{\ the fact, that one of the cast-iron rolls
from the mill, was lifted by it at the time of t!
Explosions Nos. 7 and 9 were very similar In character one to the other. Neither of the
exploded boilers having been personally examined, only the following scanty particulars
have been obtained :—Explosion No. 7, occurred at a colliery to a cylindrical externally-
fired boiler, 36ft. long and 5ft. in diameer. This boiler formed one of a series of five,
being the d from the engine-h . It was sent by the explosion into four pieces,
while the escape of the steam and water blew up the boiler seated next to it, which was
the centre one of the series, flattening it on one side; reversing it end for end in position,
and rolling it over the other boilers, finally depositing it on the ground beyond.
be seen that the treatment of this boiler, on the rupture of the one alongside of it, cor
roborates the view given with to the cause of the simultaneous explosion of the
five boilers referred to above, and it is hoped that fuller particulars may be obtained. No.
9 Explosion occurred at an ironworks, to a cylindrical externally-fired boiler, about 32ft.
long and 5ft. in diameter, which was the outer boiler of a series of five. It will be ob-
served that the seven boilers which bave exploded during the month, have all been of the
egf-mded externally-fired class, with the exception of the Cornish one, which suffered
ouly, through the explosion of the others; and it is trusted that the fact of the constantly
recurripg. failnre of these externally-fired boilers will at length dispel the false estimate,
rally ::1%«1, of their safety. The proprietor of the iron works at which No.

90 gene en

8 explosion occ ‘at once adopted the wisest course, and resolved upon havin,
more of the externally-fired class upon his works, but laying down ¢Lancashire’ boilers
in their place; experience having shown him, that the plates over a furnace of an inter-

. l}ﬂ{-ﬁmd boiler, may fail without moving it off its seat, or causing any loss of life ; while
w

an egg-ended boiler, its entire rupture and the flight of the parts, as in No. 7 explo-
the result.”

It will |

WATER SUPPLY.

WALLASEY Warer Works, CrEsmIRE.—The well for the supply of this district with
water has been finished, and is a complete success. The site of tie well is some 20ft.
above high water level of the sea, and Inow that the well has been com leted, the fresh
water rises to some 16ft. above the level of the sea. The quicksand amf rock have been
reached at a depth of 94ft. from the surface, so that there is a prossure of water from
beneath the marl covering nearly equal to a head of 80ft., or approaching 40lb. pressure
on the square inch. When the first well had been formed through the marl, 80ft. thick
to the Jquicksand, the rush of water was so g:ewrml that a solution of silt and sand
alone could be ped. The second well has been sunk bﬁ using 7ft. cast-iron cylinders.
The cylinders Eu-e been sunk down to the rock, with the water in the well, without
umping. An inner cylinder, with a strong cast-fron bottom, having a socket of 2ft.
ameter, was lowered to the bottom, and the joint made good by a diver working under
80ft. head of water. Boring tools were then worked through the 2ft. socket hole, and a
lining, or guide-tube, driven tight into the true rock 10ft. deep, 80 as to shut out the
solution ef silt and sand. The boring into the truc rock has been continued to a depth
of 160ft. from the bottom of the casi-iron cylinders, or 250ft. from the surface. ’Pho
od may b pasoped- ot & pars of Soa0b o aparkling, of £4 dog. of hardneos only
ay be pumped at a rate o X ons per day. e boring tools have o
up a natural fissure in a rock of unknown capacity md’depth. o

GAS SUPPLY.
TaE IrswicE Gis CoMPaNY have reduced their price from 4s. 6. to 4s. per 1000 cubic

TER Bursuzx Axp TunsTALL Gis CoMpaxy have agreed to their usual dividends of
10 and 7 per cent. old and new shares, free of income tax.

CANALS.

Tan Svrs Cawar.—The Turkish Minister of Foreign Affairs has addressed a delnl.c‘l
to the Ambassadors at Paris and London of the Turkish Government, on the subject o
the Suez Canal. The despatch relates that when the Sublime Porte firet considered the
question, he reserved the right to make conditions a8 to certain parts of the contract,
and declared his desire to see & preliminary understanding established between the two
maritime powers as to t::funnteu which the openlnﬁ. of sach a channel demanded.
No such understanding been come to; and in m a n%uut from the Viceroy of

t a8 to how he is to regularise his position in ce to the matter, the Sultan has
felt it his duty to inform him of the conditions to which the authorisation of the Sublime
Porte has always been subordinate. The Porte has no intention of frustrating the work,
but requiresag of the ‘ilas of the causl, and the protection of his interests
There are two facts which have attrac tion from the beginning, first, the employ
ment of forced labour—80,000 being permanently abstracted from their homes, a
which the Porte cannot sanction; and, secondly, the cession of territory ng the
canals, wherever they may beour‘ed, which t, if thecompany choose, give them the
towns of Suez, Tenisiah, and Port Said, and to the establishment, on important points,
of colonies almost independent of the empi This clause of the contract will mever
receive the sanction of the Porte, whose consent must be indissolubly dependent on the
solution of the three following questions, namely, the neutrality of the canal, the abolition
of forced labour, and the abandonment by the company of the clsuse concerning the
fresh-water canals and the cession of the adjoining territory. The despatch proceeds to

3.

s;yﬂt,hart.urx& y cans t d i;’do‘}a" anleii:t.l:ieoanmiuolfmlke&tfz' roval
of the Porte indispensable, and M. esse] pula subsequen!
privileges, promised to obtain that t wrt?\ln ight. ths, but Im’l never done

80. Although, then, the pany, having d the works at their own risk and
peril, could not complain of the works being stopped without compensation, yet, on
account of the private interests involved, the Porte is willing to take the necessary
measures for returning the money the comiany have spent, in the event of their not
wishing to proceed without advan! whic t be d. The pany woul
of course, snrrender the property and the works in return for the repayment, and in that
event the Porte, in concert with the Viceroy, would adopt such measures as might be
most appropriate for realising the execution of the work,

TrE East I¥DIs NAVIGATION AND CANAL CoMPANY.—We learn from the company’s
last report that the system of works suggested and now under consideration is divisible
iuto several projects or sections, each in itself representing a work, or series of
capable of being executed separately from the others, and having distinct sources
revenue, though capable of receiving considerable additional value by becomin, 'lerxuon
of the entire system, and may be described as consisting of :—First—A high level canal
for irrigation and navigation from the cit{ of Cuttack to the Port of Cllcnun! passing
close to the pﬂnc}pal towns on its route, including Balasore and Midnapoor. d—
A series of works for supplying the Deltas of the Ma.hlnuddf, the Brahmany, the Byturnee,
and the Soob ka, and the adjoining districts of Hidjellee, Midpapoor, wan, &c.
with irrigation and means of water transport. Third—A main ’havigable tidal canal
from Balasore in the Bay of Bengal, to the river Hoogley near Calcutta, accommodati
the ctl::ef places on its line, such as Tumlook, &c.; and Fourth—The improvement an
og:n
about

up of the Mahanuddy River, probabiy by means princtl l; of a canal, in length
ing af dunp
ating at Dholapore, both on its left bank, between which places the navigation of the

35 miles, for navigation and irrigation, ¢ re and termin-

o explosion o a height of several feet, river itself is dangerous, and the obstructions difficult of removal.

THE MaDRAS IRRIGATION AND Cawar CoMPaNY.—We learn from the report presen-
ted at the eighth ordinary general meeting of this eomr.n , that the following is the
present state of the works and the progress made:—It appears that the Anicat at

nkasala, and the first 17} miles of the Main Canal are by this time finished .—the
Aqueduct over the Hindry, a structure of solid ator&somawhu larger than and double
the width of London Bridge, has been o far executed as to allow the pmlge of a body
of water sufficient to irrigate a considerable extent of land below ;—the five miles of
Canal which immediately follow upon the Aqueduct have been completed, and
those five miles there exists some land available for irrigation ;—in the next 31 miles of
the Main Canal some heavy rock cutting and embanking have yet to be executed—the
12 following miles, viz., from the 43rd to the 54th mile, of the Main Canal is now com-
plete, or nearly so ;—from thence to the commencement of the Mittacondal Cutting in
the 72nd mile, the work has, with the exception of some intervals of rocky excavation
and heavy embankment, been executed :—which, with the Mittacondal Cutting itself,
will be finished by the end of the year when the bridges, and other mmng.woru, such
as Calingulahs and sluices, will also be completed ;—from the ?3nd to 108rd mile
excavation is well in hand, and there are no difficuities te be overcome ;—from the 103rd
to the 148th mile, the plans and estimates have been for sometime past awaiting Govern-
ment approval, on the obtaining of which construction will immediately commence ;—
the plans and estimates of the Main Line from the 148th to the 240th mile at Somaish-
warum, in Nellore, are in course of completion, and about to be sent in to the Govern-
ment ;—the execution of the Somaishwarum Anicut has commenced, and that,—in all
ptmbc:})illty by this time the whole of the remaining works in Nellore are under con-
struction,
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DOCKS, HARBOURS, BRIDGES, &c.

Porr Exrv Hansour.—The Board of Trade have laid before the House of Commons
& Bill for improving the Harbour of Port Erin, in the Isle of Man, that it may be more
iserviceable as g shelter for }! ly those employed in the herring fishery. So
8oon as a pier Aas been so far compl as to form a sheiter for a distance of 300ft. from
the shore at low water certain dues are to be levied on vessels using the harbour ; and
the Harbour Commissioners of the Isle of Man are empowered to borrow money on the
security of these duee for making the imp ts. The dues are to be lowered when
the payment of the expenses of maintaining the harbour permit.

Tar Lospoy, CHATHAM. AND Dovee Ramwway Bripge.—The foundation-stone of
this bridge was 1aid on the 2nd ult. This new railway bridge will run acroes the Thames
‘only a few yards from the intended new Blackfriars Bridge. The railway bridge will
have five spans, the centre one being 188ft., the second and fourth 177R. 8in., and the
first and fifth 163ft. span. The abutments will be of brickwork cased with Portland
atone, and the foundations taken down to the city clay, at a depth of 27ft. below Trinity
thigh water. The abutments will be built in coffer-dams of the ordinary construction, but
the largest ever executed in this country. The foundations of the piers will be laid at a
depth of 55ft. below Trinity high-water; and, in order to get to this depth without the
ox] e ard inconvenience of coffer-dams, large wrought-iron caissons, 18ft. in diameter,
will be sunk into the bed of the river till the req level is reached, when the brick-
work will be d inside and ied up two feet below low-water line. At

this | #epamating their molecules, yet it does not, except in a few cases,
oh

APPLIED CHEMISTRY.

Ox THR RErarTroN or Vrrar a¥p CEEmicaL ForcE To THER ENERGIRS
or MaTraz, BY Jauzs Crorr.—The following relation between vital and chemical force
which does not appear to have been specially noticed by pg{-lchh, seems to follow as an
obvious deduction from the principle of the conservation force :—The greater part of
all the force available for mechanical purposes i8 derived from chemical combination,
Chemical bination, again, depends upon the affinity of the atoms—their tendency to

roach and unite. The flenzar this affinity, the greater is the force, or, g to
the dynamical view, the velocity with which they approach. The heat produced is also
proportional to the affinity of the atoms ; for the amount prodnced is proportional to the
vis viva of the moving atoms at the moment of union. The force m:n&enod in chemical

bination we say existed in the atoms previously in a %otenﬁﬂ state. Potential ene

is transformed into actual energy by the mutual approach of the atoms under the imp
of their affinities. Potential en can therefore only be restored to the atoms by
pulling them asunder again. Chemical change consequently in every case reduces the
total t of p tial energy d by matter and increases its actual energy. It
is true that decol:fowlﬁon in most cases occurs along with combination, but the poten-
tial energy gained from the decomposition never can equal the amount lost by the
accompanying- combination. By what means, then, does matter regain its potential
energy? The of heat alone isnot sufficient, for although heat expamlis tI;;'«iieﬂ by
e the atoms
ically united. Neither can it be done by the electric current, for the potential

soint the masonry of the piers commences, and will be lald within a temporary cai to
ve feet above Trinity high-water. From this height to the level of the underside of the
girders the piers will consist of clusters ot cast-iron columus, of which one will be under
each er. The girders, on the lattice principle, will rest on the tops of the columns,
and the headway a ed for navigation will be 30ft. 3in. above Trinity high water.

TaE River TyNE IMPROVEMENT CoMMISSIONERS are carrying out their gigantic
! ;}stem ‘of dredging with great spirit and energy. Last year they were supplied by
essrs, Thomas, Wingate, aud Co., of Whiteinch, on the Clyde, with one of the largest
deepening machines which had been then built, and it has lifted an immense quantity of
dregze in 8hields Harbour, at half the former cost. The same firm are constructing two
-of the largest and most powerful of the de‘elglenlng machines in the world, which will
aleo be shortly be launched for the Tyne. ey will each be 1200 tons regieter, and
each of the buckets emgloyed in dmdgon%ogy these machines will weigh 25 cwt. The
cost of each vessel will be close upon ,000, Nine screw hopper barges are also about
to be built by Messrs. Wingate and Co., tor the Tyne Commissioners. They will be 400
tons each, and will convey the dredgings of that river out to sea. A vessel of that
character is already upon the Tyne, and as an experiment it has been very successtul,

Hazrsours or ReruGE.—The annual return states that at Dover the extent of the
foundations of the Admiralty pier, or west arm of the harbour, is now 1675ft., and the
length of the quay level 1539ft. The sum of £549,000 has already been voted for these
works, and £60,000 will be required to be voted now, leavin; ,000 of the estimate to
be voted next year; the work should be completed in November, 1864. At Alderney the
outer ends of the sea and harbour walls of the western breakwater are now 1418 yards
short of the limit ordered; the base of the breakwater extends to 1636 yards from the
shore ; 12,000 tons of stone have been deposited in the base below water. The sum of
£1,027,000 has been voted for these works, and a vote of £80,000 will be required this
session ; the estimate was £1,300,000. AtPortland the net expenditure hss reached
£951,260. The total quantity of rough stone deposited in this breakwater from the com-
mencement is no less than 5,170,670 tons. The divers have now completed the levellin,
of one-half of the area, under the foundation courses of the masonry for the north he:

and fort, and have set about one-third of the bottom course.

MINES, METALLURGY, &c.

Tax Vi Moxriene.—The famous Vieille Montagne Company, known in con-
nection with zinc metallurgy, has made public its accounts for 1963, e profits realised
during the year, which was a comparatively unfavourable one, amounted to the I
aggregate of £119,600, and the dividend was made at the same rate as in 1861. The
price of zinc continues exceedingly low, but this very cheapness has had the effect of
causing the motal to be applied to a vari'ety of new purposes.

. Srerro-MzTAL.—Bronze is a term applied to compounds of tin and copper; while
compounds of zinc and w‘:per are called brass. These metals in varying proportions
torms the most common alloys ; still there are many others, and the numbers of such is
always on the increase. As various metals may be mixed in different proportions, and
as a slight variation in the T,x:nm of any one component produces a8 new alloy of a
different character, the number and quality of alloys may be extended indefinitely. The
new alloy, called * sterro metal,” is composed of pure American copper, §7°63 parts by
weight ; s?elter (block zinc), 40'23 parts; iron, 1'86; tin, 0'15, It has a brass-yellow
colour, a close grain, and susceptible of a fine polish. This alloy is stated to possess

t strength, a square inch of it, after being torged while red hot, sustained a strain of

tons before it broke. It can be drawn cold and forged like iron. The tensile strength

of common gun-metal is only 17 tons per square inch, which is but little more than half
the strength of sterro-metal.

PropUcTION OF GOLD AND SILVER 1w THB UNITED SzATES.—An interesting lecture
was delivered before the Geographical and Statistical Soeiety of New York, by Mr. J.
Smith Homans, on the production of gold and silver throughout the world, but particu-
larly in the United States; some_ valuable information was im He stated that
though the amount of gold already obtained from the Pacific States was immense, the
mineral resources in that region were, in the opinion of scientitic explorers, as yet com-
paratively undeveloped. The gold region extends through 17° of latitude, and comprises

energy gained by electrolysis does not compensate for what is lost in generating the
current. The atoms of matter seem to be indebted to theagency of vital or organic
for the restoration of their p ial gl Chemi gency separates the atoms
E:umd of weaker affinity, in order that they may unite with others to which they
ve a stronger affinity. Vital agency, on the contrary, separates atoms which have &
stronger affinity in order to unite them with others to which they have a weaker
affinity. In the Ilatter case we have a restoration of potential energy. it
tential energy can only be restored at the expense of actual enmergy. Where, then,
oes the vital agent derive its supplies of actual en ? Evidently from the sun’s rays.
Here we have two agencies constantly at work—the chemical and the vital. The former
is continually converting the potential energy of matter into actual energ' by the motion
of the atoms towards each other. The latter, on the contrary, is continually restoring
the potential energy lonl;y drawing the atoms der. The chemical agent p
actual eners by means of the consumption of potential energy ; the vital agent restores
the potential energy by consul actual energy, viz., the sun’s rays,

EXPERIMENT ON THR SEPARATION OF SAL-AMMONIAC 1¥TO HYDROCHLORIC ACID AXD
AMMONIA AT THB MOMENT OF VAPORISATION, BY M. L. PEBaL.—It is known that M.M,
Cannizzaro and H. Kopp exPh.in the abnormal condensation of the vapour of certain
bodies, such as sal , hydriodate of phosphoretted hydbﬁcn, perchloride of
phosphorus, monohydrated sulphuric acid, &c., by supposing that es during vaporisa-
tion are in a state of dissociation, as M. H. Deville happily expresses it. If sal-ammoniac

ves 8 volumes of vapour gH: O =4 ;ols.), it is ow'l‘ng, mcon}}ﬂ»to theae authors, to the

. a mixture of hydroch

t that the vapour of acid and ammoniacal
gas, M. Kekule entertains the same idea. But there has hitherto been no direct ex-
h with t to sal jac the author has

gfrrnll‘nenta.l proof of this theory, thoug P
shed this Proof. The method he employed is new only in ite application to this
P . B has shown that to decide whether a consists of a
single or compound substence there are only two experimental solutions,—namely, by
absorption and diffusion. In the case in point, it would be difficult to apply the method
of absorption; by experimenting by the methed of on the solution of the question
might be dmmﬂnd. In fact, if sal-ammoniac vapour is really formed of a mixture of
ammonia and hydrochloric acid, it is evident the least dense gas, ammonia, ought to pass
by diffusion more rapidly than hydrochlorie gas into a hydrogen atmosphere. Supposing
such a diffusion effected, the hydrogen atmosphere, after a certain time, should contain
free ammoniacal gas, while the free hydrochloric gas should appear in the at phere of
the sal-ammoniac vapour. This theoretical assumption has been proved to be correct by
the following ex; t :—Place some fra, ts of sal iac on a plug of amian-
thus in a tul wn out at one end, and fixed inside a larger one. The tubes are
traversed b{e‘ current of hydmm, while, by means of a furnace of incandescent char-
coal, thg mperature its mod ‘bzglmetlﬁntly to vghtﬂi?e the sal-ammoniac. The sal-
ammoniac vapour being form ve the hus plug, jacal gas penetrates
through the plug in quantity sufficient to blue litmus-paper placed in the course of the
hydrogen which sweeps through the inner tube, while the hydrogen traversing the annu-
lar space between the two tubes, the atmosphere of which is impregnated with excess of
hydrochloric acid, reddens blue ‘itmnl-p.mphced across its . It is thus made
evident that the mm&:m ?ntwmh % hnlg:ln:chloﬂc \::lid oo
rou e n unequal propo:

ki lnsgeen purposely avoided, to escape the objec-

of decomposing or catalytic forces,

ANaLyrscat Norices o Amszwic, By M. H. Rosz.—Arsenic may be estimated by
difference in many of its combinations with metallic oxides, by calcination of the sub-
stance with sulphur ; the arsenic volatilises as sulphide, the base remaining under the
form of mixed sulp e The opmti;m is easily effected in a hydrogen current, but is

m \ ¢ o

P : iron, zinc, lead, and copper. Calcina-
tion witﬁ sul‘f:hur in a porcelain crucible p limi ic of arseni
of nickel and cobalt ; but the weight of nickel and cobalt cannot be calculated from the
idual sulphide. A iate of silver, heated in a hydrogen current, or with sulphaur,
leaves silver which obstinately retains a certain quantity of‘nr;senie. The alamina re-
sulting from the calcination fate of alumi t, whether

these two gasses
such metals as Y p
tion that might be urged by intervention

i The above process applies, of course,

an area of 17,000,000 square miles. The yield of the year of exportion, ending last
July, was more than 100.000,000 dollars. So marvellous a development of mineral re-
sources must eventually create & vast empire, with a commerce far sa anything

et known in the history of the worid. The great influence which the United States
inve exercised upon mercantile affairs since the gold discoveries were fully set forth, and

e of n a hydrogen curren
singly or mh sulphurg also invariably retains arsenic. It is the same with the magnesia
resulting from r}

to many metallic arscnides, particularly to arsenical iron, to mispickel (arsenio-sulphide
of iron), to arsenical nickel, and to grey cobalt (arsenio-sulphide of cobalt), with
greater difficulty. Grey must be previously oxldised by nitrio acid, and the mix-
tare of oxides then treated by sulphur; and this must be repeated several times. In

the indebtedness of Europe to this country on account of gold were ill d

by the following statement :—
Export of gold from the United States for the yoars

