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LOCOMOTIVE FOR

THE FESTINIOG RAILWAY (2Fm

GAUGE)."

DESIGNED AND CONSTRUCTED BY MESSRS. GEORGE EXGLAND AXD CO., ENGINEERS, LONDON.

at a speed of from ten to fifteen miles per hour, is 50 tons
this including the weights of the carriages and trucks, but
exclusive of engine and tender. They work five trains
gg day each way, and it is stated by Captain Tyler, the

vernment insf::bor, in his paper on tﬁe Festiniog Railway,
read before the Institution of Civil Engineers, that, “ in fact,
“ the actual performance of the engines, exclusive of con-
“ giderable shunting, is to convey daily on the up journey to
“ Portmadoc, along the Traeth wr embankment, average
“ loads of 260 tons of slate, all the empty slate trucks from
¢« Portmadoc, 50 tons of goods, and 100 passengers, besides
¢ parcels, at an expenditure of 17 cwt. of coal for two engines,
‘ or about 0.76 Ib. per ton per mile, the average ascendin,
 gradient for 124 miles being 1 in 82, and there being a leve
“ portion for about three-quarters of a mile near Portmadoc.”
In designing these ines, the centre of vit{lmsbeen
kept as low as possible, and, notwithstanding their short
wheel-base, not one has ever run off the rails during the four
years they have been at work.

During the autumn of 1864 the company carried passen-
gers experimantall{mwithout charge, and at the commence-
ment of 1865 the line was regularly opened for passenger
traffic. In the ascending journey from Portmadoc the trains
were made up with the goods wagons ncxt the engine and
tender, the passenger carriages being placed between the

wagons and the empty slate wagons. In descending,

e empty goods wagons, together with the loaded slate
wagons, are sent down first in a train by themselves, then
follows the engine-tender first, and finally the passenger car-
rin&ees are sent down detached from the engine, and at some
little distance behind the latter. The passenger carriages
are preceded by a brake van, with a guard standing on a
platform outside it, and the speedisfimitedtonboutsix
miles per hour in passing round the st curves, and
to mut ten miles per hour at othe& partal of the line.

passenger-carriages are 10 ft. long by 6 ft. 3in. high,

and are 6 ft. Ggi.n. high above the rails IE e centre. %gwch
urﬁa.g:iscarriedon four wheels 1 ft. 8in. in diameter, the
axles inm‘lheed 4 ft. apart from centre to centre. There
is a longitudinal partition down the centre of each carriage,
and the gers sit back to back, soas to avoid overhang-
ing weight as much as possible. Each carriage will con-
v:ge:en passengers, and the classes do not differ from each
other, except in the character of their fittings. They are
provided with central buffers and couplings, and their cost
18 100l each for the second and t.hm{ class carriages, and
1201 each for the first-class carriages.
. The Enrelmmnq expenses incurred in adapting the Fes-

tiniog line for being worked by locomotive engines were con-
siderable ; but the change has Loen a great success, the saving

FiC.2.

effected by the substitution of steam for horse traction being
stated by Mr. Spooner to amount to about 22 per cent.
conclusion, we should state that the engravings of the loco-
motive which u.w;aomp«nt{l the present notice have been pre-
pared from tracings with which we have been kindly suj
plied by Messrs. G. England and Co., and for much of the
nformation concerning the line itself we are indebted to
Captain Tyler’s paper, to which we have already referred.

FoREIGN STEAM SHIPPING.—The new French steam line
between Marseilles and La Plata has made a beginning. The
first vessel of the line, the Bourgogne, arrived recently at Buenos
Ayres. It is proposed to commence running next month a line
o(’ Spanish steamers, which are intended to place the ports of
Barcelona, Marseilles, and Genoa in regular relation with the
Levant, and especially with the island ot Cyprus. Many new
steam lines have been started lately.
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ELECTRICITY AT THE PARIS
EXHIBITION.

Siemens.—In the annals of the applied sciences there
is no name either on the Continent or in England that is
associated with so many various and opposite inven-
tions as that of Siemens.- In metallurgy, mechanics,
heat, light, and electricity, it stands in the foremost
rank. On the present occasion, we have nothing to
do with his new steel process, his regenerative furnace,
his parabolic governor, e/ Aoc genxs omne, but simply
to review his electrical exhibits at the Paris Exhibition.
The firm of Messrs. Siemens is almost cosmopolitan.
The parent establishment for telegraphic apparatus—
that of Messrs. Siemens and Halske—is at Berlin ; their
branches have settled on the Thames and the Neva;
their products are to be seen upon the hanks of the
Indus, the Nile, the Orange River, the Amazon, the
Euphrates, and nearly every other stream mentioned
in history or geography. The firm established in
England 1s that of Siemens Brothers, and their manu-
factury for electrical apparatus is at Charlton, near
Woolwich; the head OIP this firm is C. W. Siemens,
F.R.S. Their stall in Paris contains unquestionably
the finest display of tclegra(rhic aﬁmratus in the whole
building, and they most deservedly were awarded a
gold medal.

In our previous notice of iron poles we omitted to
mention Messrs. Siemens’s latest form of their tubular
iron telegraph-post. Iron is not used in Europe be-
cause wood 18 sufficiently abundant and more econo-
mical, but in hot countries decay is so rapid even with
the hardest and best wood that iron has become almost
imperative. Many forms have been used, and Mr.
Siemens himself has tried several before he produced
the light and elegant post which we illustrate. Each

t consists of

1. A dished or buckled foot-plate of wrought iron,
which is attached by means of four bolts to

2. A cast-iron tube forming the lower portion of the
post, and terminating in a socket to receive

3. A conical wrought-iron welded tube fastened in
the socket by means of a liquid sulphur-iron cement.

FIC.I.
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The post, as illustrated, stands 16 ft. above ground,
and weighs about 1} cwt., or half the weight of an
ordinary wooden pole of the same hcigfht. They have
a very smart and light appearance when crected, and
they ‘are fixed with marvellous celerity. They are
peculiarly adapted for transport, and many of them
are now being sent out to Abyssinia to maintain per-
manent telegraphic communication with the expedition
that is being sent into the interior. It is rather an
interesting fact, and one illustrative of the diffi-
culties of maintaining telegraphic communication in

rfect order in half-civilised countries, that Messrs.
iemens have rccently been perforating the buckled
plates that form the feet of the poles, because it
was found that the natives dug them up to use them
as kettles to boil their rice and perform other domestic
culinary opcrations.

Their insulators were described and illustrated
in our review of that branch of telegraphy. It is
their instrument department that now comes im-
mediately under review. There are three striking
points evidenced in their instruments that singularise
this firm at once from all other makers: .

1st. The admirable compactness of all the recording
instruments and their accessories—relays, keys, com-
mutators, &c.—everything being arranged on a solid

bold mahogany board with connecting wires pro-
tected and ﬁdien, but easily manipulated.

2nd. The massiveness and solidity of the working
parts, and yet the perfect finish and admirable relative
proportions of every—the most delicate—adjustment.

3rd. The artistic appearance of the arrangements,
and the fine colour of the lacquering.

We have here complete sets of their submarine re-
cording instruments, which were used upon the Red
Sea cable, and are now used upon the Malta and Alex-
andria and Persian Gulf cables; their dircet-working,
ink-recording instrument, both polarised and non-
polarised; their magneto-induction keys, which dis-
pense entirely with the use of batteries; and their
world-famed polarised relay, which is unquestionably
the most valuable and serviceable instrument of its kind
ever invented. There are, also, alphabetical dial instru-
ments for privatc and military use, constructed on
their well-known models—portable and non-portable
—and a remarkably simple portable sounder for mili-
tary purposes, to enable the operator to read by ear
instead of by eye. There are, also, lightning-dis-
chargers, telegraph-cables, batteries, alarums, clocks,
&c. All these are well known, and offer no particular
points of novelty for illustration; but amongst the
apparatus exhibited for testing, and more exact pur-
poses—Bridge’s, Wippe’s, and Galvanometers—there is
one that merits particular attention for its novelty and
Eteat utility, viz. the Resiefance-measurer, which is

ased upon a simple diffcrential method, and super-
sedes the use of resistance coils.

Two small bobbins, A and B, one containing in its
circuit the unknown resistance, X, the other a con-
stant resistance, R, are connected parallely, so as to
have an opposite action upon a magnetic needle, N §,
which is suspended by a cocoon fibre between them.
These two coils partially neutralise one another in
their action upon the needle, and it is evident that, by
altering the distances of one or both, they may be made
to balance each other ecntirely.

This is done by moving horizontally the two bob-
bins which are fixed both on the same slide, C D, ..,
s0 a8 to alter their relative distances from the magnetic
needle.

For instance, if the unknqwn resistance, X, in-
creases, then to re-cstablish balance, the slide on which
the bobbins are fixed has to be moved in such a direc-
tion as to make the distance betwcen the needle and
the coil, B, which contains the increasing resistance,
smaller, and consequently the distance of the other
bobbin and needle larger.

Thus the unknown resistance, X, may be ex-

pressed by P
X=f(B ) x Const.,

where d and D are the respective distances of the two
coils from the needle, an { a function, complicated
in its mathematical form as long as the distances & and
D are not very great in comparison with the dimensions
of the coils unﬁ needles, but is, however, easily to be
found empirically by experiment. Equal differences
of resistances do nol correspond to equal movements
of the two bobbins, and it would, by directly moving
the slide of the respective bobbins, require either a
table which gives for every distance the corresponding
resistance, or a formula by which the unknown resist-
ance may be calculated if the distance at which
balance is established is found by experiment. But
both these ways are not convenient in practice, and
for this reason the slide is not moved directly, but
pressed by a spring against a curve, E F, such that
when the curve is moved equal distances in a direc-
tion at right angles to the slide, by means of a rack
and pinion, the slide on the two bobbins are moving
unequal distances, so as to fulfil the equation,

X=f(lil)) x Const.

at each distance.
This arrangement makes it possible to read off the

resistances dircctly, on an engraved scale, without hav-

inE any calculation whatever. The limits between
which such an instrument measures resistances de-
pends on the resistances of the two bobbins, and
their minimum and maximum distances from the
needle. The one at the Paris Exhibition measures
distances between 0 and 15,000 Siemens Brothers’
units.

This instrument promises to be a very valuable
addition to the apparatus of the non-mathematical and
not-deeply-read electrician. ~Any man of the most
ordinary mtelligence can adjust a needle to zero, and
read off the graduations of a scale. The sine gal-
vanometer requires calculation, and the differential
galvanometer and bridge require various resistance-
coils which are often very vanable and very expensive.
This new resistance-measurer avoids both, and,
moreover, should be cheap, from the comparative sim-
plicity of its construction, and it is said to be capable
of employment by an unskilled operator with as
much exactness as Wheatstone’s bridge itself. It can
also be adjusted to either Ohms or mercury units, so as
to avoid the present troublesome calculations required
through the use of different units by different en-
ginecrs. It fully maintains thegreat inventive skill
of the house of Sicmens, who have certainly led
the way to the present exact method of measurement
in all branches of electrical knowledge, both practical
and theorctical. Messrs. Siemens and Halske have
also a magnificently fitted-up stall in the Prussian de-
partment, where they exhibit a large array of apparatus,
E;incipally upon the same models as those in tﬂe Eng-

ish department—as regards instruments. They ex-
hibit Siemens’s new electro-magnetic machine, which,
however, has been rather thrown into the shade of
late by more recent improvements, although the secret
of the success of a.li) these wonderful machines—
Wyld’s, Wheatstone’s, and Ladd’s—lies in the pecu-
liar longitudinally wound armature which is Siemens’s.
The Berlin firm also cxhibit a capital type-setter, or
machine for sctting up messages in metal types bear-
ing the Morse characters; but it does not seem to
have come into general favour. Altogether, Messrs.
Siemens’s exhibits put those of every other country
completely in the shade, and they deservedly maintain
the position they have made—that of being the first
electrical manufacturers and engineers in the world.

CLIMBING BY RAILWAY.

It appears extraordinary that engineers seeking to
climb steeper and steeper gradients—alread wcl::ﬁing
up lin 12 by locomotives, and asking themselves
w‘l)xether an all-coupled engine, by itself, would really
manage to just get up 1 in 4 b}v‘ its own adhesion—
never appear to have thought that as much power is
generated by gravity in golog down these slopes as is
expended in overcomin% gravity in going up. Any
means that will utilise the gravity of a train on a de-
scending incline will solve the problem of working a
train up the same incline, and so far from being limited
to a rise of 1 in 12 we may have a rise of 1 in 0, or, in
other words, work up and down vertically, which
would more than meet the case of Chimborazo or the
Matterhorn itself—and, seriously, there is no knowing
where engineers will be climbing to next. An ordinary
locomotive will take care of itself very well on any

ient less steep than 1 in 20, performing more or
ess work according as the gradient is flatter or not.
But for much steeper inclif:es there is no reason why
we should always design them just as if all the trains
were to go up and none were ever coming down again,
Yet this 1s what the Mont Cenis Railway engineers

have done. Every time Mr. Fell’s 16 ton engine agd: -- - -

a train of 24 tons goes over the mountain, in: cigRer
direction, 80,000 foot-tons of available power are ab-
solutely thrown away, taking the total descent as
2000 feet. Nearly as much power is thus lost as is
required to get the train up to the summit.

n the inclined planes sometimes employed about
collieries and ironstone mines, the loaded wagons, in
going down, are made to draw the empty wagons
coming up. This plan, however, involves the use of
ropes, and it is obvious that it is only applicable where
the preponderating traffic is all downward, and where
trains are always ready, at the same moment, to move
in both directions. It applies only to planes inclined
in one direction, or, if in both, where the loads are
made up at the summit ; and it is clear that, except it
were supplemented with a system of separate engine
power, this system would be wholly inapplicable for
working a varying passenger traffic over the Mont
Cenis, and in any case it would almost certainly involve
considerable detentions, inasmuch as passengers could
only go up at the prccise moment when other pas-
sengers were going down. It would, of course, in-
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volve a double line of way, whercas the present zig-
zag line over the mountain Is single. '
What is wauted is a single-line system, whereby
one train, going down at one hour, or one day, may
store up its gravitating power to be used the next
hour, or even the next day, to help another train up.
As a mechanical problem, and this is one of very great
interest and importance, there are, perhaps, two or
three ways of working this out. We muy conceive a
rope system, in which the descending trains are made
to pump water into an accumulator, the water pressure
thus stored up in which is to be made available for
taking up a train in the opposite direction, on the
same line, at any time afterwards. This plan would
involve, however, very considerable losses from fric-
tion, and the rope system is always objectionable. In
case of a sufficient supply of water at the summit of
the incline, the descending trains might he made to
carry down a certain weight of water in tanks, say 10
or even 20 tons (2240 to 4480 gallons), to assist in
pumping up a sufficient force for taking up other
trains, not thus loaded, in the opposite dircction.
_There is another system, preferable, we think, to
this. This is that of a pneumatic tube, not upon Mr.
Rammell’s plan, but one, nevertheless, in which the
train gocs through the tube. Rails could be laid, and
an ordinar- zallway train (without the engine) could
be run w:to a 10 ft. or 11 ft. tube, and a pressure of
but 11b. per square inch—not much gréater than that
corresponding to the difference between a very low
and a very high barometer—would give a tractive
force of 5 tons in the 10 ft., and 6 tons in the 11 ft.
tube. This would take 20 tons casily up a slope of
1lin 4 to 1in 5, and it is to be borne in mind that no
locomotive is to be taken up. The air, under pressure,
would not be blown directly from the engine into the
tube, for in that case no advantage could be taken
of it in descending. It would be accumulated in an
air-holder, or accumulator, like a gasholder, and having
a capacity somewhat greater than that of the tube
itself. For every mile of a 10 ft. tube, the air-accu-
mulator would require to have about 400,000 cubic
féet capacity, corresponding to a gasholder of very
moderate size, the largest gasholders having a capacity
of 2,500,000 cubic fect. The air-accumulator would
require, however, to be of considerable strength, and
to be loaded with considerable dead weight, to be
worked at a pressure of even 11b. per square inch.
If 120 ft. in diameter, it should weigh, loaded, about
726 tons, merely in order to keep it down, in its tank,
against this pressure, and the difference of level of the
water, on the two sides. of the *seal,” would be
2 ft. 4in. This air-holder would be placed at the foot
of the incline, and filled, at the outset, by a blowing
engine of moderate size, and this would be afterwards
employed in supplying the waste of air in working.
The air-holder would empty itself, or nearly so, in
sending a train up, and would be nearly filled again by
the air forced in by a train of the 'same.or of rather
greater weight coming down, the difference of quan-
tity of compressed air being supplied from the blow-
ing engine. The principle and its great advantage will
be seen and understood without difficulty. It requires
a certain amount of detail i working out, but this
presents no difficulty, and may be designed with cer-
tainty, and even with ease. The train would be run
into the tube, leaving the locomotive behind, and the
doors of the tube would be shut. A piston truck,
nearly but not quite fitting the tube, would be placed
in advance of the train, or perhaps two, one in front
and one behind. The compressed air would then be
let on. through a valve whose opening would just suffice
to send the train up at the proper speed. 'The upper
end of the tube would be always open, unless a narrow
summit had to be passed, and a desceut made on the
opposite side. In the latter case, a short piece of level
line would be introduced at the summit, and, on reach-
ing it, the pressure in the up tube would be let off into
the down tube, thus placing the train in equilibrium,
and storing up a certain amount of air in the down
tube to check the train in the beginning of its descent.
In the case of a plane rising merely irom a low level
to a table-land above, like those up the sierras in
Brazil, dr up the ghauts in India, the upper end of the
tube would be always open. The curriages would
require to be lighted in passing up ar down the tube,
but the ventilation would be perfect, the motion
delightfully uniform, and nothing could possibly be
safer. We have, ourselves, been through Mr. Ram-
mell’s little tubes, one of them equal in area only to a
33 in. and the other to a 54 in. main, and the motion,
despite the small wheels of the trucks and the absence
of springs, is like sailing, and the ventilation is very

good.

Upon the plan we propose trains might be worked
up any incline, however steep, or even be’ lifted vertl-
cally, in perfect safcty, and with tlie ulmost steadiness
and comfort. '

SCOTCH BLAST FURNACES.

THERE are at the present time three distinct schools
of iron-smelters in ‘existence in this country. Their
systems and practice have grown up and cstablished
themselves according to the natural conditions provided
in each special locality for the supply of raw materials,
and according to the nature and quality of these latter.
The distinctive features in the natural conditions of
each of these thrce schools may be expressed in the
following combiuations : viz., rich ores and dear fuel,
poor ores and cheap fuel, and rich ores and cheap fuel ;
the fourth and only remaining variation, viz., poor ore
and dear fuel, has, from an obvious reason, never
found favour with commercial ironmasters. The com-
bination of rich cre and dear fuel we find in the hema-
tite district of Ulverstone and Barrow-in-Furness, and
we have made our readers acquainted with the system
of working adopted in some of the ironworks in that
locality. The sccond combination, viz., poor ore and
cheap fucl, is the characteristic of the Cleveland dis-
trict, and it is there where the science and skill of
engineers and managers of blast furnaces have done
most to compensate for comparatively unfavourable
primary conditions, and where the practice of iron-
smelting may bhe said to stand at the height of its
present scientilic development. Of the ironworks of
the Cleveland district, too, we have given numerous
and complete descriptions in our columns. We now
come to the third school of ironmasters, the oldest and
most favourably situated with regard to natural facili-
ties, viz., cheap coal and rich ore. 'The proper repre-
sentatives of this group are the ironmasters of Scot-
land, with their blast furnaces placed at the mouths
of the pits, which provide both ore and fuel at the
same time; the former heing the richest iron ore
koown in practice, and the latter being furnished at a
very small cost. '

:Fhe Scotch blast furnaces work with raw coal and
with calcined blackband ore; they range between 40
and 60 fi. in height, and have a weekly production of
between 150 and 200 tons per furnace. The calcined
ore contains from 60 to 70 per cent. of iron, and is
reduced at a comparatively low temperature ; the iron,
too, containing ubout 0.5 per cent. of phosphorus, melts
at a very low heat, and maintains a high degrec
of fluidity down to the point of its solidification. ~All
these conditions are favourable to smelting at a low
temperature, and induce the employment of raw coal
instead of coke. In the manner in which coal is used
in the Scotch blast furnaces, its effect is due only to
the coke contained in it, the volatilc components of
thie coal being entircly useless, as they are allowed to
escape at the top of the furnace. The process of
coking-or distillation of the coal which goes on in the
highest part of the futnace, moreover, consumes a
certain amount of heat, and reduces the temperature
of the furnace itsclf. The appecarance of the flame at
the top of the furnace gives no correct indication of
the rcal temperaturc existing in the upper zone of
malerials, since the gases are ignited when they come
in contact with the outer atmosphere, and after their
having left the furnace itself. The quantity of coal
charged into the furnace, independent of any further
quantity used for heating the blast. and firing the
boilers, is rarely less than 50 cwt. per ton of iron
made, and it occasionally exceeds that proportion.

Estinating the coke contained in this coal at 60-per

cent., we %nd the consumption of fuel in the furnace
equivalent to 30 cwt. of coke per ton of iron. Inthe
C‘]cvclnnd district, 18 ewt. and even 17 cwt. of coke
wiil produce a ton of iron, this consumption including
all the fuel required for the hot blast and boilers,
which are fired by the waste gases. 1t appears, there-
fore, that indcpendent of the waste of the gaseous
components of the coal, the Scotch furnaces consume
a quantity of fucl per ton of iron made fully twice as
great as that required in the furnaces of the Cleve-
land district. In such a comparison, a further allow-
ance should be made for the difference in quantities of
raw materials passed through the furnace in making
a ton of iron: - In Clevelard, upwards of 4 tons of
raw matcrials arc eharged into the furnace along with
the fuel, while in Scotland the average is ouly two
tons of ore and limestone; and occasionally—as, for
instance, at the Gartsherrie works—less than that
quantity is employed per ton' of pig iron. With re-
gard to cconomy of fucl, it is obvious, therefore, that
there is roow for great and important improvéments in
the blast furnace practice of Scotland. The second

point for consideration in the working of a blast fur.
nace is ‘quantity of production. In' this.respeet, we
find the Scoteh furnaces averaging about 200 tons per
week, and a very considerable number of them come
far helow this average,

For judging correctly on this point, we must com-
pare the Scotch furnaces with those of the hematite
district, where the ore employed, although not quite
so rich as the blackband, comes sufficiently ncar the
latter in its percentage of iron. Here again we find
that at Barrow the production of each furnace amounts
nearly to 500 tous per week, or more thau double that
of the largest Scoteh furnaces, avd room for improve-
ment on this head seems to be clearly visible in the
practice of the latter. Attempts have been made to
incrcase the production by building higher furnaces.
There are, for instance, two furnaces of 60 ft. in height
at work at Gartsherrie; but the results obtained with
these are not favourable. Their make is not materially
greater, and the proportion of fuel no better than that
of the lower furnaces, while, on the other hand, they
are troublesome in working.” The term “ working”
applies to a peculiarity of Scotch blast-furnace prac-
tice not known, to auy similar extent, in other dis-
tricts. 1t appears that the materials, arriving in front
of the tuyeres, do not sufficiently support themselves
in the boshes to keep the hearth clear from solid mat-
ter, and that the latter, falling down in detached pieces
or lumps, must be cleared out of the hearth, and raised
up above the tuyeres by hand-labour. This operation
requires constant attention and care, several men being
employed at cach furnace for * working’’ it by means
of large wrought-iron bars inserted through the cinder-
hole, or iu other suitable positions below the tuyeres.

his fact clearly shows tgat the burden of the blast-
furnaces now in use is already greater than they are
capable of carrying, and this Is corroborated by the
fact that - this “ working” may be lessened, or almost

ispensed with, by reducing the quantity of make. It
is obvious, therefore, that™ an increase in height of a
furnace under such circumstances will not afford any
advantage; it appears equally obvious, however, that
the shape of the existing Scotch furnaces at the boshes,
and, perhaps, throughout the whole body, must be at
fault, and not well suited to the nature of the materials
smelted in them. It would be difficult to say, &priori,
in what particular manner the shape of these furnaces
could be improved; but it seems likely that the shape
of boshes adopted by Mr. Addenbrooke, in his new blast
furnaces in Staffordshire, would be very suitable for
Scotland.

Mr. Addenbrooke brings down the lines of his fur-
nace almost parallel to a very low point, and then
draws them in quickly towards the hearth, so as to
form a kind of resting-point or abutment above the
tuyeres, upon which a kind of dome is formed by the
solid material, this carrying the burden of the super-
incumbent mass. Mr. Addenbrooke’s furnaces are said
to work very well, and the same form has been
adopted by Mr. D. Adamson in his new blast-furnaces
in North Lincolnshire, with a very complete success
as to the mode of working and of supporting the
burden. With an improved capability of carrying the
burden, there can be no doeubt that the rate of produc-
tion of the furnaces in Scotch ironworks could be in-
creased by increasing the height of furnace and the
pressure of blast, but there is very little reason for
supposing that such an improvement would at the
same time cause a %rcat and important economy of
fuel. The process of distillation of eoal, and each of
the different suocessive stages of smelting, would
take place the same as at present, only occupying
larger spaces or zones in the furnace, which would
be passed through at a greater speed, and would,
therefore, occupy the same total length of time as they
do at present. . There would be the same waste of
gaseous products, the same reduction of temperature
o the upper strata, and only some minor advantage
might arise from the greater heat maiutained in the
lower ‘portion of the furnace in consequence of the
greater intensity and speed of combustion under a
greater pressure of blast. The proper and main road
for improvement in the blast-furnace practice of Scot-
land, and one which, in all probability, will have to
be taken before long, is the utilisation of the waste
gases. It is a moderate estimate to say that a Scotch
furnace sends twice as much unconsumed fuel up into
the air as is consumed within it for useful purposes.
We do not venture now to predict in what precise
form or manner this utilisation of the volatile com-
ponents of the coal may take placc at some future
period ; but any mode of effecting this important
object will be beneficial and conducive to a great
saving of fuel. The simple expedient of closing the
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top of the furnace, and drawing off the gases for

firmg boilers and stoves, is of coursc, that whieh will | -
1t has the ad\'antuge i
y

immediately recommend itself.
of being sufficiently tried and proved successful

the practice of the majority of ironworks all over the
world. There can be no doubt that the growing com-
petition of the Cleveland district will before long bring
the Scotch ironmasiers dpwn from their
aristocratic habits to s rational cconomy of fucl, ap’

economy by which the ironmasters themselves will be |-

the greatest gainers. S

THE COATBRIDGE TIN-PLATE WORKS.