1848 15,841,616 dols. | 1856 .. . cereees. 95,745,485 dols.
1840 5404648 ,, | 1857 69,136,922
1850 7,622,994 ,, | 1858 52,633,147
1851 29,472,762 ,, | 1859 63,857,411
1852 42,673,135 1360 8, .
1853 27,486,875 ,, 1861 .. 20,791,084
1854 . 41,338,386, |1s62 . 5,956 4,
1855 . 56,247, » —————
tal tifteen years ... . 890,714,069 ,,
Deduct foreign import: 157,036,688 ,,
Excess of exports... 433,677,361 ,,

many instances the best way to expel arsenic acid from arseniates is to calcine them with
hydrochlorate of ja. Alakaline arseniates are perfectly transf d into chlorid
by a single calci fon ; i of alkaline earths offer more resistance, and the

g of the ay ins a certain pro|

true metals are reduced to a metallic state by calcination with sal ammoniac; but th
metal will contain arsenic. Bisull:hlte of ammonia, as shown by M.(H. Finkener, can
often advantageous) lace the hydrochlorate. However, the fased bisulphate attacks
the porcelain crucible, which must on t of the ic, and the sulphat
obtained are min%led with those producede? this attack. The arsenic is generally en-
tirely expell ‘The author has ascertained this to be the case with ammonia-magnesian

iate, with i of goda, lime, and lead. Arsenides of nickel and cobalt are
more easily freed from arsenic by this method than b{ fusion with sulphur. Some few
metallic i may be d posed hg boiling with a solution of a hydrated or car-
bonated alkall. The author in this way has been ful i of peroxide
of iron and copper; arseniates of zinc and protoxide of manganese yleld oxides retain-
ing notable quantities of arseaic.

portion of arsenic. Many oxides of
0
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List of New Patents.

"Tm: ARTIZAYN,
June 1, 1863,

LIST OF APPLICATIONS FOR LETTERS
PATENT.

\VE RAYR ADOPTED A NEW ARRANGEMENT OF
THE PROVISIONAL PROTECTIONS APPLIED FOR
BYINVENTORS AT THE GEAT 8zAL PATENT,
Orrick. 1y ANY DIFFICULTY SHOULD ARISE
WITH REFERRNCR TO THX NAMFPS, ADDRESSES,
OR TITLES GIVEN IN THE LIST, THK REQUI-
sITR wiLL B8 ¥ FRER
OF SXPRNSE, FROM THE OFFICS, BY ADDRRSSING
AfLETTER, PREPAID, 10 THE EDITOR oF
“THE ARTIZAN.”

DaATED APRit 25th, 1863,

1035 L. A. J. Broet—Register:ng, indicati nd
;::fylng the time and dm.fu passed '::-r“hy
ic
1036 A. Poirrier & C. CI 1
eolondw rie happat—Blue and vio'et
1037 P alton—Fabrics for covering floors and
1038 G l-‘uz'y,:r“. Bafity valves
— y v
1039 I. Dimeck—Cleaning, sorti coord
r- and doabling silk. & i oK to
ak ng jors,

IOGI J. T, ltrm-—llohhn . drilling. turuing,
ping, fittiog, and -h.pn:'g certain parts of stea: H P
'ubr.iu and lamp fittings.

IMSA v. I:\uwn—kmhmimehlm

‘ewton— Breech fireearms,
10H M. Barlaud—Milking cows. e fre

DATED APRIL 27th, 1863,

1045 8. U‘-'-lnd‘mmt :nnol!-le’

-"-,r o riving buulm' asd D, Gpnll-—llnll
047 0 E Cerchon & E F. Raybaud—Hats and
1048 J, J. Robert—Spoons ard fork
W, E. Gedge—Biast pipes. -

1057 M. V-'ienhny-n sior fur fursiture,
lﬂl W. Rieha nanee, fire-arms, and eart

1052 5 Jeffrey s—Surface condensers.
1053 P. Bennet: — Condens:
mllu fumes and vupo
1054 R. A. Brooman—Tw. and doubling silk.
1055 W H. Jln.—lndlau-‘ the loeality of fi.e.
11‘37 " l.““l n & DC'.'ic.llw‘-i—Loam for weaving.

ollason— and stuloing fubrics.
1058 H Bnre—'l'hnlM:: machines. *

Datep APriL 28th 1863,

1059 8 Ingledew—Obtainiag iroa from its ore,
1080 J. % W. M
rekd -mn—ulv:&ng loaf sugar.

. -Ballx
1062 G. Hall & J. \;"elh‘-klpluln compound.
t

1084 W, Clark—Paper,

1065 G. W. Fuller—Submarine lantern.

1068 J. H Hh Jolm-m—l)rylnc and cvoling grain.

H. Johnsou—Preserving property mue of

wr ok,
:% g. E‘ Muaocdouald—Card cases.
. Moore—La; d nmcﬁ -
trolling lllmﬂ:.‘ o, P 2§ and cvn
1070 R. anr-anh-cndi-g cotton and other
e
nvu»—Adu!ln‘ and mixing suhstances
1072 h(:. F Doulsthorpe—Getting cval and other

TA'S.
1073 H.Y, D, Scott—Cementitious substances.
1074 8. 8. Marling—Scouring, washug, u:d cleans
ing woollen cloths.
DATkD APRiL 29th, 1863,
mg J lowhy—k«onung the nbrn of wool from

othtr le uubulner-
1016 l lovllndp eigbiog solid bodies and mea.

“, fuids.
“_s w ; ‘G 'l'ur—PPnnoform.‘
'ermaueut erti t.
1019 K& F. ‘:'t_gb—c«m winm,

Iﬂl H \\'om—-llevuﬂ
1082 M. 3arland & E.

cows,
Im l'. H

IM 0 Holeroft—Py:
1085 H. W. llplq—-l’nnli-r fibrous materials.
1686 M. Henry — Beton and artificial stone and

puggiog clay.
DATED APRIL J0th, 1863,

1087 J. Wibberley—Winding cotton, silk, wool, or
other threads on spools or reels.
Rmtl—-—hnlnin‘ the aroma of coffee

1089 W cluk—Hydnqon‘llt:. of ammonia and

alkaline und earthly

1000 E. Mitchell—Rea; and mow iur machines.
1091 B G. Brewer—Welding »1d rolling metals.
lm C. P, Stewart & J. Kershaw—Untaining com-
appl: mg lbe povn thereof in

Ilh allway and other
1 ] ‘e' y iling nh|po
1094 J. H. Johnun—
DaTED MAY lst, 1867,
1085 J. mm):':ﬂuy—mulnt. t-ullh‘. chip-
ot nh-' v od treat
m- and other .nb:" pon & il

1096 E. Joves—Drau
1007 W. Clinsold —.ﬂllm‘ woollen cloths and
fabrics,

washing and eleaning woven
1098 lW G. Craig~— n;.‘ apparatus for steam
ers.
lka. Badart—Preparation of rape seed and other
ok o

lnf C. llouckum—lﬂlklng
the

of mash

Datep May ond, 1863,
nde L. Bissell—Charging breech-loading cart-

i
1101 W.T. Smith—Washing machines.
1102 J. W. Gibsvn & W. Turner—8prings for rail.

way buffera.

13 bl Burt — Punching, stamping, or forgiog

metal
e J, P-rdoy—lbnch-lud(ng fireenrms.
1105 8. J. Bartlett —Straining and drawivg off
1108 J- B. Dubreuil—Carts, waggous, and «ther
1107 J. T. & T Onkley—tiarden pumps.
1108 H. Myers—A ppointient elock.

DaTep Mav 4th, 1863.

1109 E R. Southby—Extraction of sceuts from
lants and owers.,
noJ lbmme—l’nvnmlwguher lace, blond,
}mllmc. or similur ma
-+ E., & C. Jobuswon % L. Beriling—8how

tabl-
nu B (.. 8loper—8eparating me-als from earthly
and other matters mixed witlpthem.

1171 J. B. Wood—Defending ships or vessels and
forts when armour plating is empl.
unr J.] Burrell — Cutting the teeth of bevelled

u'a C. H. G. Willinme—Colnuring matters.

1174 J. Bnmll—!dmomvv

178 ry engice

1076 ). Lee & M. Gmknd.e-A‘ncnlulnl imples
meuts.

DaTED MAY 11th, 1863,
1117 B. Harg Tiles for dral

n 0 Bwrfv.— Markivg, etching, or engravi;

" Ilmh-leu and other -gfm & i
ll1 C & W. Shorrock— Power looms for weaving.
mo C.L V. T y rolles ght iren

llll 8’|.. V. Tenac—Armour plates of hammered
or rolled wrought irun, the w! of the rivets
b-m. protected against the direct blows trom the
cannon shots
1152 J. Parkinsoo—Tablets.
183 R. A, uroomno—Canpun‘ and disconnrcting

or sanatory

1113 G. Huselune—8priugs for nﬂwny i
114 P, Applr‘lk—‘prln‘ balsnces and ;uu-ue
gauges.
Datgn May 5th, 1863.
1118 J, H, Juhason—Wrought iron end stesl,
ll::' .\;" Walsh—Obtainiug aud puritying oxa'ate
Illl, R, (: Kent—S8hades uud reflectors for gus

hte.
118 B C. Chesshirc—Interoepting the solid pore
tions d uu soil  of water closets.

ny W, y engi
N RAD Fnbri Ml for t.i
n21 b Applegate—Stopping and ug rellway

ll?l P, Brud-h'—llo-nung will stones for xrind-

HB J.H Kn«m— mps.

UTRL A Glov-r-Mhunng the steering of ships
and other veseels.

1128 W. C. Wilkins—Lamps.

1126 8. B. Cochrau—8ewing machines.

Darep MAy 6¢h, 1863,
na T, lngwr & J. Wilkinson—Power looms for
wea
nsJ W
1129 W. BE. Gedge—Toy.
1% S Hlbb-rt. J Lawton, & J. Kay—Cleausing
lli:' 8. D. MacKellen—Waiches and other time-
nuei. ll. Singer—S8rwing mackives.
1138 G. Davies—Forging vnd dressing horse shoe
And other nails.
nn T, Benley—loxn for carryiug and packing

1135 A, !cn k—] ive engines and teuders.
1138 C. W. Atkinsou—Stram or other motive power

u's?':. V. Newton—Sewing machines.

rrages.

Dargp May 7th. 1863.
138 J, Puk—Commnlnuinc motion to machinery

tor manufaetart
1% J n(dn u«eblouru‘ fite arms  and
1140 P Bour'r—ﬂlnﬂ"hmp-.
na .il ol o licable to looms
aud pa o ea cugioes,
llﬂ ?szl'y—l' nishiug ¢l doth 11

IMl.'{ G Ilovm- &A. l)»tk—l’-mﬁnﬂu of gn for
the

aud the mﬁhﬁ of meials,
1144 T. Small—Motive power machinery.

1145 J. Bertridge—Ornamentation of pupier mache
and other japauned wures, woud, ivury. snd other
similar mate jals,

llﬂ C o\ Day, A.

I“l J B. P. A. Thierry—Furnaces ts render the
combustiou of the fuel more cumplete, snd to
prevent the emission of smoke there rom.
148 T. Hvlllduy—Bhn ©0,0uring matter.

Lamb, & T. Summers—Mariue

DATED May 8th, 1563,

1149 P. J. Liveey—Compcund steam engines.
1180 A. 8kwarcow—Turntables.
1151 H. Schooling—8hoping luzenge paste or other
las.ic mMateriais
1132 J. 8. G for
1183 C. L. Braithwaite—Feeding slivers of wool and
other material to carding engines.
1154 J. H. Balley—Mecbanieal mosement for pro-
duemg su impelled cutrent of air Inmps.
1158 J. C. Droop—instrument for holding nails,
ws, or otber fastenings.
Il.% “' Chrk ought or other irun
1t from corrosion oruydnlo-.
157 E C. M—Tlunln‘ hides and skins.
IMG C. F.B.eletrld—8h. ets, slabs, and other srticles
where i s materials are employed.
1189 G. T. Bousfield—S8team engines.

Datxp May 9th, 1863.

110 W, Thomeon—Obiaining motive power.

1s1J. ankl--o—hlyl vm n to surfnces
and apply.og the glue nﬁw

Il::l'l Wilsoa—Ho.ps or h

11 W, B. de—hpor. stuff, or pulp from cer-
tan vegetable subs

164 J. Iume—louldu for min‘

1165 J. Puge & A. T. Wl{

llg: J. Brml!r—bydng nuknhnclwt and textile

1167 W. Do-lrr—l)ryn fabric for T maks
1118 E. R Clask—Puriable wine casca or bis fur
dumestic use or export aud A pic-nie chest com-

bined
e v, Le'.dn—ld
1170 R. A, Bmln—lanp black.

l for fastening

184 3. 8, Golr Inbali

1185 J. Shauks—Cutiing the edges of gre

1188 J. E. MeCounell & G. H. Bonh—u--in- for
cables other purpuses.

Darsp May 12th, 1363,

1187 B. Lilly—Nipple protectors for fire arms.
1 “ W I-ui‘u & G. Burkes—Grass mowing and

W-mn—Glno and otber furnwces.

119 H. Wiek and

1191 J. E. McCannell & G. H. Bovill—Trcating

worn out railway t

iuu w, Whiuley-—zunm- for weasing.

1193 G. A. Huddart—Cutting slate

1194 H. L. Emery—8aws for pnn(ng cotton.

1185 R, Brooman—§

mu ll. :Mﬂmp-w:f‘ matiresses, sofas,

seats.

ur R. ‘A. Brouman — Preparing, Om-mg. and
winding cotton, woollen, flax, »ilk, and
warps.

Darep May 13th, 1863,
:ls H. Mum—l-lud«lml. .
4 U L il

ma N Wﬂd'.—BImmo‘mne trlegraphs.
1201 T. Parkinson & ¥. Taylor—Weaving, sizing,
drvull’?’,l-nd dyefug.

DaTeD MaAY 19th, 1863,

1248 C. Baruard, J. Bishop, & C. & G. Baraard—
Lawn miwing aod rulling machines

1m Twisting and doubling cotton,
emp, and flax.
hd-rud-—?emnmt way of railwa)s.
ISI J b Breech londiug fi

1252 F. inn—lm ment of vegetable fibres for
the Fmdm of textile materials therefrom.
Frames, tips, aud bolsters (]

IQM H. J. Oldln‘—‘hnnng flax nnd ather Sbrous

1 J Kelly—Treatment of peat.
1256 A, PukH-ving from destyuction by fire

nI; Chndm—lceh-mcul lamp.
1258 T. P. 8alt—Trus-es.
129 L. Cblldw-—lnmp.
1260 W. Smith—Traunsterring
priuts or demgus to wood or o

DATED Mav 20th, 1843,

121 H. Wren & J. Hopkinsoa—S8elf.l brieating
l!: rk slorabnl‘unuln-lni
Colgnard—Sewing mac]
263 W.J C. ng—l':‘mvmg life at ses.
1264 P. Addivgton—Varnishes,
1263 ll R. Jackson & W. Pemberton—Looms fer

lﬁb T. \cillim & 1. Naylor—Paper spools us-d
in ?Inuiv and doubling machines.
T. Markall—\WV, erh.g wood.

ain or coloured
T surfaces.

Datep May 2lst, 1863.

1268 J. Casscll—Treatment of minera! oils and
bydroonr!

1269 4. R. H-ming—Tn:um-cung power on rail

‘w'orllul by vacuum or the pressure of air.

1270 Walker—Looms tor weariug.

1271 J. Steart—Extracting the fibre from zostera
marina aod other nqu-m vegvtable productions.

1272 W, Muon—Sigual lanterns.

1273 ¥. P. Warren — Attuching copper or other

sheathing ts iron vesse!

1274 B. 'I‘. Hi mda-l\-ding fAre-arms and
enrtrid

1205 N, mmln-!l-nic webting.

178 A. Thormalley—Brick kilns,

1377 W. H. Capp—Rail or holder for coats and
mhcsr artcles.

1

b of

ny-nuou of Lod for catde,
nnd other animals. *

IM J. Guodmau—V elocipedes and wheels for the

lm F. thausen—| ombk
. McCounell & U. H. Buvir—\vnught Izsl ll. A. Brooman—Breech-loeding ordnance and
m r plates. other small arms and projectiies.
1204 V. J. Cassaignes—S8i g:
1205 C. L. Kensner—Hydrate of barytrs and sugar Darep Mav 220d, 1863,
B -:’&‘"_“"m‘" pulr mgines. station, | 1283 W. Snell—But b
1 A. G, wa) ot Jam, |— inges.
l{nnl and other nmnhm’lm P 1283 C. llue.hvnu—lkmp for stopping? bettles,
128 J. Farmer—Calendering, embossing, and other and other vesse
such machines. Bllhlv—Ordnunce.
129 R A E ion of hyd b L& M. H. ¢ n-mr:&,
fiom minenh. uu'u nnxn‘. and taperiug round uth-n of
280 T A, BlakelyHifivg waus and forming
1 . g guus pro-
Datzp May l4th, 1863. Jectiles o coirespond M ol
1210 'l‘ Lawrence — Drynvc. dressing, brushing, | 1257 G 8teveus— Coke ovens, and bolldl-‘ -nd
, and ilmbi fabncs. ing uveus or returts fur geueratng conl
lﬂl J atchwell. W, H Ashtord, & C. H connected th N
Nails or rivets for bouts und shoes. 1288 W, E. \ew fi of ' 4

1212 A. Pill Tchlnn.

1213J. T. Kﬁn‘—\Vlel-‘l oil and other flaid
uruing lamps,

ll—Cockl or valves,

1215 G. Dowler—Match boxes.

1216 L 8 Chichester—We, Mng grein.

1217 F. K. Brlnm—labnmﬂn ew:rnnd

1218 G. T. Bonlheld-—l!uluo', gt and cut-

tiles and ra-ps.
mﬁ Plli'lbcoﬂw‘ and securing door and
other knobs or haudles to their spindles.

Datep May 18th, 1863,
-

1220 B. Shillite & D enerating heat and
1221 D, M. Fyﬁ—l‘u\ the centres of military

or uther ta:
2 1 l-hmt, 1emoving, trausporting,
T targets.