Tue manufacture of tin plates is a speciality con-
fined to a very limited number of districts, owing to
the great amount of experience and skill which it
requires for being worked to commereial advantage,
and also owing to the fact that it requires 1aw mate-
rials of a special quality not casily obtained every-
where. The raw material for the tin-plate manufac-
turer is iron scrap or charcoal pig iron. The former
matcrial, which in this country is mostly scrap from
coke iron, is worked up with coke, and furnishes the
inferior kinds of tin plates, which are sold as second
and third qualities, at a price averaging about 4s. per
cwi. below that of the first-class or charcoal tin plates.
Thesc latter are made from eharcoal iron, and with the
use of charcoal in their complete manufacture. They
arc supcrior in Fliubﬂity and ductility to the coke
plates, aud they therefore stand a much larger amcunt
of wear. The tin-plate works at Coatbridge, near
Glesguw, were established only a few years ago,  They
are now in the hands of a limited-liability e.mpany,
viz., The Coatbridge Tm Plate Company (Linuted),
aud are in very successful operaiion, both with regard
to quality of ‘production and commercial results. The
possibility of making good tin plates from Scotch
scrap iron was very much doubted at an earlicr period;
but the working of this establishment has sufficicntly
proved the very good quality of Scoteh scrap. The sera
rron is welded and hammered up into blooms, which
are afterwards rolled out 1o a small thickness. Afier
that, the plates so produced are doubled up and passed
through the rolls, and this process is repeated uutil
the sheets pass the rolls in bundles of eight plates or
more. The plates forming one pile are separated hy
hand, as they are caused to adhere to each other by
the Iayers of scale or oxide pressed in between their
surfaces. After this,the coating of scale is removed from
the metallic surlaces by a pickle or bath of sul-
phuric acid, and an annealing process foliows this
removal of the outer scale. The plates arc in-
closed in sc‘uare cast-iron boxes for the purpose of
preventing the aceess of the atmosphere and further
oxidation during the annealing process; still this pre-
caution does not prevent a slight coating of oxide from
appearing on the surface of cach plate, this coating
giving it a dull appearance.  Each plate is then singly
gﬂsscd between a pair of chilled rolls with very fine

right surfaces, and these rolls produce a smooth
surfacc, which is ouce morc cleaned by dipping into
diluted sulphuric acid. The operation ol tinuing,
which follows immediately afterwards, consists in
simply dipping the plate vertically into a vessel con-
taining molten tin. The plate itself js not heated, and
the operation of dipping is very short. It is im-
mediately followed by an immersion of the plate in
meited tallow for sllowing the surplus tin to drop off,
and some ingenious arrangements und much manual
dexterity are employed for removing the last particles
of surplus tin from the edges and sides of caci plate.
The tallow is ultimately removed by passing each plate
through a heap of waste from flour wills, which, when
saturated with greasy matter, is employed for feeding
cattle. The trade in tin plates we understand to be
brisk at present; at least, there have been some con-
siderable sales made by the Coatbridge works to the
furnishers of provisions for the Abyssinian expedition.

NEw Docks AT BELFAST.—Yesterday the Lord Lientenant
of Ireland opened, with a formal ceremonial, a new dock at
Beltast.  This dock consists of a large basin 700ft. long by
700 ft. wide, called the Aberecorn Busin, in which is a new
graving dock, to be entitled the Hamilton Dock, 450 fr. long by
80 ft. wide at the coping and 50 ft. at the bottoin. The whole
surface is covered with & luyer of concrete 2 ft. thick, which is
overlaid with Dungannon sandstone 4 ft. deep. It is built in
the most substantial manner, and is provided with the most im-
E"’"d arrangements. Outside the baxin is a sill, which is
inely grooved with granite from Castlewellan, county Down,
the material which is nsed in the Albert memorialin Hyde Park.
The work being constructed chiefly of materials procured in the
neighbourhood of Belfast, and by local workinen, has been a
source of profitable employment. .

eseut,

TRIALS OF REAPING-MACHINES IN
R . SCOTLAND:
For the last few wecks, competifions and friendly trials of
ren;iisg-mwhinelhzve been the order of the day in Scotland.
On Tuesday of last week, there was a competition at Auch-
terellon, in connexion with the recent show of the Royal
Northern Agricultural Society. 'Much intercst was mani-
fested in the display, as farmers aro year by year getting

‘more anxious about the rapid reaping of their crops during

good weather, Premiums were offered by the Socicty, an
eleven reaping-machines enlered for them, in addition to four
extra machines which were simply entered for exhibition.
The machines were set to work in a_twenty-acre field of oats
after turnips, and afterwards' tested in a field of oats after
lea, whero the crop was strong and much lzid and twisted.
Altogether the machines did their work well, and the results
of the trial were very satisfactory. The judges, includipg
two Aberdeen engincers, gave the following awards, after
very careful and anxious consideration:

Two-horse Manual Dcliéwy Reaping-Machines.

Exhibitors. ZSInk(-rs.1 ) Awards.
Cardno & Darling, Abor- { Brighnin & Bickarton, .
doen v 4o .l Berwick-on-Tweed ,§ 1t Lrize.

Harper & Co., Aberdeen . Kemp, Murray, “"d} 2nd do.

Nicoleon, Ktirling ...
A. Spence, Aberdeen ...  Walter Wood, Lendon 2rd do.

One-horse Manua! Delivery Reaping-2lachines.

B. Reid & Co., Aberdeen  Sawmuelson & Co. 1st Prize.
Horper & Co. oo ... Do, Murrny, andiong g,
A. Spence Walter Wood... 3rd do.

Tuwo-horse Sclf- Dclivery Reaping-Machines.
Cardno & Darling Brigham & Bickerton. 1st Prize.
B. Reid & Co. ... o Samuelson & Co. 2nd do.
) {Kc‘mp, Murray, and}s o g,
o Nicolson ... .

Harper & Co. ...
Extra Mackines, not in Competition,

A two-horse sclf-delivery reaping-machine, exhibited by Mr.
Murray, Banfil—Hornsby and Son, Girantham, makers—
highly commended. .

A two-horse manual-delivery reaping-machine — exhibited
by Mesasrs, Simpson and Co., Peterhend—Mr. Jack, May-
bole, Ayrshire, maker—commended.

A two-horse i:owing and reaping meachine, manual delivery—
Brigham and Bickerton, makers—eommended.

After the trial of the reaping-machincs, & double-furrow
ﬂ)ough invented and patented by Mr. Pirie, of Kenmundy,
ngside, which. was simply entered for exhibition, was set
to work on account of the great interest with regard to it.
The main purpose of its inventor is to accomplish double the
work of the ordinary plough with little cxtra draught on the
horses. It was tricd both on lea and stubble, and elicited
high commendation. The dynamometer showed the draught
to%)e 5§ cwts. on Mr. Pirie’s plough, ns against 3§ cwts. on an
ordinary plough. On the farm of Overficld, near Whitting-
ham, Haddingtonshire, two reaping-machines of very dis-
similar construction were, on Thursday last, put in friendly

rivalry, and wero both thoroughly tested in prescnce of a

number of the agriculturists of East Lothian, a country

fumous in the annals of agriculture for its high farming.

One of the machines was from Mr. M‘Cormick, of American

celebrity, and the other from Messrs. G. and W. Porteous,

Haddington. The American, or larger implement, was ex-

hibited by Mr. Griffin, the agent. Since its introduction

into East Lothian, this machine has undcrgone great im-

.provement. Itis on the side-sheaf delivery principle, the

raking being performed by means of an eccentric, which tilts
the Eruin over the side of the platiorm clear of the path of
the horses.  When first brought out it had a huge lumbering
appearance, and left tho sheaf'of a straggling character, but
these drawbacks have now been almost wholly removed. The
machine is reduced in size, is compact and tidy-looking, and
its draught has been greatly lightencd. The mechanism for
delivering the grain has also been so much improved, that the
sheaf is thrown off with a neatness and compaetness that all
but rivals that of the best hand-raking. Still, the large size
of the machine, its great liability to gcmngomcnt from the
complexity of its parts, and its greater cost, are important
drawbacks, which would militate against its extensive intro-
duction, were they not counterbalanced: by the great saving
of lnbour which it is eapable of' effecting, and its ability to
cut without requiring the immediate presence of a band of
lifters out of the horses’ way. The cutting performed by the
M‘Cormick machine on Thursday last was extremely well
done ; indeed, where the lic of the grain favoured the action
of the knives, nothing could have been better, and the sheav-
ing was fully superior to any that is usually scen at competi-
tions of side-deliverers.

The machine of the Messrs. Porteous is a much lighter im-
plement than the M’Cormick, weighing probably not more
than 6 cwt., with a very moderate draught on the horses.
As a two-horse back-deliverer, cutting to a full average
breadth, it is dccidedliy one of the lightest and neatest reaping
machines yet.brought into the harvest-field. The great
object of the makers has been to combine the greatest possible
lightness of draught with the most effective cutting, and the
utmost possible strength to resist tear and wear. Simplicity
of motive power and a minimum amount of friction have
been aimed at, and eo far as Thursday’s results may be taken
as a criterion, the machine quite reafised ever hing that the
makers could reasonably have anticipated. The cutting was
unexccptionable, close, regular, and easy, and the rapid
movement of the knives enabled the horses to move with a
steady space without requiring extra speed to be put on them.
This machine will not readily be surpassed as a throughly
handy reaper, able for its work, light of draught, and yet
strong enough to resist all the rough tcar and wear of the
harvest-field. The trial was made in a ficld partly baricy and
partly wheat.  The erops were not heavy, but stood well up,
and furnished a very fair test for machine-reaping.

Mr. Howard, of Bedfordy whes  recently in Ameriea,

‘ thougﬁf very light of the pcrfoi'muncé of a self-delivery

sheaf-rcaper he hud geen there. One of these he exhibited at
the Agricultural Exhibition at Billancourt where it was tried,
but the performance did not come up to expectation. During
the harvest in England this year there were good opportunities
for testing the working of the machine.

Several alterations having been made on it, and the various

parts being adjusted to the kind of crops in Scotland, the
[-eminant

Bedford firm thought they were justified in sending
the 1achine north, as a cansiderable improvement on any
hitherto in use. It was tried on Wednesday last on the farm
of Mr. P. McLagan, M.P., Pumpherstone, Linlithgowshire.
After going two rounds, the iron bearing which supporte the
revolving rake gave way. The machine was repaired, .and
work recommenced on Thursday on a crop of oats, after
pasture, fully ripe, and considerably laid, though only slightly
twisted. 8o far as the trial went, it ecould not be said that
the work done was in any manner better than has often been
effected by soveral of the many eelf-delivery sheaving-ma-
chinos, neither did the method of working or the general
appearanco of the machine give much promise of its ulti-
matoly becoming superior in the harvest-field to Samuelson’s
reaper, which in certain respects it resembles. Motion is
communicated from two small-diameter wheels to a knife-
bar with fingers very much the same as the newer reapers.
There is a circular platform on .which a mkin%l :Kpamtus
works, consisting of jour arms, on two of which thereis a
rake, and on each of tho others a gatherer, too short even to
reach the lying corn, The motion i8 succesgfully conveyed to
the rake by means of chains, and the universal-motion joint
in which they start works vcmlcnsant]y. The whole ma-
chine weighs about 10 ewt., is apparently well put to-
gether,  Bo far, however, as the mrag'mko 08 a8 an im-
provement, thero is little to recommend it ; and in regard to
the cutting apparatus, therc is nothing new in it by which
laid crops can be more readily taken ug.]

So far, then, a complete reaping-machine is yet to be made.
Taking both cutting and laying into consideration, no reap-
ing-machine recently brought into notice seems much superior
to the original one invented by the Rev. Patrick Bell, now
somo forty years ago; and it would therefore seem that his
invention had much more completeness in it than many
people out of Scotland are willing to admit.

THE MERRYFLAT BRICKWORKS, GLASGOW.
(FroM ourR oWwN CORRESPONDENT.)

THESE works, cstablished by a private company about
three years ago, although as yet of moderate extent and pro-
ductive power, deserve some notice on account of their being
the first attempt made in Scotland to carry on brick-making
by modern and improved machinery and plant. The machi-
nery employed for making bricks from dry clay is that of
Moessrs. Platt Brothers and Co., of Oldham, of which we
have given a description and drawings on pages 195, 197,
and 198 of our third volume. The plant is intended to con-
sist of a pair of theso machines, cach capable, when fully
employed, of producing 20,000 bricks per day, but at present
there ‘is only one machine erected. Another machine for
making bricks from wet clay is also employed at these
works, the clay being supplied from an adjoining ficld, and
being very often so wet, through atmosghcnc influence, that
the drying process is disearded with, and the wet-clay
machine is supplicd with this material. For burning the
bricks, one of Hoffman’s patent kilns has been just completed
and set to work. It is a circular kiln, 100 ft. in diameter at
its base, and divided into twelve compartments, cach capable
of holding 10,000 bricks. These compartments are charged
in rotation, one compartment per day, and the Zircle is com-
pleted once every fortnight, giving a daily production of
10,000 bricks. The fuel used is coal-slack ground to dust by
one of the clay-preparing machines, an operation which is
performed very quickly and at small cost, and which affords
the advantage of a very uniform and suitable quality of fuel.
The kiln was built from bricks made at these works and burnt
in open kilns, as is still the case with a portion of the present
pr(xflfction, which exceeds the capability of the new kiln.
The lining between the outer and inner walls of t. ¢ kilns
has been made of calcined iron ore of inferior quality, which,
with a very low price, combined the advantage of being
very bad conductor of heat, and cntirely free from moistur
after its ealcination. The top of the kiln is to be covered by
a roof, and will form a very convenient drying-shed for the
bricks. The managing partner of this concern, to whom the
introduction of this modern plant seems to be due, is Mr. W.
R. Watson, of Glasgow.

Tre MEeTRIC SysTEM.—We believe it to be now well nigh
hopeless ever to expect the introduction of the decimul or me.ric
system into English workshops. A mnew cbjection has been
found, which, we believe, has been discovered solely vy the snga-
clous editor of The Engineer. * It would,” he rays, in a foot-
note 10 a really able and excellent letter ;with whicl he has
been fuvoured by an intelligent corresp , ‘““enormously
depreciate the value of existing drawings and patterns”! Good
gracious ! who else could have foreseen this? Would it not also
depreciate the value of existing land, of existing railways, of
existing Consols, and of certain existing journalists? We had
always supposed that a full-size drawing or a pattern was of a
constant size, whether measured by a 2 fr. rule or by a madtre,
the difference being one not of magnitude. but of numeration.
As for drawings to a reduced scale, and which are commonly
figured, it would not be difficult to affix figures, in red, givin
the dimensions in mdtres and millimétres.  Drawings supplie
to us for our own drasughtsmen and engravers are occasionally
marked in this way, and in fect and inches as well. Indeed, the
decimal system has been already introduced into English work-
shops, among them Mr. Whitworth's, Messrs. Sharp, Stewart,
and Co.'s, and those of the Midland Railway Company at Derby.
It will, we have no doubt, be further introduced, and that with-
cut any enormous depreciation of the value of existing drawings
or patterns.
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MALLET MIRUM IN MODUM.
TrOSE who, more than two years ago, on the ocea-
sion of the discussion, at the Institution of Civil Engi-
neers, on Captain Tyler’s paper on the Festiniog Rail-
way, heard a certain sage propound the novel “law,”
that the cost of making a railway, the weight of its
rolling stock, and the cost of working it, were, by a
a“f’_!ﬁ_tical necessity, as the cube of the width of the
gane? "thot’l,gbt him a little inadvertent, or, possibly, a
vee Ui But he reasserted his wonderful law on
tnt evening, and, we have every reason to
terwards revised the proofs of what he had

:Eu:%mmmw

- discussions—were ' sent to the engineering
pressto be used in any way, short of actual republica-
tion, that editors might deem best. This gentleman,
whaj by the way, schemed the: manster mortars at
‘Woalwich, about which there was some hiteh, and who,
according to & remark once made in Parliament by
Lord Palmerston, was ““ a high authority upon earth-
quakes,” aud who, in fact, 1s an oracular authority
upon everything, said, respecting the 2 ft. gauge :

‘ Reverting now to the purely physical considerations, it
appeared to him, ns a H)hysi.cal necessity, that not only the
original cost of two similar lines differing in gauge, but also
the cost of working them, would approach the ratio of the
cube of the length of: axle, or, what was the same, of tho
breadth of gauge. AiBitle-donstdaation  Would -dhow that,
however startling; thig~Hrdpoaition, without: having dhy pra-
tensions to bo a mathematioal truth, was novertheloss approxi-
mately true. As an illustration of this, it the axle of a
carriage, as-a cylindrical shaft, exposed to cross strains, were
taken, it would mot admit of dispute, that for equal strength,
on different\gsuges; the dimneter must vary as the cube of the
length, *or o%'the gnuge; therefore the weight of the axles
would be in that ratio, and so must be that of the wheels to
carry them. Then as to the carriages; as it was equally un-
deninble this: the . weights of any eimilar structures whatever
vm_-iela.;lt :y.t""h° uboe of the“l!rd lll,zmol&%ous l‘)l:;mc;‘mtﬁ)m’ 80 th(;
‘wel, 3 WO as the cubes o (4 uge, 1
theg i w«rg&ﬁq\mﬁ lateral strength; and tlg1: Exlcs
and wheels Hhugd* b .-pwgortionnte to carry this load. In a
word, all the znhg-lmc would be increased in something
like the ratio efithe cube of the gauge. I1f this were so, 1t
followed that ®5-permanent way itself must. be increased in
a proportionate ratio to bear that load; and. if it were truo
that the cost of haulage was a functioti of the weight drawn,
it equally followed that the delling”expenses, or those  for
working the line of road, would be about in-proportion to this
incredased weight of rolling stock also. He wished to guard
against being mistaken as now speaking mathematically, or
as using the cube as a procise expression of the rolation ; his
intention was merely to illustraiy the proposition which he
deemed generally ﬁg&ﬂmt notmnfey‘ e first cost of con-
struction, but also the ¢xpense of working railways, increased
with. the, width of .the gauge, but in a: greatly -higher ratio ;
or, i, other words, that in proportion as the gauge was re-
duced,xbo the fixst cost and the working expenses would be
" What, but_the desire to hear himself talk, could
have prompted. dicla like this® In the first place, it
““s0ill admit of dispute” that for equal strength the
diameter of an axle must vary as the cube of its length,
oreven as its length simply. 1If the diameter varied
as the cube of the length, then would one axle, twice
as.long as auother; require to have eight times its
dismeter, and consequently. 64 times its cross sectional
area, 'and consequently again "128 times its total
weight; so that if an axle for the ordinary gauge
weighed 4 cwt., it would need to weigh about 25 lons
on a gauge of twice that width!: We must suppose,
howerer, from:-the context, -that - Mr. Mallet meant
that -the 'diameter would vary as the length simply.
Here, too, he was equally wrong, and it hut shows
the charity with which such statements may be reccived
at the Institution that no one gave him a lesson which
every draughtsman of millwork, or any one having any-
thing to’ dgo with designing shafting, ought to know.
The transverse strength of shafting, railway axles, &e.,
is as the cube of their diameter, and inversely as their
length. In other words,.if,. for the same transversc
strain, -one axle, being twice as long as another, was
made also of twice the diameter, it would have, not
the same strength, as Mr. Mallet would make out, but
Jour times the strength, and it would be, thercfore,
needlessly strong. To double the distance betwecn
the supports.of an axle of a-given diameter would
dimidish its transverse strength by ove-half; but this
loss would be ' restored by increasing its diameter
slightly more than onc-fourth, 1.26% being twice 13,
T'his would increase the cross section 1.5876. times,
or as 1.26% as eompared with 1% and the weight of the
whole axle would beinereased exactly in proportion to
the increased léngth multiplied by 1.5876.

Bo ive have got. Mr, Mallet out of his enbes into
a more simple ratio.  We have said nothing about
torsion, for with .the- same length and force this
varies not' inversely as the ?nbe, but inversely as the
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fourth power of the diamgter, and hence the increase
of diameter: that would resist the same transverse
strain in the longer shaft would much more than
suffice to resist the same torsion. But Mr. Mallet,
even if he admits what he will find himsclf compelled
to admit if he ever speaks again upon this subject,
will still maintain that the weight of everything about
the carriage must increase at least directly as the
gauge. “ For,” he says, “the weight of the wheels
*“must be as the weight of the axles, in order that the
“ wheels may,.carzy the axles!” Wyll done, more
Hiternico Mr.;,Mo.let! True, the wheels do carry

:axles) baishayis not quite all that they have to
y; nollrifthé Jength of an axle be doubled, and its
weight,  for. the Sanie strength, increased from, say,
4 cwt. to 12.7 ewt. (instead of 25 fons, as Mr. Mallet
would make it), less than half a hundredweight extra
in the pair of wheels will more than suffice to carry
this slight ¢xtra load. But here Mr. Mullet soars
away into the remotest realms of imagzination and ir-
relevancy.  “ Then as to the carriages!” Just <o, we
came nvar forgetting them altogether, inasmuch as
their weight bears no necessary relation to the width
ol gauge, since within limits they need he no wider on
onc gauge than on another : thev need he no longer,
and certainly no higl y undeniable
“that the weights of res whatever
“ vary as the cubhes o limensions, so
“the weights of {he as the cubes
“of the gauge;” ana so, m uns cuse, Mr. Mallet
should have added, would their cubic capacity. But
why increase this or their weights at all? Perhaps
this ommiscient. authority will kindly tell us. But if
the weight of the carringes did increase us the cube of
the increased gauge, what would become of the axles ?
We hiive to go back to them.  Where the ¢ ewt. axle
of the ordinary gaugs is doubled in length, and there-
by, upon Mr. Mullet’s calculation, té be made to weigh
either 25 tons or 32 cwt., whichever he prefers, it is
still to be of but the sume strength as the ordinary
4 ewt.axle.  But we are now nuttine unon it a carriage
of eight. times liere again we
require eight t rength in the
axie. Clearly weigh either
6,553,600 tons or 12 tons 16 ewt., according to which
rule Mr. Mallet intends_to abide !*

Need we wonder that one speaker pointed out to
Mr. Mallet that the Great Western engines, upon his
calculations, would weigh at least 343 tons; or that
another speaker said that, to maintain the extremely
narrow-gauge doctrine, was to say that Pickfords
could better carry on their traffic in costermongers’
carts than in their present vans ?

Mr. Mallet, the author of these “ haevers,” is under-
stood to be one of the conductors of T%he Engincer.

ENGINEERS FOR INDIA.

WE have so often written under a title somewhat
similar to that given to the present article that it might
almost be feared lest it should share the same fate as
did the cry of “wolf” in the fable. This paper, how-
ever, has now attained a positiont peculiar to itself in
this country as' the representative of enginecrs and
engineering works in the East Indies. We have pur-
poscly given all our support and encouragement to
the Inaian civil engineering service, whilst other
journals have not ceased te ery it- down, acting as we
have done upon the convictions that abuse is not argu-
ment, and therefore but little calculated to attain its
end, and that it was only necessary that the civil ele-
ment should be largely increased in the Public Works
Department, in order that its civil members might ob-
taiu simple justice, and a position and emoluments
more nearly equal ta those enjoyed by the military
members of the establishment. During the present
dearth of employment in this country, it would be
worsc than folly to try and prevent young men from
carning an honest livelihood 1n an hounourable service
by cndecavouring to depreciate the value of that
service. If the pay under Goverument be smaller
than is given to engineers by other employers, it must
not be forgotten that'the former service is surc and

* The 25-ton axle (cight times the diameter of the ordinary
axle) would, according to Mr. Mallet’s rule, be only strong
enough to carry the ordinary load. On the wider gauge,
however, the load would be eight times as great, and to earry
this load the axle would have to be increased in strengt
cight-fold. As Mr. dallet states that the strengih of the
axle inereases only as the cube of the dinmeter, the axle re-
quired for the wider gauge would have a diameter equal to
that of the 25-ton axle wnultiplied by &, or 512. The sec-
tional area and consequently the weight of this axle would
be 5122, or 202,144 times that of the 25-ton axle, its weight
thus being 6,663,000 tons! or say about 170 ft. in dinmeter !

continuous, whilst the latter is at best uncertain. As
an instanee of this fact we may mention a circum.
stance which has recently come to our notice. A
young engineer, in the service of the Bombay Govern-
ment, who had obtained his appointment at one of the
annual competitive examinations in this country,
thinking to better his position, accepted an offer of
employment under one of the reclamation companies
that were started during the great speculation mania
that occurred at Bombay a few years since. He
managed Lo get free of Lis agreement with the Govern-
ment, and entcred upon his new appointment with in-
creased salary, and, of course, a feeling of contempt
for the service he had just left. A very short time
afterwards came that fearful erash which broucht ruin
to so many families in Bombay; the reclamation
works were necessarily stopped for want of funds, and
our young friend was thrown again upon his own re-
sources to seek employment elsewhere, and, perhaps,
to hegin life anew. Feign would he have returned to
that service which lie had but a short time previously
thrown up, for, as he thought, something better, but he
could not; the masters he had slighted cared not for
the services of one who -had already shown that he
was prepared to leave them on the first offer of what
appeared to be *“something better.”” So our young
engineer rcturned to England, only to find a similar
stagnation of enterprise here, and to regret the hasty
step which he had taken.

‘I'his is no fanciful picture, but a true and correct
statement of facts. Indeed, we could give the name
of the young man, but that were unnecessary.

Notwithstanding that twenty-four engineers were
sent to India in July last, it has now been determined
by the Indian Government to offer twenty-five more
appointments for competition, at an examination to be
held at the India Office in December next, and this, as
stated in the advertiscments, will not interfere with
the cxamination to be held in the following July. Fifty
appointments have thus been offered, in the Public
Works Department in India, in- the course of twelve
months ; and if this rate be continued—and, considering
the present want of engineers there for irrigation, in
addition to other Government works, there scems to
be little doubt that it must be continued—the depart-
ment will soon possess such a proportion of eivil
members as shalY enable them to represent their
griev.nces to Government, if, as a body, they have
any, in a manner that cannot fail to command respect ;
if, however, the complaints of which we so often hear
are in fact merely the results of unrewarded or
rather, perhaps, we should say justly rewarded want
of mernit, the case is entirely diflerent, and each
one must be coutent to bear his own individual
lot. One thing we must admit, and that is, that
the pay is too small on first entering the service:
let it be but raised to 300 rupces a month, and we
firmly belicve that the result will prove equally bene-
ficial to the service and to the Government. There is
also another want from which the department at pre-
sent suffers, and that is an absence of any recognised
status in society for its members.  The remedy of this
evil rests, we believe, very much with the members
themselves, but a great boon would be conferred on
them if the Government would but lay down some
order of precedence to be observed when civil engi-
neers, civilians, and military officers came together,
allowing them to rank in some certain order with the
others, according to their position in the Public
Works Department. But one of the chief wants of
the department in India is, as we have before pointed
out, some association of its members to form out
there a Society of Engiteers, or to establish an insti-
tution on the basis of the Institution of Civil Engi-
ncers, in Great George-street. It is now some months
since we first threw out suggestions of this nature,
and find that it has, to a certain extent, been taken
up in India, in a manner which has led to a pro-
posal to form a “ Bombay Association of Engineers.”
Perhaps, considering the extent of India and the dis-
tance betwecn the capitals of the three Presidencies,
it would be better that each Presidency should have
a separate association of its own; but much mutual
good would be obtained by the establishment of a
certain connexion amongst them all, so that by regular
intercommunication the knowledge and expericnces of
each institution would be so far communicated to the
others. Governed by similar rules, and all having one
and the same object in visw, we shall hail with plea-
sure and satisfaction the news of the successful
establishment of the “ Bombay Association of Lugi-
neers,” and hope soon to see such an excellent example
followed by the establishment of similar institutions
in each of the sister Presidencies. 5
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THE HIGHLAND RAILWAY BRIDGES.

WEe continue our illustrations of the bridges of the
Highland Railway as designed by the engineer, Mr.
Joseph Mitchell. That on page 321is the Spey viaduet,
witha principal span of 230 ft., theone, by the way, upon
which an extended correspondenee arase. not long after .

the construction of the plate- ap- |
tain Tyler, of the Board of Tra irn,
the constructor. Although th the
full strength corresponding to rac.

tice, Captain Tyler took exceptions to rgem, uuu Jhey
were strengthened to meet his views. N& question can
be raised as to their sufficient 'strength now. The
engraving on_ page 320 represents the Killicrankie |
viaduet, fully-destribed in Mr. Mitcheli’s paper, which |
we printed in ENGINEERING of Scptember 13th. We |
have engraved a series of views of thic brldges upon this
line, not because of any special peculianties of their
mechanical structure, gut mainly én 'account of the
fine character of the abutments and approaches; in
short, the artistic qualitics of their general design.
For varicty and originality, for pleasing outline and
detail, and for their dignity and their harmony with
the associntions of the distriet traversed by the line,
these hridges ure admirable works in every respect.
They have an artistic as distinguished from their
merely material character, whieh is but scldom repre-
sented in the works of our raikway engineers, and they
are, notwithstandine. economical structures, They
are well wortt yrofession,
and they will ¢ ‘ison with
the hideous ere icd out in
some parts of t] rage every
principle of tas ion of our
time. We cot . Mitchell
had been the CIIZIUCET UL LNC LNArHLY uryss und the
London, Chatham, and Dover Railways.”:

T~

Tue csntrosnrsy nebugcanfed Redesglale and Mr.
Brasscy, Mr. Bidder, and K# 3t Sinclait has bronght

into painful prominence the Nayy inductions and trea-
cherous tempar of the nohla chuirman of committees in
the Hous: of : whole case may
be even bet arclally written
and dispassio »ur own columns
of September : corgespondence
in the Zimes. rcused the Great
Eastern dire( -assey of jobbing,
and, by implication, Mr. Sinclair of dishonest conduct,
upon alleged grounds which are now too wel known to
require repetition, although those who are' still unac-
quainted with the case will find jt fully stated in
“M.s” letter of a fortnight ago. TLord Redesdale
bas been compelled, publicly, to own that all his
assumptions as to personal character were erroncous,
although he has done so with a bad grace, and has in-
volved himself in actions for slander brought against
him by both Mr. Bidder and Mr. Sinclair. None who
have followed the correspondence can have failed to
observe how completely Mr. Brassey has maintained
the position of a high-minded, honourable gentleman,
capable of forgiving, while demolishing, the attack so
inconsiderately made upon him.

Gentlemen of our profession can hardly fcel them-
selves safe, after this, 1n giving evidence in Lord Redes-
dale’s committees, and 1t remains to be scen whether
the peers of Great Britain will continue to allow one
of their body, who has so sadly yet clearly convicted
himself of intemperate behaviour, to retain the impor-
tant post which he now occupies. ..

. S
NEWSPAPER POSTAGE TO AMERICA.

Heretororas, all newspapers, of whatever weight,
have been posted to the - United Btates for one penny
cach, two cents, equal to another penny, having been
also collected there upon delivery. By the recent
postal convention betweep the Lritish and American
Governments, the ostage, twopence, must now be
wholly prepaid on tHis side, and papers weighing over
4 0z., us ENGINEERING does, must pay twopence extra
for cach additional 4 oz., or fraction thereof. In many
cases this would carry the posiage of our paper
to6d., and in all cases to 4d., aud, except to those who
have paid for ExGINERRING in advanée, we must now
discontinne sending it, and request our American
subscribers (in arrcars) to obtamn it from our sole
American agent, D. Van Nostrand, 193, Broadway,
New York, who is also authorised to receive the
amounts due from them for subseriptions. Mr. Van
Nostrand’s weekly parcel of ExcIxeerine is, we
believe, now the largest of any English paper sent to
America, with the exception only of the Zimes, the
Lllustrated London News, Punch, and the Cosmopolitan.

THE SWEDISH XV-INCH GUNBOATS.

WWB some time ago mentioned in this journal that Captain
John Eriesson had designed for use on,the coast of Sweden
some punboats presenting many peeuliaritics ‘of construction
and arrangement, onc of the chief of these being that their
machinorv was planned so that they could be pr(ﬂwllod by

eithe Not content with designipg
these has had one of them built |
at N presenting it as a model to

the Swewsn vovernwoue.
some particulars,
The holl. which is 85 ft. lone. 18 {t. heain, and 7 ft. deep,

rese ol” with easy midship
soeti ke the hul'), is com-
pose 4 in fhe middle, abd
rivet of the Iatt®. Thus
| the ter-tizht  box, which
may On the top of this
wati rmed of solid timber,
103 wut 2 fe. meap depth,
poir ors, the forward end
bein ¢ armour. ~ The raft
proj cach end. The stern
proj cen introdueed for the
pur ‘0 the rudder and pro-
pell : Swedish gunboat, be-
side Passaic class of moni-
tors

aportant purpose, vie.,
that of protecting a small paddle-wheel or “ traming-wheel,”
by mcans of which the vessel is turned on her centre. The
turret, supported by the raft to which it is firmly bolted, is
placed a little forward of the midship seetion.

When the vessel is fully equi Fc( for service, the raft is
submerged, all but 9 in., at mi({: hips, thugs offering n com-
plete protection to the hull, rudder, propeller, and training
wheel.  The turret is stationary, it being intended that the
boat should fight bow on, and, consequently, in order to ex-
pose the smallest possible surface to the opponent’s fire, the
turrets are made oval. the dimensions being 12 ft. wide by
19ft. in line of the keel.  The pilot-house, containing the

steering-, , and placed on the top of the
turret, a but the gunboat turret heing
stationar, ‘hough placed in the line of the
keel, doe centre. It is placed aft of the
latter, th space for the hatches by which
the turr redd. The port is only wide enough
to admit 18 in. gun, and sufliciently high
for ten d [t is closed by a massive wrought-

iron ri-stopprer, te au e monitwrs; but, in addition to this
expedient for closing the port against the enemy's fire, a
contrivance of a less massdve charncter is adopted for closing
the port against the dea. “The turret is plated with 7in.
armour, and it will contain one 15 in. gun of the American
pattern, this gun being, however, cast in Sweden, of Swedieh
iron. .

As the turret is fixed, the pointing of the gun has to be
effeeted by moving the boat itself; and to give the necessary
handiness, the latter is fitted with a balanced rudder, and with
a peculiar arrangement called a * training-wheel.” This
** training-wheel " consists of a paddle-wheel placed, with its
axis parallel to the keel, kn a kind of well about 4 ft. square
formed through the overbanging portion of the raft at the
bow of the vessel. The shaft on which this wheel is placed
passes through a stufling-box into the interior of the vessel,

and is provided with gearing so that it can be worked by |

manual power. As the axis of the wheel is above the water-
line, the action of the wheel, when caused to revolve, is to
move the head of the vossel iaterally, and, from experimcents
which have been made on a raft of' the snme size as the gun-
boat, it appears that the contrivance answers its purpose well.
As the wLuel may under some circumstunoes bo wholly sub-
merged, the floats are fitted with fenthering gear, which
causes them to pass edgeways through the water during the
upper half of their revolution, amdl the immersion ot the
wheel will thus bat little affeet its action. )

The machinery for the boat has been constructed at the Dela-
meter Ironworks, New York, and a trial of it wns made about
three weeks ago, the “manusl engino” being worked by some of
the crew of the Swedish man-of-war Norrkoping, which vessel
is to convey the gunboat to Sweden. The steam machinery
consists of a boiler 6 ft. by 8ft. by 5 ft. G in. high, placed near
the stern of the vessel, this boiler having afsteam cylinder on
cach side of it. By these eylinders is driven a shatt extend-
ing across the back of boiler, and from this shatt the
motion is communicated to the screw-shaft by bovel gearing
proportioned sd that the propeller makes two revolutions to
one of the engines. The bearings of the screw-shaft are
fitted with @ number of steel rollers, and an arrangement of
stecl rollers is also employed to reccive the thrust. A fly-
wheel is provided to help the machinery over the dead points
when it in being driven by hand power.” The propeller 1s 6 ft,
in diameter, and is entirely of wrought iron, the boss with
the curved flanges for supporting the blades being shaped
out of the solid. - The blades are made of the famous ** Wash-
ington” iron; theyare #in. thick at the boss, and taper to
3iu. thick at the circumnference. .

When the vessel has to be propelled by manual power, the
connecting-rods of the cngines are disconneeted from the
crank-pins, and the latter are coupled to rods which lead for-
ward to a series of vertical levers worked by the men.  The
levers are hinged at their lower eads to the floor of the vesscl,
and at their upper cuds they each carry a eross handle, which
can be taken hold of by four men placed in pairs opposite
cach other.  The stroke of the handle end of levers is 32in.,
this stroke being twice ns long as that of the steam-engines.
There are six levers placed in two rows, one row for ench
crank, and each lever is, as we have said, manned by four
men. It s iutended that the levers should be worked at
36 strokes per ninute, and this speed of working was
easily aintained during the irial, to which wa have re-
ferred.  This trial lasted tor an hour continuously, and it was
wade on dry band, a friction dyuanometer being applied to

tho screw-shaft to give the uccesdary resistance. A regular

W
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va this boat” we propose giving]

trial of the boat afloat will, no doubt, be made before it leaves
New York, and we hopo then to say more about it. In the
mean time we may mention that Captain Ericsson’s object in
fitting these boats with the machinery which we have de-
scribed is to render them to a considerable extent independent
of a supply of fuel, and thus to adapt them more pertectly for
the peculiar service for which they are intended—a service for
which, they, bave been most carefully designed.

R
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" “A\VELING’S STEAM ROAD-ROLLER.

IN the course of our article on “Steam Road-rollers,” on
page 287 -of our last number, we gave some of the leading
particulars of a fine machine of this ii.nd just constructed by
Messrs. Aveling and Porter, of Rochester, for the borough of
Liverpool, and we now' publish, on the next page, a perspec-
tive view of this enginc. As we stated in our previous
article, tho machine 13 really a modification of Messrs. Ave-
ling’s well-knbwn traction-engines, the single cylinder and
the driving gear being arranged as in those engines, but the
construction and pasition of the whecls are altered to suit
the work which the road-roller is required to perform. The
principal dimensions of the machine are as follows:

D ft. in,
Diameter of cylinder ... ... 011
*-Stroke w 12
Diamcter of driving wheels ... “w 70
Width w oo e e 28

" Width from outside to outside of driving
wheels ... e s e .. 99
Diumoter of leading wheels ... 5 0
Width . 5 0

e

The driving wheels -are of cast iron, and they alone weigh
G tons cach. The leading roller consists of a pair of wheels
or rollers, each 21t. Gin. wide, placed close together, these
wheels revolving independently on their axle to facilitate the
turning of the engine. This pair of rollers acts upon the
road as a single roller 8 ft. in width, and smooths that portion
which would be left untouched by the driving wheels. The
leading axle is carricd by a frame, or turntable, which bears
against a number of cast-iron spheres, 8o that it can be
turned very easily. is turning is cffected by stecring-gear,
the arrangement of which can be readily traced out from our
illustration. By the side of the hand-wheel by which the
steering-gear is actuated is placed a neatly contrived indi-
cator, which shows the stecrsman the precise position occupied
by the leading rollers. The tank for the feed-water is cylin-
drical, and is placed directly over the turntable of the lead-
ing rollers.  The total weight of the machine in workin,
orﬁer is 30 tons, of which 11 tons rests upon the leading an
19 tons on the driving wheels.

As we mentioned in our previous article, to which we have
already referred, some trials of this machine were made in
Hydo Park last week, and it was found to do its work in o
thoroughly satisfactory manner. The fact that macadamised
roads should be compressed by the passage of heavy rollers
over them before they are opened for tmﬂFc is gradually be-
coming gencrally acknowledged, and, this being the case,
there 13 but little doubt that steam rollers, which can be
worked at a greatly lessegst than those drawn by horses, will
soon become a necessary a@funct to road-making plant.

P T —
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THE FRENCH EXHIBITION.

M. EvGENE LAcRoix, the well-known scientific publisher,
in Paris, has written us, requesting us to reprint (with cor-
rections) a letter, which he was last weck compelled to ad-
dress to The Engineer, in consequenoe of a scandalous state-
ment contained 1n a late number of that paper, reflecting
upon M. Michel Alcan and himself.

MoxsiEUR,—On me signale une histoire assez édifiante quo
vous racontez dans vos colonnes, & propos d’un membre du jury
des récompenses ui aurait profité de sa position pour se hivrer
& un petit trafic & son profit personnel, et qui serait descendu
aurang do ** Commis Voyageur Colporteur” (Bagman), pour
imposer aux exposants qu'il était appelé a juger I'achat d’un
exemplaire d'un ouvrage dont co juré est 'auteur—livre dont
vous indiquez méme le prix, cinquante francs.

Jusgu'ici je n'ai rien & voir dans ce réeit que j'ai tout licu
de croire authentigue, mais vous ajoutez, * This gentleman is
the author—as M. Lacroix, of Pans, well knows, of more than
one edition of a work upon the textile manufactures.”

Jo ne comprends pas bien l'intention qui a dicté cette
phrase, et quelques-uns de vos lecteurs ont pensé qu'ello
pouvait étre préjudiciable pour moi.

Parmi les membres du jury de la classe dont vous parlez se
trouve M. Michel Alcan, auteur d'un livre sur les matidres
textiles.

J’ai effectivement trop connu ce monsicur gue vous voulez
bicn appeler un gentleman, jai cu précisément avee Jui un
procés, ct cela & propes d’un livre de 50f.—ouvrage dont je ne
suis pas I'éditeur, et que, d’aprés moi, il a publié sans en
avoir le droit, puisque j'étais I'éditeur d’une édition antérieuro
non épuisée.

S'il g'agit de ce livre, et votre articlo cst assez transparent
pour me le faire croire, jo désire que vous sachiez bien que je
ne suis pour rien dans Pesploitation que vous signalez, et
tous ccux qui me connaissent savent que, loin de préter la
main aux exploitations de ce genre, j’aitoujours refusé, et je
refuse encore, I'insertion de tout article payé, ou de tout
article de complaisance, dans mes “ Annales du Génie Civil”
ct dans mes “ Etudes sur I'Exposition.”

I1 est aussi vrai de dire que, n’étant ni savant, ni professcur
du Conservatoire, ni membre du jury, je suis foreé d’étre au
moins quelque chose “honnéte et impartial.” .

11 parait d’aprés votre recit qu'il est des auteurs et des &di-
teurs qui entendent le commeree autrement que moi. Cecin’est
pas mon aftaire ; mais je désire que vous annonciez i voslecteurs
que je suis complétement étranger & ce que vous qualifiez
“little jobbing,” ce qu'en bon fran¢ais nous nommerions
d’ignobles tripotages.

Evease Lacrors.
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STEAM ROAD-ROLLER FOR LIVERPOOL.
CONSTRUCTED BY MESSRS. AVELING AND PORTER, ENGINEERS, ROCHESTER.
(For Description, see the preceding Page.)
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PUBLISHER’S ANNOUNCEMENT.

Advertisements cannot be received for insertion in the cur-
rent week later than 5 P.M.on Thursday. The charge for ad-
vertisements is thres shillings for the first four lines or wnder
and eightpence for each additional blme.

The price of ENGINEERING to annual subscriders, re-
ceiving stamped copies at places threes miles away from the
General Post Office, is 1L 18. 84. If credit be givem, the charge
18 2s. 6d. extra, subscriptions deing payabls wm advance.

Cheques and money orders to be made payable only to Mr.
Charles Gilbert.

Office for Publication and Adoertisements, No. 87, Bedford-
areet, Strand, W.C.

ENGINEERING is registered for transmission abroad.

D. Van Nostrond, 192, , New York, is the sole
American agent for ENGINEERING, and is awthorised to
receive all Subscriptions and Advertisements from America
for this paper.

Le bureau dENGINEERING pour la France est 15 Quas
Malaquais, Paris, ches E. Lacroiz, Direclewr des Annales du
Génie Civil.

Subscriptions for the ANNALEs DU GENIE CIVIL are re-
oeived by Mr. Charles Gilbert, the Publisher of ENGINEERING,
@f whom also the NouveAU PoRTEFEUILLE DK L'INGENIEUR
vES CHEMINS DE FER may be obtained, price 91,

In consequence of a new postal convention belween
this country and the United Stales, the postage on each
copy of this paper to America will, after the present
week, be 4d.  Subscribers who have not already paid in
adoance are therefore requested (o obtain the paper
through our sole American ayent, D. Van Nostrand,
192, Broadicay, New FYork.

MEETING NEXT WEEK.

SocierY or ENGINERRS.—Monday evewing, October 7T,
1847, at h:jf-pa:t seven o'clock. Adjourned discussion on
Mr. Pendred's paper on * Water Tube Boilers,” and, should
time permit, a paper will bs read by Kwing Matheson,
‘ On the Quality of Iron as at prescnt used.”
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THE PROFESSION AT COURT.

Bur few in our profession have ever received the
honour of kniillthood. In one or two instances, how-
ever, this mark of royal distinction has been declined
by engineers to whom it had been offered, and it
appears to be the fecling that men distinguished by
large mental endowments should be superior to a rank
so liberally conferred upon provincial mayors and
wealtly city aldermen. The ablest lawyers, however,
take-kiudly to this mark of royal favour, and it may
be almost said to be thrast wpon them whenever they
are raised to the bench, since the public, from imme-
morial custom, appear to believe that sound judgment
cannot be given by anybody less than a knight or a
baronet. 1f the distinction is intended, however, to
bear any relation to the value of the services rendered
by its possessor to the public, none better deserve
knighthood or a baronetcy than certain of our engi-
neers, and the honour just conferred upon (now) Sir
John Brown naturally raises the question as to the
wnclple upon which these dignities are conferred.

e truly think that they are valued even in our pro-
fession, and that, where offered to gentlemen really
worthy of them, they would seldom be declived. So
far as we have heard, the honour conferred upon Sir
John Brown has given pleasure even to engineers ; not
that Sir John is himself an engineer, but his pursuits
are in their nature akin to engineering. None, we
should say, would have had the distinction withheld ;
and yet we are unable to say precisely what Sir John
has done more than other men—albeit that he has done
well—to deserve it. We do not suppose that he was
knighted because he has made a fortune, nor because
he was formerly mayor of Sheffield, for this was some
few years ago; and, except the Queen had visited
steelopolis during his mayora.lti, there would have been
no case for knighthood merely because of this civic
dignity. Nor can it be merely because Sir John hasa
great establishment, for in that case Robert Napier,
and Titus Salt, and Jobhn Platt, and Mr. Houldsworth
of Manchester, and half-a-dozen other plain gentlemen
at the head of great works would equally deserve the
distinction for the same reason. e&’hat one man in
England has so large a business as Mr. Pease, of Dar-
lington? True, he is of the good old Quaker stock,
which will have nought to 50 with the vanities of
title; but yet what an owner of mining property,
what a coker of coke, what an ironmaster, manufac-
turer, and banker is Joseph Pease! It is not either

because Sir John Brown has made such good armour-
plates, for so has Charles Cammell, and S8amuel Beales,
and Captain Ford, and William Clay. The Zimes, the
other day, made out that rolled armour-plates had
triumphed completely over hammered plates, and that
Sir John Brown had been the first to successfully roll
plates. Indeed, we inadvertently gave an apparent
assent to this opinion ; but the facts really are that the
War Office still profess to find no substantial difference
between good rolled and good hammered plates, and
that armour-plates were first successfully rolled by
Mr. Sanderson, at Parkgate. But we will ask no
further, for we write in no grudging spirit, nor do we
wish to appear ungracious.

Sir Hugh Myddelton received the honour of knight-
hood in his double ecapacity of civil engineer and * ad-
venturer,” and, we might add, that of a goldsmith.
 Auld John Rennie,” the great engineer that he was,
was not knighted ; but his son was. Sir Marc Isam-
bard Brunel had the like honour; but his son, who
carried out greater and far more useful works, although
with some extravagance of outlay, died plain Mister
Brunel. We believe the distinction was offered to
and declined by both Stephensons; but Robert sleeps
proudly in Westminster Abbey, and the greatest rail-
way company in the world erected a statue to the
father in its principal station. Sir John Macneill re-
ceived a knighthood, and so did Sir Macdonald
Steplenson, and Sir William Cubitt, the railway engi-
neer (there were two knights of the same name, but
in no way related to each other) ; and so did Sir Charles
Fox, in his capacity, however, of contractor for the
building of the Great Exhibition of 1851, and not as a
civil engineer. Sir William Armstrong is another
engineer thus honoured by his Queen, and Sir Peter
Fairbairn (brother of another Fairbairn even better
known) was knighted on the occasion of the Queen’s
visit to Leeds, during his mayoralty. One cannot
but ask why the like distinction is not offered to those
who have done even more in our profession and for
the country than either of thesc gentlemen knights.
We would not be presumptuous, but we think we carry
the whole fecling of the profession with us when we
say that he who now holds the first position in it, and
to whose skill London owes that extraordinary wonder
of our time, the underground railway, well deserves
the recognition of her Majesty. And there is another
gentleman, who perhaps stands at the very head of
mechanical engineering throughout the world—one
whose engincs have given a speed and character to
the ships of our navy possessed by those of no other
nation, and who will soon complete the very largest
and most powerful pair of screw-engines ever made,
albeit that they are nominally rated as less by 200
horse power than those of some of our ships already
afloat. And there is still another gentleman, who has
given to the world the grandest discovery ever made
in iron-making or steel-making—a discovery which is
likely to yet render malleable iron an obsolete mate-
rial, and which, in the opinion of that clear-headed
Frenchman and political economist, Michel Chevalier,
is worth more than all the gold discovered in Australia
and California. * We are, of course, unable to say
whether John Fowler, John Penn, and Heury Besse-
mer, or either of them, would accept a knighthood
were it offered them ; but we are sure that a mark
of royal distinction thus bestowed would excite no
jealousy, no surprise; but, on the contrary, that it
would afford sincere and general satisfaction, and be
accepted in its real significance, that of a fitting com-
pliment paid to the whole profession.

THE AGE OF STEEL.

Taere is everything to indicate that within a
moderate period, and possibly within a few years,
malleable iron will become an obsolete material.
For every purpose to which it is now applied, steel
will be yet found to be perfectly adapted, ind to pos-
sess in a far higher degree all those qualities, not only
of hardness and durability, but of pliability and malle-
ability also, which now render iron the nobler metal of
our age. The art of casting steel is now a century
old—older, indeed, than that of puddling iron—but
it is only within a few years that those greater improve
ments which now so clearly indicate the wonderful
future of steel have been made. No one knew twent
years ago how to cast a steel ingot of even a hundred-
weight, whereas it is now practicable to cast one of
fifty tons, and even larger glocks could be made, if
wanted. It is but twelve years, this very month,
since Mr. Bessemer discovered liow to make steel,
cheaply and in large quantities, direct from cast iron,
and it is hardly six years since it was found that this
steel could be perfectly adapted to all the requirements

of railway bars and boiler plates, which, besides having
hardness and strength, must have toughness as well.
The art of casting steel to shape, and so as to be
used without subsequent hammering, is nearly as
recent, and not only railway wheels, but most com-
plicated castings, such as locomotive cylinders, are
now cast in steel. The possibility of giving to steel
of enormous strength a very high degree of pliability
is shown by the improved steel wire now made and
used for steam-ploughing ropes. This has a strength
of from 160 tons to 175 tons per square inch of actual
section, 176 No. 14 wires having a total section of
one square inch, while each wire will bear from
20001h. to 1 ton breaking strain. Yet it will bend
around a pipe-stem, and the ropes made from these wires
run readily around 4 ft. or_5 ft. drums, coil perfectly,
and last for a long time. It is requisite now to obtain
the same toughness or pliability in large masses of
steel, and so much has already been done by the use
of manganese in its combination with iron, and so
much is believed by the ablest metallurgists to be still
ossible, that it involves no great stretch of con-
Edence to believe in the early applicability of steel
even to armour-plates, which afford, perhaps, the best
measure of its strength under impact. And we may
be sure that the steel which will serve for armour-
lates will answer every other purpose for which mal-
Raable iron is now used, while it will possess much
greater absolute strength, and will, there is good
reason to believe, be actually cheaper in first cost.

THE GUN AND PLATE QUESTION.

EveRY aspect of the broad question of ordnance
v. armour has changed so rapidly that it requires con-
stant attention and a good memory even to understand
its present position. It is almost beyond doubt, also,
that the question must pass through further and even
greater changes, some of the clements of which are
already discernible. No thinking man can approach
this vast question without feeling more than ever how
very lately it was when we were first hearing of explo-
sive shells, rifled ordoance, and armour-plates for ships
of war, and how very rapidly the whole subject of naval
warfare has been reduced to a question of mechanical
engineering.

very few years ago, it was considered very doubt-
ful whether an armour-plate could be made to with-
stand the fire of the Armstrong 110 rounder, fired
with 14 1b. of powder. The 4} in. plate was soon
produced, but it was then a question whether any shi
could be made to carry it. At last, however, Sir
Joha Pakington and Mr. Watts gave us the Warrior,
and what Englishman was there who was not proud
of that noble vessel, now, alas! known to be a huge
mistake, one of the weakest and most useless ships of
our newer navy. We need hardly refer to the rapid
chnnfes which followed—changes in guns, in pro-
{&cti es, in armour-plates, and in entire ships, nor how
ajor Palliser, by his one terrible discovery of pointed
chilled shot, undid an amount of work which it had
cost us millions to do.