1222 D. M.
aud retizing military or other

1223 W, Clark—Repeating fire-arms.

1924 A. Macmillan- Butions.

1225 R. T. Mallet—Piers, walls,and lndm‘ stages.
122 J. Patwrsou—Grinding,

fubrics.
1289 W. E. Newton—Manufacture of waterproof

fabrics.
100 J. Higgins & T. 8. Whitwc rth—Roving, spin-
, &nd aoubling cotton.
l”l W, Hotmnnn—r repatiug colouring matters

g for dp'ing aud printiug.
Datep Mav 23rd, 1863,

1292 J. 8t —8tenin hammuis,

12%3 E. Barl J. Newhnuse, F. Hamilton, and
LA ane—hu'ulnb engines nud lap machives,
aud mnachinery for giiuding card westh,

1394 J. A hckedng—oonu tor b-ﬂ.l-, jars, and
fimi ar vessels.

125 W. Cormack—Dustillation of mineral or vege-
table vils and spints.

1294 8. E. Ro: ur’-nd J. G, Jennings—Chimneys,
fire places, stoves, und flues for warming sad
vvuts ng apurtmen

1297 J. !. Hukhnd nod (: Smith—Fmiug explosive

lnd helling farm or v \ble uoe.
220 J’l”lp!‘lla‘ C. Lintz q;m mduhnh—lloon
uud shoes.

Datep My Z6th, 1863.

1228 R, W,, aud T. Wadding.on—Combs.

1229 B. Browne—Elastic material.

1230 J. Hinks—Lam r

1231 R, Talbot—Folding redder.

mz F. M. Burns—P'reventiug the fouliug of the
bottoms aud sides of ships.

1233 W. Clark—Ko auay cnflnn

12% J. T. Newton—Planishi and rolling sbeet

metal.
1235 J. Gibbe—Preparing and spinning flax.
1336 \V. White—Lo.; B.d‘d pining

1237 T. C. Rtrettvn— Iace.
1238 E. B. Wilson—Iroa aud other metals.
1239 J. Whitebead—Mo:ive power Y-

DateD MaY J8th, 1863

1240 E. Christmas—Carrisges.

1A! w. Wawou—Bread.

1242 H. Bennetv—Fucilitating the y-ddlhg of irou.

1208 A. Heather & J. Redfern—8uam boilers.

l.l. C: g or g oil eake,
s, and ether substances.

lﬂb R. Fenner & W. H. Hi‘hw—lnnlop folding
machines.

1246 8. Tov-!m nrm.mil-. or pins.

1247 J, for work-
ing yarns of wool and other fbrous sobstaners.

19 W. Hoey— teparation of a fuid for renewing
the -urh:;yof j.[l:mued sud cuameliad leathess
wnd cluthe.

129 J. Hopkins—C) oa reilways and tram-

wa

1300 ¥. Potts and J, Key—Irou tubiog.

1301 R. A. Brooman—Indicating the position of
trains upon ruilways.

1302 R. A, Brooman—Bells.

1%3 R. A. u.unn—s.my ¢nmnn.

1304 ¥, bury —Orches

1305 G. Tlh—hmp- for hurnlng hydro-carbos
oila.

Datep Mav b, 1963,

1306 J. Hesford—Stretching and drylng umn.

137 W, Muir—Cutting und assurting sugna:

1308 G. Howell—Stam n' and printing muhin
1509 H A Boaneville rriuges N

1310 P L and

131 l llub—l’om or p'm.? for frnoes or gﬂe‘

1302 "

loth
1313 H G-M—Hn&-u apparatus

IS4 TS,

1815 J ﬁllluu—?m. r-bu. -hnu-t, blinds,
c‘:ln .hwl(:e'l'ir| and easy c

1316 are— n

1317 ll Hnrnd—no:ﬁm‘ and duwln‘ off lkuidc

318 M

! and d bling wool and cottun

BYIW Bumn,lc Rhodes, 8 E Sen-.nndw

Sciuton—Grtung coals or onnt miuerals
1320 Wl:llrk—'ulh-( papir
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A CRITICAL AND HISTORICAL REVIEW OF LOCOMOTIVE
ENGINEERING.

By J. J. BIRCKEL.
(Illustrated by Plates 245 and 2486.)

(Continued from page 125.)

In the early attempts at propelling carriages upon railways by means of
steam, it was deemed indispensnbl:gl’;o makg theporails in ghe syhape of a
toothed rack, and to provide the driving wheels with cogs fitting into this
rack—an idea originated, we believe, by Trevethick, to whom the world
is indebted for the first attempts at introducing the steam engine upon
tramways. This method of propalsion, however, was anything but satis-
factory, being necessarily attended with frequent breakages ; and, as it was
soon ascertained that, with an adequate load upon the driving wheels, the
simple adhesion upon the rails was quite sufficient for all purposes of
traction, the cog wheels and the racks were dispensed with. But to
Pambour must be ascribed the merit of having defined the ratio of the
adhesion to the load upon the wheels, in the same series of experiments to
which we have referred in our paper on train resistances. In those experi-
ments he ascertained that this force could amount to }th, and was
never less than Jyth the load upon the wheels ; and, though it has since
been found that it may amount to even }th, and that it is seldom less
than ggth, yet does this in no way diminish the merit due to Pambour
ot having ascertained the practical limits of that force.

This ratio being known, when once the load upon the several pairs of
wheels is distributed with a due regard to the stability of the engine, as
has been observed in our paper on this subject, it remains for the engineer
to ascertain whether the requirements of the traffic, and the physical con-
ditions of the road for which the engine is intended, demand the coupling
of either pair of wheels to the driving wheels proper. Asa general rule
light goods engines have the front wheels coupled, and p ger engines
for heavy traffic have the trailing wheels coupled. These, though carry-
ing less weight, in the latter instance, meet all the requirements of trac-
tion, and thus relieve the front wheels from any worka‘mt that of leading
the engine, which is their legitimate duty. This class of engines, with
trailing wheels coupled, which is, so to speak, the stereotyped passenger
engine of the Northern States of America, is gradually being called into
more frequent requisition in this country.

Finally, now it remains for us to euquire into the question of trans-
mitting the tractile power of the engine to the train; a question which
resolves itself wholly into that of the correct construction of the frame.

In the earlier locomotives the boiler itself formed the frame proper of
the engine, and upon it were fixed in various ways the cylinders, while
through it also was transmitted the force of traction to the train, generally
by attaching the draw-bar to the back of the fire-box—nor does it appear
that the iutroduction of the frame itself was, in the first instance, so
much the result of a correct knowledge of the real wants of the case, as
that of a desire to procure better means of attachments for the axle box
guides, for in the engines first provided with them by Fenton, Murray,
and Jackson, and also by Stephenson, they acted as carrying frames only,
as is plainly seen by inspectionjof diagrams, Figs. 1 and 2 (Plate 245), the
cylinders, in both cases, being attached to the smoke-box end of the boiler,
and the draw-bar to the fire-box. This want of knowledge, however,
is not to be wondered at when it is remembered that steam engineer-
ing the real wants of which counld be ascertained by experience alone,
was then still in its infancy, and that the whole question was of necessity
in the hands of artizans, untutored in the science of theoretical mechanics
which, at that time, was only accessible to those well versed in the higher
branches of mathematics,

it is a singular fact that Bury, who was the first to introduce a continuous
and rigid frame, running inside the wheels, from end to end of the engine,
as shown by diagram, Fig. 3, did not in the first instance seize upon the
opportunity thus afforded of pulling directly through the frame, but still
attached the cylinders to the smoke-box, and the draw-bar to the fire-box,
thus causing the force of traction to be transmitted through a circuitous
route from the boiler to the frame, and from the frame again to the boiler
by means of side stays, which were easily deranged, and which have been

up to this day a never failing cause of leakage in the boiler, in all cases
where they have been preserved.

Yet, though Mr. Bury failed to derive immediately from his contrivance all
the advantages which it embodied, one great benefit was realised in the fact
of having the driving wheel, the axle bearing and the crank as close to each
other as possible, an arrangement which is quite indispensible to ensure the
safety of the crank axle. Besides thie, he soon also realised the benefits of
direct connection by attaching the cylinders to the frames, and by construct-
ing a draw-box quite independent of the boiler, by means of which also the
frames were rigidly boundtogether at the back of the engine, as illustrated by
diagram, Fig. 4. To him, therefore, must be justly ascribed the merit of
having been the first to construct an engine in which the duties allotted to
the boiler and to the carriage were such as to ensure efficiency with en-
durance, and which was the means to clearly define the very distinct fanc-
tions of these two great constituent parts of the engine, viz., the frame and
the boiler.

Bury’s arrangement, however, while completely dispensing with the
outside frame, and so far simplifying the machine, made at the same time
a great inroad upon its structural beauties, since the more graceful and
regular contour of the outside frame gave way to the sight of irregular
wheel spokes, and of a roughly-shaped inside frame, the construction
of which could not in the state of the art of forging or ot
rolling iron at that time, be influenced by any considerations ot
mathetics. It also placed the engine upon a much narrower
foundation, a circumstance which, it was not unreasonably feared,
would materially affect its steadiness upon the rails. On these
grounds some engineers have adhered to the outside bearings, but in
order to protect] the crank axle, they have provided also an inside bearing
upon & frame placed inside the wheels which was stopped short at the
fire-box, as in the case of Sharp’s and Fairbairn’s engines, illustrated by
diagram, Fig. 5, where the cylinders were attached to the inside frames,
and these firmly rivetted by meaus of vertical and horizontal cross-stays
to the outside ones in order to obtain rigidity for the purj.oses of traction.
This arrangement, however, still caused the force of traction to traverse a
very circuitous route; and as the inside frame was stopped only for the
purpose of gaining a couple of inches in width of fire-grate, while the
means of supporting it, and of carrying the boiler at the fire-box end were
thus rendered very difficult and expensive, it may with reason be said that
the gain looked for was not an adequate compensation for the extra trouble
incurred, coupled with the loss of the advantages of direct connection. At
a later date this defect was remedied both by Stephenson and by Fair-
bairn, as illustrated in Fig. 6 and 7, in both which cases the wide carrying
base has been preserved, while the crank axle is well protected and the
line of traction is unbroken from the cylinders to the draw bar, though it
should be stated that Stephenson’s system of intermediate crank shaft, for
reasons of economy and simplicity, has been repeated. At the present
date it may be said that experience has taught, and sound practical sense
does teach, that the locomotive engine should be so constructed as to have
the boiler independent of all the working parts of the steam engine
proper, and free from any strains arising either from the work of traction
or from concussions, all of which should be borne by the frame and the
other partsof the carriage alone, while to the boiler is consigned the duty
of generating the steam required for the performance of the work. The
boiler, in fact, should simply rest nupon the carriage, upon which also
should be fixed the other parts of the engine in such manner that it siill
might be able to perform its work, if it were possible to supply it with
steam after removal of the boiler. This condition has first been realised
in a satisfactory manner by Mr. Allan, of the Scottish Central Railway, in
his outside cylinder engines, as illustrated by diagram Fig. 8.

It is somewhat strange that, notwithstanding the above law has been
well established by the experience of more than 26 years, not ouly in
locomotive engineering, but in steam eugineering generally, it is strange
that the practice of stopping the inside frame in front of the fire-box, and
of pulling from the latter through the boiler, should still be persisted in
by some engineers,—as for instance by Mr. Sturrock, of the Great Northern,
and by Mr. Kirtley, of the Midland Railway, whose modes of connection
are illustrated generally by diagram Fig. 9, where the boiler is carried on

the outside frame by means of ponderous wrought iron brackets which,

19
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despite all improvements in the means of fastening them, never ar#tight.
Various other systems of connection are illustrated in the sheet of dia-
grams, plate No. 245, with a view more especially to ennble the reader to’
become thoroughly acquainted with the history of this portion of the sub-
ject, and as the systems already commented upon represent the chief types
to be met with im modern practice, little further need be said, unless it be
that Allan’s system of outside cylinder engine is frequently simplified by
the omission of the outside frame, at the unavoidable sacrifice of the wide
carrying base. As for the engines with bogie frames, illustrated by Fig.
10, these should be but little required upon the well constructed permanent
way, with easy curves, suchas they are found in this country.

In America, however, where the roads are not really intended to be per-
manent, and where, besides, they are subject to the deteriorating influence
of hard frosts, great falls of snow and sudden thaws, the bogie is found
indispensible, its use is also beneficial in some mountainous districts in
various parts of the continent, where sharp curves cannot be avoided.

Passing now to the consideration of constructive details of the frame,
we find that Bury made them of bar iron, and in the earlier designs he
generally bolted them together ; later, however, he welded them together
into one solid mass, as illustrated in the accompanying diagram.

Fra. 1.

This made a very stiff and excellent piece of work, but as it is very
expensive, and besides does not offer the same facilities for attachments
and connections as the plate frames, is is now generally superseded by
the latter. These are almeost invariably made of roHed irom from 12 to
15in. deep over the axle forks and in the main body, and from lin. to 14in.
thick ; they are usually welded in two points of their length, and though
some engineers have, of late, introduced the practice of making them of.
one solid plate throughout, the former method is stil preferred by the
best makers, as well as by many locomotive superintendents of high
standing, because it is less expensive, and may even be better relied upon
when the plates nsed are of a good quality of iron, since it frequently
happens that rolled plates of that thicknees, and of 25ft. in length, by
2ft. 6in. deep, are not sound in the body. Outside frames are very often
made of a balk ot pitch pine from 10 to 12in. deep, by 34in. thick, and
lined with two thin plates varying from y5 to {in. in thickness. This
method, however, has the disadvantage of providing a perishable frame,
on account of the great liability of: the timber to be destroyed by slow
decomposition, a phenomenonr whiclrgenerally occurs where it isin contact
with iron. On that ground we-should prefer to see the outside frame made
of & single plate, and whieh, when tequired, could be so stiffened, laterally,
by means of cross stuys binding it.with the inside frame, as to render it
fit for any duty which % way -have to perform, without making it too
heavy. Transversely the longitadinal frames are bound into one firm
structure by means of veridal cress stays of from § to in. thick, toth in
front and at the back: of -the’ engine, as well as in its mid length, this
latter stay being at thé sate time made to carry the slide bars, and in
many cases portions of the link motion ; at the back the frames are hound
also by the draw box, made of two plates varying from % to vin. in
thickness, of whicl: the upper one generally answers as the fireman’s plat-
form, or foot plate, and which are united by means of vertical webs in the
manner of a cellular girder. In the case of outside cylinder engines, the
trsusverse frame connections in the immediate vicinity of the cylinders
must be very strong, and should in every way offer all the rigidity of a
box girder, in order to. prevent the frames from being disturbed by the
great side strains; occasioned by the external position of the eylinders.
Convenient platforms made of ysin. plates are also provided along both
sides of the engine, to enable the driver to reach all the workieg parts, for
the parposes of imspection and of lubrication while the engine is in pro-
gress upon the road. The connection of all these parts is usually effected
by means of strong angle iron and rivets; sometimes, however, instead of
using angle iron the vertical cross stays are flanged, and in that case re-
quire to be made of the best quality of Yorkshire iron. As the height of
the platform measured, from the level of the rails, seldom ex-
ceeds 4ft., the driving wheels generally cut through them, and the pro-
jecting portion of the wheels is incased within a light iron bex, known as
the splasher, which in ite design is generally more or less ornamental,
according to the taste of the designing engineer, and which may certainly
be made to add greatly to the artistic beanty of the engine.

In order to make our subject as eomplete as possible, we ought perhaps

cast a rapid glance af the various minor parte of the engine with whieh
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it Sust be supplied in ‘osde to bb in that state of completeness which
‘enables the driver to have a thorough control over it when it is at work,
"and which enhbles the engine itself to perform- all the duties which may
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be required of it. As the construction of these parts, however, presents no
other features of interest but such as are of daily occurrence in mechanical
engineering, it will be sufficient to give—more especially for the informa-
tion of the uninitiated—a cursory description of each individual contrivance
forming an integral part of the engine.

Beginaing with the boiler, we first notice that the fire-box is provided
with dn ash.pan, fitted tight to its underside, and which is supplied at the
front, and sometimes at the back, with air tight dampers worked by means
of levers and handles from the foot-plate which enable the driver to regulate
the quantity of air to be admitted for combustion, whereby he has a
thorough control over the evaporative capabilities of the boiler. The ash-
pan is generally formed of plates #in. thick, rivetted together by means of
angle iron; some attempts have been made to convert into useful effect the
heat contained in the ashes, as well as the heat of radiation from the furnace,
by making the ash-pan bottom of a cellular struature, and connecting it
with the water spaces of the fire-box by means of pipes. The amount of
heat lost, as above stated, however, has been greatly over estimated, and
the result obtained has been actually #:l, while the difiowlties of construction
of the machine have been thereby greatly increased. The fire-box is further
provided with a glass guage, by means of hich the driver can at all times
ascertain the height of water in the boiler, and in order to enable him to
read it at night, a lamp is placed close to the glass guage. As:a measure of
safety also, there are two or three gaage cocks placed at different levels to
enable the driver to ascertain the height of the water, should the glass
guage break, or fail through obstructions to register thie water level. One
or two differently toned whistles are also placed within easy remeh of the
driver to enable him to give various signals. ]

Of Inte years it has become almost an universal practice-to supply the
boiler with a scum cock, by means of which the upper layers of the water
may be drawn off, and along with thenr those impuritiss which fleat upon
its surface. This has been found very beneficial in diminishing the evik
of priming. A separate cock also is supplied for the pnrpose of warming
the feed-water by means of a jet of stéam directed into the tender through
the feed pipes, and an approved pressare-guage is pliced within close eye-
sight of the driver, and has the advantage of erabling him to regulate
the intensity of his fire to keep the steam at the required tension. In
order to protect the driver against those inclemencies of the weather whieh
might greatly hinder him in- the performance of bis ardaous duties by pre-
venting him seeing ahead, a weather board, provided with glasses, is pleced
close to the back of the firebox, behind which he finds shelter against head
winds and rains. Im countries subjeet to great extremes of heat and cold
the driver is still better protected by a complete enclosure, both at the
sides and at the tront, roofed over to form a little hut, genernlly known as
the “cab,” and, though this provision slightly affects the architectural
features of the engines, we do not know of any valid reason why this
boon should not be granted to the driver in this comntry. Convenient
footsteps are also placed in close proximity to the: footplate, which, in the
absence of the “ cab,” is feaced in all round and' provided with proper
handrails.

The engine is relieved of the gases of combustion and of the steam
that has performed its work, through a chimney placed upon the smoke
box, and the height of which should not exceed 15 feet, measured from
the Jevel of the rails, for the purpose o7 clearance when passing underneath
bridges or through tunnels. Mr. Clark mentions that a length of chim-

Fic. 3.
ney-proper, equal to about four times its diameter, is likely to develope

Fie. 3.

the best action of the blast. That probability, however, rests upon no
better foundation than Mr. Clark’s own belief, and in practice no such rule
is ever adopted ; but the length generally is decided upon by considera-
tions of eesthetics, subject to the limit we have above given, rather than
by considerations of a proper action of the blast. With regard to its ares,
the same author thinks that it should be ¢sth, that of the fire grate.
We believe, however, that amorg the greater number of locomotive
engineers the rule is to make its diameter either reatly or exaetly equal to

the diameter of the cylinders ; and no doubt there is good ground to establisls
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acertainrelation between the areasof the cylindersand of the chimney, when
it is remembered that the former is governed by the heating surface, and
indirectly, therefore, by the grate area. The majority of ¢ngineers ornament
the top of the chimney with a cap piece, varying in shape according to taste,
dut Mr. Sinclajr prefers.to leave it a plain finish, as being more beneficial
to the action of the draught; the accompanying sketches (Figs. 2 and 3)
plainly illustrate the effects of head winds npon the draught as verified
by all experience on the motion of fluids and shows most conclusively
that Mr. Sinclair’s practice is to be preferred. With reference to the
draught, Mr. Clark also lays down a very doubtful rule as to the.area of
the blast orifice, which he thinks may vary from #;th to Jsth of the grate
area, whereas in practice it is always ruled by the area of the cylinders,
being generally made a little less than the area of the steam ports or
about Yzth that of the piston.