These changes have brought us the knowledge of
certain facts, some of which we may summarise here.
We now know that it is possible to make a target,
leaving its weight for a moment out of consideration,
which shall resist any and every ordnance whatever,
present or prospective, since we know that the re-
sistance of targets may be iaﬁnitclg increased. This
may be done by adding to the number of plates, with
or without intermediate supports upon Mr. Chalmers’s
plan, and by providing corresponding backing. That
a single impenetrable plate may be made we will not
sayl;niut we now have plates 9 in. thick proved of
admirable quality, leaving nothing to be desired on
that score ; we have seen a 15 in. plate, of which there is
reason for believing the quality to be equally good, and
it is known to be only a question of size of furnaces
and mill power to produce still thicker plates. As for
can'i[ing such heavy armour, we are already building
the Hercules with no less thaun 114 in. of total thick-
ness of iron in the sides of her central battery, and as
she is but an enlarged copy of the Bellerophon, we know
already, from the extraordinary success of that vessel,
that the Hercules will be a buoyant and most
handy ship. We are to remember that the total
weight of armonr is exactly as much a question of
superficial area as of thickness, and that if we can
diminish the exposed area by, say, one-half, we can
at once double the thickness of our armour without
adding in the least to its weight. We know that Mr.
Reed 1s seeking, with his usual ability, to lessen the
exposed surface and to increase the thickness of his
armour up to absolute impenetrability by any guns yet
proposed, to say nothing of the guns actually in use ;
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and we know how Mr. Bourne has shown that monitors
may carry 2 ft. of solid armour, and twice that thick-
ness of backing.

But if we build invulnerable ships, so will other
nations with whom we may some day be at war, and
we may be sure that in war we shall not rest eontent
with the security of our own ships, if we can find no
way to send our enemies to the bottom. Naval officers
and sailors are very bloodthirsty in action, and our
enemy might as well be in the moon if he is go about,
like ourselves, in ships which can neither be boarded,
nor penetrated, nor sunk. The captains will be calling
out, by-and-by, for removable armour, so that they may
hail the enemy with a “ Reef your plates, you beggar,
and fight !

As the case now stands, the gun is the weakest
point in our armoured ships, meaning, of course,
those of the best type. “}; must have better guns,
or anything like real naval warfare will soon become
an impossibility, greatly, no doubt, to the gratifica-
tion ot the Peace Society, but not to that of hostile
nations and crews, desirous of cutting each other’s
throats. Neither our own nor the American gun
will satisfy the condition, nor any gun upon the
Principle of either. We have already reached the
imit of unburstability, in our own 13.3 in., if not in our
9 in. gun. Neither of them can burn half the powder
requisitc for the work we wish them to do. The
American 15 in. or even the 20 in. is little hetter,
if indeed it be cven as good, ot because it is of
cast iron, which will burst all at once when it does
go, for it could be made also in wrought iron and
steel. Its fault is that, being a smooth bore, it can
only fire round shot, and this, whether of cast iron,
chilled iron or steel, will only penctrate iron when
fired with very heavy charges, which, again, over-
strain the gun, so that it becomes no safer or more
durable than our own. The 15 in. Rodman pene-
trated the 8 in. target on Wednesday week, but only
with 100 Ib. of American powder, equal to ahout
83 Ib. of our own. But so will our 9in. guns,
firing Palliser shot, with less than half this charge,
so that there is no good in employing a 20 ton gun
to do what can be done with one of 12 tons. Kor
propelling a shot of given weight, at a given velocity,
say a 450 1b. shot at 1500 ft. per second, the large
smooth bore and round shot has the advantage of a
larger driving area on the shot for the powder gases
to act upon, and thus the strain per square inch is
less. But, for penetration, the round shot is the worst
possible, and with the same strain per square inch in
a smaller-bored gun a pointed rifle shot of less weight
and at less velocity will easily do the same work.
Can we not have a combination of bofk systems?
—one in which a long pointed rifled shot of chilled
iron, a shot wecighing half a ton or a ton, for that
matter, shall be impelled by the action of the powder
gas on a piston or base of twice or even three times
the diameter of the shot, and presenting, therefore,
four or nine times its sectional area. Only in this
way can we hope to obtain low-pressure unburstable

uns, which shall, nevertheless, fire the very heaviest
sﬁlot of the very best form for penetration, at the
very highest velocities.

THE RANSOME STONE PROCESS.

Artnoven _artificial concrete was known to and
used by the Romans, and long ago by the French
engineers, its general use in England dates back but
a comparatively few years. Could we but know the
cost of the cutting and fixing of natural stone in the
foundations of the great works of Smeaton’s, Reunie’s,
Telford’s, and George Stephenson’s time, we believe
the amount would be startling even to engineers, who
are generally unmoved by any statement or estimate
of cost, however great. Speaking seriously, and with
every regard for strict fact, we believe the former
ignorance of and subsequent unbelief in concrete, on
the part of Enclish engineers, have added many mil-
lions to the cost of our public works. Now, of
course, we understand its qualities and value, and we
can hardly use too much of it. We know it to be
virtually a liquid stone, which we can cast to any
shape, 1n any situation, on dry land or under water,
and to any size, and which will set rapidly, and be-
come, practically, natural rock, as if moulded by
nature to the precise requirement under which it is
employed. We are, and we must own that we are,
behind the French in many things. Their chemists
have not been greater than ours. For their Lavoi-
sier, and a score of less cminent names, we have our
Dalton, our Davy, and as many others as they. But
as a people, we English do not reason so rapidly and
so profitably from mduction as they. It occurred

much earlier to the Freneh mind than to ours that all
natural stone was concréte, grains of silicious, argil-
laceous, or calcareous matter, uuited by a cemeuting
substance. ‘'L'he French eungineers knew that they
possessed artificial cements -or mortars as tenacious
as any found in nature, and they saw that with these
they could make stone ¢x sitw as from a liquid, instead

of seeking, and hewing, and transporting monoliths at

and from a distance.  For sea-walls and breakwaters,
engineers now make nothing of 25-ton blocks, this
being about thec minimum weight whiclk will resist,
unmoved, the fury of an Atlantic storm; and Mr.
Steney, of the Ballast Board, Dublin, is contemplating
the usc of single blocks of 300 tons’ weight, a descrip-
tion of which he will give to the Institution of Engi-
neers in Ireland, and which we trust to be able to
reproduce in our own columns.

As with concrete, so with Mr. Frederick Ransome’s
wonderful artificial stone, that made by his #new pro-
cess, patented in April, 1861. Our engineers do not
yet fully understand its merits, and are losing time,
and, we might almost say, misapplying money, while
waiting to learn what they ought to know of it already.
It does not require u century to test a stone. Chemis.
try has taught us the-exaet nature of the atmospherie
and other agencies which act to destroy it, and Liow to
prepare, and concentrate, and apply chemically like
agencies direct, so as to effect in an hour, or a day, or
a week, what in the natural course would follow only
in a century. We know that the new stone has suc-
cessfully withstood every test which chemistry has
suggested as resembling any action of the atmosphere,
and there is besides a considerable experience with the
stonc, already in practical use in the most exposed
situations. As for its strength, that is a matter to be
ascertained by a simple mechanical test, and it is ac-
cordingly found that even comparatively newly made
artificial stone is from three to three and a hall times
as strong as Bath stone (see our last volume, p. 672).

We shall expeet, therefore, to hear of the rapidly
extending use of a stone possessing such extraordinary
advantages in its manufacture. Mecchanical engineers
everywhere should obtain the materials, and make for
themselves, iz sitx, all bed stones for steam-engines,
steam-hammers, and heavy machinery, now put in at
such great cost. Bolt-loles are moulded in this stone
by setting wooden cores merely at the cxact distances
required, for the stone ncither shrinks nor swells in
hardening, and no allowances are therefore required.
Civil engineers, who may desire to emulate the admirable
taste shown by Mr. Mitchell in his noble bridges and
bridge abutments upon the Highland Railway, will find
the new stone the most readily adaptable to all the
purposes of ornament of such works. Builders should
be nade to understand its great merits ; and were the
building journals less taken up with medievalism,
archaeology, and diletlanteism, and more with the prac-
tical treatment of great and important questions of
structural improvement, the knowledge of the qualities
and mode of manufacture of the new stone would by
this time have been far spread among a class of men
who are to a great extent ignorant of many of the
most important matters of coustruction. It should
not take a lifetime, and a great and increasing waste
of capital, to learn the value of a discovery which com-
pentent authorities have long since stamped with their
seal of approval, as one of the most valuable, as it is
one of the most beautiful, in the nineteenth century.

MOUNTAIN LOCOMOTIVES.

ApnesioN is to the locomotive what a firm foot-
hold is to the cart-horse. Like the horse, too, this
adhesion is obtained in virtue of its own weight. An
imponderable horse, if we can imagine such an animal,
could get no foorhold upon any ground whatever, just
as an lmponderable locomotive would have no adhe-
sion. But while we cannot place the load upon the
horse’s back, unless, of course, it he a light one, we
can load the locomotive to any amount that the rails—
corresponding to the road over which the horse has to
work—can bear, and 75 1b. steel rails, laid on sleepers
2 ft. 9 in. apart, will bear a great deal. The horse has
to carry lus own weight, and that of any load his
master may place upon his back, upon his four hoofs,
two only of which, in walking, bear upon the ground.
But all the wheels of the locomotive, so long as the
springs are clastic, are always bearing upon the rails,
and we may have almost any number of wheels, so
that they are grouped, four, six, or eight together, in
swivelling steam-bogies, or bogies having their own
cylinders, working parts, and valve gear. This steam
bogie system affords the whole solution of the problem
of exceptionally steep gradients. Our engineers have
been seeking to manufacture adhesion artificially by

‘means of a host of devices, such as the gripping of a
mid-rail by spring pressure, the plentiful use of sand,

-grooved rails, grooved tyres, even magnetised tyres, -

and other expedients, all either mechanically objec-
tionable or unavailing. We regret to speak as we are
compelled to do of the mid-rail. We know how Mr.
Fell and Mr. Alexander have worked at the engine to
simplify it as far as such a hopelessly complicated
engine can be simplified, how Mr. Brunlees lhas engi- -
neered the Mont Cenis Railway upon this system, and
how Mr. Brassey has given the scheme, in his usual
spirited and generous manner, that material support
which is the life-blood of every undertaking ; but we
cannot resist the fact of the future, already plainly
discernible to many, that the whole contrivance must
be abandoned. It is open to fatal objections, which
we have before analysed, and it docs only what can be
better done by simpler means.

1t is singular, that while the problem of steep
mountain railways has been so long before our pro-
fession, so few have thought of taking advauntage of
the adhesion due to the load as well as that of the
engine, Let the goods and passengers be placed
directly upon the engine—not, of course, an ordinary
locomotive, but one properly made to reccive them.
The engine would then have nothing to drag bthind
it, although its adhesion would be sufficient to enable
it to take a load of nearly or quite its own total weight
up 1 in 12. There would be a saving, too, of dead
weight in the carriages ; for while a railway-carriage,
accommodating twenty-four persons, may weigh 5 or 6
tons, less than one-half this;weight, applied in fittings to
the engine, would provide for them equally well. ~ We
have often suggested this system, and we find that Mr.
Fairlic had also hit upon it some years ago. We shall
ﬁive, next week, a drawing of one of his engines,

esigned upon this principle of utilising the adhesion
of the load. M. Flachat proposed, also (in 1859), to
do this, but in a different way, by providing a huge
boiler, with about 4000 square fcet of heating surface,
upon a carriage having cylinders and working parts
to work up its own adhesion, and by leading steam
through jointed pipes to cylinders fitted to each of the
double bogies of the carriages to be drawn, each car-
riage working by its own adhesion, instead of being
drawn from the boiler-carriage. Our own idea is to
make a framework of, say, 30 ft. in length, to support
it upon a swivelling steam bogic at each end, to place
the boiler at one end, and to arrange the passenger
compartments or goods space along the frammg itself.
Each bogie would have four or six coupled wheels,
according to the weight to be carried, and as the
wheel-base of each bogie need nol, with 3} ft. wheels,
exceed 7ft. 6in., each would work round even two-chain
curves, and it is well knownthatthe longest double-bogie
carriage, on the American plan, will go safely wherever
either of its bogies will go singly. 1n the streets of the
American cities, the long carriages, 40ft. to 50ft.
long, are drawn by horses around curves of less than
two chains radius, the flanges, however, and not the
tread of the wheels on the outside of the curve, taking
ah bearing upon a flat surface of iron laid to receive
them.

This system of utilising the adhesion of the load,
carrying everything in fact on the engine itself, would
no doubt be adopted ifit were only patented, and some
one was thus interested in working it commercially.
As it is, some of the details are patented; but as the
system as a whole is open to the free use of all, it may,
paradoxical as it wilr appear, be a long+ime beforc
any one has the courage to take it up and work it
out. '

INVENTION. '

Tue young gentleman who, correctly cducated at a
proper ‘establishment,” passes into the office of ai
engineer—civil or mechanical, for it matters little
which—is soon made to fecl that “inventing” is an
ignoble occupation, much like that of making verses
or writing cheap novels. It is quitec enough for the
hest efforts of a lifetime to learn to practise correctly
what has been already invented. The inventor him-
self, from a boy, is an odd, abstracted being, whom
few can understand. Like the discoverer of the
greatest metallurgical process of the present age, he
may get the nickname of “old scientific” among his
school-fellows. All deep thought abstracts us from
those who think but little, from those who are prone
to believe that all material affairs move in obedicnce to
fixed laws which none of us can greatly change, or
modify, or adapt to new purposes. And yet - it is in-
vention that has made England what she now is, not
but that industry, perseverance, commercial honour,
and enlightened statesmanship have greatly contributed
to our prosperity.. And there is nothing which is now
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more wanted than anaother great invention, which, like
that of railways, shall change the whole condition of
our commercial affairs, and put new life into trade.
It may be said that we can have only 86 many inven-
tors—that they cannot be created any wmore than
philosophers or poets.. But we haye no measure of
the latent capacity for invention that exists in the
human mind, and no clear conception of the fields of
future discovery. It is but hy groping that we learn
what is and what is not possible, and there are always
possibilities which we overlook, and which will be dis-
covered by those who come after us. There are but
few, and they are our greatest and truest geniuses,
who can invent or discover beneficently, and let every
one accord to them the deep respect they deserve.
Invention is not a trade to be learned and practised by
rule, nor is it a pastime to be pursued for the sole
amusement of the inventor. It 1s one of the solitary
and holy walks of thought, beset with infinite dangers
to the inventor himself, but from which mankind
derives its greatest material blessings. As the genius
of literature was stimulated in the time of Pericles,
so is that of invention now. Never was invention
more in demand, and the real, persistent inventor, who
stands by his schemes and sees them through all the
perils f their babyhoud—and thesc are many—has
everything to hope for. He need have no fear of the
abolition of patents, nor of any application of the
sophistries of Sir William Armstrong, who, enjoying
the reputation of an inventor, is nevertheless one of
the natural enemies of invention. It is now well
known to be indispeusable to the suceess of an in-
vention, as much as to the training and cultivation of
a child, that its parent should have the sole control of
it for a limited period. We could point now to in-
ventions of great promise, having, apparently, all the
elements of success, which are nevertheless pining
because they arc not patented, and thus have no one to
look after them. Indecd the case of an unpatented
invention is well nigh hopeless, until perhaps after the
inventor has gone down to his grave, possibly with a
broken heart. Tt is now well enough understood that
it is only with the protection of a “ patent” (although
that harmless word, meaning only “open,” is objec-
tionable as smacking of monopoly) that any invention
can be cxpected to thrive; and when England, the
birthplace of inventions which have regenerated the
whole world, once turns the best offspring of her
genius adrift to perish by neglect, her greatness is for-
ever gone,

SINGLE-CYLINDER LOCOMOTIVES. -

TreviTHICK’S first locomotive, made at Merthyr
Tydvil in 1803, and whicl was worked for two years
at and near the Pen-y-darren works there, had a single
cylinder ouly, of 44 fnches borc and 44 feet stroke.
Messrs. Neilson and Company, of Glusgow, made a few
single-cylinder locomotives several years ago for col-
lieries.  ‘These worked with tolerable success, although,
like the famous *donkey injector,” they often re-
quired a little eoaxin
in the course of his investigations into the subject of
counterweighting locomotives has, more lately,renewed
the proposition for single cylinders, and he raised a
livelly; discussion, for the most part against his views,
at the Institution of Civil Engineers. If a single
crank could be always started off, even when “han
ing on the centre,” single-cylinder locomotives wouﬁ;
have much to reccommend them on the score of
simplicity and accessibility. Double cylinders were
once thought necessary for steam ploughing and
traction engines, but the best makers now prefer single
cylinders, and obtain from them perfectly satisfactory
results. In the case of a locomotive, however, as in
that of a steam-vessel, absolute certainty in starting is
a matter of the very utmost importance, and no
question of simplicity of parts must be allowed, for
one moment, to hazard this certainty. Once started,
a single-cylinder locomotive, like a single-engined
stcamship, will, of course, run perfectly, since the
engine and its train form a great reservoir of
momentum, moving at the speed of the periphery of
the driving-wheels, and, therefore, exactly e uH in
effect to a fly-wheel as heavy as the total weight in
motion. In the case of a steamship, although the
maximum speed is less, the weight in motion is im-

mensely greater, often several thousands of tons, and, |

in the case of the Great Eastern on her full displuce-
ment, 25,000 tous. But all this does not lessen the
seriousness of any hitch in starting, and he will be a
clever engineer who will first show how a single-
cylinder locomotive may be always started with
certainty. Lven could this be managed, single cylin-
ders would still be open to one if not two objections.
Frequency of discharge of the steam up the chimney

to start them. Mr. Makinson, |

is an important condition of good draught.. If all the
steam passed through the cylinders in an hour. were
sent up the chimney in a single blast, or in even a
hundred and twenty puffs, one every half-minute, it
would have but little cffect on the fire. It was this
infrequency of discharge that made the first blast, that
of Trevithick’s engine, and the blast pipes of Hedley’s

and, after him, George Sterhenson’s earlier engines, so.

inefiicient ; and it was to the greater frequeney of dis-
charge in the short-stroke and less heavily loaded
passunﬁer engines that made the blast tell so distinctly
upon their performance. Single-cylinder locomotives
would send their steam up the chimney but half as
often, although in twice the quantity at cach discharge,
as ordinary engines ; whereas the more nearly the blast
is continuous, the better it is.

It may be questioned, too, whether, from the greater
irregularity in the application of the power, expansion
could be carricd as far, and thus with as much economy
of fuel, in single as in double cylinders. Our own
opinion is that it might; but we are aware that not all
will agree with us. The Corliss and the Allen single-
eylinder engines work with the utmost regularity wien
cutting off their steam carlier than is ever attempted
in locomotives. And, as wé have shown, the *fly-
wheel” of a locomotive is its own weight and that of
its entire train, and if it took steam on but one stroke
in six it would not, probably, be found to work as
unsteadily as any ordinary cugine not properly counter-
weighted.

To start single-cylinder locomotires off their centres,
it has been proposed to employ a small donkey-engine,

having a grooved wheel, which might be pressed against | q

the flange of the trailing-whecl. A G in. eylinder, 6 in.
stroke, a grooved wheel 6 in. in diameter, and steam of
1001b. would, if pressed sufficiently tight agaiust the
flange of the trailing-wheel, exert a propelling force of
15001b., enough to start and to keep in motion any
assenger train and moderately heavy goods trains.
ut such a contrivance, although not impracticable,
and although in nine cases out of ten it might not
require to be used at all, would involve the use of an
additional starting and reversing gear, diminutive of
course, yet demanding attention nevertheless. It is
probable, too, that its working would not be attended
with greater inconvenience than that of a sand-box,
although that would still be required. Some pushing
locomotive engineer may yet try the experiment, and
let us know the result; for cven an ocecasional failure
is better than stand-still engineering, of which we are
just now having so much. In place of the pair of
16 in. cylinders,riet them try one of 22} in. diameter.

SMOKE-NUISANCE INSPECTION.

I~ Maiden-lane, Strand, and near where that once-
famous jurist, the Lord Chief Baron Nicholson, held
his nocturnal court, is an ironmonger’s shop of decent
but not imposing appearance. In its window may be
beheld the usual assortment of bottle-jacks, flat irons,
beer-taps, cork-screws, mouse-traps, brad-awls, and
other ferromongery common to such establishments,
all, we have no ﬁoubt, of excellent quality, aud sold at
the very lowest cash prices consistent with a reasonable
profit. ~ The individual, we beg pardon, the professional
gentlcman, who minds this unobtrusive shop is Mr.

andison (we might as well, perhaps, add “C.E.,” as
the initials cost nothing and go a long way), her
Majesty’s inspector of smoke nuisances for the metro-
politan district. Mr. Sandison, who is occasionally, if not
always, attended, in his official capacity, by a special
Policeman, has the right, after a complaint has been
odged with the police, to enter upon auy premises
named in the Act, and practically to enforce its fines
and penalties wherever and whenever, in his judgment,
its provisions against smoke have bcen trausgressed ;
and from his judgment there is no appeal. The de-
tention of smoke, in the meaning of the Aect, is, of
course, a matter of eyesight only, and we believe
AMr. Sandison possesses a power of vision of unquestion-
able force and almost mieroscopic minuteness. Indeed,
we believe he sometimes secs smoke where others
think there is nonc to be scen; but then it is his
business to sce it. Mr. Sandison, although eniinent as
an ironmonger, and thus, no doubt, conversant with
smoky chimneys, gives no advice that we know of as
to how to suppress or prevent smoke where he finds
it and fines 16. ‘T'hat is the smoker’s own business,
not his. His duties are detective only, and not ad-
visory. Qne cannot but admire, thercfore, the wisdom
of the Act, which empowers Mr. Sandison to euter
wherever he pleases, sinee, although it is no businsss
or, at any rate, no concern of his what goes on inside
a factory or a boiler-house, but only what comes from
the chimney aloft, and which he could best sce a

of his faithbyl-

quarter of «off, his presence, supported by that

man, sustains the majesty of the
law, and may be tAkerr as a caution equivalent to
“ Smokers, beware !’ We believe, however, that Mr.
Sandison has the power:' to decide, not only what
chiinueys do smoke, but also what furnaces are “so
“« constructed as to consume their own smoke,” and
we believe that there are furnaces whieh do- meet Mr.
Sandison’s approval, and that if-Zhess do smoke a little
it is no matter, or, at least, that Mr. Sandison is not
implacable, and wiil not wantonly make an example
of their owners. :

It strikes us that the importance of the smoke -
question, one with which so many of our very ablest
boiler engineers, furnace-builders, and chemists even,
have found themselves unable to deal as satisfactorily
as could be wished, demands that a metropolitan
smoke “ inspeotor,” or detective, should be a profes-
sional gentleman, having greater cliims to the con-
fidence and respect of the numberless involuntary
transgressors of the Smoke Nuisance Act than any
ironmonger or other petty tradesman, however much
he may be respected 1n his own parish, and however
excellent and cheap may be his goods, and however
civil and attentive he may be to his customers. Can
we not have an engincer ?

ARTIFICIAL GRINDSTONES.

MEecHANICAL engineers have, as yet, little idea
of the extent to which artificial grindstones arc being
made by the Ransome process, uor of their superior
uality to the best stones from that vast grindstone
quarry, Gateshcad Fell, in Durham, or that other
source of supply to the Shefficld grinders, Wickersley,
in Yorkshire. It is the peculiarity of the Ransome
rocess that any fineness and sharpness of grit may
Kc produced, according to the materials selected for

‘making the stone. The sharp, clean, and well-dried

sand, when made slightly cohesive with the gelatinous
silicate of soda, is pressed together in the moulding-
boxes under an almost perfectly uniform force, and
the subsequent saturation and induration of the mass,
by menns of the solution of chloride of calcium, goes
on with absolute uuiformity, so that the grindstone,
if the stone be moulded as such, iz of absolutely
uniform texture. It has no spots, hard or soft, but
is all alike, and may be ground away, down to the
spindle, and be found unvarying. Aunything like vents
or flaws, often enongh found in Gateshead Fell or
Wickersley grindstones, is impossible from the very
process of manufacture. These stones can be made
also of any required and regulated degree of hardaess
to suit the particular purpose for which they are to
be used, and they can be made of any dimensions
whatever, uo matter how large or small, and at a
cost no greater thau that of natural stones. When
we speak of cost, we refer to the sclling price; for the
prime cost of making artificial stone, .from loosely
running sand, is less thau that at which it is possible
to quarry aud trim natural stone. When, as must
¢t be the case, only artificial grindstones are employed
in all grinding operations, and a great market is thus
made for them, the artificial stones will be much the
cheaper in first cost.

CiviL AND MECHANICAL ENGINEERS' SoctETy.—The first
meeting of this society for the present session will take place on
the 9th instant, when Mr. B. Haughton, vice-president, will
take the chair at 8 p.M. The following gentlemen were re-
elected at the last general meeting to serve un the council: Mr.
G. Eedes Eachus, as president; Messrs, B. Haughton and W.
Forsyth Black, as vice-presidents; Mr. Frederic H. Roberts re-
elected as hon. secretary ; and Mr. G. J. Crosbie Dawson, as hon.
treasurer. Members of the committee: Messrs. F. E. Cooper,
R. M. Bancroft, W. Meakin, J. B. Walton, and W. Rutt. Ar.
rangements have been made for the members to visit various
engineering works during the recess. The last of these visits
will take place on Saturday, the bth instant, when it is proposed
to inspect the Abbey Mills pumping-station for the Metcopoli-
tan main drainage vy permission of Mr. Bazalgette. Dembers
and their friends are requested to assemble, at 3 r.y., at the
Stratford Bridge Railway Station.

CoAL IN THE CHINA SEAS.—The consular agent of Frauce
at Forinosa has reported the existence of bearings of coal at
Ponghou, the principal island of the Pescadores group, between
Formosa and the coast of China. The island of Ponghou
possesses a port named Nahung, with a good roadstead for all
weathers, even in case of typhoons. The only coal bearing yet
discovered exists at the northern extremity of the island, but
it is considered probable that coal will be fonnd in all the sut~
so0il as well as in the other islands of the same group. No ex-
plorations have yet been permitted by the Chinese, so that the
coal found has at present been only obtaived from the surface
of the soil, where it is of somewhat inferior quality. The soil
of Ponghou also contains iron minerals.

LyxN Docks.—A commencement has been made with the
long contemplated docks at Lynn. Tle chief portion of the
land required for the works has been purchased or arranged for,
and the excavation of the diversion of the Lisher Fleet is well
advanced. Mr. Braalees is the engineer engaged.
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COAL RESOURCES OF INDIA.

We have on more than one former occasion, but
more particularly in our articles relating to the Indian
railways, referred to the important bearm%)whlch good
serviceable coal in the immediate neighbourhood of
those lines of communication must ever have, so long
as coal continues to be the principal agent for the

eneration of steam in locomotives, upon the success-
ful and profitable working of them. It is our intention
now to lay before our readers some account of the
locality, extent, and composition of the coal at present
raised in the several localities within our Indian
empire, where it has hitherto been discovered. The
following particulars have been previousl{l published
in various numbers of *Selections from the Records
of the Government of India,” “ Memoirs of the Geo-
logical Survey of India,” and finally in a recent publi-
“cation by Dr. T. Oldham, Superintendent, Geological
Survey of India, in response to a return called for on
the subject by the Secretary of State for India.

Viewed as a coal-producing country, it may fairly be
asserted that the British territories in India cannot be
considered as either largely or widely supplied with
this essential source of motive power. %xtcnsive fields
do occur, but these are not distributed generally over
the districts of the Indian empire, but are almost
entirely concentrated in one and that a double band
of coal-yielding deposits, which, with large interrup-
tions, extends more than half across India from near
Calcutta towards Bombay. This band extends through-
out about 5° degrees of latitude, that is, between the
20° and 25° parallels of latitude. All the country
lying to the south of the 20° parallel, and all the
country lying to the north of the 25° parallel up to the
foot of the 1limalayas, with the exception of the widely
detached coal-beds of Eastern Bengal, Assam, and the
Khasia hills, and the poor coals of Tenasserim, pre-
sents, so far as those portions of the country are
known geologically, either no probability whatever of
any deposits of coal being found within their limits, or
if coal does exist, it can only be expected to be found
at such a depth below the surface that it could not be
profitably worked or cconomised. As British India
stretches from 8° north latitude to 35° or 36° or
through some 28° the very local disposition of its
deposits of coal becomes evident; and it would seem
that they are so far removed from several of the rail-
way systems of India as to preclude the hope that such
lines could ever profitably employ the extracts from
those bed as fuel, for they could be more cheaply sup-
plied from Eugland, the cost of land carriage on the
one hand being so much more expensive than the
freight by sea on the other.

The geological survey of India has not yet, it is
true, carefully examined and searched the whole em-
pire, but detailed examinations have been made of a
very large portion of the known coal areas. The
memoirs of the Geological Survey of India contain the
following special reports, besides the more general
descriptive notices, viz.: on the Coal and Iron of
Cuttack ; on the Talcheer Coal-field; on the Khasia
Hills; on the Nerbudda Valley Fields; on the
Ranccgunge Coal-field; Mineral Statistics, Coal, &c.;
the Coal of Assam; and the Jherria Coal-field ;- whilst
reports on other coal measures have been separately
rubhshcd. Many of the examinations hitherto made
iave not heen very complete, owing to the want of
trustworthy maps, and no estimate has been attempted
to be made regarding the actual supplies of fuel avail-
able in the scparate distriets or fields, in consequence
of the absence of detailed sections of sinkings or
workings.

Up to the present time it may be said that little
more than surface workings have been carried on in
India. The deepest pits there scarcely exceed 75
yards, while certainly one-half of the Indian coal,
used up to_the present date, has been produced from
open workings or quarries, in which the coal has been
worked like any ordinary stone. In parts of the
Raneegunge field these open workings are of marvel-
lous extent and size, covering hundreds of acres.

Many causes have combined to lead to this mode of
working. Cr(:{)ping out at the surface with a ver
small dip, and, in most cases, with a very limited
covering of clay or rocks, the valuable mineral could
he removed at a very small cost. No expense was in-
curred for lights; drainage was easily and cheaply
ellccted ; all the coal was obtained, and the bheav
waste incurred in cutting or hewing brittle coals, such
as are most of the Indian coals, was avoided. But
even more than all these considerations, the facility of
obtaining labourers who would work in the daylight,
and the difficulty, or even impossibility, of procuring
those who would work in a pit, combined with the
case of inspection and mcasurement in the one casc,

and the cost and difficulty in the other, all led to the
vast extension of open-work quarrying of coal, and,
consequently, to the economy with which the mineral
could be obtained and sold. This system is, however,
now rapidly disaEpearing. Much of the coal accessible
in this way has been removed, while at the same time
the managers and proprietors are daily becoming more
alive to the injudiciousness of exposing valuable seams
by these diggings towards the outerop. Every year is
aLo adding to the number of labourers, and also of
the tribes or castes to which they belong, who will
work underground. .

Even in the only Indian coal-feld which has as yet
been worked to any extent, namely, Raneegunge field,
very much more must yet be done before safe and
satisfactory conclusions can be reached as to the
amount of coal and its position. Up to the last year
or two, in no single instance was a survey of the under-
ground workings made or plans kept. The memory of
the * old men’” was the only source from which infor-
mation could be obtained as to the extent of the
workings, the mode of occurrence of the seams, the
disturbances to which they had bcen subjected, &c.
This system, however, or rather want of system, has
been changed in some cases, and plans are now keEt.
On this subject Professor Oldham justly remarks,
“ Considering the many ways in which danger to
“ public safety (putting aside altogether the serious
“risks to private property and to individual life) re-
« sulis from abandoned mines and excavatious, and
“from an ignorance of their true limits, I am com-
“ pelled to think that the keeping and recordm;'i of
« guch plans ought to be rendered compulsory. The
“ cost to the colliery proprietors would be slight,
« while the advantages, even to them, would be ines-
¢ timable. In hundreds of cases, the safety, nay, the
“ very possibility, of working certain mines, or parts
“ of mines, will depend upon the accuracy of the know-
“ ledge of the limits of adjoining excavations, or upon
“ sacrificing much valuable material by leaving un-
“ wrought greatly larger barriers than may be neces-
“gary. Such plans, ought, I think, to be, therefore,
“ insisted on, under penalties for neglect of this rre-
“ caution.”

Turning now to the fields actually known up to the
present date in India, the following list gives the
names of the several fields in the order of their suc-
cessive geographical distribution, commencing with
those nearest to Calcutta and proceeding westwards,
taking first those which occur in the great band of
coal-fields stretching from Calcutta towards Bombay,
and then those ‘which are comparatively distant or
isolated : :

1. Rajmabal Hills. {11. Upper Sone. 20. Murree, and
2. Raneegunge. (12, Koorba, or Be- other places.
8. Kurhurbali. lnapo;'e. 21. Darjeeling.
4. Jherria. 22, Assam.
5. Bokaro. 13. Talcheer. 25. Khasia Hills.
6. Ramghur. 14. Nerbudda, and|24. Garrow Hills,
7. Karunpoora, Pench River. Cachar.
gorth and 15. Chanda. 25. Cheduba, Sando-
outh. way.
8. Eetcoora. IE' Kota. 26. Burmah.
9. Palamow. 17. Catch. 27. Tenasserim Pro-
10. Sirgoojah: Sin-18. Sind. vinces.
growlie. |l9. Salt Range.

In the Rajmahal hills, coal deposits occur in man
places situated in the valleys of the streams whic
drain across that district. To the south, in the basin
of the Brahmini, four or five seams are known, vary-
ing in thickness from three to twelve feet ; from some
of these fair coal has been extracted in former years,
but the absence of roads and the distance to which the
coal must be carted before reaching any economical
means of carriage prevent their being steadily econo-
mised. Further north, in the valley of the Bansloi
stream, several valuable beds of coal also occur, as
well as in the Gosmani valley, and towards the north-
western end of the hill-range near Borah; but the
same causes as those above referred to have led to the
sto .Fage of all works in thege localities.

'he Raneegunge coal-field is at a distance of 120 to
160 miles north-west of Calcutta. It extends from a
few miles to the east of the village of Raneegunge to

y | several miles west of the Barakur, the greatest length

being, near east and west, about 30 miles, and the

catest breadth about 18 miles. The area included
hy the coal-bearing rocks is about 500 square miles.
The ficld consists simply of a series of beds, divisible
into three groups, which have a general dip from the
northern boundary to the south, at angles varying
from 5° to 20°. "Along the southern boundary the
beds are turned up, and all cut off by a great fault.
There is a total thickness exhibited iy the series of
rocks of more than 8000 fect; and in this series there
is a thickness of workable seams of coal of from 100 to
120 feet. Towards the centre of the field, there rests

unconformably on the coal rocks a series of beds of a
more recent geological aie, and not containing coal,
whiah cover about one-fifth of the entire area of the
field. The coal of this field, like most Indian coals, is
a non-coking bituminous coal, composed of distinct
laming of a bright jetty coal, and of a dull more
earthy rock. The average amount of ash is some 14
to 15 per cent., varying from 8 to 25 per cent. The
Raneegunge field has the advantages of two branches
of the East Indian Railway, which traverse its richest
portions, and afford great facilities for the removal of
coal. (7o be Continued.)

INDIAN RAILWAY CONSTRUCTION.

Mi. TREDWELL, one of our very ablest men engaged,
ten years ago, on contracts for public works, went out
to Bombay to take in hand the works of the Great
Indian Peninsula Railway, and—to die there. The
havoc which was made by cholera, during the progress
of the works up the ghauts, was at times frightful, and
the native worEmen lost all courage and fled in every
direction, The difficulties in the way of executin
the heavy works of the great inclines, so well designe
by the late Mr. James Berkley, were, in consequence
very great, we may say tremendous. It is, we be-
lieve, no reproach to English engineering that, as we
learn by our telegraphic advices from India, “two
« large bridges over an unopened portion of the Great
“ Indian Peninsula Railway between Kundwah and
“ Hurdah have given way. A crack has been dis-
“ covered in the largest viaduct at Thull Ghaut, and
“ three other viaducts over the same ghaut are in
“ such a dangerous state that passengers have to leave
“ the trains and walk across. Seventeen other bridges
“ over unopened portions of the Nagpore Extension
“ of the Great Indian Peninsula Railway have bee
“ condemncd by the company’s engineers.” :

M‘HAFFIE’'S MALLEABLE STEEL CASTINGS.
To THE EpITOR OF ENGINEERING.

S1r,—In the article on malleable castings in your last week’s
issue, referring to the materials employed while melting in the
cupola, you say, * The princi&al compound of the powder is
‘ oxide of munﬁmese.-" We think it due to ourselves and to
the general readers of your ably conducted and usually accurate
journal to say that this guess of the writer’s is very wide of the
truth. Metallurgists whojhave given the manufacture of steel
from pig iron their study will at once see that steel castings,
such as we make, could not be produced in the manner described
in your article, although, for obvious reasons, we do not enter
fnto particalars regarding our Mr, McHaffie’s process in making
mallable steel castings.

We are, Sir, yours obediently,
McHarFIg, ForsYTH, AND MILLER.

Glasgow Malleable Cast-iron Foundry,

Glasgow, October 2, 1867.

FreExcH RAILWAY TrAPFic.—French railway traffic in the
early part of this year showed a certain depression. The Paris
Exhibition has, however, greatly revived and_ extendsd . tho
movement on five of the six greas systems; and in the thirty-
seven weeks ending September 16, this year, the receipts showed
an augmentatiou of 1,263,806L as compared with the corre-
sponding period of 1866.

WAR-STEAMERS ON THE CLYDE.—Messrs. Robert Napier
aud Co. have just commenced the construction of two iron-
plated ships for the British Government; they have also in
course of cunstruction one iron-clad ram, with a cupola for carry-
ing two heavy guns, and a monitor for the Dutch Government.
A gunboat for the British Government has also been commenced
at the yard of Messrs. Randolph, Elder, and Co.

Tug Prru.—Messrs. Randolph, Elder, and Co., of Glasgow,
huve just completed the reconstruction of the engines and
boilers of the paddle-steamer Peru, which is now iying in the
Glasgow Docks, preparing for ber next voyage. ‘This vessel
was originally fitted with its engines by Messrs. Randolph and
Elder, and the present overhaul did not include any alterations
of the plan of the latter, which has been found very satisfactory.
The boilers have been renewed, and they now consist of two
cilindric.ul boilers, each fitted with three furnaces at each end,
the flues meeting in the middle and returning through the tubes
to the two opposite ends ot each boiler. The pressure carried
by these boilers is 601b., and they are placed parallel to each
other, and lengthways to the hull of the ship, the longitudinal
axis lof the two boilers being parallel to the central line of the
vessel.

BoMBAY AsSOCIATION OF ENGINEERS.—Bombay has more
than double the population of Calcutta, and is now the acknow-
ledged centre of many of the greatest engineering operations in
India. It has also large cotton and other manufactories, whoee
management involves more or less engineering talent. The Bom-
bay Builder (now, we may note, under the management of Mr. R.
Proctor Sims, resident cngineer of the Bombuy Reclamation
Company) is promoting a Bombay Association of Engineers,
and we trust tnat it will be shortly established. The interest
and importance of the late Mr. Berkley's papers upon the in-
clines ot the Great Iudian Peninsula Railway, as read by him
before the Bombay Mechanics’ Institution, help to show the
probable future value of such an association, which should be
tormed and developed as rapidly as possible. Let the Bombay
engineers remember the small beginning of the Institution of
Civil Engineers forty-nine years ago.

STEAM CULTIVATION.—We find ourselves compelled, at the
last moment before going to press with this, the sixteen-page
sheet of our paper, to defer the conclusion of our article nﬁon
Steam Cultivation until next week. The article is in type, but
has been replaced by other matter, already on the press, in our
eight-page supplement, while we are now writing.
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MACHINERY FOR MANUFACTURING BEET-ROOT SUGAR.
DESIGNED BY M. A, ANDRY, AND CONSTRUCTED BY M. E. DORZEE, ENGINEER, BOSSU, BELGIUM.
(For Description, see the following Page.)
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MANUFACTURE: OF BEETROOT-SUGAR.

WE give, on pagcd 329, an ‘engraving showing the general

arrangement of the plant of a porhiplete bertroat:sugar factory |

asdesigned by M. A. Andry, the engineer of the works of M. F.
Dorzée, at Bossu, in Beéium, this sct of plant bc'mg re-
resented ab the Papio Exhibition-ky -a besutifially finished
wing made &t the office of M. Annangand Aing, in Paris.
The productionof bestroot sugar in Belgium is a very impor-
tante manufactuw, and a considerable quantity of Belgien
sugnr is imported into this country every year. The iocal
arrangement and distribution of the necessary plant for beet-
root sugar manufacture over a given aren of floor, 80 as to
produce the greatest convenionee of manipulation, combined
with cconomy of spaec and first outlay for buildings, is a
problem requiring much judgment and experience for its
satisfactory solution. We' therefore publish M. Andry's de-
sign, which we understand has becn carried out in several of
the most tul cstablishments of the kind in Belgium and
elsewhere; and which is the result of long experience and
tico in the construction of beetroot-sugar factorics. The
ctails of tho sugnr machinery employed and constructed by
M. Andry do not require any special refercnce, as they do not
materinlly differ from those of other makers of first-class
modern beetroot sugar plant. The manufacture of beetroot
sugar is not carried on in any part of the United Kingdom,
but it has been recently introduced in the northern states of
Amcrica, where it is rapidly assuming a very important posi-
tion. On the Kuropean continent, all countries north of
46 deg. latitudo are now growing beetroot, and producing
sugar from it; the localitics where this industry is in its
highdst state of cultivation being North Germany and Bel-
gium. There is a largo production of beetroot sugar in
France, and a proportionately still larger make in Austria, a
b quantity of beetroot sugar being imported annually
from Austria into France. Tho latter result is due, however,
to artificinl rather than to natural causes. The sugar in
Austria is subject to an excise duty which is levied on the
beetroot, and an equivalent of which is repaid as a drawbnack
upon exportation of the sugar. In the practical working of
this apparently correct arrangement, tgm Austrian sugar
ufacturers have succeeded in fixing tMa assumed por-
ntage of sugar in the beetroot at 6.08 per cent., i.e., the

G-ovséﬁ: taxes 1450 1b. of beetroot to the equivalent

amo 100 1b. of sugar. The real average contents of
Austri troots, however, is 8.72 per cent., or, in practice,
1106 .1b. of boetroot yield 100 Ib. of sugar. It is obvious,
therefore, that the sugur manufacturer Paying the tax on the
beetroot, and receiving his ‘“drawback” for the sugar pro-
duced from ¥ makes a_profit by cxporting tho sugar, since
e reccives a larger sum from the Customs Office than he had
s.:‘lifd in shape of taYes on the sugar he exports. The actual

ifference paid by the Austrian Government in this form
amounts to about 1s. 6d. per 1001b. of sugar, and this ex-
plains the fact that there are sqmewhere about 10,000,000 1b.
of bectroot sugar annually sent from Austria to France, the
Austrians paying about 7000L per annum in taxcs for the
purpose of providing the French with cheap sugar grown on
Austrian territory. This is onc of those glaring instances of
a country impoverishing itsclf by interference with free trade,
which ought to serve as a lcsson to many a statesmen, a lesson
which we regret to see is not yet superfluous nor behind the
:gin‘; (L(; the age in the majority of countries on either side of

e Atlantic.

Work Y TRE Day.—\We were never more impressed with
the dignity of labour thau while witnessing, a few days since, a
group of * down-trodden working men” enguged in setting up
some machinery. There were five of them, or, rather, four men
and a boy, and at the time they came under our notice, 5.30
P.)., one was engaged in slowly tarning over the contents of a
box in search of a screw, two were looking with much interest
for the result of the labours of No. 1, the fourth was slowly
scratching a picce of iron with a file, and the bey was scratch-
ing his head. No. 1 finally found a screw to suit him, but
during the search his pipe had gooe out. Laying down the
screw, he began to investigate his pocket for a match. Nos. 2
and 3 scarched theirs in sympathy, while the filer paused to see
the result. Finally, No. 2 found a mateb, ignited it, and
banded it to No. 1, who, having accomplished a light, smoked
for a few minutes to assure hinself of the fact, while the boy
went to the other end of the room to leok at the clock. No. 1
then looked at his watch, and compared time with No. 3. ‘Lime,
5.40. No. 1 then leisurely put the screw into position to fasten
a bar. No. 2 held the bar, No. 3 squinted at it from the other
side of the machine, No. 4 inspected the whole operation re-
flectively, as he slowly resumed his_filing, and the boy wiped
the oil trom_his fingers. Time, 5.45. The entire labour was
now snsrended. while the boy went across the room for a neces-
sary tool. Just then it occurred to No. 2 that a chew of tobacco
was necessary to his comfort, aud, as his supply was out, he
applied to No. 8 for the weed, und to No. 4 for a knife to cut it
with. No. 1 consulted hLis watch again, Time, 5.50. And
labour was resumed, the screw was turned home, No. 1 tried
the bar, Nos. 2 and 3 indulged in a playful scuffle, and the boy
looked on with & grin of admiration. The filer laid down bis
work and looked at the watcb, and announced six o'clock. Tools
were ,instantly dropped, und the five, having accomplished the
work of two ordinary men, went cheerfully home.—Boston
Bulletin.

ENGLISH ARTISANS AT PARIS.—Artisans visiting the Paris
Exhibition should be cautioned against accepting the invitations
of touters fur lodgings, who haunt the railway stutions and other

laces, to offer their services to unwary Britons, many of whom
gave been thus victimised. If a workman, coming to Paris,
hus not already made in London his arrangements for lodgings,
by correspondence with Mr. Hodgson Pratt, vice-president of
Mr. Layard’s comnmittee, 265, Strand, London, or through Mr,
Cook, the well knowu excursion manager, he should imme-
diutely when he arrives in Paris proceed by a cab, which costs
two francs, to the workinan s lodging-house in Avenue Rapp,
close to the Exhibition. If this house be full, then let bim go
to the British Workman’s Hall, in the Exhibition; and ask for
M. Houssonlier, and he will escape all fleecing.

' MR. PUNCII ON A BROBDINGNAGIAN ‘!
, BARROW. , .

Never did Barrow on a furnace make such a blazé as
Barrow-in-Furness tho other day when its docks were opencd
by dukes, lords, honourables, and right honourables, M.P.'s,
J.P.’s, mayors, magistrates, magnates, loeal and mumnpal—.—
in short by such an as:emblage of big and little wigs as it
was a triumph to have got together in the deed seazon.

But the occasion was certainly worth o crowd and a crow!
A Barrow that has grown, one may say, from a barrow into
a coach-and-four in ten years! A Barrow that has swelled
almost within the memory of the youngest inhabitant from
the quict coast-nest of some five-score fishermen, into.thv
buxy, bustling, blazing, moncy-making, meney-spending,
roaring, tenring, swearing, stcaming, swellering seat of twenty
thousand iron-workers, and the crime and culture, the dirt
and disease, the hard working and hard drinking, the death
and life, the money and misery they bring along with them!!
A Barrow out of which they are tipping 600,000 tons of iron
every vear!!! A Barrow big enough to bold a Monster-
Iron-Mining-and-Smelting Company, with two dukes among
its directors, to say nothing of Lord knows who, in the way
of lords, and lord knows how many millionnaires !!!!

Talk of the Barrows we read of from time to time as
opened with great fuss and excitement in the north by a
crowd of archwologists, headed by the Rev. Canon Greenwell
—-that most indefatigable of bone-grubbers —with such
“finds " as a fractured skull, a ditto brace of urns, a few coal
or amber beads, and a “ruckle ”” of sucked and split marrow-
bones !

Here is something like a Barrow, at the opening of which
you tura up two live dukes—one of them a senior wrangler
into the bargain—and the first of living orators. The oc-
casion was 5142. inauguration- of the Barrow Docks. They,
with the wharfs, basins, and building-yards about them,
cover hundreds of acres. Barrow, we are told, is to bo a
second  Liverpool, Birmingham, Sheflield, Dudley, and
Cardift, all relled into one.  The dny that laid the corner
stone of such’an edifice wassurely

“ Albo dies numeranda lapillo ”
—=a day to be commemorated by a Glad-stone—and sweetly
and sonorously did Mr. Gladstonc sing his prophetic Peean’;
doing his suit and service o King Iron witha grace that might
well inake King Cotton, his Lancashire licge lord, jealous.

But.we have not called attention to this biggest of big
Barrows, because of its wonderful growth, its industry, the
iron or the gold its miners, smelters, and forgers arc making,
its Brobdingnagian dividends, or its belching blast furnaces.

The master-spirit of its great iron company is one Schnaider.
He has hitherto been known to fame among public men
chiefly as an ex-M.P., turned out of his seat for Lancaster
for gross and shameless bribery. He had seen so much done
by cnergy and money that he probably thought the one as
legitimate a lever into Parliament as the other. But he has
been punished for his mistake. IIe has now an opportunity
to repair it. His name is the same as that of the President
of the French Legislative Assembly, the cnergetic, far-sighted
M. Schneider, whom Mr. Punch has already honoured as the
head and heart of the admirably conducted firm which has
made the iron-manufacturing district of Le Creusot & model
as yet to be imitated among the great English industries of
the same kind. 'What is Le Creusot ¥ It is at once & manu-
fuctory and a town—a manufactory that has grown into a
town, a town that has gathered about a manufactory, and
has of late been described, modestly and in bare figures, by
M. Schneider himself, in a report to the P’aris Exposition, as
well as more summarily delincuted in outline b{ a corre-
spondent of Mr. Punch, on January 12, 1867. He reprints
tE:t, outline here for the benefit of all whom it may concern,
but especially for those who have read the account of the
rejoicings at Burrow, mmd Mr. Gladstonc’s speceh thereon :

“I read your reply to the ladies of Wolverhampton on my
return from visiting ono of the great iron foqndrlcs of France,
which, though under one proprietorship, is a small ‘black
country’ of itself. I will tell you what 1 saw in that ﬁrcnt
French factory. I saw a town of 25,000 inhabitants, wholly
built and owned by the miners and iron.workors themselves,
who buy their land in fee simple from their employers as they
require it for building. I saw 10,000 of these people, some
few of them women, who do light out-door work, go daily to
their duties, and 4000 of their children go daily to their
schools. 1 saw drawings and attended historienl and scientific
examinations in the higher classes of these schools, which
would have done credit to Rugby and Eton, and heard, with
a longing wish that it were so in England: how none were
allowed to leave the school for the workshop till they could
read and write well, and do some arithmetic ; and 1 heard with
no surprise that several of the higler boys have passed up
into the school of Government cengineers in France. 1 saw
the chateau of the proprietors standing in the very midst of
this town of workwmen, and, within it, nsscmb]c(} round ‘tho
venerable founder of this great industry, a little society
principally composed of the officials of the %lnce, which in
refincment and intelleet would have done honour to any
capital in Europe. . .

“I saw all this, Sir, but I did not sce a policeman or a
soldier. I believe there were in the place (of course not near
the arcas) three of the former, but none of the latter; and
finally, during a ten days’ stay, I did not see a drunken man,
though I once heard one.” .

Aud now for Mr. Punclk’s proposition. Suppose Mr.
Schneider were to et himself in real carnest to wipe out the
recollection of Laneaster by the redemption of Barrow ?
What if' he were to prove himself the ditto of M. Schneider
of Le Creusot, not in_name only, but in deed, and to muke
Barrow-in-Furness the Creusot of England, in morals,
mangers, civilization, education, domestic comfort and
culture, as well as in industry, energy, and money-making ?
Here is a work worthy of the noblest ambition, the most de-
termined energy, the highest intelligence, and certain of the

highest reward—a reward not to bc.fgugcd by dividends, it
is true, but beyond the measure of millions.  Let there be two

Sehneiders known inthe-wesd for their noble conception and
pertoct discharge of the duties of 4 great captain of industry,
and let one of them be an Englishman.

Aud when that second Schineider has done kis work, let Mr.
Gladstone go down and sing a sccond and a grander Pean
over Barrow—noting its growth, not in trade, wealth, and
industry, but in the blessings of a ‘wellaught,,well-mannered,
well-ordered, oleanly and sober, happy, healthy, Rearty popu-

lation of working men.

INDICATED HORSE POWER.
To Tne Epitor or ENGINEERING. -

Sue,—TIt would seem that **J. W. R.” has not set fuirly before
his mind the fact that the area of an indicator disgram 1s
measured solely for the purpose of referring the performnance of
the strain in the cylinder to the universul stanitard of -* work
—one pound lifted one foot.

1z one pound has been lifred one foot, the * work ™ done is one
“unit,” whether the time occupied has been one minute or one
houe; if one minute, then the “ horse power ™ exerted has been
s1haa, Whether the lilting force has been constant throughout
the time of action or variable. ¢ Work " dowoe is independeut of
b(frth time and speed ; * horse power ™ is independent of variations
of speed.

1t the indicating apparatos is correct, and is rightly- applied,
the area bounded by the diagram lines will represent accurately
the “work ™ done by the stewm in the cylinder during
that  half-revolution; in other words, it ‘will represeut

§
accuralely [ pds, where pds is the type of a number of
K .

terms, ench of which expresses the pressure at one point
of the stroke, multiplied by its own displacerrent, and
s=length of stroke. It only remains, therefore, to measure
this area; and this in any given case is a watter of geometry
alone, und may be done with a very near approach to accuracy ;
when measured it may be represented by u rectangle, for every
commensuiuble area may be represented by a reotangle, and
every incommensurable area mmy be- represented- in the sawme
way, to any required degree of accuracy. :

Iv is troe that the methods adopted in practice for measuring
diagram aresas are often loose and inaccurate. It is unsafe to
base ealculations upon such measurements ; they serve only for
rougli-and-ready eumparisofts of one engine witlr anotfier.

Your obeuient Bervant,' .

Crewe Works. i W, Moerson.

THE DUNDLRBERG.
To Tux EpiTor oF ENGINFERING.

Str,—1I regret having been unavoidably prevented from notic-
ing at an earlier mament the reply ot Mir. John Bonrne to my
letter on page 26 of tiie present volume of your journal.