In.order to relieve the cylinders of the water which would accumnulate
in them throngh condensation of steam they are generally provided at each
end in the lowest portion of their circunmference with small cocks worked,
by means of a system of levers and rods, from the foot plate ; these ara
known as the mud.cocks, and in designing an engine the necessity of
making provision for these secondary wants has often heen more trouble-
some than any of the vital questions of the general problem, for the simple
reason that the whole of this very complex machine has to be confined
within the narrow space of about four feet.

Close to the front, the engine is provided with strong vertieal bars
known as the life guards, reaching down to withiu two inches of the rails
for the purpose of clearing the latter of any obstructions which either
accidentally or maliciously may have been placed thereon; and in the
case of heavy falls of snow, besoms are attached to them in order to sweep
the rails; this provision is of great importance in most northerly climates
and in some mountainous countries on the Continent, where heavy falls of
snow are of frequent occurrence. Capacious sand-boxes are placed on
each side of the engine provided with pipes reaching down to within close
proximity of the rails and as near to the front of the driving wheel as
possible, throngh which the driver may strew sand upon the rails when
theseare slippery, tocause
the wheels to bite—a
want which is generally
felt at starting. To the
immediate front of the
engine a strong beam
made of ork or teak, and
knownasthebuffer-plank,
stretches across from
frame to frame, to which
it is securely bolted ; it
varies from 14in. to 16in.
3n deptb, and from bin.
to 6in. in thickness, and
in width it covers the . .
extreme points of the carrisge measnred ever all. To this plank are
bolted two buffers in such manner as to correspond with those on the ordi-
nary carriages upon the line, and those generally used are De Bergue’s
india-rubber, or Brown’s spiral spring buffers ; .a strong drawbolt provided
with shackle, chain, and hook is also fixed to it, in order to enable the
engine to pull any required Joad whilst rupning backward.

Finally to protect the boiler as much as possible against loss of heat
from contact with the atmosphere, it is usnally covered with a layer of
felt all round the circomference of the bariel, and upon the fire-box as far
down as the platforms; this layer of felt is lagged over with inch pine, and

the whole covered over with thin sheet iron, No. 16 wire guage, held in

its place by means of hoops or straps. In the corners of the fire-box this
<lothing is made complete by means of ornamental covers made of brass
or of thin iron, so arranged as to hide the lagging ; the steam dome is pro-
tected by means of an ornamental covering made of brass or sheet iron,
and the safety valves are covered with an ornamental fannel of the same
material, and sufficiently high to prevent the steam, as it escapes, from in-
<conveniencing the driver. Those portions of the clothing which are made
of brass are generally polished bright, and the parts of the engine exposed
to view are covered with several coats of paint and varnish, of varying
shades, according to the taste of the designing engineer.

So far we have confined our investigations to the engine alone ; but as the
tender is an inseparable adjunct to the former, except in those engines
which, upon short lines of railways, are made to carry their own supply of
water and fuel, we shall not have completed our study unless we give a
short description of this faithful help-mate of the locomotive engine.

Generally speaking, the tender is a simple carriage, upon which is
placed a tank, capable of carrying the requisite supply of water and fuel
for a given length of journey, and in construction, this carriage is very
similar to that of the engine, though, being subject only to the strain

resultiug from the transmission of a fair pull, and from carrying a dead .

weight, it may be proportionately lighter in the frame. This latter is
sometimes made of four longitudinal plates of rolled iron, arranged ia
pairs at each side of the tender, the one outside the wheels, provided with
the axle box girders and horn blocks, from 10 to 12in. deep in the body,
‘by fin. thick, the other placed inside the wheels, being a plain stretcher
¥in. thick, and of the same depth as the outside one; sometimes this
outside frame-proper is made of a baulk of timber from 3 to 3%in. thick,
lined with Yyin. plates of rolled iron similar to that already described
when treating of the engine frame, and with which it is usually made to
match. Transversely the longitudinal frames are connected by means of
vertical stays made also of rolled plates, well stiffened by means of angle
irons and horizontal gusset plates; at the front, and sometimes at the
back, strung draw boxes, somewhat similar to that on the engine, also
answer as transverse frame connections, the whole forming a rigid struc-
ture capable of transmitting the horizontal strain without the assistance
of the tank, which in reality should rest freely upon the frame. In some
cases the draw-box at the back is superseded by a buffer plank, similar to
that at the front of the engine, and to which, when so applied, are
attached the draw hook, and the safety chains, as well as the buffers. In
order to-ensure the steadiness of both engine and tender upon the rails,
and to protect also the feed pipe connections from undue strains, the engine
and tender are kept taut by means of a strong transverse spring resting
horizontally in the draw-box, against this spring two small buffers, sliding
horizontally in guides fastened to the box, are made to butt, and by the
elastic force of the spring are constantly pressed against the back of the
engine.

Some engineers prefer to make tha tender frame eutirely of wood, though
it is difficult to ascertain a valid reason for this preference, since the cost
of a wooden frame, as generally made, is very nearly if not quite, equal to
an irou one, while it does not offer the same guarantees of strength and
durability as the latter. To complete our remarks on the carriage, we

should state that the wheels, the axles and the axle-boxes are, in construc-
tion, exactly similar to those we have described when treating of the
Engine.

A powerful break ir
provided, by means of
which - the driver is
enabled to accelerate the
stoppage of the train
when appreaching & sta-
tion, or in cases of emer-
gency. It is worked from
the foot plate by a hand
wheel and screw, commu-
nicating au angular mo-
tion to a shaft with short
levers forged or keyed
upon it, and to these
are attached the temsiou
rods, by means of which the break blocks,~which gemerally pivot upon a
cemtre fixed upon the frames,—are pulled against the wheels; the break is
genenlly so constructed as to act upon all the wheels, and sometimes it is
made to grasp the wheels on both sides, to prevent undue strain upon
the axles.

Tenders with a cupacity of from 800 to 100 gallons of water have two
pairs of wheels only, and geuerally do not exceed L6ft. 6in. in length
mensured over all ; those of greater capavity are carried upon three pairs
of wheels, and may reach a length of 20ft. :

The tanks are constructed in different shapes, but that moet prevalent
is the one which in plan assumes the shape of a horse-shoe, the water begug
contained in that portion which forms the horse-shoe, and the fuel being
stowed in the open spaee betweem the two legs. Bometimes it is made
in'the shape of a plain square box, rather shallow, with its sides projecting
above the top of the tank-proper, vpon which the fuel is stowed ; this
method isadopted with a view evidentlyof kesping the centre of gravity low.
Semetimes, also, in longitudinal section, it sssumes the shape of a trapezium,
the front wall of the tank sloping up backwards in an easy -carve, while
the side walls are carried up square, and the fivel is stowed in the space
thos left free. In each case the tank is made of rolled plates, warying
from ,% to 4in. in thickness, jointed by means of in. augle :irons and }in.
‘rivets; an ornamental coping is casrried all round the top of the tank,
which further adds to the fuel space. :

The communication between the engine and:the tank is maintained by
means of continuous flexible pipes on each side of the engine, and various
contrivances have been adopted to enable these junctions to adapt themselves
to the shifting requirements of the engine upon the road, without inter.
rupting the communication. The oneformerly in general use, whichisknown
as the telescope pipe, isillustrated by the accompanying woodcut (Fig. 4),
and consists of twodistinct portions of pipesassembled by means of ball joints,
the oneportion being enlarged on the greater part of its length to such an ex-
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tent as to enable it to receive and to allow freely to slide inside of it a hollow
plunger equal in diameter to the feed pipe, and connected to the other ball
joint by means of a screw coupling ; the joint between this plunger pipe and
the barrel being made good by means of a stuffing-box. This contrivance,
which answers its purpose very well, requires to be made of brass, and
being of difficult workmanship, is for these reasons very expensive. Soon
after the discovery of the properties of vulcanized india rubber and its
introduction into various useful arts, the just described contrivance was re-
placed by the much simpler, and equally effective one illustrated by Fig. 5,
which consistsoftwoshort couplingsribbed upon theirinternal circamference,
and connected by means of an india rubber hose, kept stiff by means of a
wire coil placed inside of it.

The capacity of the tank must be determined by the nature and re-
quirements of the traffic for which the engine is intended; according to
Mr. Ramsbottom, a maximum volume of 28 gallons of water per mile, are
required for a heavy mail train upon a heavy road; and at this rate of
consumnption, a tender having a capacity of 800 gallons would be required
for a journey of 30 miles, and a tender of 2000 gallons for a_journey of
70 miles without stoppage ; these are the two extreme limits of tender
capacity to be met with upon English lines of railway, and the space
allotted for fuel is about one-fourth that for water.

Of late, however, the requirements of the Irish mail service, compelled
Mr. Ramsbottom to perform the journey between Chester and Holybead
or a distance of 84% miles in 2 hours and 5 minutes, and necessitated the
incrense of the size of tender tanks from 2000 to 2400 guallons, or else re-
quired the taking of water at some convenient point upon the road, either
by stopping or by picking it up whilst running. The first method of
solving the problem involved an objectionable increase of weight in the
tender, resulting in a loss of locomotive power equal to that required by
an additional carriage to the train, while a stoppage entailed aloss of time
which could not well be spared upon that heavy road in bad weather.
Mr. Ramsbottom, therefore, conceived the idea of picking up the water
whilst running, by dipping a pipe into a trough laid longitudinally be-
tween the rails, the dip pipe being curved forward at its lower end in the
direction of motion; by this contrivance it was expected that the water
would rise in the pipe to a height nearly equal to the head of of water, which
would produce a velocity of outflow equal to the speed of the train, and
he soon reduced his idea into a practical shape by means of the apparatus
illustrated in Figs. 1 to 5 (plate 246), which is so simple that it scarcely
needs to be explained. It consists of a cast-iron trough 18in. wide by 6in.
deep, 1aid upon the sleepers between the rails, in such a manner that when
it is full, the level of the water shall be 2in. above the level of the rails,
as shown in Figs. 1and 2; and further, it consists of a scoop or dip-pipe for
raising the water, made of brass and having an orifice 10in. wide by 2in. high ;
this scoop is carried upon a transverse centre, and when not in use it is
tilted up by a balance weight, as shown in Figs. 3 and 4, and in order to
dip it into the water, it!is depressed by means of a handle worked from the
foot plate which requires to be held by the driver as long as the scoo)
must be kept down; when it is lowered, its bottom edge is level exactly
with the rails, consequently dipping 2in. into the water, and the limit of
depression is fixed by means of two set screws which answer as a stop, and
which afford also the means of adjustment when the axle-box brasses and
the wheel tyres are worn down.

In order to diminish the velocity of discharge of the water into the tender,
the delivery pipe is enlarged gradually from the bottom to the top in such
manner that the area at the top be 10 times that at the bottom, and con-
sequently the velocity of discharge is one-tenth only that of the train; if,
therefore, the water be picked up at a speed of 50 miles per hour, it will
be discharged into the tender at a speed of 5 miles per hour or 7ft. per
econd, which is that due to a head of about 1ft.

One of the most important points, and by no means the least difficult in
the practical application of this apparatus, was, at first, to provide a sure
and ready means of lowering the scoop into the trough; this problem,
however, has been solved in a most satisfactory mauner, rendering that
part of the operation of taking water quite independent of the thoughtful-
ness or skill of the driver, viz., by simply lowering the level of the rails
with an easy slope in the whole length of the trough, as shown in Fig. 5.

The trough laid down on the Holyhead line is about a quarter of a mile
long, cast in lengths of about 6ft., and made water tight, and flexible at
the joints by the interposition of a round strip of india rubber. The
maximum quantity of water which may be raised, is equal to the area of
the scoop multiplied by the length of the trough, and in the case instanced
amounts to 1150 gallons; the results obtained iu practice are as follows :—

at 15 miles .........cc.eeeuenins veeees O gallons.
at 22 do. .oicciiiiiiiiiiiiiineenn 1060 do.
at 83 do. ieiiiiiiiiiiniiiienenans 1080 do
at 41 do. ceecviiiiiiiiiiiiians 1150 do.
at 50 do. .ieeeiirniiiiiiiiininn. 1070 do.

showing that the apparatus may safely be relied upon at any speed upwards
of 20 miles.

Crmthen -

Submarine Telegraphy. {

This is unquestionably one of the most interesting applications of a
principle in hydraulics known to us since the days of Toricelli, and which
will probably become very general in the railway practice of thinly-popu-
lated countries abounding with clear water courses; it recommends
itself at once also on the score of economy since it saves both
the working expense of raising the water into an elevated tank, and the
first cost of the pumping machinery. Independently of this it is deserving
of special notice, on account of its ingenuity.

(To be continued.)

———

SUBMARINE TELEGRAPHY.

Captain Salwyn, R.N. proposes to employ an apparatus for paying out
electric telegraph cables, which he has described as follows:—

One, two, or more cylinders, if preferred, of plate iron, }in. thick, are
constructed to carry such portion or portions of the cable to be laid as may
be thought desirable; but as it is most convenient to make the necessary
calculations on some known basis, the Atlantic cable is first taken as an
illustration.

That cable weighs one ton per mile in air. In water 14 cwt. Its
diameter is §in. Its cost about £100 per mile. The distance laid is 2022
miles, and the distance between Valentia, Ireland, and Trinity Bay, New-
foundland, is 1650 nautical miles, 3000 miles will be taken as necessary in
these calculations.

Fre. 1.
The size of cylinder. with paddle wheels attached, which will carry 1500

P | tons, or half the cable, at less than half immersion,—say about 20ft.

dranght,—is 60tt. long and 50ft. diameter, this gives a tonnage of 3366.
The cylinder being formed of }in. iron plate throughout with double ends,
8 partitions, wheels, frame and stays, rivets, angleirons, &c., the rough
estimate of weight is 300 tons, which at £20 per ton (to allow for manu-
facturer’s profit), will be £6000 total cost. :

Fia. 2.

But the present light cables may be carried at considerably less expense,
if, indeed, one or two thousand pounds be considered an object in carrying
a cable, whose cost must be reckoned by Lundreds of thousands, and in
which a difference of 6d. per 1b. in the expense of manufacturing the
gutta-percha would more than cover the whole of the cost of laying by
these means, that difference (as 4001b. of gutta-percha are used in each

‘mile, of 3000 miles) being equal to £30,000.

In the accompanying diagrams, Fig. 1 represents a horizontal sectional
plan of the cylinder, &c., A being the layers of cable coiled round the
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cylinder B, which is formed in four compartments; C is the hollow axle;
D D the paddles at each end of the cylinder; E E the ends of the cylinder;
F is the external frame by means of which the apparatns is towed; G is
the tube through which the inner end of the cable is led. Figure 2 isan
end view of the apparatus.

The druught of water of such a cylinder will be about 6ft. when light,
and it would in that state take a weight of 5 tons at 10ft. from the centre,
to deflect it one quarter of a degree from the horizontal. With reference
to the objection advanced on acconnt of the resistance to towing, which
will be considerable when not laying cable, Capt. Selwyn argues that the
drawback on this account is not of so serious a character as might be
anticipated ; one steamer, it is well known, can tow another of her own
size at a very small diminution of her speed.

Thus, if 800 horse-power propel a ehip 10 knots, then two ships of equal
size will be propelled by the same power acting in one of them, not 5 knots,
but 8 nearly.* g )

If, during the laying, the cable should by any accident be broken, means
are provided by which the cable may be caught and held, even miles astern
of the ship, until she can go back, and, picking it up, make a splice, and
proceed anew. If the cylinder be cast off, or the tow ropes broken, so soon
as any strain is felt upon the cable by the drift to leeward of the cylinder,
the result will be, that the cylinder will turn round and “ride to” the
cable, veering slowly in answer to the strain, but resisting any rapid pulling
off of cable by the beating of the paddies on the water,

Arrangements are made for reefing or expanding the paddles during
revolution, so as to regulate the amount of slack, or tightness, of cable as
desired. Also for testing through the cable electrically during the coiling
on, or laying, by passing the end of the cable, which is first coiled on, out
through one of the axles; there it is allowed to turn freely, in contact
with a spring, or dipping into a cup of mercury, as preferred. The details
of the calculations of weight and cost of cylinder for carrying a sub-
marine telegraphic cable, such as the Atlantic, are thus stated by Capt.
Selwyn :—

Ton. cwt. qr.
‘Weight of cable in air per mile . R | 0 o
. in water .. 0 14 0
Diameter ... # inch.
Length 3000 miles.

The cable to be carried thus. Two cylinders are to be built of }in. iron,
each 60ft. long by 50ft. diameter, with double ends 2ft. apart, and padcle
wheels attached, the ends to have a diameter of 56ft., and the whole to be
surrounded by a frame, in which the axles revolve. The tonnage of each
of these will be as follows :—

Area of 50ft. = 196,350 x 60 length = 11781000 + 35 (cubic ft. in one ton)
= 3366 tons burden.

Ends :—area of 56ft.=176 x 2ft. wide =352 x 2in.=704+35=20 tons.
Thus we get a total supporting power of 3,386 tons. The weight of cable to be
carried, at, say, one-third immersion, will be thus 4 of 1500=600, therefore we

have 1000 tons plus (500 x 14 cwt.) 830 tons, or 1350 tons weight of cable. The
E:]o;s tonnage 3386 —1350 cwt. of cable=2036 ; 2036—1350=685 tons less than
immersion,

Now the weight of tbe cylinder will be about 300 tons, this also must
be taken into consideration; 686 tons — 300 tons, leaves 386 tons less
than half-immersion as' the datum for calculating draught of water—

60 x 50=3000 cubic feet+35 (number of cubic feet in one ton)=85 tons for
the first foot.

Now roughly dividing 380 by 85 gives about 4ft. 6in. as the draught cor-
respondiug to 886 tons. This means 4f%. 6in. less than half-immersion, or
20ft. 6in. as the load draught.

The calculations of weight are as follows : —

BARREL.
Weight of
Length of Circumference No. of Ibs. in Barrel,
Cylinder. of 50ft, diameter. 18q. foot, 1bs,
60 ft. x 157,080 = 94,248 x 20 = 188,496
3 PARTITIONS.
Weight of
Area . P, lbﬁonl.
8.
50ft. = 196,350 x 3 = 589,060 x. 20 = 117,810

* Capt. Sel states as an illustration of steam towing, that Capt. Ericsson’s small
screw vessel, of 46ft. length, 8ft. beam, and drawing 2ft. 3in, of water, towed the Ameri-
can ship Toronto, of 630 tons burthen, on the Thames, 26th May, 1837, at the rate of 43
knots per hour against tide,

4 Exps, 56 FEET DIAMETER.
Weight of
Ends.

Area. 1bs.
56 ft. = 246,301 x 4= 985,204 x 20 = 197,040
Assumed weight of frame, wheels, stays, rivets,
angle iron, cuttings, &c., &c., 80 tons, or = 179,200
Total... 682,646

682,646
“gogy = 3044 tons.

Total weight of cylinders and attachments 304 tons, multiplied by £20 per
ton, to get probable cost, gives £6080.

Next, there is the calculation of the thickness of cable when reeled on
cylinder ; the total number of miles in one layer; and the number of
layers on the cylinder when 1500 miles are coiled on.