My exposure of Mr, Ericsson's absurd egotisin and Mr, Bournc’s
unbecoming adulation, manitested in their joint misrepresenta-
tion of the Dunderberg on page 546 of the last volame of Exci-
NEERING, is graciously styled by the latter *‘ minute carpings
** at the exposiiion 1 have laid before the public of the superior
‘* advantages of the monitor system.” -

‘T'he self-sufliciency of this remark seems to indicate that Mr.
Bourne overloaked the fact that my letter charged him with
misrepreseuting the thickness of armour on a vessel built on a
system he is opposed to, and mislending the British public to
believe another one, constructed on his fuvourite plan, has much
heavier armour than she really carries, and all this to maintain
his argument in favour of the monitors. His persistent sup-
pression of the fact that the armour of the Puritsn and Dictator
18 only 3 in. thick a few inches below the water-line, and only
2 in. thick Lelow that again, will not be pardoned by those who
have been accustomed to uccord him their corfidence. In Lis
reply, he adruitly avoids correcting his misstatements respect-
ing the Dunderberg, and says I blame him for not stating that
the urmour of tko Dictator, below the water-line, is respectively
but two, three, and four inches in thickness, and adds, it
‘ would have been impossible for me to huve made the state-
¢ ment, for the simple reason that it'is untrue.”

To prove the truth of my nasertion 1 send you, with thig, a
tracing taken from the official drawings of the Puritan’s
midship section. . The armour of each vessel is the same.
The armour plates shown on the traciug are 1 in. thick.
The scale will show lLow far' below the water line the
armour is but 2iu. in thickness. Denying this ‘cheat in the
armour, Mr. Bourne, persist in misleading thie pumblic in his
** exposition of the superior advantsges of the monitor system”
by re-ueserting that the armour of the Lictator is ten and a half
inches thick, without!letting them into a knowledge of the fact
that three narrow longitudinal bars of iron, separuted by wooden
planking from "each other, constitute neardy one-ligif of the
boasted thickness of armour cxrried by these vessels and those
also of the Kalumazoo class. | - o .

If you will do me the favour to copy. this tracing into your
colurins, you will enable the public to :ettle this question of
veracity, and at the same time furnish vour readers with sume
unpublished information respecting the ironclad that is de-
signed to carry tlic first twenty-inch guns on the ocean. (If
you fail to publish the drawing, please do me the justice at least
to state whether mny ussertivns are proven by it.)* '

I wunt Mr. Bourne to understand thdt T amn writing about
matters with which I am quite as familiar as he ir, though
aided by the inventor of the moniters himself; and Lowever im-
possible it may be for him to make this statement in his reply
respecting tlic armour of these vessels, it would be as well for
Lim, perbaps. to give some othier reason for not duing so, than
the gmpossinlity of stating what is not true, He hus made a
falre stutentent to the ipjury of the Dunderberg, and has failed,

* The * tracing” sent to us by Mr. Watt is really a_litho-
graph, and we have not thought it necessary to. reproduce it,
as it shows a section almost precisely identical with that of'
the ** Dictator,” published on:page 290 of the first volume of
this journal.-” There is, however, a difference in the side-
armour plating, the thickness of this plating being shown
gradually reduced below the water-line, whercas in the
Dictator it is shown of the same thickness for its whole depth.
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when it wag pointed out, frankly to confess it. From this some
F"P‘e may be so uncharitable as to believe the impossibility of

18 stating what i8 not true depends whether a friend or an
opponent will be injured thereby; certainly a difference of
ownership of the ox that is gored seems to make impossibilities
quite easy with Mr. Bourne sometimes.

I have as little interest in the success or failure of the Dun-
derberg as any correspondent you posscss. I like fair-play,
however, and regret to see one whose reputation and ability
should be the pride of his countrymen descend to such methods
to support his arguments. They might be deemed ingenious
and laudabloe by some in the legal profession, but are certainly
unbecoming in an engineer. Deception may obtain an unjust
victory, and perhaps secure, through the glorions uncertainty of
the law, an impregnable position: but it cannot succeed in a
profession that rests solely upon the immutable laws of the
Crentor, and the practice of which is one constant exercise of
veracity.

If there be a seeming want of the proper courtesies of con-
troversy in these reflections, I trust that Mr. Bourne will re-
member that he bas forced me to send the accompanying draw-
ing to defend mysclf in a question of truthfulness raised by himn
agninst me. .

- Mr. Bourne sayg, Iwould doubtless say something severe
against the monitors, if I could only find it to say.

One indispensable element in the monitor system, as defined
by Mr. Ericssan, is the rotating turret. Without a rotating
turret, the vessel could not be a monitor. Against such a
system thus defined by its inventor, I bhave much to suy, and
would have no hesitation in breaking a lance with the ablest
defender of it on either side of the Atlantic.

‘The rotation of the turret, however, is not the only defect in
the system.; The hundreds of brave souls that were carried
down to a watery grave in the monitors Webawken and
Tecumseh shonld admonish us that the system of cutting down
the sides of a ship to the extent to which it is carried in the
monitors may cost more than the advantages gained by it.
The less there is of the versel above water the less certainly
will be the amount of armuur required to protect her from shot,
and the less also will be the quantity of water necessary to
seod her and her crew to the bottom in case of sudden leakage.
The feature which enables them to ‘carry their immense deck
Joad 'at séa becomes dangerous or fatal the moment the casual-
ties of war, of navigation, of inadvertence, or anything else
starts a leak. :

I am perbaps more familiar with the various accidents that
have happened to the monitors than Mr. Bourne is, and do not
know that anything more severe could be said of them than
what is contained in the unpublished cfficial reports of the
casualties that have befallen them. In our rebellion it was very
rare that any shot heavier than 10in. round solid ones struck
them, and these invariably at considerably greater distances
than naval battles will probably be fought in the future. A
turret that can be jammed with a 10 in. shot will not be likely
to resist much heavier ones by simply putting a band 5 by 12in.
around its base. This may defend them against shot of that
size, but experience alone will tell how much heavier ones will
be harmless against them. The assertion that our 15 in. turrets
will resist the 250-pounder navy gun of Great Britain is made
in advance of such experiment, and is equally as bombastic as
Mr. Ericsson's silly remark to Mr. Bourne that * any of our
* small monitors could send the Dunderberg to the bottom in a
¢ few rounds.”

The rotation of the turret gave us, for the time being, an
economy of armour in covering the guns, but it brought with it
a radical defect in construction, that is, the joint at the deck—
one that fs imherent in the system. No ingenuity can ever
prevent its liability to accident, or make it equally strong with
the remainder of the ship.

It would bave been almost impossible to have fought the
Miantonomoh in ordinary weather at sea during ber voyage to
Europe, for the simple reason. that the working of the vessel
rendered it almost a inatter of impoesibility to rotate the turret
Mr. Lricsson has prubably been reticent on this subject to his
friend, but the fact is known to every officer of prominence con-
nected at the time with the ship, and can be proven as easily as
the thickness of the armour of the Dictator. Mr. Bourne will
doubtless say, ** If this be so, it is only an evidence tha the ship
** was not strong engugh to prevent straining.” If it were not
necessary to rotate the turret in fighting the ship, she would
have sufficient strength far all ordinary purposes. Such a
result is an evidence that the slightest causes are sufficient to
disable the best monitor yet constructed.

It is a. grave question whether the advautage of heavier
armour compensate for this objectiouable feature, involving, as
it does, the necessity of turning a vast quantity of armour every
time a gun is trnined. The small port and the d

CAST-STEEL AND WROUGHT-IRON
RAILWAY TYRES.
To TRE EpITOR OF ENGINRERING.

Sir,—1It is the special province of journals Iike the one which
you are conducting to disseminate practical truth, and give
useful facts and figures, in intelligible language, free from the
somewhat pedantic vocabulawy of abstract science; and if these
journals are frequently denominated * scientific journals,” 1
apprehend that this is due to the assumption that “whatever is
therein published is concordant with known scientitic or practical
trath, and conveyed in that precision of lunguage which dis-
tinguishes scientific writing from a lawyer's letter, rather than
from any purely scientific pursuits in which their editors and
coilaborators may indalge.

‘Thus, what renders these journals acceptable to practical
readers i3 the publication of information useful to them in
their daily practice, in shape or language free from the mysticism
of high science, or from the fog which characterises the school-
boy's knowledge of new traths; fromn the illustrated advertise-
ment, with its list of prizes and of prices, to the more digni-
fied editorial article, with its practical rules and simple useful
formulze.

Luat week I had occasion, in a letter which you were so good
a8 to publish, to call the editor of The Engineer’s attention to
A paragraph in a practical article lately published in that
Jjournal, which to my mind was written in anything but precise
scientific Janguage, and I beg again to trespass upon your space
for a purpose somewhat similar.

In The Engineer of September 27, page 267, I found an
article on cast-steel and wrought-iron railway tyres, which,
as it was not too lengthy, I undertook to read, in the hope of
gleaning from it s bit of useful practical truth not as yet known
to me; and truth certainly I ‘fid find there, since the article
gravely informs the reader that ‘ we may safely say that, ex-
“ cepting Krupp's, of Essen, in Prussia, there is no district so
“ noted for the manufacture of steel yres as Sheffield.” But,
as | am not a stecl-buyer, sent by some extensive business honse
in the moon, and otherwise koew, ever since I could handle a
knife, a file, und a chisel, that Shefileld Is the capital of the
steel trade, that bit of practical information was of no use what-
ever to me.

“urther on, however, the writer of that article emerges from
the strictly practical atmosphere in which he had been moving,
to iuthi‘x;tormntion of a more scientific kind, and tells the
reajer

“ An easy ruls for discovering the content of a tyre, when cast
: @ rolle'c’i, 1 found thus: d—diameter, a.é.fdept{hreqf section,

+at-a.

Taking the paragraph as it reads, its meaning is that, by
adding to the diameter of the tyre twice the depth ot its section,
an easy rule will be found for calculating—what ?—the content
or the contents ( ?)of the tyre; but clearing away the fog in which
the writer's pen evidently was enveloped, I apprehend it means
that an easy rule for discovering the contents of a tyre is to add
to its diameter twice the depth of its section, thus rendered in
algebraic symbols:

d+-a+4a.

Now, if the rule be correct, I certainly shall praise its sim-
plicity ; but as I always like to go to the fountain-head of all
truth, and, in endeavouring to do 80, have beén unable to recon-
cile the rule with any known truths in geometrical science, I
beg leave, through your journal, to ask the Editor of The
Engineer to give me & demonstration of it, and until then I
shail remain content with the belief that, inasmuch as a sum of
lengtbs must give a length, the tyres, calouluted by this rule,
will be made up of length only, without either depth or
thickness.

I in, Sir,

ours very trul v
London, October 2, 1867. 53 Bincxer

BUSS’S PATENT FOR PYRAMID-CONCRETE
SEA-WALLS, &c.
To Tax Evrror or ENGINEERING.
S1r,—In your notice of recent patents, September 20, youn

kindly refer to my patent (No. 79) as “ a system of constructing.

* piers, breakwaters, &c., by- building iron caissons of forms
¢+ similar to that of portionsfof the proposed structure, and then
¢ floating them to their places; after which they are to be
¢ yunk and filled in with stones and concrete. It is progosed
“to build these caissons of the full width and height of
‘ the pier or breakwater, &c., and, in some cases, 1000 ft. long;
‘ and after they have been suok they areto be securéd by driv-
“ing piles through their bottoms, and by bolting the adjacent
¢ gect to each other. We fear that, unless the caissons were

o
both sides and ends of the ship can be obtained by a fixed case-
mate, and with a greater economy of iron.

It is within the linits of reason to assert that one-teath of the
Government patronage expended in this country to improve the
monitor system would huve been sufticient to bave developed
plans wherety all the advantages of the rotation of the turret
could have been enjoyed by vessels with fixed casemates.

A factitious importance has been given to the system by the
fortuitous cirtumstance attending its inception, and this has
been increased by newspaper claquers and interested parties to
sustain it.  This latter course has been pursued tosuch a degree,
by ridiculing ar.d abusing every opponent of the system here In
England, that it has obtained a hold upon the uninformed
Ppublic, apparently establishing its superiority as incontestable,

A passage in Mr. Bourne's reply would lead us to infer that
the very able Constructor of the British navy is a convert to
the rotating system. I cannot belicve it without proof, and I
challenge Mr. Bourne to give it. It will not do to suy that Mr.
Reed is a convert because he is constructing ships with rotating
turrets, for this he may do to satisfy the vituperative clamour
that has been directed for years past against the Admiralty
because of its want of faith in such a system. Idesire to see a
line that has been said or published in its favour by that gen-
tleman. '

Mr. Bourne must abandon his support of the rotating system,
or he will become fossilised.

Your obedient Servant,

Washington City, Sept. 16, 1867, Wu. Warr, C.E.

“ very elaborately and, consequently, expensively stayed, they
“ would never stand the racking strains to which they would be
‘ submitted by resting on uneven bearings.”

Now it is not intended that these large, water-tight, iron-
plate vessels should rest nxon uneven bearings. In numerous
cuses sea and river beds would afford extensive runs
of shingle, sand, or mud, so that but little expenss would be de-
manded for preparing the seat. In other instances, asperities
could be removed, and hollows filled up with ballast. Thus,
when the proposed seat for a vessel already exists, or is rendered
suitably even, the advantage of choosing lengths of 500 to
1000 ft. consists in the having of fewer joints in the total
length, and also fewer ends to frame and cover with plating.
Such even beds would, therefore, avoid the racking strains to
which you allude in the above notice. ¢

The object of this invention is to create solid artificial rocks
in the form of piers, breakwaters, &c., when ible, wheresuch
are required. This is effected by pouring concrete into the
water-tight iron shell sosoon asit has sunk to its seat. This
shell, therefore, need not be thicker or more elaborately stayed
than is sufficient to enable it to be floated out of dock and to its
destination, to resist the outward pressure of water forciug the
iron shell in, to preveut the same being forced out by the ex-
pansion of the concrete while solidifying, and to keep out the
water (it which it would be assisted by an anti-corrosive paint)
until the contained concrete had bardened into a solid rock.

Yours very obediently,
H. Buss.

THE BIRMINGHAM WIRE GAUGE.
To Tk EDITOR OF ENGINEERING.

Smr,—Mr. Clark has done good service in directing attention
to the differences in the value of the Birmingham wire gauge.

I thiok, however, that it would not be desirable to attempt to
introduce a new gauge, for,.after all pains had been taken to
make it coberent throughout, it would still be a system of
arbitrary numbers conveying no idea of actual dimension, and
therefore not in nccordance with scientific practice. Many
manufacturers would not ¢‘see the use of it,” aund there
would be be great difficnity in:secaring its universal adoption.

I would propose Mr. Whitworth’s system, the decimal gauge,
naming the sizes, if you will, according to their diameter ia
thousandths of an inch; thuse, a wire of .010 diameter would
be number ten, .100 inch number one hundred, and so on.

In giving an order for wire, one could specify its diameter
with a limit on either side for excess or deficiency; a manu-
facturer could not object to working to such a specification,
although he might defend and object to alter his special number
zauge. ~ Thus the matter is very much in our own hands: ¢
lurge users order by decimals, makers will unconsciously fall in
with the system. :

I would suggest to Mr. Clark that “mil” would very often
be mistaken for a contraction of millim., or millimetre, and would
probably lead to confusion. There is no objection to the word
* thousandths,” it is not very long, and has the merit of being
very defiuite. .

Yours truly,
R. S. CuLLEY.
The Electric and International Telegraph Company, Engineer’s
Office, ‘Telegraph-street, E.C., Sept. 30, 1867.

RAISING THE STEAMER DRUID.
To THE EDITOR OF ENGINEERING.

Sir,—We observe a paragraph in your issue of the 20th ult.,
relative to the raising of the steamship D:uid, which is calcu-
lated to mislead as to the performance of the pumps employed
to empty her, and, as the makers of the centritugal pumps
mentioned, we beg that you will give promiuence to s correct
statement of the facts, as contained in the following extracts
from letters we have received from Messrs. R. W. Cousens and
Co., of 23, Great St. Helen's, agents for the ship.

*“Mr. Roberts’s pump gave us every satisfaction, and was
quite equal to the work it was put to, viz., pumping out the
after-hold. It is also true that it was mnade available for dis-
charging the grain whilst the air was too foul to admit of men
remaining in the hold ; but we feel bound to. state that your 8 in.
pump worked admirably, and rapidly éxhausted the water in
the fore-hold, notwithstanding the large hole in tse bottom of that
compartment.” .

*“’I'ne after-hold of the Druid was the smaller of the two, and

ite water-tight; it would have been useless putting a power-

ul pumip, such'as the one we had of you, when a much smaller
one was all thut was necessary. We may repeat that your 8 in.
pump gave us more than satisfaction, as also the one we hired
for the engine-room, which was also of your make. /n both
thaemparemmut}u umps had to overcome a rapid flow of
water h large holes in the bottom.”
We bave only to add that the failure in the first instance is to
be clearly attributed to the inadequacy of the powerful (?)
hand-pumps employed to empty the after-hold.

Wa triist to your sense of justice to give equal publicity to
this statement as you have given to the paragraph to which we

refer, and are,
Sir, your cbedient Servants,
GwYNNE AXD Co.
Essex-street Works, Strand, October 1, 1867.

JENSEN’S HORSE-WHEEL.
To THE EDpITOR OF ENGINEERING.

Sir,—Will you kindly aliow me & short explanation res
ing this invention, which you illustrated and described last
week? Itis neither designed mor iuvented by me, but was
patented by me as a communication from abroad.

In the report on the agricultural show of last year at Aarhuns
(Denmark), page 148, the judges made the following remarks
about this horse-wheel, which obtained the first prize : * For each
‘“ roller passing the worm, the latter turns once, consequently
“in this case thirty-six times faster than the crowrn-wheel
“ with the rollers on. Thus a very great speed is obtained at
‘“once without intermediate gearing, which is & great advan-
“tage.” As the construction was entirely novel, it was im-~
portant to know how great was the percentage of power really
transmitted from the horse-wheel to the machine. This was
sccordingly found by applying a spring balance between the
horse and the pole, and 2 dynamometer on the driving-shaft
leading to the machine, and the effective power remaining
amounted to 79 per cent., which is 8 very satisfactory resalt.
‘The ordinary horse-wheels yield only 60 to 65 per cent. Isaw
myself, a few weeks ago in Denmark, a patent horse-wheel which
bad been at work in the open air for the last two years, and it
showed no perceptible wear or otber deterioration. They are
considerably lighter, and work with much less noise or jar, than
the ordinary-horse-wheels, - The three or four horse apparatus
drives direct on to the thrashing-machine by pulley and stra;,
as the driving-shaft from the horse-wheel goes at a speed of 120
revolutions a minute, and can easily be constructed to go quicker
if required. The “intermediate motion” (costing from 4/, to
6l.) now used to get up the speed is thus dispensed with;
but the patent horse-wheels are even cheaper to make than the
ordinary ones with ‘“second motion,” tnus causing another
saving both to the maker and the user.

1 renain, Sir, yours truly,

Grove, Holland-road, Brixton,
October 2, 1867,

PETER JENSEN.
Gordon .

" BrrmiaH STEAMERS.— The number ot registered steam-vessels
of the United Kingaom enguged in the home trade was in 1852
858. In 1859 the total had increased to 374 ; and in 1866 it
stood at 612. The number ot similarly registered steamers
enguged partly in the home and partly in the toreign trade w.

a8,
in 1852, ?1); In 1859 the total bhd increased to 59, and in
1866 it stood at110. ' : .
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ZEUNER’S VALVE DIAGRAM.
To THE EDITOR oF ENGINEERING.

Sir,—It is likely that many who do not understand trigono-
metrical formulm will not examine Zeuner's interesting valve
diagram, illustrated in ENGINEERING last week. nnless their
attention is called to the explanation on page 806

It is much to be desired that simple pro‘)ositionl should be
oimp:’y“demonstnted, 80 as to be intelligible to the greatest
number.

While grateful to the writer for real information, one cannot
see the use of much of the algebra. Thus we bave

0 Be=r sin (w+3)+4/E—13 cos? (w+3)+4
and complex equations to mve the self-evident proposition that,
if we neglect the distnrbances caused by the obhquity of the

eccentrio rod,
&=r s (w+J), s-e.,, =C E.

Those who have studied polar equations can see thmgh the
construction at once: those who have not are unenlightened.
beThoffolllowing diagram may be new to many to whom it would

useful:

2]

) -/
Given,

A B=Iap on steam side of valve.

B C=lead to steam.

A D=throw of eccentric.

Then angle F A E=angular advance of eccentric.

A C=lead to exhaust.

B G=maximum opening of port to steam.

G= o " exhaust.

Imagine E H to t to scale the stroke of the piston;
or divide H E into as many equal parts as there are inches in
the stroke of piston, that each division may represent an inch
of the stroke. i

E I represents that part of stroke made before steam is sup-
pressed.

I K represents the expansion.

K H, the prematare release.

M E, the compression.

From the obliquity of the eonnectinﬁ;rod the suppression and | £T'PS

release are not at the same point on both strokes. The above
are mean positions.

But if we require the exact points for each stroke, circular
arcs must be drawn with the length of the eccentric rod, and
also of the ting-rod, ed from the scale on H E,
for their radii, as shown in Fig. 2.

Here the angle F A E=angular advance of eccentric, is
obtained as at first.

A B and A L=lap on steam side at each end.

B C and L N=lead " .

B G and L F=mazimum opening of port to steam.

E Iand H O represent that part of stroke made before su
pression, on the supposition that E H represent the whole strol
of piston as before.

K and O M, represent amount of expansion.

K H and M E, premature release.

M E and K H, compression.

Yours lml{‘,’
Lincoln, Oct. 1, 1867. . H.

SuErFIELD.—No very great change is reported in the state
of trade at Sheffield; but, upoa the whole, an improved feeling
nppears to exist. More activity is shown in armour-plates, and
it is stated that one firm has received sufficient orders to keep
iis men well employed until Christmas. There is a fair de-
mand for railway matériel, a continued preference being shown
for steel raile. -

BORING LOCOMOTIVE

To TRE EDI1TOR OF ENGINEERING.

Sir,—Enclosed is a tracing of & lathe chuck which I have
designed for the purpose of turning locomotive eccentric straps.

The chuck is very plain and simple, and to a practical e
needs little explanation. Fig. 1 is a front view of chnc{;
Fig. 2, an edge view; and Fiﬁ 3 and 4 show a gauge and
details, The chuck is similar to a common claw chuck.
It is provided with two grips or nuts, A, to which the eccentric
strap is bolted. It has only one screw, with left and right hand
thread to enable the nuts, A, to move together to suit different
sizes of eccentric straps. The nuts, A, are fastened at the back
of the chuck by a common nut and washer, C, as in ordinary
chucks. The chuck screw is Brevonted from coming out of its
Elaee by two loose washers, D D, secured by two taper pins.

E is an iron guuge with two holes bored in it the same size and
centres as holes in eccentric straps. This gauge is case-hardened,
a0d is used when boring the bolt holes in eccentric straps to get
them all the same. The grips or nuts, A A, are made the same
thickness as the liner required for the eccentric straps.

Nuts or grips of different thickness may be made to suit dif-
ferent eccentric straps. The lugs of the eccentric straps are
faced up, and then bored to the gauge, and then put on the
chuck and fastened with two bolts, the same as putting them in
workiuﬁrder.

The bolts, b, which are four in number, are for the purpose of
steadying the strap while under thie process of turning. The
ips, A A, are recessed with the first strap that is turned, so
that after the first strap is turned they will, with care, serve as
gag: for all the rest (the same size, of course).

ntric straps are generally fastened in the ordinary four-
claw chuck supplied to most lathes. They have to be drawn
in, or lined oﬂ;P before the turner gets them. Then he has
to set each one, and by gripFing them in the ordinary claw chuck
they are liable to spring when taken out ; consequently they are
not round. By the use of this chuck the ecceutric straps need
no drawing in, nor yet setting. The most particular thing is to
bave the grips, A A, the same thickness as the liner required,
and the holes of same size, which can be easily done.

By the use of this chuck, new eccentric straps can be turned
much more quickly and cheaply thaan bly the ordinary plan, and
they can also be finished more accurately.

If you think this worthy of a cormer in your wide-spread
paper, you will oblige by inserting it.

I am, yours, &e.,
GKORGE RATCLIFFE.

Highland Railway, Inverness, Sept. 23, 1867.

COAL-CUTTING MACHINES.

To THE EDITOR OF ENGINEERING.

Sir,—One can understand the anxiety of your correspondent,
¢X.Y.Z.” that the value of the coul-hewing machines I
described in your impression of the 20th September should not
be overrated, seeing that he is patentee of another system.

1, a8 you justly remarked, have no pecuniary interest in the
matter. I ymerely described what I saw, and 1 submit that,
comparing what I did see with coal-hewing by hand, my antici-
pations of the results attainable by this machinery are not very
extravagant.

If “ X. Y. Z.” has such a much more complete and perfected
system (which, however, is more than doubttul), then I should
be one of the first to acknowledge its merits.

“X.Y. Z.,"” however, makes some statements which I cannot
pass unnoticed, and I aftirm,

1. That hirving or undercutting the coal is the most burden-
some part of the collier’s work in getting coal, and this work
the machines I described perform much more perfectly and
economically than hand labour does.

2. That although the long wall is the system best suited to
these machines, it is not absolutely necessary; and further, if
these machines would tend to the more §enrul adoption of
that system, which would save millions of tons of coal to the
country, they would confer an additional boon.

3. Three feet headway, or more, is not necessary to the success
of these machines; they can be worked in 2 ft. and less.

4. The system of root pressure is mentioned by me as an
ingenions adaptation of means to a certain end, and though it
may not be applicable under all circumstances, yet it is only the
straight-action machine that requires it. The pick-action one

ECCENTRIC STRAPS.

requires no supports whatever, and is, perhaps, the modifica-
tion most applicable under ordinary circumstances.

In conclusion, I beg to repeat my belief that until * X. Y. Z.,”
or some one else, brings out a machine that does more or better
than the ox:_ellI dm:-ibed, the latter deserves the most serious

ttention of the coa

Middlesboro’-on-Tees. J. G.

To THE EDITOR OF ENGINEERING.

S1r,—With regard to my letter on the above snbject in last
week’s ENGINEERING, I beg leave to explain that my only motive
for withholding my name was, that I was anxious to avoid, as
far as poesible, making use of your correspondence columns as
an advertising medium. This, of course, cannot always be
avoided in correspondence, as, for instance, in the case of the
Corliss engine. But in the preeent instance I think you will
allow me credit for haviog done, by avoiding all reference what-
ever to any of my own plans of cutting coal, and by withhold-
ing my name. Persons conversant with colliery matters will be
able o take my remarks for what they are worth, and to
J. G.” and others my letter may, without serving the purr:u
of an advertisement of my own plans, suggest matter for far-
ther inquiry and investigation. You are quite at liberty to
append my name to this letter, if you think fit. Meantime I
sign myself, as before, X. Y. Z.

THE EBBW VALE COMPANY.