Diameter of cable, five-eighths of an inch ; length, 1500 miles ; mean diameter
of cylinder and cable, 52ft. : length of barrel, 60ft.

Then—

Circuinference of 52 feet=163'36

Number of turns of five-eighths of an inch in 60ft. 11584 x 163:36
=188409'424, and

188400424 _ 309, and
6U82*

1500° _ o 1o
“arp = 48°6 layers.

48'5 x 5-+8=2ft. 6in. thickness of 1500 miles of cable when reeled on.

The cylinder should, after Jaunching, be brought to the nearest whart
which has the required depth of water for its flotation when loaded.
Being moored off, it may either be set in motion by the tide or current,
or if in dock, the paddle floats being taken off, or reefed in, it may be
caused to revolve by bands from portable steam engines on the wharf, and
the cable will be coiled on as cotton on a reel. Testing with the cable in
water can be carried on during the whole of this operation, the inner end
having (before beginning the coiling) been passed out through one of the
axle-ends. The next thing will be to replace the paddle floats, if these
have been reefed or taken off'; and now with the end secured, the cylinder
may be taken in tow for its destination. The paddle-wheels will cause
revolution, and diminish, by so much, the retarding effects of friction.

Having arrived at the point in mid-ocean or elsewhere, from which the
operation of laying is to commence, the ends of the cable, of which 1500
miles will be on each of the two cylinders, are joined up, and the towing
vessels start for their respective shores.

Any speed judged desirable, or which the towing vessel is able to ac-
complish, may be kept np regularly and without danger. A speed of 10
knots would canse the cylinder to revolve at the rate of about six turns
per minute, or the outside of the cylinder would have speed of 1013-6ft. in
& minute, which, for a paddle-wheel, is not excessive, the Great Eastern
having considerably more. Supposing each ship to have gradually reached
even this speed, and that the curve of cable betweeu them were 100 miles,
it isclear that any surgecaused by a wave would be felt, first by the ship,
next by the cylinder tow ropes, which will have an elasticity due to the
catenary curve in which they must hang, and then by the cylinder; and last
of all,and but slightly, by the cable, which is at no time absolutely checked
in its unwinding. .

When the pull comes on the cylinder, the immediate result is to bring
a greater turning force on the paddle floats, and thereby to give off more
cable than the 10-knot speed required. X

Further, to obviate any possible strain to the cable, there is a provision
as bas before been stated, for expanding, or reefing, the paddle floats
while towing, so that the diameter of the wheels, which govern the revo-
lutions, can be increased or diminished, relatively to the barrel of the
cylinder, the result being, that as much, or as little, slack is laid as may
be proper.

\g’hg: thereis great depth of water, and consequently great suspended
weight of cable, the wheels will be deeply immersed, and great resistance
will be opposed to any more cable being dragged off, than the percentage
of sluck which bas been decided on. If the depth alters, the resistance im-
mediately increases or diminishes with it, by the weight of cable hanging
under being also altered, and as the cable goes off, the cylinder rises out of
the water, opposes less resistance to towing, and has fewer floats immersed.
As the shore is approached, the draught of water will have lessened, so
that the cylinder itself may, if requisite, be towed into the harbour,
instead of a second shifting into boats, which may easily be a cause of
damage.

* No, of feet in one nautical mile,
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This nominal or relative rank, therefore, merely gives a certain standing

in the ship, while it en%ails as a consequence an expensive style of messing
and uniform. .
, Eugineers, then, few of whom can be éxpected to possess private means,
have a right to ask that their pay shall be such as to enable them
to maintain their position, not in extravagance certainly, but fairly and
honourably to pay their way, without running into embarrasment,
in order to maintain. an appearance while in commission, when too
often a wife and family is left at home struggling throngh difficulty
and debt, to make “ both ends meet.”

Again, “other officers of the Civil branch are better puid for services
neither more responsible nor more arduous. We do not think the En-
gineers can be charged with presnmption in making this comaparative
statement of the relative importance of the duties of the Civil Officers ; for
instance, however essential the duties of a surgeon may be, and however
neceseary the labours of a paymaster, we think it will be readily ad-
mitted that in a war ship especially, an Engineer is at least as indispen-
sable as either of the preceding officers. Why then, we may well ask,
are they so-much better paid ? The medical officer (and we should indeed
be sorry if we were understood to imply that he is Zoo well paid) receives
10s. per day the first day he joins the service, while the young engineer
eommences at 6s. The gurgeon, on his promotion, which usually takes
place in about seven or eight years from his entry into the navy, gets 15s.
})er day, while the Engineer, who seldom gets his promotion to chief in

ess- than twelve or thirteen years, receives but 10s. 6d. per day. Nor is
this injustice removed by length of service, as will be seen from a glance at
the highest rates of pay to which each of the classes of civil officers can,.
under any eircumstances, attain, . . .

The pay of a Medical Inspector is £821 per annum, that of a firet-class
Paymuster is £600 per annum, while the highest pay of an Inspeetor of
Machinery is but £101 per annam. These immense differences must ap-
pear the more striking when we consider the importance of the duties
devolviag upon an Inspector of Machinery of a fleet composed of say onl
a dozen of our modern line of battle ships, or iron frigates, and yet witi
all that responsibility his pay is some £200 per year less than that of &
first-class Paymaster.

The next point in the printed statement, is that Engineers should be
allowed to retire at am earlier age than 60 years. This seems tous a very
reasonable request, when we consider the arduous nature.of engine-room
duties. An Engineer of 60 yearsof' age, implies about 35 or 40 years of
active service in all parts of the world, from the coast of Africa to the
Arctic regions, and his chances of enjoying his half pay after that time
are small indeed.

The third clause rofers to the accommodation provided for Assistant
Engineers. Now let us imagine a young Engineer, of good education and
ability, of fair social position, and accustomed to the comforts of a good
home, entering the service. His first night on ship-board is almost suffi-
cient to sicken him. A ‘hammock to sleep in, the open deck to undress
upon, no partition, even of canvass, to screen him from the sights and
sonnds of stokers, marines, and saiiors, he may well feel disgusted with
his new career; yet so difficult is it to provide a remedy for this state of
things, that it appears cabin accommodations is only asked for the senior
assistant im all ships.

The necessity for making the junior Engineers, Gun-room officers is very
great, not because Engineers are willing to admit that an entry into the
Gun-room would be an elevation or an horour to themselves, but because
while they mess by themseives, other officers in the ship are enabled, and
in most instances do, treat them with neglect and indifference. Their rank
is at all possible times ignered, and their being banished—as they are in
the Warrior and Black Prince, and many other vessels—to the fore part
of the ship, away from all contact with the otlier officers, is' looked upon
and urged as a proof that the rank which the Admiralty have given them
is really only nominal, and was not intended to confer upon them such
claims to considerate treatmrent, as it7does in the case of the other junior
officers.

On referring to the classes of jumior Engineers and the officers in the
Gun-room with whom they rank, it appears that the

Sub-Lieutenant,
Engineer ranks with ......... crereneorereene { Second Master,
Assistant Paymaster.
Midshipman,
Master’s Assistant,
Naval Cadet,
Clerk and Assistant Clerk.

Thus it will be seen that the Assistant Engineers rank with the seniors
of the Gun-room Mess; so that, asking that they may be allowed to mess
in the Gun-room, is not asking for a rise, but merely to prevent a con-
tinnance of that system of exclusiveness on the part of other officers
which the present. plan of a separate mess enables them to adopt, and
seems partly to justify.

Assistant Engineers, 1st & 2nd class, with

The request that the Engineer in charge of the machinery of a ship be
allowed to mess in the Ward-room is, we consider, reasonable enough,
seeing that he is virtually Chief Engineer of that ship, although his rank
in the service may only be Engineer, or, perhaps, First-class Assistant.

The fourth clause needs some further explanation, and this is rendered
rather more difficult through what appears to us to be a very absurd
change in the titles of Assistant Engineers. Until about a year ago, all
Engineers below the rank of Chief, were, rightly enough, called Assistant
Engineers of the 1st, 2nd, and 3rd classes. Since them, however,. the 3rd
class has been abolished, and the titles of ¢ Engineer,” Assistant Engineer
18t Cluss, and Assistant Engineer 2nd Class take their place, but, whilst
this alteration certainly produces a considerable amount of confusion when
endeavouring to speak or write about Naval Engineers, it is not considered
a “grievance.” What ¢s to be complained of, however, is, that when the
young Engineer, who was told before he entered, that he had to serve
three years in one grade, two years in another, and three years in a third,
&c., has served these stipulated periods, he does not really get his promised
promotion for months, and in some cases, we believe, as much as a couple
of years pass. There are other officers, we believe, in the same predica-
ment, but the grievance tells much more hegvily on the Engineers, in
consequence of the number of grades through which they are made to
pass, and the number of examinations they have to undergo.

This is really a great grievance, and we have heard of some very excel-
lent Assistauts who are getting weary and disgusted with the service from
this very cause.

We are informed that there are private and confidential reports sent
quarterly from the Captaius of H.M. shiﬁs to the Admiralty, as to the
character and conduct of all officers, and the young Engineer who is kept
waiting month after month for his ¢ step * naturally suspects, that in spite
of the “good” certificate he may hold, he has been injured in some way
by a previous private and confidential report.

It is asked that *all time served from date on entry count for full and half
pay.” Wecannot understand why the younger yearsof'a man’s life should be
thrown away, and why, if any time at all which an engineer serves ought
to be reckoned, the whole of it should not be taken into account. At
present the engineer who enters the service at 21 years of age, and is
lucky enough to arrive at the position of Chief Engineer at the age of 38
or 34, loses entirely at least eight years of his time. Medical ofticers, on
the other hand, count their time from the mowment they enter, and we
think Engineers should also have that right extended to them. The re-
quest is also urged that when an Assistant becomes a commissioned officer
he should be allowed a scale of half-pay.

Assistant Engineers are the only class of commissioned officers who are
not allowed half-pay, which they consider is an invidious distinction, tend-
ing, with other things, to lower them in the estimation of other officers.
They are allowed a scale of harbour pay; with the amount of which they
do not so much complain, as of the compulsory attendance at one of the
dockyards, which it enforces upon them. Other officers, after a three
or four years absence, receive their half-pay and are thus able to visit
their friends in various parts of the country, recruiting their health, and
enjoying some of those social amenities to which, however, the engineer
is expected to bid adieu when he enters Her Majesty’s Navy, and when
it is seen that the half-pay which is granted to an Assistant Surgeon—
with whom only the engineer can fairly be compared—is greater even than
that allowed to a Chief Engineer, the Assistant Engineer, with his harbour
pay and dockyard attendance, has a right to complain.

“ Their names also to appear on the Navy List, &c.” Here again
engineers are the only commissioned officers whose numes do not appear
on the official lists—published quarterty—and when it is known what fre-
quent changes take place among the junior officers of ships on foreign sta-
tions, it is not surprising that the friends of an Assistant Engineer very fre-
quently lose sight of him altogether for years, unless they happen to be
in personal eommaunication with him.

We need hurdly say anything as to claose 5. It is self-evident,
especially when the fact is considered that the average time it takes to
arrive at the position of Chief Engineer is thirteen years, and that there
must be many who can never arrive at that position at all.

Paragraph 6 is one of great importance, but except the first point, it
comes under the old and most important head ot pay. More pay is what
it means, pay to increase annually instead of every five years, as al present.
The first point, however, deserves some consideration; the Inspector of
Machinery should, we think, be a distinct rank of itself, carrying with
it distinct full and half-pay. At present, however, the Inspector of
Machinery, after serving in his admittedly responsible position for any
number of years, returns to the scale of half-pay to which he would
have been entitled had he remained simply a Chief Engineer. This,
were it not an injustice, would be ridiculous, and we think it certainly
must be an oversight.

Clause 7, being merely an expression of satisfaction on the part of
many engineers, we do not think we need further notice.
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ROYAL INSTITUTION OF GREAT BRITAIN,

ON SCIENTIFIC EXPERIMENTS IN BALLOONS,
By JaMEs GrAISHER, EsQ., F.R.S.

In the introductory part of the discourse, Mr. Glaisher gave a brief
history of aérostation, from the discovery of the fire-balloon in the year
1782, by the two brothers Montgolfier, noticing some of the principal
ascents made with fire-balloons. He then spoke of the discovery of
Cavendish in 1776, viz., that hydrogen gas was fully ten times lighter than
common air; when it immediately occurred to Dr. Black, of Edinburgh,
that if so, a thin bladder filled with this gas ought to rise of itself: yet a
period of several years elapsed before this obvious property was applied to
the inflation of balloons; not in fact till the success of the fire-balloon was
established. He then spoke of the more remarkable ascents and experi-
ments which were made with air-balloons within a few years of its discovery,
and remarked, that the result of the several experiments having proved
that the balloon would raise great weights in the air, and remain for a long
time thus suspeuded, caused a general desire to navigate the lofty regions
of the atmosphers, and to pursue meteorological and other investigations
in those regions, and the invention of the balloon was looked upon as
likely to be followed by great consequences. He then spoke of the dif-
ferent ascents which have been made in the interests of science: the first
of which was that of Mr. Boulton, well known as the partner of the
famous Watt, who constructed a balloon to which a match and serpent
were attached, that the gas might explode iu the air. The object was to
determine whether the reverberating sound of thunder was caused by echo
or by suecessive explosions; the point remained unsettled, owing to the
U:oul:iing of the people; but it wes thought that the sound did resemble
thunder.

This experiment was made on December 26, 1784. No further experi-
ments were made, so far as he knew, till the beginning of the present
century, when in the years 1803 and 1804, Mr. Robertson made three
ascents from St. Petersburg, for the purpose of making magnetical and
other experiments,

On August 23, 1804, MM. Gay-Lussac and Biot ascended from Paris
for a similar purpose; they attained an altitude of 13,000ft., and found
no difference in their experiments in electricity, magnetism, and galvanism
from those made on the earth.

On September 15, Gay-Lussac ascended alone to a height of 22,977ft.;
he fonnd that the temperature declined from 82° to 15°; that the sky
was deep blue; that the time of. horizontal vibration of a magnet was
shorter with elevation,

In 1806, Carlo Brioschi, Astronomer-Royal at Naples, endeavoured to
ascend higher than Gay-Lussac; the balloon burst, but ite remnant happily
checked the rapidity of the descent.

A period of forty-four years followed, during which no systematic
attempts were made to take scientific observations by means of balloons.

In 1850, MM. Bixio and Barral inflated a balloon with hydrogen gas, in
the gardens of the Observatory at Paris, with the inteution of ascending
to a height of from 30,000 to 40,000ft.; in their first ascent they ascended
to a height of 19,000ft., and descended to the earth in 47 minutes ; they
passed through a mass of cloud 9000ft. in thickness.

In their second ascent, clouds were reached at 7000 or 8000ft., which
proved to be 15,000ft. in thickness; they never, in fact, passed out of the
clouds; for when they were 28,000ft. high, they began to descend, owing
to a rent in the balloon.

Mr. Welsh’s experiments were made in the year 1852 : on August 17
and 26, October 21, and November 10, the respective heights attained in
these were 19,500ft., 19,100ft,, 12,640ft., and 22,930ft.: a great number
of observations were made, from which the following law regarding the
decline of temperature with elevation was deduced :—

 That the temperature of the air decreases uniformly with the height
above the earth’s surface, until at a certain elevation, varying on different
duys, the decrease is arrested, and for a space of 2000 or 3000ft. the
temperature remains nearly constant, or even increases by a small amount :
the regular diminution being afterwards resumed and generally maintained
at a rate slightly less rapid than in the lower part of the atmosphere, and
commencing from a higher temperature than would have existed but for
the interruption noticed.”

These results, as well as those found by Gay-Lussac relative to the
decline of temperature with increase of elevation, appeared to confirm the
law which theory, based upon observations upon mouatain sides, assigns for
the gradation of temperature ; viz., a Gecrease of one degree of temperature
for every increase of 300ft. Up to the present time therefore the high
expectations entertained on the discovery of the balloon huve never been
realized.

The speaker then proceeded to state, that since the formation of the
British Association, grants of money have been made for the purpose of
pursuing these inquiries; but with the exception of those by Mr. Welsh,
none have been made.

In the year 1861, another grant of money was made, and a committee
appointed to carry out experiments by means of the balloon, and the task
of making these experiments was undertaken by the speaker.

The primary object of the experiments with which he was entrusted
were :—

The determination of the temperature of the air and its hygrometrical
states at different elevations up to five miles.

To compare the readings of an aneroid barometer with those of a mer-
curial barometer up to five miles.

To determine the electrical state of the air.

To determine the oxygenic state ot the air by means of ozone papers.

To determine the time of vibration of a magnet on the earth, and at
different distances from it.

To determine the temperature of the dew point by Daniell’s Dew Point
Hygrometer, Regnault’s Coudensing Hygrometer, and by the use of the
Dry and Wet Bulb ‘Thermometers as ordinarily used, and by their use
when under the influence of the aspirator, so that considerable volumes of
air are made to pass over their bulbs, at different elevations, as high as
possible, but particularly up to those heights where man may be resident
or where troops may be located, as in the high lands and plains of India,
with the view of ascertaining what confidence may be placed in the use of
the Dry and Wet Bulb Thermometers, by comparjeon with the results as
found from them and with those found directly by Daniell’s and Regnault’s
Hygrometers ; and to compare the results as found from the two hygro.
meters together.

To collect air at different elevations.

To note the heights and kind of clouds, their density and thickness at
different elevations.

To determine the rate and directions ot different currents in the
atmosphere.

To make observations on sound.

To note atmospherical phehomena in general, and to make general
observations.

The speaker then described the method of managing a balloon, spoke
briefly of the several ascents already made, and then proceeded to speak of
some of the results.

Speaking of the ascent on July 17, the departure of the temperature
from a regular progression was very remarkable.  Below the cloud the
decrease was nearly uniform ; on passing above it there was an increase of
6°; the decrease was then resumed, and the temperature was 26° at 10,000
feet, and continued at this reading till 13,000 feet had been passed ; a very
remarkable increase then took place, and at 19,500 feet a temperature of
42° was registered, and then declined rapidly to 16° at five miles. In
descending, a disturbance from a regular increase was met with at 24,000
ft., and continued to 17,000ft. ; at 13,000ft. clouds were reached and no
observations were made below 10,000ft.

The temperature of the dew point approached that of the sir in the
cloud but did not touch it, and then separated wore and more until at
the highest point there was almost an entire absence of moisture,

On August 18, the temperature of the air decreased as usual on leaving
the ground, until at the height of 4000ft. the rapidity of the decrease was
checked and a warm current of air was met with and continued to
11,000ft.; the balloon then descended and passed through the same warmn
current extending to the same limits, and again through it on its
re-ascension at about the same height, and extending to 14,000ft., when
the regular diminution was resumed and continued to the highest point;
on descending, the ssme warm current was met with, and coutinued
till the clouds were entered at 6500ft., which caused another interruption
in the regular increase of temperature, as is usual on entering cloud.

In the ascent on September 5, on passing out of the cloud there was
an increase of temperature of 9°; und then no interruption was met with
till a height of 15,500ft. was reached, when a wurm current of air was
reached, and continued to 24,000t ; then a regular decrease was experi-
enced till the highest point was reached.

On descending, the same warm current was encountered between
22,000 and 23,000ft.; and a similar interruption, but to a greater amount,
was experienced till the balloon had descended to about the same height
as it was first met with on ascending. After this there was no further
interruption till the descent was completed.

A table was then formed from all the other observations, showing the
decrease of temperature for successive increases of elevation of 1U00ft.
The results are as follows :—

When the Sky was Cloxdy.

Ft. Ft. Deg. X .

From O to 1000 was 4°7 from 7 experiments, or 1 in 213
,» 1000 to 2000 was 42 from » in 239
2000 to 3000 was 41 from 10 s 1 in 244
» 3000 to 4000 was 37 from 10 » 1in 271
» 4000 to 5000 was 31 from 6 . 1 in 323

20
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But When the Sky i partially Clear. ” 18,000 » 21 » 2 ”
» 19,000 » 38 , 2 »
Ft. Ft. Deg. Deg. Ft. » 20,000 . 3 , 1 »
From O to 1000 was 7'2 from & experiments, or 1 in 139 ' 21,000 » 12 , 1 '
,» 1000 to 2000 was 5°3 from & » 1 in 189 » 22,000 s 31 , 1 ”
» 2000 to 3000 was 4'6 from & » 1 in 864 » 28,000 . 16 , 1 oy
5 3000 to 4008 was 34 from 6 . 1 jn 205
» 4000 to 5000 was 27 from 7 » 1 in 370 "The laws of moisture here indicate a humidity near the ground less by 15

These results differ considerably from those formed in a clondy sky, and
doubtless the difference between experiments carried on under a cloudless
sky would differ still more. They do not at all confirm the theory of a de-
cline of 1° of teraperature in 300 feet.

The Decrease of the Temperature of the Air, at heights exceeding 500 feet.

Ft. Ft.  Deg. . Rt
From 5,000 to 6,000 was 2‘g from 10 experiments, or 1 in 8567
. 6,000 to 7,000 was 38 from 8 5 lin 367

”» 7,000 to 8,000 was 2'7 from 8 ” lin 870
» 8,000 to 9,000 was 26 from 8 ”» 1in 384
» 9,000 to 10,000 was 2'6 from 8 ”» lin 384
5 10,000 to 11,000 was 2'6 from 8 » 1lin 384
» 11,000 to 12,000 was 2'6 from 6 » 1lin 384
» 12,000 to 13,000 was 2'5 from 6 1 1in 400
,» 18,000 to 14,000 was 2'2 from 6 ”» -lin 455
» 14,000 to 15,000 was 2°1 from 9 ”» 1in 477
» 15,000 to 16,000 was 2'1 from 9 » 1lin 477
» 16,000 to 17,000 was 1'9 from 9 » 1lin 527
» 17,000 to 18,000 was 1'8 from 9 o lin 566
» 18,000 to 18,000 was 1'8 from 9 » 1lin 556
»s 18,000 to 20,000 was 1'5 from 9 ”» lin 667
» 20,000 to 21,000 was 13 from 9 . lin 771
» 21,000 to 22,000 was 1°3 from 9 ”» lin 771
» 22,000 to 23,000 was 1'0 from 9 ” 1 in 1000
» 28,000 to 24,000 was 1'3 from 2 » 1m 771
s 24000 to 25,000 was 1'1 from 2 s 1in 909
» 96,000 to 96,000 was 1'0 from 1 » 1 in 1000
s 26,000 to 27,000 was 1°0 from 1 » 1 in 1000
» 27,000 to 28,000 was 0'9 from 1 » 1in 1012
» 28,000 to 28,000 was 0'8 from 1 ”» 1 in 1060

Imost in sequence with, those found with a par-
sether show that a change takes place of 1° of tem-
ir the earth, and only in 1000 feet at the height of
indicates that the decline of 1° of temperature

Treating the observations for determining the degrees of humidity of
the air in the same way, the following are the results :—

When the Sky was cloudy, saturation being considered as 100,

On the earth the degree of humidity was ......... 78 from & experiments.
At the height of 1000 the degres of humidity was 76 ,, 9 »
)

” 2000 ” ” ” n »
» 3000/ » 7% ., 1 »
” 4060 ”» 80 ” 10 ”
” -6000 » 8 , § »
» 6000 » 82 , 3 »

The law of moisture here shown is an almost uniform state of bumidity
to the height of 3000 feet, viz., 76°5; then a decrease on the next 1000
feet, and an increase to 83 and 82 at 5000 and 6000 feet.

When the Sky was partially clouded.

On the ground the degree of humidity was ......... 63 from 4 experiments.
At the height of 1000 the degree of humidity was 68 ,, & »

”» m 3 77 ”» 5 »

” m ” 76 » 6 ”

» 4000 » % , 7 »

” m ” 80 ” 6 2

” m » 68 ” 6 »

At heights exeeeding 6000 feet, the following were the results :—

Ft.
At the height of 7,000 the degree of humidity was g from 7 experiments.
8,000

» s » o w 7 »
” o’m ”» 02 ”» 7 »
» lo’m ” 82 » 7 »”
” l l ,w) » 48 ”» 5 ”»
9 ]'2’W » “ » g ”
» 13,000 » 8 , 5 »
s 14,000 » 88 , 32 ”»
» 15,«” » 53 » 3 ”»”
» 16,000 » % , 3 ”»
» 17,000 s 33 , 3 ”»

with a part’
former stat
constant to

tarting with 63 in the
feet high ; then nearly
o0 69 and 68 at 5000

and 6000 fe the rate of 5 in 1000
feet, till at legree then constantly
decreased ti 7a8 less than 10, and it
would seem almost entire absence
of water. ; this regular diminu-
tion is evi rata of moist air may
exist, or be ~ bo 20,000 feet, of some
thickness.

b i + dir.—In the ascent on July 17, the air was
fom h positive electricity, becoming less in awmount
wit! till at the height of 23,000 feet, the amount was
too The instrument was broke in the descent, and
was

Tsme of a Vibration of a Magnet.—The general result of all the ex-
periments is, that the magnet vibrates in a somewhat lo interval of
time at higher elevationsthanon theearth. This result is contrary to that
found by Guy-Lussae in 1804

On the Propagation ¢f Sound.—From observation made in the different
ascents, it was learnt that different notes and sounds pass more readily
through the air than others; for instance, the barking of a dog and the
whistle of a railway engine have been heard at a height of more than two
miles, whilst the shouting of several thousand people cannot be heard at
the height of one mile.

On the Quygenic Condition of the Atmosphere.—On July 17, the test
papers by Motfut and Schonbein were uutinged by colour throughout the
journey ; and the same result was found during the ascent on July $0.

On August 10, Mr. Glaisher received a letter from Dr. Moffat, of
Hawarden, expressing his surprise at this result, inasmuch as it has always
been received as a theory, that oaone increases in quantity with increased
elevation.

In consequence of this, Mr. Glaisher t Hawarden,
and requested him to make some paper these papers
were used on August 18, together with sra. Negretti
and Zambra, and some prepared accor ormula; and
at 22,000ft. the coloration was 4 on a tinge is 10,
whilst those prepared by Schionbein 1 the same
scale, and those by Negretti and Zambr consequenoe
of this, the preparation of the papers and Zanbra

has been stopped.

hefore starting, the number
of found to be 74 in one minute ;
ar

ad increased to 100, and Mr.
C B o ., 1d, the number was 79 with
both gentlemen.

On August 21, no observations were taken before starting. At the
height of 1000ft., the following results were obtained :—

Mr. Coxwell .......ccoccevevviviinininieneee. 96 per minute.
Mr. Ingelow ... .. 80 »
Capt. Percival .........ccovvvnnenicnieiiirnen. 90 »
At 11,000 feet—
90 in a minute,
100 »
88 »
88 »
89 »
At 14,000 foot—
Mr. Coxwell ..............ccoecevneeneenen.. 94 per minute
Mr. Glaisher .... 98 »
Mr. Ingelow .... 112 ”
Capt. Percival ....... .. 18 »
Master Glaisher ............ccecevveeeeeeene. 89 ”

The pulsations of Capt. Percival were so weak that he could scarcely
count them ; whilst those of Mr. Coxwell he considers had increased in
atrength.

From these results it will be seen that diminished pressure exercises a

different influence upon different individuals,
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On July 17, at 19,000 feet the hands and lips were noted as being dark-
blue, not the face. At the height of four miles the palpitations of the
heart were audible, and the breathing was affected,

5 (:n August 18, the hands and face were blue at the height of 23,000
ee!

On September 5, at the height of about 29,000 ft, Mr. Glaisher became
unconscious, and at 35,000 feat Mr. Coxwell lost the use of his hands. At
29,000 feet on descending, Mr. Glaisher began to recover, and at 25,000
feet the observations were resumed.

The general results of these eight ascents are :-—

1st. That the temperature of the air does not decrease uniformly with
the height above the earth’s surface, and consequently the theory of a
decrease of 1° of temperature for an increase of elevation of 300ft. mast
be abandoned. In fact, more than 1° declined in the first hundred feet
when the sky was clear, and not eo much as 1° in 1000ft. a height ex-
ceeding five miles.

These experiments are the first to yield anmy definite information on
the subject ; more experiments are required to settle the law eatisfactorily,
‘but its effect on the laws of refraction will be great : all the elevations of
the balloon are to a certain extent erroneous, for it has never happened
that the mean of the extremities has given the mean of the whole
<colama of air.

2nd. The degree of humidity decreased wonderfully with the height till
at about five miles there was scarcely any aqueous vapour at all.

8rd. That an aneroid barometer can be made to read correctly, to the
first place of decimals certainly, and to the second place of decimals
probably, to a pressure as low as 7in.

4th. That a dry aud wet bulb thermometer can be used effectively up to
-any height on the earth’s surface where man may be located.

65th. That the balloon does afford a means of solving with advantage
many delicate questions in physics.

ON SOME CHEMICAL AND PHYSICAL PROPERTIES OF SOILS,
AND THE PRODUCTIVE POWERS OF THE SOILS OF ENGLAND.

In all fertile soils we find variable quantities of organic matter—ready-formed
-ammonisa, nitric acid, potash, soda, lime, magnesia, oxides of iron, chlorine, phos-
horic, sulphuric, and silicic acids; in short, all the mineral matters which are
ound in the ashes of plants. These minerals, or ash constituents, it need
scarcely be observed, are not merely accidental but essential materials, without
a proper supply of which no plant can grow luxuriantly and come to full maturity.
In one sense all are equally important ; for the absence or deficiency in the soil
of one, be it lime or potash, phosphoric or silicic acid, is detrimental to the
luxuriant development of the vegetable organism. No one who has given
the slightest consideration to this subject will hesitate to give assent to this
mineral theory.

It is natural to connect the productiveness of soils with the proportion of ash-
constituents of plants which they contain ; but although in some cases a soil
may be unproductive on account of the absence or deficiency of lime or potash
or phosphoric or any other mineral matter which enters into the composition of

lants, In the majority of cases the chemical analysis of different soils affords
ittle or no indication of their relative productive powers.

The combinations in which the mineral constituents of plants exist in the
soil, their unequal or uniform distribution in the surface, the composition and
physical condition of subsoil, the relative depth of both, the porosity of the land,
and especially the power of absorbing and retaining as well as modifying in a
variety of ways the crude manuring agents which are applied to the land, un-
<questionably are intimately counected with the great variations which we notice
in the agricultural capabilities of different soils.

Before the publication of Liebig’s celebrated * Chemistry in its Application

iculture,” a work which has given the death-blow to the humus theory,

the fertility or barrenness of a soil was genenll}' considered to depend entirely

its physical p ies and the p or deficiency of h Soon after
the publication of Liebig’s writings, scientific men fell into the opposite
extreme, and expected, the bare chemical analysis of a soil and the ash-
analyses of plants would enable them to discover at once the means of restoring
the fertility of land, or to improve it b in purely mineral manuring
mixtures, and to grow on it, irrespective of 1ts natural adaptation to th:ogmwt
of particular crops, any kind and almost every amount of agricultural produce.

ese unphilosophical views have rendered agricultural chemistry less popular
than formerly, but also more scientific and more directly useful to the enlightened
agriculturist. A .

A new direction to chemico-agricultural enquiries was given about ten years
ago by Professor Way’s highly important researches on the absorptive powers of
soils for manure. Professor Way’s investigations originated in an observation of
Mr. Thompson, of Kirby Hall, York, who found that soils have the faculty of
separating ammonia from its solution, .

On passing solutions of ammonia through different soils, Way found that all
possess the power of retaining ammonia, some more, some less. He also observed
that potash, lime, magnesia, and phosphoric acid are absorbed by all soils to a
considerable extent.

Still more important are his e::ﬁeriments, which prove that cultivated soils not
only absorb free alkalies and acids, but have likewise the power of separating
ammonia, potash, and other bases from their saline combinations.

Professor Way principally operated with simple salts: it may therefore be
ur%ed, that it by no means follows, as a necessary consequence, that because a
soil absorbs ammonia when a solution of sulphate of ammenis is passed through
1t, the same absorption will take place when an ammoniacal salt mixed with
some dozen other substances is filtered throngh it.

I therefore operated with complex liquids, and already, in 1857, published
several filtration experiments in the Journal of the Royal Agricultural Society.

These and mauy subsequent experiments have shown that all soils not only
possess the power of absorbing and retsining potash, ammonia, phosphoric and
silicic acid, and other mineral matters, but 530 of modifying in the most varied
way the composition of complex saline solutions which are passed through them.

. The following table shows the results obtained in fil the same kind of
léti;;nd mz.rm through two very different soils, taken from the neighbourhood of
ncester.

No. 1. No. 3
Calexreous clay soil. sandy soil.
ums’:‘h Before After After
e | s | e | RS | of e
“:‘m“.;on‘i‘fgmm 6,888'14 |69,880°60| —1'54|60,80495| + 611
Ammonis, ascarbonabe} | (g5.56)| (3081)| —1477|—(8816)| — 248
Organic matters ......... 20°59 8477 +14'18|—(26'08)| + 447
Containing nitrogen...... (140)| (184)}] + °3|— (1'70)] — 09
Equal to ammonia ...... (1'81) (223)| + 42|— (1N} — ‘1
Inorganic matters.......... (9127)| (78'63)] —12'64|—(8069)| —10'58
Consisting of ~—
Soluble 8ilica w..e.eiernens 234 ‘70| — 184 — 510] + 278
Oxide of iron.............../ none 286 + 266 — 207 + 207
Lime .....cooinniiisinennnne 1148 2242| +1004| — 803 — 345
Magnesia ........ccoeueennn 287 117 —170| — 74| — 213
Potash......cc.eenirieniianee 1692 40| —I13562| —12:01| — 401
Chloride of potassium ... 274| none — 274 none — 274
Chloride of sodium ...... 4035 83381| — 704| —3925] — 1'10
Phosphoric acid............ 483 ‘60 — 493 — 192 — 291
Sulpharic acid ............ 394 88 — 108 — 367 — -27
Carbonic acid, and loss... 680 1160 + 380 — 790 + 210
70,000°00 | 70,000°00 70,000°00

The preceding analytical results, amongst other particulars, show -—

1. That the calcareous clay soil absorbed about six times as much ammonia
from the licg:id manure, as the sterile sandy soil.

2. That the liquid manare in contact with the calcareous clay soil, becomes
much yic}:ier in lime ; whilst during its passage through the sandy soil, it becomes
purer in lime.

3. That the calcareous soil absorbed much more h than the sand soil.

4. That chloride of sodium, in conformity with the results of other observers,
was not absorbed to any extent by either soil.

5. That both soils removed from the liquid most of the phosphoric acid.

6. That the liquid in passing through the calcareous soil becomes poorer :
aad, on the other hand, in passing through the sandy soil becomes richer in
soluble silica.

Thceni)‘ro%erty of soils to store up food for plants is thus not oconfined to one
particular kind of fertilizing matter, but it applies to them all, and manifests
itself in a way which is modified by the composition of the soil.

In these, and in all other experiments which I have since made, the ammonia,
potash, phosphoric acid, and other fertilizing matters contained in a solution
were never completely absorbed by any soil, iowever weak or consentrated the
solutions were that were filtered through the soil. Iudeed, if the solution of
saline matters which are brought into contact with soil are very dilute, scarcely
any absorption of ammonia, potash, or phosphoric acid takes place.
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Sewage of towns, on account of the ver{, diluted condition in which this
liquid is usually found, in percolating through a soil scarcely leaves any of its
sgiuble constituents in the soil in a fixed or less soluble form, glt}xough the
s0il possesses in a high degree the power of absorbing and retaining soluble
fertiFwi matters. .

All soluble saline matters, however usefnl or necessary they ma'y be, impede
the rapid growth of plants, if they are ted too abundantly or in too
concentrated a solution to the roots of plants. One of the functions of the
soil appears to be to transform such readily soluble compounds into combina-
tions so little soluble in water, that they pass in common life as insoluble, but
which are still sufficiently soluble to supply the growing plant with the
n amount of mineral food in a state of solution. .

This beautiful power of soils thus not only effectually prevents the waste in
fertilizing matters which heavy rains would otherwise occasion, but also recti-
fies in a great measnre any misapplication which may be made of concentrated
soluble fertilizers. .

The power of soils to modify manuring matters depends in a great measure
on the chemical composition of the soil, and also on the concentration of the
liquid and the guantity of soluble fertilizing matters which is incorporated
with that portion of the soil which is penetrated by the roots of plants,
Hence the effect which one and the same manure is capable of producing varies
greatly in different soils, and also with a rainy or dry season.

The office of the soil is not merely to supply mineral food to plants, but also
to manufacture, so to say, crude food into a condition fit for assimilation ; to
prevent injury to the living plant by too large an accumulation of soluble
matters in the surface soil ; to store up for future use such an excess; to
diffuse it equally in that portion of the land reached by thefroots of plants; and
to modify it in conformity with the requirements of our crops, in a manner
differing with each description of land. . . .

Respecting the causes of the absorbing properties of soils, the opinions of
chemists are divided. . o . .

Liebig reinrds this power as analogous to, if not identical with the (})hyslcal
power which charcoal possesses in retaining colouring matters, and conse-
quently considers the soluble fertilizing matters which are brought into contact
and absorbed either wholly or partially by the surface soil, as present in what he
calls a physical state of combination. .

Professor Way, on the other hand, believes the nbsorghon to be due to the
presence of certain double silicates of alumina in the soil. Thus, for instance,
the double silicate of alumina and soda whon brought into contact with lime,
according to Way, parts with its soda and takes up lime. When the double
silicate of alumina and lime thus formed is brought into contact with magnesia,
lime passes into solution, and a double silicate of alumina and nesia is formed ;
this in its turn is decomposed by a salt of potash; and the double silicate of
alumina and potash by the salt of ammonia; thus finally, a double silicate of
alumina and ammonia is Sroduced. . ) .

Such displacements indeed took place on repeating Way's experiments: but
when a preparation made after Professor Way’s directions, and containing silica,
alumina, and ammonia, is mixed with an excess of a solution containing a salt of
potash, ammonia passes into the solution and potash is absorbed by the prepara-
tion. From a similar preparation containing silica, alumina, and potash, an
excess of a solution of a lime salt removes potash, and lime becomes absorbed.

But as in no case 1 have been able to notice a substitution of one base for
another in equivalent proportions, snd no double silicate of a definite composition
can be produced by Elr. Way’s plan of operation, and the existence of such
definite compounds in soils has never been demonstrated, I would suggest a
different cause or causes which are in operation when potash, ammonis, and other
fertilizing matters are fixed in the soil. . . .

The absorption of soluble fertilizing matters by soils I believe may readily be
explained by a reference to well-known chemical facts. The absorption of soluble
phosphates or phosphoric acidisreadil{ explained by the affinity which carbonate
of lime, oxide of iron, and alumina, which occur in every fertile soil, possess for
phosphoric acid. .

In the absorption of potash and mnmonia, I am of opinion that the hydrated
oxides of iron and alumina in the soil have a great share. Like all bases of the
formula Ry Oy, these oxides in a hiydrated condition, in relation to strong alkalies,
are weak acids, in consequence of which they have a tendency to unite with potash
or ammonia under favourable circumstances. L. )

The absorption of ammonis, potash, and of phosphoric acid by soils accords
with well-known chemical facts; and as these substances are by far the most
important fertilizing agents, it may be maintained that the principal absorptive
properties of soils are due to chemical and not to purely physical causes.