THE secretary of the Ebbw Vale Company has sent the fol-
lowing letter to the editor of the Globe, the same paper, by the
way, that lately published the startling pro%hmy thas the
Metropolitan Railway was likely to be blown up by fire-damp :

**TO THE EDITOR OF THE GLOBE.
¢ 7, Laurence Pountney-hill, Cannon-street,
« London, Sept. 26, 1867.
“ Sir,—I am requested by the chairman of the Ebbw Vale
Company (Limited) to contradict the statement contained in
the paragraph inserted in your paper of the 24th inst., respect-
ing the management of the works of this company, no change
of the kind having taken place, or being under contemplation.
¢t I beg to remain, Sir, yours respectfully,
*EpwIN GROVE, Secretary.”

TUNNELLING AND MINING BY
MACHINERY.*
By Heumax Havupr, Civil Engineer, U.S.
(Continued from page 312).

To proceed to the consideration of the objections which have
been enumerated.

1. The space occupied by the boiler.

Space is limited in a tunnel only in two directions, height and
breadth. In considering the subject the ordinary dimensions of
a tunnel heading in America will be taken, say, 6 ft. high and
15 ft. wide. No difficulty can exist in conforming to these di-
mensions elsewhere.

The boiler used in the experiments at the Franklin Tunnel
was of locomotive form, 3 ft. wide, 5 ft. high from track, 10 ft.
long, and was estimated at 58 horse power.

‘I'ne power required for nine drills, at 8 horse power each, was
27 horse power, and the boiler was therefore double the capacity
that was actually necessary; but an excess of power is no dis-
advantage. .

‘The gauge of the track bein; 40 in., the extreme width of
boiler outside of wheels was 4 ft., leaving 11 ft. in the width of
the tunnel unincumbered.

As the tracks are supposed to be of the usual gauge adopted
n the mines of Pennsylvania, 40 in., and as the trames of the
stone cars do not project beyond the wheels, the extreme width
would be 44 in., and two tracks would occupy, with cars, 7 ft.
4 in., leaving 3 ft. 8in. clearance to muke up the 11 ft.

It appears, therefore, that even a?:i‘amm the boiler there would
be abundance of room for two tr to carrg away material,
when in fact only one track at this point would be required. A
siding to hold and shift cars would be placed behind the boiler,
where the whole width of the tunnel could be made available.

* Paper read before the British Association at Dundee.
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The space occupied by the boiler, therefore, causes no incon-
venience.

The next objection is the inconvenience of carrying fuel and
water into the tunnel.

Water must be used in any system, and the inconvenience in
one is not greater than in another; a pipe must’ be carried into
the tunnel and extended from time to time as the work pro-
gresses. When the boiler is run back for the purpose of blast-
ing, the tank attached thereto can always be filled without in-
convenience or deln{‘.

The stone cars which carry out material alway return empty ;
and even if the quantity of fuel required should be increased
fourfold, no expense oc inconvenience could result from its trans-
portation.

We will ascertain what amounat of fuel can be consumed in
twenty-four hours.

Nine drills should finish nine holes in twenty minutes. If
twenty-seven holes be blasted at once, and eight blasts be dis-
charged in twenty-four hours, the time actually occupied in
drilling will be eight hours. The quantity of water evaporated
when nine drills are at work will be 27 cubic feet of water per
hour, in eight hours 216 cubic feet, requiring one ton of coal or
two cords of wood. Certainly not a very serious item either in
cost or transportation.

The next objection to be considered is the difficulty of creat-
ing a draft in the boilers without chimney or any of the ordinary
means of accomplishing this object.

The provision made tor draft consists of a vacnum box or pipe
leading from the outside of the tunnel. The proper dimensions
of this pipe will be considered under the head of Ventilation, but
it is sufficient to'state here that a very moderate amouat of
power applied to a vacuum fan outside of the tunnel will draw the
air from the tunnel through the pipe with a velocity so
that if the smoke-pipe of the boiler is ccanected with it, and the
current passed entirely through the firebox and flues, the draft
becomes too great, and must be checked K by dampers; at the
same time all the smoke, gases, &c., are drawn into the vacuum
:g: and e?mod out, and another anticipated difficuity is thus

of.
'be next objection is the escape of steam into the tunnel.
We ask why should it escape, and where does it escape from ?

There is 00 eocape at the boiler except when the pressure be-
comes 80 great as to raise the safety-valve; a small pipe on the
safety-valve would instantly convey this steam into the vacuum
Pipe, but if the amount were tenfold greater, it would condense
immediately without inconvenience to the workmen.

Steam cannot escape from the pipe, for no loose joints are
required, except where the pipe is connected with the bottom of
the stand, and as there is bat one joint to be attended to, there

hould be no for any leakage at this point.

The atuﬂixﬁ-boxes of the cylinders and steam-chests present
greater difficulties, but these are overcome by a proper mode of

The exhaust steam, it is scarcely necessary to say, does not
escape into the tunnel; it is carried by & pipe of 4 in. or 6 in.
diameter into the vacuum box, and as the ure is very slight,
this pipe need not be very stout; three-ply gum (india-rubber)
hose ample strength.

The exbaust steam escaping in puffs into the vacuum box
performs a very important office in greatly assisting the ventila-
tion at the extreme end of the heading, where it is most needed.

Experience in the Franklin Tunnel has proved that & mode-
rate leakage of steam from the pipes or ntuﬁnlz—boxes is not
attended with any inconvenience. In the damp cold atmosphers
of a tunnel it condenses quickly, but there is no excuse for
leakage ; it proves defective workmanship, or careless packing
of the stuffiog-toxee.

5 The tll:ult)o ::i:;iection, of . inconverience fmh tha heat radiated

rom the boiler is purely imaginary; the very opposite was
found to be the fnctl;) the men would get near the boiler when
not at work because the warmth was pleasant. If inconvenience
were actually experienced, & jacket of felt would prove an effec-
tual remedy.

The da: to the machinery from blasts is no greater with
steam than with compressed air, but a barrier is always provided.
This barrier, when a tuonel is driven by hand, consists of a pile
of stones. Sometimes a barricade of logs is used, sometimes
doors faced with I or boiler-plate iron. A convenient

lan of barrier consists in frames 3 or 4ft. wide, and 7 ft.

ng, placed in the bottom of the tunnel, where they are not in
the way of anything. When & blast is to be e, they are
tilted and propped. In blasting in a tunnel, only the smaller
stones are projected far enonﬁh to strike the barrier, which is
not required to be excessively heavy. The frames could be
raised by two men, but the operation would be facilitated by the
use of a lever.

The difficulty of removing the machinex;{, very slight under
any circumstances, is entirely overcome by the use of the crauk.
One man can retire the train after drilling, before it would be
vossible to prepare for a blast.

The last objection is the danger of boiler explosions, but why
should this danger be greater in & tunnel than in a workshop or
factory? The boiler can be made so strong that an explosion
under a pressure of 60 1b. per square inch would be simply im-
possible, if even the most ordinary intelligence were exercised in
1ts management. A boiler 8 ft. in diameter, composed of boiler
plates three-eighths of an inch thick, would be required to sustain
a tensiie strain of only 1620 1b. per square inch, from a pressure
of 60 1b. per square inch in the boiler; this strain is less than
one-thirtieth of that which would cause rupture.

Ventilation.

The three indispensable requisites to the successful application
of machinery to tunnelling are

LA mu:{ma adapted to drilling holes,

2. A power applicable to driving the machinery.

8. Anabundant lugrlti of air.

A failure in either ese essentials would render the others
valueless.

There are but two modes of supplying air in tunnelling; one
by forcing fresh air into the tunnel through pipes, and driving
out the vitiated air at the mouth of the tunne

The other mode consists in drawing out the vitiated air through
pipes, and allowing the fresh air to enter and replace the
vacaum.

at | 1865,

These modes of ventilation will be considered with reference
to the power required to supply a given amount of air, and the
efficiency of the ventilation which is thus secured.

The usual mode of ventilation consists in forcing fresh air into
the tunnel through pipes. This is the mode which has been
adopted at the Mont Cenis Tnnnel, and imitated by the State
Commissioners of Massachusetts, at the Hoosac.

The compressed air at the Mqnt Cenis Tuanel is used for the
double purpose of furnishing power for the drills, and by its
ewnge aldingin ventilation.

The power required with the plan of compressors used at
Mouat Cenis is several hundred horse power.

The ventilation secured in this way is represented by several
writers as being exceedingly defective, excepting at the extreme
end, where the perforators are at work. A cloudy, smoky, vitiated
atmosphere extends from a short distance back of the machinery
all the way to the entrauce. The men engaged at the enlarge-
ment must breathe this poisoned air containing the deleterious

ases from the powder-smoke, and the carbonic acid from the
famps and lungs of the miners. In view of these facts, the
statement of the press that great mortality sometimes prevails
amongst the workmen is not improbable.

By the vacuum plan of veatilation, the powder-smoke and
vitiated air are drawn into a pipe, and carried out of the tunnel,
while a constant current of pure fresh air flows in at the end,
and continues to the face of the work, leaving the atmosphere
clear, the lights brilliant, and permitting the instrumental ob-
servations of the engineers in giving marks for grade and align-
ment, without suspending blasting or any other operation.

The puwer required to furnish a given quuntit{ of fresh air
on the vacuum plan was investigated theoretically and experi-
mentaily by the writer, at the Fraoklin Tuunel, 1o the full of

One important result of this investigation was that the power
required to draw a given quantity of air through a short pi
was inversely as the squure of the area or fourth power of the
diameter; in other words, if the diameter should be doubled, the

wer required would be reduced to one-sixteenth, and therefore
10 practice the largest poasible ares should bo given to the air-

passage. Lo - . . .

These theoreticy) investigations furnished no information in
regard to the power expended in overcoming the resistance due
to friction in the pipes, and it became necessary to make a prac-
tical test to determine data for calculations.

For this_purpose, a wooden box was constructed of rough
boards. ~The size of the box or pipe was 110 square inches, in-
side area; length, 1257 ft.

The pipe was connected with & fan outside the tunnel, driven
by a small engine of 10 horse power.

The vacuum fan was 4ft. in diameter, and the number of
revolutions varied in the experiments from 880 to 1220.

The velocity of the air through the pipe was determined by
exploding cartridges at regular intervals in the pipe by elec-
tricity, and countng the oscillations of a pendulum, regulated
to make 100 per minute, from the instant when the key was
touched to explode the cartridge, uniil the smoke appeared at
the fan. In this way also the leakage through cracksin the box
was ascertained.

The pressure of air in the pipe was determined by an anemo-
mieter.

The vane of the anemometer presented a surface of 6} square
inches; it was inserted at any desired point, by making a saw
slit in the box; one ounce pressure on the vane represented
1.4835 Ib. on a square foot of surface.

A pressure of air of .005 lb. per square foot is due toa velocity
of 88 ft. per second.

A pressure of .020 lb. per square foot, to a velocity of 176 ft.
per second. .

In general, if the velocities are represented by

0,20, 89,40, no,
The pressure will be
.p.4p, 9p, 16 p, np? .
or the pressures are as the squares of the velocities.

The velocity due to a pressure of one ounce on the vane of
the anemometer was found to be 1491 ft. per minute, and to
obtain the velocity due to any other pressure it was only neces-
sary to multiply the square root of the observed pressure in
ounces by the constant number 1491,

Experiments were continued for several days, and the results
tabulated ; but, although interesting, the practical conclusions
are all that will be here stated.

A fan 4ft. in diameter, und making 880 revolutions per
mioute, discharged 8674 cubic feet of air per minute, if not
connected with pi

When attached to a pipe or box of 110 sguare inches in croes
section, the discharge wus reduced to 1820 cubic feet, or one-
balf, when the length of the pipe was 1188 ft., the fan acting to
create a vacaum in the pipe, and the air propelled. by atmo-
spheric pressure.

Although the experiments were interrupted by the suspension
of the work at the Franklin Tunnel, yet it wou.d seem that cer~
tain laws may be considered us at least approximately esta-
blished which govern the motion of air in pipes when produced
by creating a partial vacuum at oune end, and allowing the
atmosrhere to act freely at the other.

1. The friction in the pipe being left out of consideration, the
power requisite to draw a given quantity of air through a pi
of given length will be inversely as the fourth power of the
diameter, or inversely as the square of the area.

2. The quantity of air being constant, the power will be as
the square of the velocity.

8. The velocity and power being constant, the quantity will
be directly as the area.

4. Power and quantity remaining constant, area must in-
crease according to some fanction of the distance.

The first three of these luws, which are independent of fric-
tion, are modified by those which follow.

5. The velocity, area, and quantity being constant, the fric-
tional resistance will be directly as the length of pipe, and the
increment of power required to overcome it will be in the same
proportion.

6. The experiments at the Mont Cenis Tunnel establish a
sixth law, which is this, the loss of tension or resistance is in-
versely as the diameter. Now, as the number of particles in

contact with the surface as compared with the whole volume is
reduced in proportion as the circumference is increased, this
explains the cause of a reduced resistance with an inoreased
frictional surface.

It would follow that, znantity and velocity remaining con-
stant, the resistance should be directly as the perimeter.

The discharge being reduced to one-half, when the vacuum
pipe has an area of 110 square inches, and length of 1138 ft.
To make the discharge equal to the original quantity, the velocity
must be doubled, and the power which ia as the square of the
velocity quadrupled.

As the quantity is reduced fo one-half, at a distance of
1138 ft., three-fourths of the power is required to overcome the
resistance of the pipe.

If g represents the power exerted at the fan, 1 = distance at
which three-fourths of the power is expended in overcoming
friction of pipe=1188 ft,

A=Area of pipe=110

.Q=Quantity of air disc

uare inches.
ged per minute by fan without

ipe.
P p’lgha quantity remaining constant, the power required at the
distance 1 will be 4p, at 21=7p at 8 1=10p, at n 1=(3
n+1) p. But if it is desired that the power shall remain con-
stant, and that the resistances from increased distance shall be
eorw)ensabed by an enlargement of area,

e( Athen have these considerations to lead to the required
area (A"),
The quantity being supposed constant, an enlarged area re-
duces velocity in proportion to enlargement.

The reduction of velocity affects power, which is as the square
of the velocity.

When the power is increased from p, to (35 + 1) p, the
power being as the square of the velocities, and the. velocities in-
v:rs:ly as the areas, the power must be inversely a3 the square
of the areas.

Therefore (3n +1)p: 1p:: (xl ). : (:l,)’

from which it appears that A’=Av3 n + 1.

For example, if n=>5, then the power required with the area
A, would be 16 p, or sixteen times the power at the fan; but if
the area be increased s0 as to become A »/3 % 4 1 =4 A, the
power remains uncbmgod:ip.

To make a practical application of the results which this in-
vestigation has developed, let us assnme a case applicable to the
Mount Cenis Tunnel, in which the air for ventilation is to be
carried & distance of four miles.

Let the vacuum box be constructed by flooring over the
bottom of a gallery, giving, say, ten square feet of sectional area,
and let the question presented be, to determine the power which
npﬂd to one or more vacuum fans outside of the tunnel would
e; ‘hmn 2118 cubic feet of air per minute from the extreme end
of the gallery.

It will be remembered that 2118 cubic feet per minute was
the estimated quantity required at the Mount Cenis Tunnel,
which does not appear from published statements of observers to
be actually furnished, although more than 300 horse power are
expended in compresging the air.

our miles equal 21,120 ft., and *#°=18 nearly. The
ggger at the end of the tunnel being p=10,n=18 (3.11) =

50, or 550 horse power would draw 3674 cubic feet of air per
minute through a pipe with an area of 110 square inches, or .76
of a square foct, aad of this 540 horse power would be expended
in overcoming the friction of the pipe.

. If tke area is en , the velocity being reduced in propor-
tion to the area, and the power and resistance being as the
square of the velooity, they will ulso be diminished in proportion
to the square of the area.

The area being enlarged in proportion as ¥i%:10, or as 1:18,
the velocity would be reduced in the same proportion ; and if the
resistances are as the squares of the velocity, the power to over-
come them would be in the same proportion, and would be

reduced from 540 horse power to =32,

But the quantity of air discharged is to be reduced from 3674
cubic feet per minute to 2120. As the velocities must be re-
duced in the same proportion, and as the power is as the square
of the velocity, the power would be reduced as 36742: 21202, or
about 66 per cent. less than the power necessary to pass 3674-
cubic feet.

The perimeter of the section in proportion to area must also-
be considered. An area of 10 square feet in the form of a
rectangle ten by one has a perimeter of 22 lineal feet: in the form.
of a square the perimeter with the same area would be 12} ft.,
and in the form of a circle 114 ft., so that in the rectangular
according to rule 6, page 52, double the power would be require
as compared with a circular area.

After making every allo , it would appear that with a
pipe or box of 10 square foet sectional area, and an application
of 10 horse power, more than 6000 cubic feet of air per minute
should be furnished, which is three times as much as the
bydraulic compressors could deliver with an expenditure of 800
horse power. :

Compressed air must move under high tension, at great
velocity, and encounter t resistances; the pipes must be
very strong, of very small areas comparatively, aud very ex-
pensive.

The vacoum Flan carries the air at a very feeble tension,
with very low velocity, with slight resistance, in pipes of rough
boards of large area, and furnisbed at small expense.

To 2100 cubic feet of air per minute, through a pipe of
8 in. diameter, requires a velocity of over 1200 ft. per minute,
even after compreasion to one-fifth of its bulk, with correspond-~
ingrincmse in frictional resistance.

he vacuum plan will pass the same quantity of air, without

compression, through a passage of 10 square feet at a velocity
of only 200 ft. per minute.
It must be observed in the practical consideration of this
?uuﬁon of ventilation, that the theoretical results cannot be
ully realised, that allowance must be made for the I of
pipes, for the increased resistances from the rough rocky surfaces
ovar which the air is drawn at the bottom of the tunnel, for the
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reduced area of the pipe which is extended for about 150 ft. to
the face of the heading, and for the resistances in drawing air
through the lguto-ﬂues and smoke-pipe of the boiler ; but after
mnhni:mg e allowances for all these increased resistances, it
must be obvious that the power required to supply a given
amount of air is much less on the vacuum plan, with larger
air-passages, than on that of eompressed air with small ones,
and that the ventilation secured is incomparably more perfect.
"It must be observed also that the number of funs can be in-
creased to any desired extent at trifling cost.

Mountain chains will cease to bar the progress of improve-
ments when the work of a generation in perforating them can
be compressed into a brief period, with reduced cost at the
same time.

Outlay reguired for Tunnell Steam at Prices of Labour
an{z uw”"'..."a‘i United States.
For a tunnel heading 15ft. wide, 6 ft. high, working nine
drills at & time on the face, there should be provided:
27 Perforators 8} in reserve) $500 ... $13,500
8 Stands, $200 ... 600

oee see

1 Trussed beam, $400 ... 400
1 Thirty-horse bailer ... .. 1,600
Car and tender e 1,000

. Dirt-cars . . 500
Engine and fan outside, twenty horse 2,500
Machinery for repair-shop 5,000
Smith-sh 500
Bhildin, 5,000
Boards for air-boxes ... - 500
Water and steam pipes, &c. 500
$31,500

At the tunnel of the AEZ: the outside expenditures in ma-
chinery, buildings, power, &c., are said to have amounted to one
million of dollars for both ends.

At the Hoosac Tunnel the expenditures for similar purposes
by the¢Shle of Massachusetts exceeded $700,000, chiefly for
one en

The plan under consideration, therefore, compares with others
even more favourably in economy than in efficiency.

Mining Tunnel.

To drive a mining-tunuel adit, or level, with a section 6 ft’
square, or its equivalent, only two perforators need be used at
one time, consuming six horse power of steam. The boiler, if
steam be used, may be 2 ft. wide and 4 ft. high. The air-bex
4 ft. wide. The trussed beam for handling the drill-stand can be
smaller than before described, or the drills can be moved by
hand, or on a light iron frame or barrow mounted on wheels.
Everything should be on a reduced scale, but the same general
principles should be observed, taking care to provide a surplus
of smer outside, as the difference between an engine that is just
sufficient and a larger oue is very small.

imale for the Equipment of a Mining Tunnel, at Prices paid
Jor Work and Material tn the United States. P

6 Drills, $500 e o ... $3000
1 Stand, $200 - w200
1 Trussed beam e w250
1 Eight horse power boiler ... .. 600
Car and tender ... ° .. w400
Dirt cars w150
Outside engine and fan ... .. 1000
Small lathe and other tools for shop ... 1000
Smith shop, tools, &ec. e 200
Buildings . . 500
Boards ... w200
Water and steam pipes ... w100

$7600
Of this equipment it must be observed that very little will be
actually used up upon the works ; nearly all of it ‘can be carried
away whea the work is completed, and used again. This is not
the case with water power.

Estimate of Cost of applying Machinery to' Cornish Mining.

In these mines waternglflpnmped from great depths by means
of heavy wooden pump-rods.

These rods afford facilities for making attachments at any level
by means of which air-com can be worked, and a power

ted almost without coet, which is perfectly adapted to
operate machinery for drilling the holes required for driving the
levels. Even if the power exerted in compressing the air should
be four or five times as great as the power exerted by the air
when compressed, this will be no disadvantage if the power
should otherwise be wasted. A double-acting compresser and a
cylindrical boiler-iron receiver, furnished with a safety-valve,
would constitute all the apparatus absolutely necessary for com-
‘pressing air.

The compresser should be of sufficient size to furnish air as
rapidly as it can be used by the drilli:ﬁ-engino—uy, 80 cubic
foet per minute. This amount of air should be furnished by a
compresser 15 in. diameter, 9 ft. stroke, making seven strokes
per minute. If power is not in excess, it can be utilised more
economically by the introduction of more expensive and bulky

ery.
An estimate of cost based on ‘pnces farnished by Nicholus

E:n, Esq., mining and mechanical engineer, of Cornwall, would
: £
For reservoir of 140 cubic feet capacity e 20
Four drilling-engines, two in use and two in
reserve, 404 each ... . . 160
Stand for mounting drills w80
Valves, pipes, and couplings ... .. .. 15
Cast-iron pipes, 2in. in diameter, 2s. per
fathom, 100 fathoms ... e e 10
Incidentals e e oo e 20

N axill Total cost he o o i £255
With two drilling-engines, the progress in drilling, as com-
pared with hand labour, should be ten to one in fuvour of the
machines.
Estimated Progress in driving Railroad Tunnels.
Nine drills are supposed to be set at work in a heading 15 ft.
wide by 6 ft. high, and to drill three sets of holes before removal.

Suppose a blast has been made. The barriers are immediately
lowered, requiring two minutes, tracks laid in five minutes, first
drill-stand picked up and run forward in five minutes. In the
mean time the smoke bas all been cleared by being drawn into
the vacaum box, and a space of 1 square foot at least cleared
for the bottom of the first drill-stand. The stand is then set in
its place, and the men who attend to it proceed to adjust it, and
place the drills in_position while the trussed beam is used to
pick up and place Nos. 2 and 3 in the same manner.

In fifteen minutes from the time of a blast, stand No. 1 can
be at work, even allowing ten minutes to move forward the boiler
and make the one connexion which is all that is required to
admit steam, and one for the exhaust.

In any ordinary rock, the rate of drilling wiil not be less than
2 in. per minute ; but allow twenty minutes todrill a hole 26 in.
deep, and ten minutes to shift the stand after one set of holes
has been drilled, the three sets of holes and the intervals will
consume one hour and twenty minutes ; add the fifteen minutes
which elapse before the first set of drills commence work, and
fifteen minutes more between the removal of the first and last
stands, and the time thus far amounts to one hour and fifty
minutes.

There remains the loading and blasting of the holes.

The holes should be loaded as fast as drilled, so that when the
last three holes are finished, all the rest are ready for blasting ;
five minutes should finish the loading, and at the end of ten
minutes the electric messenger can be sent to do its work of
simultaneous explosion. In the mean- time the boiler has been
run back, the barrier raised, the débris from former Llast removed,
and all ready for the next explosion.

With such thorough drill as is exhibited in the ex of an
artillery battery, there seems to be no difficulty in blastiug once
in two hours, or at least ten times in twenty-four hours; aud
the progress could not be less than ten lineal feet per day. The
average progress in the Hoosac Tunnel was one foot for each
twenty holes drilled by hand with separate explosions. Twenty-
seven holes fired at once should produce a far greater effect, not
considering the advantage to be derived from the use of more

werfnl explosives than blasting powder, and ten simultaneous

lasts per day should give a progress of not less than 12 fi. at
each face. If this could be nccomilished. it would bea progress
six times as rapid as the progress by hand-labour.
Estimate of Cost.

Twenty-seven holes blasted ten times in twenty-four hours,

each hole consuming § 1b. of powder would give:

135 1b. of powder at 20 cts. per ib. . $27.00
1000 ft. of fuse or its equivalent ... . 18,00
Steel same as powder ... w2700
Light 4.00
Fuel, 1 ton coal we 10,00
Two engineers outside $3 .. 86 K
Six machinists $3 18
Four blacksmiths $2.50 - . 10
Twelve machinists at drills $3 o 36
‘Two firemen in tunne] $2 4
Eight to remove material $1.75 ... 14
Four carmen and drivers $1.70 ... 7
Eight extra $1.75 e 14
Forty-six Total labour e o -110.00
$196.00
A progress of 12 ft. would cost $16.38 per lineal foot, or

$5.40 per cubic yard, which is about one-balf the cost by hand-
labour, with six times the progress per day.

With so large a margin to cover contingencies, it would seem
safe to assert that the use of steam in tunnelling will save at
least half the time and 25 per cent. of the cost, as compared with

hand-labour.
Space occupi bz Gases generated in Explosions.
Twenty-seven holes blasted simultaneously, each containin

six-tenths of 8 pound of powder occupying 18 cubic inches of
space, expanding 2000 times its original volume, would give,

27 X 18x 2000 .

1728 =562 cabio feet.

302 6.2 lineal feet, a8 th jed in the tunnel,

g( =62 lineal feet, as the space occupied in the tunnel.

If the exhaustion of air at the extreme end is at the rate of
even 1200 cubic feet per minute, the smoke would all be removed
in half a minute.

Air required for Tunnelling.

In the use of steam, the air required may be determined by
the following data:

Sixteen pounds of air are required for the combustion of one
pound of coal.

One cubic foot of water is evaporated by 10 1b. coal, and re-
presents 1 horse power.

One pound of air weighs .075 1b. avoirdupois; 1 horse power
consumes 160 Ib. of air, or 2138 cabic ft. per hour.

At the Mount Cenis Tunnel it was estimated that 10 cubic
metres of air per hour were required for the respiration of one
man;

Seven cubic metres per hour to support the combustion of one

lam

'lp;vo hundred and ﬁ:t! cubic metres of air are required to
dilute the gases generated by the explosion of one kilogramme
of powder to an extent sufficient to permit them to be taken
into the lungs, all of which, it must be observed, is saved by the
adoption of the vacuum plan of ventilation, as this pernicious
air 18 not breathed by the workmen. -

The quantity of air required will be determined at the period
of maximum consumption when the greatest number of men
are in the tunnel and the machines all at work.