The mechanical or physical condition of soils, however, affects very materially
their productive powers ; and it is only in a soil in a proper physical condition
that tﬁe chemical properties can properly manifest themselves.

Great stress is laid by Liebig, as it is indeed by all good farmers, on the mechan-
ical cultivation of the land. Liebig directs special attention to the physical
state of combination, as he calls it, in which the mineral matters must exist in
the surface soil, in order that they may be of utility to the plant. Whatever
may be the precise meaning of the term “physical state of combination,” or
whether we assume that mineral food must be presented to plants in solution, or
in some other mysterious form variously represented in Liebig’s “ Laws of Hus-
bandry,” certainly mineral food cannot be of any service to plants except it be
present in the surface soil in an available form. The word “available,” perhaps
conveys as correct a weaning as the more novel and less graphic expression,
‘ physical state of combination.” .

In such an available condition mineral food caunot be brought into the surface
soil, unless water can freely percolate through the land. ‘I'his is effected by
various mechanical means, sucﬁens subsoiling, treuch-plunghm?, surface stirring,
&c. By all these means the porosity, and with it its capillary attraction, is
improved. As soon as continued dry and warmer weather sets in and vegetation

makes a fresh start, the mineral food prepared previously in the lower strata of
the s0il begins to move in an upward direction. With the evaporation of moisture
from the surface, fresh food is conveyed into the surface soil by capillary attrac-
tion, and thus the fertility of the latter is again restored. The appearance of
nitre, and similar saline efflorescences on the surface of soils during long-continued
weather, sufficiently shows the display of capillary attraction.
. This explains why the exhausted surface of land, abounding at a greater depth
in mineral riches, remains unproductive when it rests on an impervious undrained
subsoil; why winter-fallow does not materially restore the fertility of the surface
if it is not accompanied by repeated ploughings, subsoiling. and similar mechanical
operations, tending to increase its porosity ; and why in a well-cultivated clay-
soil vegetation is most luxuriant when the intervals between wet and dry weather
are neither too short nor too prolonfed,

Looking at the different soils of England, we meet with two extremes,—
naturally barren sands and rich fertile clays, Between these two extremes we
find all gradations ; some partaking more of the characters of the one class, and
others more of the properties of rich clay land.

Many originally barren soils, by dint of abundant manuring, the cultivation of
green crops, which are consumed on the land by fattening sheep, by the purchase
of oil-cakes and other kinds of concentrated food, and the increased production
of home-made manure, have been brought into a high state of cultivation. But
although in this improved condition they yield large crops of wheat, barley, and
roots, it can hardly be said that their permanent fertility has been materially
inc! Left to themselves, they soon again become unproductive, and there-
fore require conntuntlg a renewal of those constituents which are removed in the
crops grown on such land, High farming, in reference to light sandy soils,
restores to the land infinitely more mineral matter of the most valuable kind
than is removed in the corn-crops sold off the farm. As regards such land, high
farming cannot therefore be called a system of robbery,

Deep, rich clay-soils, ou the other hand, often contain, practically speaking, an
inexhaustible supply of potash, phosphoric acid, maguesia, soluble silica, &c.
The amount of mineral matter taken from such land by a long succession of the
most exhausting crops is quite insignificant in comparison to that existing in
twelve or eighteen inches of soil.

The actual state of fertility of land, however. does not so much depend upon
the absolute amount of mineral plant-food in a given depth of soil, as upon the
proportion which exists in the surface in an available condition, or as Liebig
calls it a “ physical state ef combination.”

Mechanical cultivation, the judicious use of ammoniacal manures, the restora-
tion of particular mineral matters which, like phosphoric acid, are most speedily
removed from the surface and alternate cropping, are some of the means of re-
pairing the fertility of the surface.

On light sandy soils, deficient in potash, phosphoric acid, and other mineral
matters, ammoniacal salts or nitrate of soda should be avoided; but on soils
abounding in mineral food, such dressings may be used with great advantage.

Ammoniacal salts certainly increase the solubility of mineral matters and pro-
mote their diffusion in the soil. Still, making all allowance for this they appear
to have a special effect on some crops and not on others. Thus cereals are im-
proved by them, but not clover or beans. In a series of most valuable experi-
ments by Messrs. Lawes and Gilbert, tbe plots continually manured with mineral
matters produced only a slightly increased crop of wheat, nor was the produce
increasecl) to any extent in those years in which mineral manures were put on the
land every alternate year; whereas in the years in which ammoniacal salts were
applied niternately one year and mineral matters the following, a very great in-
crease in the wheat crop was obtained, which was likewise the case when
ammoniacal salts were continuously used year after year.

With regard to the relative importance of the various fertilizing matters, it
may be stated that ammonia or nitrates uuquestionably are most useful sub-
stances, which the intelligent farmer may turn into profitable account, and the
unreasoning one often abuses in a high 3

But as the atmospheric as well as the rain invariably contain both ammonia
and nitric acid, and as all cultivated soils contain both ready-formed ammonia
and nitrogenised organic matters, which on gradual decomposition furnish am-
monia or nitric acid or both, the application to the soil of nitrates or ammoniacal
salts is not of the same essenti primaﬁ' importance as that of those mineral
matters in which the land is deficient. esia, lime, silica, sulphuric acid,
chloride of sodium, and even potash, are either present in most soils in great
abundance, or if deficient in particular soils, may be economically incorporated
with them in the shape of marl, burnt clay, or gypsum, by the consumption of
purchased food on the land. All these mineral matters have much less value
than phosphoric acid, which 1s but sparingly distributed in most soils, and is
largely required by all plants. Accordingly the removal of ﬁhosphoric acid
from the land lends more rapidly to partial exhaustion, especially of naturally
poor soils, than the removal of any other ash-constituent. Fortunately modern
science and commercial enterprise have brought to light the fact, that large de-
posits of phosphatic materials occur far more abundantly in various parts of the
world. than was sup, not many years ago.

(Of the phosphatic materials actually used in England for the manufacture of
artificial manures, the following were exhibited :—South American bone-ash;
Cambridgeshire and Suffolk coprolites; apatite from Norway ; phosphorite from
Estremngura; Sombrero, or rock guano, and phosphatic crusts, from Monk’s
{:langé‘;l arvis Island, Baker Island, aud various other small islets in the Carrib-

en . ]

Should the supply of Peruvian guano come to an end, which it will before
many years, Engllsfl agriculturists will still continue to reap the benefits which
commercial enterprise, manufacturing skill and capital, more extended agricul-
tural knowledge, steam-power applied to the cultivation of the land, intelligent
labour and applied science have already conferred upon this highly-favoured
country.

Conclusive proofs can be given, showing that so far from being in a progressive
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state of exhaustion, the productiveness of the soils of England has wonderfally
increased during the last fifty years; and that the deporable but hitherto una-
voidable loss which the sanitary laws of a civilised country necessitate, is per-
fectly insignificant in ooml}m'ison with the immense amount of mineral riches in
the great majority of soils, and with the abundant restoration of fertilizing
matters to naturally poor land.

INSTITUTION OF CIVIL ENGINEERS.

THE CHARING CROSS BRIDGE.
By Mz. Harrisox Havyrer, M. Ixst. C.E.

It was stated that this bridge oonsisted of nine spans,—six of 154ft. and
three of 100ft.,—the centre opening of the Hungerford Suspension Bridge having
been divided into four spans each of 154ft., that on the Surrey side into two
spans also of spans also of 164ft. each, and the opening on the Middlesex side
into three spans each of 100 feet—the superstructure over the latter being fan-
shaped. Thewidth of the river, at the site of the bridge, was 1850fcet. The greatest
depth of water between the two brick piers of the original bridge was 13ft. below
low-waterspringtides, and the average depth was about 9ft. ; the rise of spring tides
being 174ft. The level of the rails was 31ft. above Trinity high-water mark,
and there was a clear minimum headway under the bridge of 25ft. above the
same datum.

The superstructure was carried by cylinders sunk into the bed of the river
and by the piers and abutments of the suspension bridge, the abutments having
been considerably lengthened. The cylinders, excepting at the fan end were,
14ft. diameter below the surface of the ground, and 10ft. diameter above, the
junction between the two sizes being effected by a conical length. There were
four piers formed of these cylinders, each consisting of two cylinders, 49ft. 4in.
apart from centre to centre. They were of cast iron, 13in. in thickness through-
out, and the circumference was divided into segments, with interior flanges
round all the edges, through which the segments were bolted together; and a
horizontal interior rib was also cast in the middle of each segment. There
were thus continuous vertical lines of ribs, securing a strong columnar arrange-
ment.

The strata through which the cylinders were sunk consisted of mud and
gravel, of varying thicknesses, overlying the London clay. The sinking was
effected by excavating the material from the inside—at first by divers, but after
the London clay was reached and the water was pumped out, in the ordinary
way—and by weighting the cylinders, to an average load of 150 tons each.
These cylinders were sunk to depths of 52ft., 62ft., and in one case to 72ft.
below Trinity high-water mark. They were filled with Portland cement concrete
up to where the conical length com d, and above with brickwork, set in
Portland cement mortar, to the underside of the granite bearing blocks, which
were 2ft. 6in. in thickness, and projected 1lin. above the top of the cylinders, in
order that the weight might not come on the upper edge of the ironwork. With
a view of testing the strength of the foundations, the two cylinders in the pier
nearest to the Surrey side, after being completed up to the level of high-water
and filled with concrete and brickwork, were each weighted with 700 tous, being
about equal to the greatest load they could possibly have to sustain, supposing
the four lines of rails on the bridge to be loaded with locomotive engines. This
caused the cylinders to sink permanently 4in. To bring the other cylinders to
a bearing, s0 as to prevent any settlement after the completion of the bridge,
from the weight of the permanent and moving loads, they were each weighted
with 450 tons, when it was found that they permanently sank, on an average,
3in. each. Each pair of cylinders forming a pier was connected ther trans-
versely by a wrought-iron box _girder, 4ft. deep, which also served as a cross-
En_'der for su]ppomng.the roadway. Assuming the four lines of way on the

ridge to be loaded with locomotive engines, the pressure on the base of the
cylinders would amount to 8 tons per square foot, and on the brickwork at the
to%of the cone to about 9 tons per square foot.

he superstructure of each of the 154ft. openings consisted of two main girders,
to the underside of which were suspended cross-girders, for carrying the roadway
platform. These cross-girders extended beyond the main girders, and formed a
series of cantilevers on the outer sides, for supporting two footpaths, each 7ft.
wide in the clear. 'The main girders were of wrought-iron, and were not con-
tinuous, but extended only over one opening. Each girder had to support,
inclusive of its own weight, & maximum distributed load of 750 tons. The
extreme depth of these girders was 14ft., and the depth between the centres
of gravity of the t-og”md bottom members was 12ft. 9in, The sides of the
girders between the bearings were divided into fourteen equal parts by a pair of
vertical bars, connected ito the top and bottom by pins of puddled steef,uﬁn.
diameter at the ends of the girder, decreasing to 5in. diameter at the centre;
and each division contained a double set of two dingonals crossing each other.
The top and the bottom of these girders were of boiler-plate, and consisted of
horizontal tables 4ft. and 3ft. wide respectively, and of four vertical ribs, the
two outer rows being 24in, deep, and the two inner rows 2lin. deep. The
aggregate thickness of the plates in the horizontal table of the top in the
centre of the girder was 3}in. and in the bottom 3}3 without the angle irons,
and of 44in. and 4}iin. respectively with the angle-irons, but exclusive of the
angle-iron covers. It was arranged that, with the greatest load, the maximum
strains should not exceed 4 tons per square inch in compression, and 5 tons per
square inch in extension. All the rivet-holes were drilled by machines capable
of drilling several holes at one time. This plan was, under the circumstances,
less costly than punching, besides which a great saving was effected in putting
the work together. The diagonals acting as ties were of Howard’s rolled sus-
pension links, each separate tie being composed of two or three links, as required,

rivetted together. The diagonals acting as strute were each in one solid forging,
and were united together in pairs by zigzag bracing of wrought iron. In the
centre of the girder, where the diagonals acted as both struts and ties, the pairs
were united together in the. two central spaces by the zigzag work. The
dimensions of the struts varied from 12in. by 3in. at the ends to 6in., by 23in.
in the middle, and of the ties from 12in. by 24in. at the ends to 6in., by 2in. in
the middle. The ends of the girders over the piers were boxed in, with plates
#in. thick, stiffened by angle and T irons. Over the cylinders the girders rested
on sheet lead, laid upon the granite blocks. On the brick piers and the Surrey
abutment, they rested upon roller bed-plates. The girders were put together in
place on a staging, the upper and lower platforms of which were accurately
adjusted to the proper camber. The whole of the plates were drilled, and the
struts and ties were completed, before being sent to the works. The weight of
each main girder was 190 tons. One of the main girders was tested when in its
place with a distributed load of 400 tons, when the greatest deflection observed
was 1,%in., and the ?ermanent deflection after the load was removed, was }in.

The cross girders of the 164ft. openings were of wrought iron, and were generally
similar in character to the main girders, from which they were suspended, at
intervals of 11ft. apart, from centre to centre. They were 4ft. deep in the
middle, and 2ft. 13in. deep where the cantilevers were united to them outside
the jnain girders; The top and bottom consisted of two plates, 18in. wide by
§in. thick, the sides being of lattice bars united to the top and bottom by angle
irons. The cantilevers decreased from 2ft. 13in. deep at their junction with the
cross girders to 1ft. 2in. deep at their extremities. Each cross-girder, including
the two cantilevers, weighed 9 tons. When two of these cross girders, without
the cantilevers, were tested with a load of 140 tons, equivalent to 70 tons on each
girder, the maximum deflection in the centre was 1lin., and the permanent deflec-
tion when the load was removed was in.

The superstructure of the three 100ft. cpenings of the fan end was supported
by the brick pier and abutment on the Middlesex side of the suspension bridge,
and intermediate to these by two rows of seven and of nine cast iron cylinders
respectively. These cylinders were 10ft. diameter below the ground level,
the outer ones being 8ft. diameter, and the inner ones 6ft. diameteter above
that level. They were sunk to depths averaging 40ft below Trinity high-water
mark, and were filled with Portland cement concrete to about 5ft. above that
level ; but it was not considered necessary to fill in the remaining portion of
these cylinders. On account of the great width of the fan end, which increased
from 49ft. 4in. at the brick pier to 168ft. at the abutment, the plan of support-
ing the roadway on cross girders, suspended from outside main girders, was inad-
missible ; and as it was not desirable to introduce intermediate main girders,
projecting above the line of rails, the roadway was carried by interior plate girders,
laid at right angles by the piers and abutments, and by the outside main girders,
which were laid at the angle of inclination of the fan. The outside main girders
were of the same depth, and were generally of the same character, although
lighter in all parts, and were fixed at the same level, as the girders of the 154tt.
openings. The interior plate girders were of the ordinary construction, 5ft. deep,
or one-twentieth of the span, and weighed 26 tons each. The triangular spaces
between the outside main girders and the outer interior plate girders were filled
in with cross-girders, terminated by tilevers, projecting beyond the face
girders, and similar to those outside the main girders of the 154ft. openings.

The roadway platform over the 154ft. openings consisted of planking 4in. thick,
spiked to longitudinal timbers, 15in. by 15in., placed underneath the rails, and
bolted to the cross girders. Over the fan end, the platform consisted of Blmking
Gliln. l(t,l:iclc, secured to the girders. The footpath platforms were of planking 6in.
thick.

The first cylinder of the Charing Cross bridge was pitched on the 6th of
June, 1860, and as the bridge was now on the eve of completion, its construction
would thus extend over a period of about three years. The weight of wrought
iron in the bridge, including the steel pins, was 4950 tons, and of cast iron, 1950
tons. The total cost, including the abutments, would be £180,000, or £1 15e.
per square foot, and £131 per ?ineal foot. The cylinders of the 154ft. openings
cost complete £20 per lineal foot ; the outer cylinders of the piers of the fan end
cost about £12, aml the inner ones about £10 gfr lineal foot. The bridge was
designed by Mr. Hawkshaw (President Inst. C.E.), the engineer to the Charing
Cross Railway Company; and was carried out under his immediate supervision,
Mr. John H. Stanton (M. Inst. C.E.) being the resident engineer. Mr. George
Wythes was the contractor for the construction of the railway, but this bridge
was sublet to Messrs. Cochrane & Co., whose representative on the works was
Mr. Joseph Phillips (Assoc. Inst. C.E.)

DESCRIPTION OF THE LYDGATE AND OF THE BUCKHORN
WESTON RAILWAY TUNNELS,

Br Me. J. G. Frasgg, M. Inst. C.E.

It was assumed that the aggregate length of the tunnels now daily traversed
by railway trains in the United Kingdom amounted to 80 miles ; and supposing
tﬁeir cost to have been on an average £45 per lineal yard, their construction
must have caused the expenditure of six and a half millions sterling. Up to
the present time this interesting branch of Civil Engineering had not been much
discussed at the Institution: as the Minutes of Pr gs only contained
accounts of a total length of about 3 miles, involving an outlay of about one
quarter of a million sterling. Each tunnel had its own history, and its construc-
tion demanded peculiar treatmeut, according to the character of the strata, the
springs of water, etc. If particulars of these works were transmitted to the
Institution from time to time more effectual measures might in many cases be
practised, with advantage to public economy.
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The tunnels forming the subject of this communication were both executed
under the immediate superintendence of the Author, as Resident Engineer for
Messrs. Locke and Errington, the Engineers-in-chief.

The Lydgate Tunnel, on the Oldham branch of the London and North Western
Railway, was driven through the coal measures. A longitudinal section which
aoccompanied the Paper, prepared from actual measurements taken during the
proiress of the works, illustrated the geological details. Faults were common
1 this formation : sometimes severing it in the line of the dip, and at others in

the line of the bearing. Several distortions were encountered, and at one point, | fi

one-half of the tunnel was in strong shale and rock, and the other half in wet
aud lcose shale. The total length of the tunnel was 1332 lineal yards; of this
about 1048 yards were on a straight line, and 286 yards on a curve of 74 chains
radius ; its width was 26ft. at the level of the rails, with a height of 20ft. Four
permanent shafts, each 9ft, in diameter in the clear, were sunk at intervals of
about 230yds., of the respective depths of 534, RO, 75‘, and 63 yards, They were
lined with 9in. briekwork, or with 12 inches of masonry, except in the rock,
An old colliery shaft, which had been closed for many years, was also re-opened,
and a crose-heading was driven from it into the tunnel, a distance of 18} yards.
When foul air was met with, a supply of fresh air was forced into the workings
by means of fans, until a junction was effected between the headings. There
was_a considerable amount of choke-damp in the neighbourhood of the old coal
workings. To overcome its effects, a bore-hole was sunk from the surface, which

was lined with au iron pipe, and through this fresh air was forced into the tunnel.’

The sinking of the shafts was carried on in the usual manner. by excavating
through soft material, and by blasting and drilling through rock. The average
rate of progress was 11 lineal yards per month. After attaining a depth of 20
yards, the material was raised by engine power.

A bottom heading was driven from the faces worked from the cuttings at each
end; but with these exceptions the tunnel was mined by a top heading, 6ift. by
4ift. first being made for the full distance of each length. e Crown was pro-
tected by larch bars and poling boards, and after the ground was secured, it was
gradually widened out to the shape of the tunnel, the same description of timber-
ing being continued to about 10ft. above the formation level. The contract price
for the excavation, including the timbering. was 4e. 6d. per cubic yard. In the
construction of a tunnel, the masons, or bricklayers, should, as a rule, commence
the lining as soon as possible after the ground wus prepared for them by the
miners. The lengths mined at each face varied according to the nature of the
ground ; averaging in loose shale, 3 lineal yards, through stony shale 5 yards,
and through rock 8 yards, or in some instances 10 yards. The prices paid to the
miners ranged from £8 to £18 per lineal yard, one half of the total length
amounting to £12, or less.

The centres used were skeleton ribs, set about 1} yard apart; but at the
leading ends two ribs were fixed close together. This description of centering
was found to answer very well. The price allowed for setting each rib was 8s.
The masonry of the side walls was of coursed rubble. The arch for a length of
432 lineal yards was turned with fitted rubble, but owing to the scarcity oggood
bedded stone, the remaining length was built of brickwork. The average
quantity of masonry per lineal yard was 124 cubic yards, and the contract price
thronghout was 20e. per cubic yard. The mortar was composed of Barrow stone
lime mixed with coal-ashes, in the proportion of 2 to 1, ground by heavy iron
rollers, and used fresh. Its setting properties were most satisfactory. The spaces
between the crown bars, called the mid-feather, were filled up with brickwork,
and the hars themselves were left in where they had ngtged‘

The firat length of the tunnel was keyed in on the 27th of October, 1854, and
the last was finished on the 21st of March, 1856, a period of seventeen months,
or equivalent to about 80 lineal yards completed per month, exclusive of the
smlun'i of the shafts. The contract prioe for the tunnel was £26 per lineal
yard through rock, and £36 16s. per lineal yard through shale, the average price
being £30 per lineal yard.

The Backhorn Weston Tunnel, on the Salisbury and Yeovil Railway, was 397
lineal yards in lenfth, 26ft. in extreme width, and 20 feet in height above the
level of the rails. Tt was constructed through Kimmeridge clay, intersected with
veins of loose rock. These veins acted as conduits for a large body of water,
amounting to about 90 gallons per minute, which flowed in at the crown of the
tumnel for nearly one-half its length. To remedy the evil effects arising from
this volume of water, a heading, 5ft. by 5ft., was driven above the tunnel, and
about 10 yards on the upper side of it, for a length of 200 yards. A pipe 12
inches diameter, was laid in this heading, and the remainder of the space was
filled in with loose stone. The water was thus intercepted, and conveyed away
from the work. It was originally intended to execute this tunnel by means of a
bottom heading, sufficiently large for ordinary waggons, from the cutting at the
west end, and to sink two shafts. After the heading had been driven for a
length of 200lineal yards, it was found that the action of the atmosphere caused
the sides to bulge in so much that this plan had to be abandoned. A smaller
heading was then substituted, and three additional shafts had in consequence to
be sunk. The shafts, which were only temporary, were 8ft. square, and were
lined with timber. Their cost amounted to £1 10s. per lineal yard of tunnel.

The mining was performed in a similar way to that of the Lydgate Lunnel ; a
top heading being first driven for each shaft. The average price for mining and
tipping was 4e. 8d. per cubic yard, and the quantity amounted to 80 cubic yards
per lineal yard of tunnel. The lengthe mined at each face ranged from 8} lineal
yards in heavy ground, to 5 lineal yards in favourable strata. The average cost
of mining was £80 per lineal yard, exclusive of the shafts. The crown bars were
of larch, 18in. diameter, and were fixed about 18in. apart.

The centres were strongly braced, and were placed about 1} yard apart. Each
rib contained 86 cubic feet of timber, and 285 1bs. of wrought iron in bolts and
straps, and the cost of setting amounted to 6s. per lineal yard of the tunnel. As
side preasure was anticipated at the commencement of the work, the first ten
lengths were built with an invert, which contained 4 cubic yards of brickwork,
per lineal yard. Further experience showed, however, that this was not neces-

sary. 'The tunnel was built throughout of brickwork, upwards of six millions
of bricks being used, and the average quantity per lineal yard of tunnel was 20
cubic yards. For a length of 390 lineal yards, where the water occurred, the
work was 2ft. 8in. in thickness. The ?eou behind the brickwork were filled in
solid, and throughout the heavy ground three bars were left in, on an average
in each length. As there was no sharp sand in the neighbourhood, burnt clay,
fine sand, and broken bricks were ground together, and mixed with Bridgewater
hydraulic lime, in the proportions of 2 to 1; the result was perfectly satis-

actory.

The first length of this tunnel was keyed in on the 6th of October, 1858, and
the last was completed on the 17th of February, 1860, a period of sixteen months.
The total cost had amounted to £53,000, or £72 per lineal yard ; detailed parti-
culars being given of the cost of the different- items.

PUBLIC WORKS IN PERNAMBUCO, IN THE EMPIRE OF BRAZIL.
By Mz. W. M. Pe~ixsrox, M. Insz. C.E.

It was stated that the object of this paper was to describe a few of the public
works of one of the most extensive, productive, and least-known empires of the
world. Pernambuco was one of the principal, but by no means the largest, of
the twenty provinces of which the empire cansisted. It had an area about equal
to England, whilst its population was estimated not to exceed one million. The
commercial capital was built on a low, sandy flat, but little raised above the
level of the ocean, and surrounded by an amphitheatre of hills. Its position was
selected on account of the natural harbour formed there by a reef, or in Portu-
guese, Recife, the true name of the city. This reef ran for hundreds of leagues
parallel to, and only a short distanoe from, the ooast. In the neighbourhood of

Recife, it was compesed of soft, calearecus, and silicious sandstone, imtermixed
with shells of existing species. In q of the ab of quays with
sufficient depth of water for vessels to oome alongside, all cargoes had to be
shipped and discharged by means of lighters. )

After alluding to the amount of shipping frequenting the port, the character
and extent of the exports and imports, the currency, and the weights and mea-
sures, reference was made to the climate of Pernambuco; and it was stated that
in the citr, which was less healthy than the country, with a population of 120,000,
until lately without’any drainage, and with a consumption of about 4 of a gallon of
water per head per diem, the death rate was only 1§ per ceat., per annum. The
variations in the temperature were considerably less, and the regularity of any
hour was much greater, than in this country. Thus,in the summer the tempera-
ture did not vary more than 1° above or below 82° at 8 a.m. in the shade, nor in
the winter 2° above or below 78° at the same time. The rainfall in 1860 was
67°20in., in 1861 it amounted to 128-75in., and for the first six months in 1862
it was §3:64in. The extreme recorded rainfall during this period occurred in
January, 1861, when it amounted to 74in. in twenty-four houre, of which up-
wards of 4in. fell in six hours. The highest floods in the valleys orossed by the
Recife and Sao Francisco reilway varied from 16 to 25ft.; but these rose very
rapidly, as frequently the river was in its usual quiescent state in the evening,
and in the morning it was a raging torrent.

The waterworks and the gas works in the capital were then briefly notioed,
after which the streets and street transport came under review, including the
Government roads and bridges. The principal streets of the city, which were
extremely narrow, were pitched, or very roughly paved, with broken granite,
brought from Europe as ships’ ballast. OQutside the town, the total length of
road ble during the greater part of the year for wheeled carriages throngh-
out the province was about 130 miles. Of this one-sixth only was metalled. In
some districts the roads}were guct.ically useless, from the want of bridges across
the rivers; in others timber bridges had been built, but on the new roads now
being made under the direction of Mr. W. Martineau (M. Inst. C.E.), the Govern-
ment engineer, iron bridges had been adopted. The cost of the roads had been
in times past, almost fabulous, exceeding that of European railways. But accord-
ing_to the latest contracts, the cost was under £3000 a mile, including the
bridges, but exclusive of the metalling, the price of which a short time back
amounted to upwards of £1 per cubic yard, when broken and spread in place.
The bullock tracks were scarcely available for public traffic, which was at present
chiefly carried on by pack-horses, on tracks barely wide enough for two horses to
pass each other, and pursuing a most devious course.

There was properly no river navigation in Pernambueo ; but the S8ao Franciseo,
which rose in the hills in the rich mimng district at the back of Rio Janeiro,
flowed northward from Mines Geras, till it entered the province at its south-
west angle. It there precipitated itaelf over the Falls of Panlo Affonco, a depth
of nearly 200ft., whenoe it took its course through a rocky rapid channel for
nearly 200 miles to the sea. Above these falls the river was navigable to the
Falls of Pira Pora, a distance of from 600 to 800 miles, and it was to this as a
feeder that the railways from Recife and Bahia were both directed.

The absence of river navigation, the inefficiency and great cost of public roads,
and the horrible character of the common roads of the country, naturally led to
the consideration of a railway. This was brought forward by Messrs. de Mornay,
who pro to carry a line throughout the entire length of the provinze from
Recife, the capital, to the Falls of Paulo Affonco, on the Rio Sao Francisco. A
concession was granted with a guarantee of 6 per cent. from the Imperial Govern-
ment, and of 2 per cent, from the Provincial Government, upon the estimated
cost of completing the first portion of the line from Recife to the River Una, a
distance of about 75 miles. The original estimate was for a line on the North
American system at £540,100, but considerable alterations and improvements had
caused the capital to be increased to £1,200,000, to which amount the guarantee
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was extended ; but as this last has not been sufficient to complete the line, the
Government had now agreed to a further extension of the capital, to cover the
sum actually expended on the works.

The country traversed by the first portion of the Recife and Sao Francisco
Railway to the River Una, presented a great uniformity of ite physical features.
It consisted of a ion of narrow valleys, with hills from 100 to 150ft. in
height, composed alwmost without exception of a rock of a granitic character,
varying from a state of perfect decomposition to its natural hardness, the propor-
tion of soft ground to hard rock being at least 10to 1. It was decided that the
curves should not be sharper than 20 chaiuns radius, or the gradiemts steeper than
1 in 80, nor longer at that inclination than 2 miles. In no case bad the specified
gradient n;]»proached the limited length, and in two cases only had it exoeeded
1 milein length. There was only one tunnel, and that under 300ft. in length.
The earthwork on the heaviest part of the line averaged for about 20 miles,
40,000 cubic yards, per mile—which was double that on the other sections—the
highest embankment and the deepest cutting being 40ft. The width of the cut-
tings at the formation level was 20ft., reduced to 10ft. in rock. The width of
the embankments at the same level was 16ft., their height being fixed at 18in.
above the highest known floods. There were eight principal bridges, all of iron,
varying in height from 15 to 25ft., and numbering together two spans of 90ft.,
tswo of 80ft., eighteen of GOft., and one of 50ft. e ?:rmanont way consisted
of the ordinary double-headed rail, laid on creosoted larch croes sleepers; but
10 miles of the line had been laid, as an experiment, with Greave's “pot
sleepers. Trials were being made of native timber for sleepers as well as for keys,
and samples of upwards of one hundred kinds of timber were exhibited, most of
which were easily obtainable within a short distance of the railway, and would
be available for temporary purposes, but probably not more than a dozen or
twenty would be useful for any permanent work.

The stations and station arrangements, the rolling stock, the engine and car-
riage sheds, and the workshops for ng.nin and for waggon building, were then
severally described. It was stated that the works of the railway were com-
menced in May, 1850, and the whole of the firet section to the River Una was
finally opened in November, 1862. Part of the line had now been in operation
for five years, and during tfmt time there bad not been an aecident to a
senger, even when five engines had been at work at the same time on a leugth of
20 miles of single line. This was very creditable to thel tive superintendent
and engine drivers, as the responsibility rested with them, the other officials,
with the exception of the traffic manager, being all natives.

The labour question was one of the mest vital importance to the future of
Brazil, Agricultural operations had heretofore been conducted exclusively by
slaves, as also, mainly, the work of porters and lightermen about the ships,
harbour, and warehonses of Recife, for some years past, however, the laws against
the further importation of slaves had been strictly enforced, so that their nuwm-
ber had gradually decreased. Liberal concessions had been granted from time
time by the Government for the promotion of colonisation, but with no com-
mensurate success. Experience had proved that, both in the province of Per-
nambuco and in the adjoining province, there was an ample supply of manual
labour for any public works, or extension of agrioultural operations, at present
probable. But the difficulty was to persuade the native Brazilians that it was
to their advantage to seek employment. The only work that the native was
accustomed to was ditching, and the only tool, the hoe, The first lesson was to
induce a native to give up the hoe, and take to the pick and shovel. Want of
order and discipline prevented them from working a barrow road properly, and

from tipping a waggon ; but a light hand-cart they worked very well, and they
would fill a set of ballast waggons in less time than might be expected, at &
ocost of 9d. to 10}d. per cubic yard, exclusive of road-laying and repairs, Men’s

:ungu varied from 3s. to 3s. 9d. per day, the latter pay being for picked men in

cases.
Although the difficuties weve great in getting the native labourer into order,
temper and persev would me them' with time: but with the native
artizans the difficulties were greater still, as there were so fow meohanics in the
principal towns, scarcely sufficient for the ordinary work, that they were even
more independent than the common labourer, and infinitely more oonceited and
wedded to their own ways, The native country carpenter had but one tool. the
“guxo,” or hand adze, and not having the slightest idea of square or line, all his
work had to be setout. His wages were from 4¢. 6d. to 5s. 9d. per day. Brick-
werk and masonry cost, for labour only, from 9s. to 14e. per cubic ya.n{ accerd-
ing to the thickness and the height; the wages varying from 4e. 1d. to 8s. 6d.
per day. Native smiths received 5s. 8d. to 6s. 9d., and painters 6s. 9. to 9s.
per dav. From the description which was given of the capabilities of the
native workmen, it was believed that foreigners must be imported for all the
higher orders of work.

ernambuco produced, in common with most provinces of Brazil, very
superior timber, and of infinite variety ; but the difficulty of getting it, and the
absence of roade and the means of trausport, rendered foreign timber cheaper
at the seaports, aud at all places at any distance from the forests. This was
also the case with regard to stone, the ashlar dreseings used in the public
buildings and in the best finished private houses having been semt from

Lisbon. The native bricks were of the rudest desoription, and were used in the

all stages, from that of being simply sun-dried to sound kiln-burnt, In con-

q of the action of the at here on the mative bricks,. it was neces-
sary to hrlastar all exposed work, e Brazilian or Portuguese tile was almost
mvarinbly used for covering roofs, and although attempts had been made to
introduce corrugated iron and other materials for roofing, nothing could com-
pave, where ventilation was so important, with the ordinary tile of the country.

The Apmitmtﬁnod a listof the standard dimensions of the Recifeand
San Fran Railway, and of the principal structures upon it, as well as
of the rolling stock. xllo, tables of the wages of the d‘:bnno classes o
la _artizans, matorials, and the cost of various

bourers of the priess of the
kinds of work and of transport.

\
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ON THE MANUFACTURE OF DUPLICATE MACHINES AND
ENGINES.

By Mz. Jonx Ferxig, Assoc. Inst. C.E.

After referring to the block-making maohinery, designed by the elder Brunel
for Portsmouth Dockyard, and to the Small Arms’ Factory at Eufield, as exam-
ples tending to show that the system of duplicates bcth cheapened and improved
the manafacture of all articles to which it could be applied, the Author remarked
that, until lately, little or nothing had been dene in ite application to the mana-
facturing of machines or engines on a large scale. It was true the principle had
been acknowledged, and various writers had urged the desirableness of its intro-
duction into the railway system; but with such large component parts, special
machines were out of the question, and the only other possible mode was working
to a correct standard.

Mr. Whitworth (M. Inst. C.E.) had advocated, in several papers read before
different scientific sooieties, the adlzgﬁon of a system of measurement for
mechanical engineering work, in which the inch was to be the basis, subdivided
into a thousand parts for the finer dimensions. In 1851, he exhibited a machine
for obtaining fine accurate measurements by touch, and he showed, by models,
that the thousandsh of an inch was not only an appreciable quantity, but in
many cases its difference was what constituted a bad fit.

The Author having long been satisfied that the mode of taking dimensions in
the workshop was behind the times, had, with the sanction of Mr. Kirtley, the
locomotive superintendent, established during the last five years, in the wovkshops
of the Midland Railway at Derby, a system which had proved most beneficial,
not only in reducing the cost of the work, but in greatly improving it; and at
the same time perfecting the only plan by which all the parts of engines could
become duplicates of one anoth The system of end measurement and a
gravity piece, as iuvented by Mr. Whitworth, was adopted, and a machine was
constructed capable of taking in 100 inches. This machine consisted of u strong
bed plate, having on the upper surface a V groove, planed throughout its whole
length. At one end there was a headstock, through which a square spindle,
fitting the groove, was propelled by a hand wheel, which formed the nut of a
screw having ten threads to an inch. This nut was in two parts, and could be
tightened up by screws, s0 as to prevent lateral play; and a collar and washer,
also adjustable, prevented any play in the headstock. The other end of the bed
had also a headstock and screw movement, 80 as to adjust the length of the pieces
in the groove, and bvin{vt_:e readings of the index to O. The difference between
this machine and Mr. itworth’s was in the way the subdivisions of the inch
weve obtained. In the Whitworth machine a screw with exaetly ten threads to
au inch was first made; wh in this ine, a8 a screw could not be found
with exactly ten threads, it was necessary to run a thread on the face of the hand
wheel, and sub-divide this for the length required for an inch. The manner of
obtaining duplicates with this machine was exceedingly simple. Firet a perfect
i t, and then a second was made, by means of the ir;vity piece; after
which, all other sizes up ‘o0 100-in. were readily obtained. These sizes were now
kept as duplicates. The finer dimensions were read from the divisions on the
wheel, and from these, gauges for use in the workshop were made. All dimensions
were thus duplicate multiples, or divisions of an inch, and a bare one.sixteenth
of an inch became not an unknowr quantity, variable with the rule or the eye of
the workman, bat so many thousandths of an inch, which were stamped on the

es, and were soon understood. One of the first applications of the system
in the workshop was to establish the necessary degree of tension required to
ensure a perfect it of a wheel on its axle, The result of experiments showed
that with a difference of ‘005 of an inch in the dimensions, there was a small
permanent set in the wheel boss, but with a difference of ‘008 of an inch the set
was hardly tible. It was found however that, with ordinary lathe work,
‘008 was rather to fine a dimension, as lathes were seldom exactly true in their
spindles. The size ‘006 was then finally adopted. Inshrinking on outside
cranks it was found that ‘015 was sufficient to retain them in their slm, while
cross-head spindles 2}in. diameter required a difference of ‘004, and levers with
3in. holes of only *001.

The gauges were then described, as well as the manner in which the lengths
of the eccentric rods were preserved uniforia, and how the key groove in the
outside cranks and the eccentric key ves were cut. No settmg out was
required, and there was no chance of mistake from the carelessness of workmen.
Unless the cranks and eccentrics were exact, they would not fit the tools, and

‘thus a certainty was attained in the depth and position of the key groove.

Considerable improvements had been effected of late years in plate moulding,
and the plan adopted at the!Midland Railway Works at Derby, was believed to
be the firat application of the system to such large and comphoated castings as
locomotive cylinders. Moulding bexes for axle brasses were exhibited, and a
description was given of the manner of mould'mg' cylinders. By this mode, a
minimumn quantity of sand was used, the projecting pieces cast en the boxes,
did away with the necessity of lifters, the castings.came cleaner from the eand,
ras were not kn to pieces by rapping, and the cxlinders: weve per-
fectly true in the bore and passages.

The of fitting together the various pieces, so as to ensure uniformity in
eroctiogl:: well as in detail was then descrﬁ)ed; and it was

prged, that by this
system of accurate measurement, however the parts lcl;lg t be, they became
d?plium of one another, and could at any time be replaced. The advantages

clamed were, economy in manufacture, greater excellence in workmanship, and
a perfect system of duplicates, whereby the parte became interchangeable. The

ially: recommended this system to the engineers of Indian and
ilways, as there was no reason why the different parts of engines and
of mlll(ilnlgm stock generally, should not be as perfest duplicates as those of the
Enfie e.