Nine machines consuming each 8 horse power of steam re-
quire a 30 horse power boiler, consuming 300 lb. of coal per
hour, and 64,000 cubic feet of air per bour, or 1066 cubic feet
per_minate.

Twenty-three men in tunnel, each 353 cubic

feet per hour, or 6 cubic feet per minute

Twelve lamps, each 247 cubic feet per hour,

or 4.6 per minute ...

138

o aee

Air required fer minute ... 1259 cubic feet.

To furnish this amount of air by a vacuum fan at a distance
of two miles through a pipe or box of 10 square feet sectional
area would not require 5 horse power.

Improved Means of Furnishing Light.

The attentian of the writer has not been confined to the con-
sideration of the primary essentials in tunnelling. He bas ex-
perimented to some extent on other means of facilitating pro-
gress by securing improved means of lighting and blasting,
some of which will be briefly aliuded to.

To dispense with the smoke of lampe or candles, and secure
a brilliant light, a large magneto-electrical machine was con-
structed under the direction of Mr. George W. Beardslee.
This nachine was no doubt the largest of the kind ever con-
structed ; its weight was 8 tons, and cost over $3000. It was
intended to drive it by means of the engine outside the tunnel,
and convey the current by wires, the light being produced by a
coil of platinum wire in the focus of a parabolic mirror. Al-
though a brilliant light was obtained by means of this machine
when the reflector was within 100 ft., yet it was found impossi-
ble to carry the current to any great distance from the machine,
and therefore it was not used in the tunnel. The present plan
of operations in which the boiler is movable would permit such
a machine, or any other that might be found preferable, to be
attached to the rear end of the tender, and rotated by a small
steam cylinder. This would obviate the necessity of carrying
the current any considerable distance from the generating
machine.

Improvements have recently been made in the production of
electrical light, and there is but little doubt that it can be made
practically available in tunnelling and mining.

Alignment.

"l;‘l;o ::dme apparatas wh;::h gmduo%d :he light :u intended
to be used in maintaining the e and alignment, by projectiag
on the face of the rock from the reﬂecg the shs;::v of a
eross from which both the vertical and horizental measurements
oould be made a mark, always before the eyes of the workmen,
and which blasts could not effuce.

Blasting.

Another use to be made of the electrical apparatus was in
securing simultaneous discharges from a large number of holes.
Experiments were made with a smaller machine, constructed by
Mr. Beardslee. It was found that a cartridge conld be ex-
ploded at a distance of 100 miles, using the ordinary telegraph
wires. Also, that fifty cartridges attached to a wire outside
the tunnel would all explode, but inside the tunnel not more
than six or seven of the holes would be exploded. The cause
of this was ascertained, and experiments were in 58 to
g‘rovide a remedy when the suspension of operations at the

ranklin Tunnel put a stop to them, aud no opportunity of re-
newing them has since been presented.

‘The last report of the State Commissioners on the Hoosas
Tunnel shows that efforts in the same direction have been made
by them, that their engineers, assisted by Colonel Schaffner,
could not explode nore than about five charges at once, but that
certnin suggestions were made, in consequence of which pew
machines and fuses were procured;:{ the use of which 8o many
a8 thirty-one charges have been fired at once.

If this machine is not exwﬂl{v what it should be, no doubt
can be entertained that the difficulties will be overcoms, so soon
as the attention of electricians shall be more generally directed
to the subject. In fact, it would appear that the Abel fuses
exploded by the ebonite battery leave little to be desired.

Loading Holes.

The old way of pouring in looge powder and tamping with
stones will not answer in expeditious trunnelling. The only
proper mode of loading holes is to have the powder enclosed in
previously prepared cartridges, in which the fuses or electrical
wires are inserted. These cartridges were prepared in the follow-
ing manner: A stiff case was made by pasting brown paper,
and rolling it around a stick, so as to give a diameter of 1} m.;
a paper wad, dipped in paste, forms the bottom ; when dry, the
powder was introduced, with the fuse or wires, then a wad, then
dry sand, until the whole length was about 20 in. . In loadi
a cartridge was pushed into a hole, followed by a poin
wooden plug tightly driven. The point of the plug would
break the cartridge and spread the sand. Lastly, an ordi
railroad spike was driven into the end of the plug, which split
it into four quarters, driving the pieces firmly against the sides
of the hole. This mode of tamping was found to answer per-
fectly, and was so expeditious that several holes could be loaded
in & minate.

Nitro-glycerine.

The report of the Hoosac Tunnel Commissioners states that
the experiments with nitro-ﬂcerine have been very successful ;
that no accident has resulted from it; that there seems to be
little risk if the article is good, and ordinary care taken in its
use, and that double progress can be made with glycerine over
that made with powder, at less cost. The report states that
‘* whenever its extensive use shall be concluded vpon, it will be
¢ necessary to secure the services of sume scientific person expert
‘“ in handling it, that some antidote against headacke may be dis-
¢ covered, and that the use may be reduced to the lowest pos-
“ gible point.” ’ .

The antidote against headache caused by breathing the
noxious gases resulting from the explosion of glycerine is
obvious. It consists simply in adopting the vacuum plan of
ventilation, which would carry off any vapours or guses without
injury to the workmen, even if they were as poisonous at the
fumes of prussic acid.

RamLways 1IN Russia.—Great activity continues to be dis-
layed in jon with the development of railways in Russia.
hree important sections have been opened of late, viz., from
Qdessa to Tiraspol, trom Warsaw to Tirespol, and from Balta to
Olriopol. Propositions have been renewed for the purchase of
the Nicholas line (Moscow and St. Petersburg). 'The conces-
sion hus been granted of a line from Poti to Tiflis, while surveys
have been commenced for another line from Rostow on the Don
to the Black Sea. A line is to be constructed at the expense of
the State from Koursk to Karkhow and the Sea of Azo
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THE PRICE OF STEEL RAILS.

AT the present time, and when the utmost workin
economy, as derivable from the introduction of stee
rail, is so important to our railway companies, their
purchase is sometimes proposed to be deferred until
the expiration of Mr. Bessemer’s principal patent, two
years hence, in the belief that, because the royalty will
then be lessened (for, as several important patents of
Mr. Bessemer’s will remain still in force, it will not be
wholly taken off), steel rails will then be cheaper.
Even were the price to be then lessened by the amount
of the royalty, which is hardly 7 per cent. of the total
price, this policy of delay would be a mistaken one for
the true interests of railway companies. Every railway
engineer who has had experience of the workinF of
steel-laid lines is now aware that, quite apart from
their greater durability, steel rails begin to save in
working expenses from the day they are put down,
because of the smoother and firmer road which they
make as compared with iron, and consequently the
lessened resistance to traction and lessened wear and
tear. In this respect alone, steel rails are now well
known to have an advantage over iron, more than suf-
ficient to compensate for the increased interest, whether
simple or compound, upon their greater first cost. The
company which, having rails to renew, now replaces
them witly iron, commits itself to the higher rate of
working expenses, not merely for two years, or till the
expiration of Mr. Bessemer’s patents, but until the
rails themselves are worn out, and this may be five,
ten, or twenty years, according to the amount of
traffic. No policy is worse than to tie down a railway
company to the use of an inferior material, and that for
a period of years.

ut it may be predicted, with almost as much cer-
tainty as anything can be predicted of the future, that
even when Mr. ﬁessemer’s patents expire, steel rails
are likely rather to increase than to diminish in price.
In the first place, the present is a period of excep-
tionally low prices, owing to the general depression of
trade, and with any fresh and considerable demand
prices will most certainly advance. In the second
place, we have already had the full effect of competi-
tion, and steel rails have been made and sold less with
a view to present profit than to future orders based
upon their ascertained superiority over iron. The
managers of certain of our largest steel-rail works
have assured us that, even where they had tenderéd to
supply Bessemer rails as low as 12/. per ton, they had
more than once found themselves underbid. When Sir
(then Mr.) John Brown was the sole maker of Bessemer
rails, his price was 17/ or 18/. per ton ; but now, in the
face of sharp competition, this has been brought down
by one-third. The great firms of the Barrow Hematite
Steel Company, Sir John Brown and Co., Charles
Cammell and Co., the Dowlais Iron Company, the
Ehbw Vale Iron Company, the Mersey Steelpani Iron
Company, and the Bolton Iron and Steel Company, in
addition to the establishments of the Old Park Iron-
works (Wednesbury), the Manchester Railway Plant
Company, the Lancashire Steel Company (now, how-
ever, in liquidation), Samuel Fox and Co., Henry
Bessemer and Co., John M. Rowan and Co., besides
the steel, works of the London and North-Western
Railway Company, at Crewe, are now making Bessemer
steel, mostly for rails ; and between these firms and com-
nies there has been a keen competition to establish,
if possible, an exclusive name and reputation, even at
the expense of temporary profits. It is impossible to
foretelﬁhe results of further improvements, and these
are quite as likely to lessen the price of iron as of
steel; but the general tendency is towards a rise in
prices, inasmuch as labour is rising in price, and, on
the full recovery of trade, will inevitably be dearer than
now. Hematite iron, spiegeleisen and coke, the raw
materials of Bessemer steel, are steadily rising in price ;
and nothing is more probable than that their increased
price, even two years hence, will more than exceed
the whole of the present royalty on steel rails. Another
circumstance which must contribute towards increasing
the price of steel rails is the increasing conviction of
their immense superiority—a conviction that railway
companies have been much too slow in adopting them
generally ; and as the result of this conviction alone,
we shall yet trace a largely increased demand, which
for a time will necessarily advance present prices, now
that ironmasters are glad of anything that will keep them
at work, and just cover the total cost of production.

It is incumbent upon all business men to look as
far as possible into the future, to interpret the signs
of the times, and to make their plans with reference to
the best-assured prospects of trade. In this spirit of
forecast, no railway manager can doubt that, with the
Bessemer steel trade (like almost all other trades), now

depressed by the general absence of enterprise, already
suffering from competition under a demand far short
of the available means of supply, the prices of its raw
materials still rising, the probability of an active re-
sumption of general trade at the end of the next two
years, if not sooner, and with a rapidly spreading con-
viction that steel rails are greatly superior to iron,
and that they are absolutely indispensable for very
heavy traffic, their market price, irrespective of the
royalty, must increase by more than the royalty itself.
And even were this not nearly certain, the policy of
oommitlinﬁ any railway company to the use of an un-
questionably inferior material for five, ten, or twenty
years, according to the amount of traffic, would be'a
mistaken one in every point of view.

THE CINCINNATI BRIDGE.

WE give this week drawings of the suspension bridge over
the Ohio River, at Cincinnati, U.S., & bridge of the widest span
yet constructed (1057 ft.), and which is undeniably the finest
of its kind ever constructed. We gave some few weeks back
a copy of the engineer's report upon the construction of the
bridge, from which we repeat a few general dimensions and

uantities. We also give a portrait of the engineer, Mr. Joban

. Roebling, who was also the engineer of the great railway
suspension bridge over the Niagara River. Mr. Roebling, a Prus-
sian by birth, ﬁu been long resident in the States, and has
executed many fine examples, besides those we have named, of
wire suspension bridges and aquedncts. He is about to com-
mence the construction of the great bridge of 1600 ft. span over
the East River at New York, a bridge which, with its land
spans, will be about a mile in length, and which is estimated
to cost about 1,200,0004

Main span from centre to centre of towers e 1057 fu
Side s from abutment to centre of tower 281 ,,
Total length between abutments ... e . 1619 ,,
Elevation of floor above low water at towe 91,,
" " o in centre 108 ,,
»  Oof Front-street, Cincinnati approach ... 60 ,,
" Second ,, Covington ,, . 71,,
Ascent of Cincinnati approach in 100ft. ... ... 5,
Length of Cincinnatiapproach from Front-street
to abutment s 841 ,,
Length of Covington approach from Second-street
to abutment e e ee 292 ,,
Total length, including approaches .. 2252 ,,
Number of cables ... . 2
Diameter of each . s o 12} in.
No. 9 wires in each cable ... o e e 620
w1y both cables ... 10,400
Average strength of one wire e 1620 Ib.
Ultimate strength of one cable ... 4212tns.
» s  of both cables . 8424 ,,
Number of stays in main span 76
Strengthof each ... ... . e 90 tos.
Aggregate strength of stays 6840 ,,
Uniledg strength of cables and stays . 15264 ,,
Weight of main span between towers w. 1500,
N " as far as supported by cables 1300 ,,
Deflection of cables in main span ... .. .. 891t
Permanent tension to strengt| o e 18
Ordinary working tension to strength .. 1=7
Mazimum tension to strength ee 1=-6
Section of each anchor chain in square inches ... 190
) two ) K ” o 380
Ultimate strength of two chaing ... . 9500 tns.
Elevation of anchor-plates'above low water e . 25M%,
Greatest weight resting upon the foundation of
each tower . «o 82,000 tns.
Area of each foundation ... wee 8250 1.1t
Pressure upon each superficial foot 38.88 tns.

Cubic content of masoury of each tower 400,600 ft.

AUSTRALIAN COAL.—New South Wales coal can be con-

veyed to Hong Kong for 13s. per ton, while the transport of P

English coal to the same poiut involves an outlay of 2L To
Calcutta the cost of conveyance in the case of New South Wales
coal is 1L to 1L 5s., and in the case of Englisli cool, 2L per ton.
In the face of such facts as these, one would think that the
extraction of coal in New South Wales must steadily increase.

ERRATA.—In the last line of the note to the article, entitled
“ Mallet Mirum in Modum,” in our last number (page 322), a
misprint occurs. Instead of “‘say about 170 ft. in diameter
read “say about 1370ft. in diameter.” In the fourth line
above this also, for *‘increases only as the cube of the diameter,”
read * increases only as the cube root of the diameter.”

STEEL ¥OR SHIPBUILDING.—The application of steel in the
construction of ships is mukinf steady progress in the
shipbuilding-yards on the Clyde. Inthe two frigates mow in
hand for the British Government at Messrs. Robert Napier and
Son’s, steel enters largely.in the construction of the hul All
rts which require no heating and bending after their being once
ished by the steel makers are specified to be made of steel,
and some excellent specimens omemmer steel-plates and
angles made by Mesars. Cammell and Go., of Sheffield, are now
under test at the above named shirbuilding-yard. Messra. W.
and A. Inglis are designing a steel ship for the river Plate. It
i8 to be a fust running nger steamer of 1600 tons measure-
ment, 250 ft. long, and to draw about 7 ft. of water only. It
is to be fitted with twin screws, and circular steel boilers carry-
ing 251b. of steam. The steel-plates will be punched and
rivetted with steel rivets by hand in the usual way.

. TuE InsTiTUTION.—We may state that the question of the
right of the Institution of Civil Engineers to expel from its
body the gentleman whose conduct formed the subject of the
late inquiry, Lias been submitted to eminent counsel, and that an
opinion has been given that the Insiitution has no legal power

us to expel a member.

THE GREAT INDIAN PENINSULA
RAILWAY BRIDGES.

No sooner have we recoyered a little from the effects
of the startling news relative to the total collapse of
the viaduct across the Mhow-ke-Mullee Khind, on
the Bhore Ghaut incline, than we learn, from the ac-
counts of the following mail, that two large bridges
have been washed away on the unopened portion of
the Great Indian Peninsula Railway line between
Khundwah and Hurdah, the consequences of which
must be to delay indefinitely the opening of that sec-
tion. A crack has been discovered in the largest
viaduct on the Thull Ghaut, the dimensions of which
erection is about 200 ft. high and 750 ft. long; and
three other viaducts on the same ghaut have been
found to be in such a dangerous state, that passengers
have to leave the trains and walk across. Seventeen
bridges on the unopened portion of the Nagpore ex
tension of the Great Indian Peninsula line have also
been condemned by the company’s engineers. At
present we have not received copies of the reports on
the state of all these bridges, but if what we have
received concerning the fallen viaduct on the Bhore
Ghaut may in any way be taken as a fair representa-
tion of the other bridﬁes on this line, we may with
tolerable certainty predict a rapid decrease in the in-
terest returns of this line for some time to come, in
consequence of the large amounts that must be forth-
coming for the purposes of reconstruction.

As the Syhadee Mountains, or Western Ghauts, run
parallel to the line of sea-coast, they cut off Bombay
and other parts from the -interior of the country.
Across these mountains goes the south-eastern line of
the Great Indian Peninsula Railway by means of a
series of the most magnificent railway works in the
world, consisting of tunnels, viaducts, and gradients,
some of which are as steep as 1 in 37. This Bhore
Ghaut incline is 15 miles and 68 chains in length ; the
level of its base is 196 ft. above high-water mark in
Bombay, and of its summit, 2027 ft., so that the total
elevation surmounted by the incline is 1831 ft., at an
average gradient of 1 1n 48, The works consist of
twenty-six tunuels (the total length of which is 3985
yards) and of eight gigantic viaducts, besides numerous
extensive cuftings. The viaduct, which has just
collapsed, sacrificing the labour of two years, and
50,000/., is that which crossed the Mhow-ke-Mullee
Khind, between Wonee and Thakoorwada, and was
the most important on the ghaut, connecting, as it
did, the upper and lower ranges of hills. Tt was also
the most extensive on the line, consisting of eight semi-
circular arches of 50 ft. span, and 139 ft. above the
surface of the ground. So far as the actual works
were concerned, however, this does not show their real
height, because it was necessary to excavate to a depth
of 24 ft. before a sufficiently solid foundation could be
obtained. The viaduct was thus 168 ft. high above
the footing, and it was built on a considerable curve.
It had been known to be at least superficially unsound
for several years, cracks having been visible in two of
the piers.

The cause of the fall of the viaduet is undoubtedly
to be found in its very faulty construction. Sound
and substantial as the masonry may have seemed
outside, any attempt at inspection when the work was
roceeding must have shown the merest tyro in build-
ing that the inside masonry was disgracefully insuffi-
cient. The piers of this viaduct were built with their
casing of cut stone averaging 2 ft. on the bed, whilst
the whole of the intermediate portion was of common
rubble. The lower part of the pier, forming the plinth,
is 2 ft. wider than the shaft, which is carried inwards
by two 6 in. offsets. It will be easily understood that
a block facing of, say, 24 in. actually makes the face:
work of the shaft to stand on only 12 in. of the cor-
responding work of the plinth, and thus the greater

art of the weight is thrown upon the rubble hearting.

he piers of all the viaduets on the Great Indian
Peninsula Railway are, we believe, built in a similar
manner.

In addition to the defects of construction, the lime
and mortar used by the contractors must have been
very inferior, probably owing to the terrible scarcity
of water at the time. So scanty was the suptply, that
there was not even sufficient for the wants of 24,000
or 25,000 men employed on the works, and who were
decimated by cholera in consequence. The mortar and
the stones being too dry, no care in building ecould
bind the courses of masonry together, and hence the
cracks and downfall of the whole.

The following resolution on the subject, dated 20th
July, 1867, has been issued by the local Government:

Resolution.—The fall of the great viaduct on the
Bhore Ghaut incline has fortunately been attended
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with no loss of life, or injury to any person; but it
might have been followed with the most deplorable
results.

2. The work appears to have subsided under no
immediately exciting cause; it was neither subject
to the rush of flood-water, nor was it shaken down
by a passing train; and there is too much reason to
fear that, after an existence of five years, it yielded
from defects inherent in its constructiop, and from
causes which have been in operation from the mo-
ment of its completion.

3. The embankment of ihe Sooki Nullah gave
way from a similar cause—original defective con-
struction; though in this case there was an active
cause in operation which produced the catastrophe,
and combined to bring it about.

4. These facts suggest matters for very grave con-
sideration, and call for the most prompt and vigorous
action on the part of the railway company’s officers,
and on that of Government.

5. There is no possibility of determining to what
extent faulty and insecure construction may have been
carried on; on other parts of this line; and though
Government trusts that it may not exist in the case of
any other works than those in which it is at present

known to exist, his Excellency in Council feels it in-

cumbent on him to do all in his power to set the question
as far as possible at rest.

6. In Government Resolution, No. 1475, of the 17th
instant, it was remarked that no rule regarding workin
the line would be of any avail to ensure safety, if ba
design or faulty construction be allowed to remain
uncorrected ; and the attention of the consulting engi-
neer was called at once to the necessity of remedying
defects wherever they were known to exist.

7. The correctness of this view has been confirmed
in the instance now under notice. The line inspector
had passed over the viaduct very shortly before it col-
lapsed, and found nothing to indicate the probability of
such a calamity. It is evident, therefore, that all or-
dinary precautions may, in a case of this nature, prove
unavailing.

8. It may be extremely difficult to devise measures
which shall be entirely effective in the case of works
unsound within, but which present the external appear-
ance of sufficient stability; but nothing that is practi-
cable in the way of testing and examination should be
omitted. His Excellency in Council is therefore
pleased to direct that the consulting enginecer should
call upon the railway company to submit reports of
every work of construction on the line, and that in
cases of bridges the responsible engineer should submit
certificates that all masonry in piers and abutments is
plumb and without external cracks, that arches are not
crippled or out of shape, and that there has been no
daigerous scouring action through waterways.

9. In case any works should be found defective in
any of the particulars enumerated, the responsible en-

ineer must make a special report, specifying the exact
efects that are apparent, their nature and extent.

10. The engincer should also specify whether the
sides and toes of embaukments exposed to flood action
are pitched or otherwise protected, or not. .

11. Ou the receipt of these reports, the consulting
engineer or his deputies should personally visit and
inspect the principal works, especially those reported
as defective, and, in consultation with the company’s
engineers, should suggest the measures that may seem
miost applicable in each particular case to secure the
work and prevent accident. )

12. His Excellency in Council confidently relies on
the cordial co-operation of the railway company’s agent
and his officers in carrying out promptly and without
delay these precautionary measures, which are, in his
Excellency’s opinion, necessary alike for the safety of
the public and the interests and credit of the railywa_v
company. - :

‘M. K. KevnEDY, Colonel, R.E,,

K Secretary to Government.

We believe we are correct in stating, that this viaduct
will be replaced by an iron girder bridge, and, in the
mean while, a tramway is being constructed for the tem-
porary accommodation of the traffic.

THE PARKHEAD FORGE, GLASGOW.

MARINE engineers and iron shiphuilders on the
Clyde, whose demand for heavy forgings, plates, and
rolled iron of all kinds is very extensive and important,
rely for their supply almost entirely upon a limited
number of forges situated in their own district, and
laid out on a very large scale. The largest and most
celebrated forge in the locality is the Parkhead forge,
founded by the late Mr. E.riit‘){y, and now carried on, as
the firm Righy and Beardmore, by Mr, Beardmore.

The Parkhead forge is laid out for the manufacture of
the heaviest forgings at present in demand. The
heaviest article yet produced under the hammers of
this establishment is the double erank-shaft; of the iron-
clad Monarch, a forging which weighed 32 tons in the
rough. The weight does not equal that of the great
wrought-iron shaft sent to the Paris Exhibition by
Messrs. Marrell fréres, of Rive-de-Gier, in France, and
which is said to weigh very nearly 30 tons in the
finished state, and has three double cranks; but it
comes sufficiently near in size to thic latter to show
that the Parkhead forge is fully equal in power
of production to the largest forge in France. This
refers exclusively to iron Forgings, which, as compared
with steel, require a smaller weight of hammers. The
largest hammer at the Parkhead forge is 7 tons in
weight, but the clear span hetween its standards is
fully 15 ft., so as to afford plenty of room for the
heavy forgings which are operated upon. The appear-
ance of the steam-hammers in a forge of this kind
generally gives the idea of their heads being heavier
than they really are, on account of this difference of pro-
portion. between the size of the framing and standards
and the weight of the hammer-head itself. The
cranes, which are placed at the sides of the
large hammers at the Parkhead forge, are of the
lieaviest class, their framings are of timber, and they
are worked by steam, each crane having a pair of
separate engines for workini it. These engines,
which used originally to be worked and reversed by a
link motion, are now reversed by means of a valve
answering the description of a four-way cock, which,
by being placed in two alternate positions, effects the
reversing of the two engines with great speed, and
which is less. subject to wear and tear than the link
motion. Tie action of this valve is simply to reverse
the position of the steam inlet and exhaust passage ;
its action is not perfect as regards the ‘economical dis-
tribution of steam, but its simplicity makes it prefer-
able in cases like that. of the small engiues of a forge-
crane. There are fourteen steam-hammers, varying
from 7 tons downwards. The larger sizes are Nas.
myth’s patent single-acting hammers; the smaller
sizes are made on Mr. KRigby’s patent, a type of
steam-hammers which is in very general favour in
Scotland. Rigby’s hammers are made with- a solid
hammer-head of wrought iron or steel forming the
piston, piston-rod, and the hammer-head all in one
piece. All guides to the hammer-hend are dispensed
with by relying upon the stuffing-box, through which
the piston-rod passes at the bottom of the cylinder, and
upon the pistun itself to give a straight movement to
the hammer. Tue possibility of the hammer turning
round the axis of the piston-rod is preveuted in
Rigby’s original hammers by planing the stout cylin-
drical rod down to a flat surface on one side or on two
opposite sides. This plan, although effective in keep-
ing the hammer steady in its position, is objectionable
on account of the difficulty of keeping a stutfing-box
of such an irregular shape steam-tight all round. In
some Rigby hammers more recent,fy construoted, the
sharp corners have been avoided, the section of the
rod approaching more nearly to an elliptical form ; but
the result was not much betier than with the original
shape. The most modern design, and one which meets
all the difficulties with perfect success, is to make the
piston.rod perfectly cylindrical, and to place it slightly
eccentric to the piston itself. This arrangement com-
pletely prevents any possibility of a change of position
of the piston-rod or the hammer-head, and' it still main-
tains the circular stuffing-box with its facility of work-
ingrand packing.

he smaller Rigby hammers have single cast-iron
standards ; the hammers exceeding 2 tons have donble
standards cast in pieces and bolted together. The
cranes, which are placed in pairs at the alternate sides
of the large hammers, are long enough for the sweeps
of the jibs to intersect each other, so as to allow of an
easy transport of a heavy forgiug from one hammer or
furnace to another. The anvils uscd for some pur-
poses, particularly those employed for shingling scrap
iron or puddled blooms, are cooled by water circulating
through the anvil. This is effected by casting a pipe
of about 1 in. in diameter in the body of the anvil at a
depth of about 4in. below the surface of the face,
This pipe, which is simply cored out in the body of
the cast iron, follows a zigzag course all over the hori-
zontal section of the anvil, returning to the same side
at which its course commenced, so that both ends of
the pipe are in front, where the water-pipes may then
be attached in the usual way. These anvils last much
longer and stand a greater amount of wear than solid
anvis, and they do not seem to have any excessive
cooling effect upon the heated mass placed upon them.
The raw materials employed at this forge are both

scrap iron and pig iron of different brands, and they
are selected according to the quality of articles to be
produced. There are about forty puddling-furnaces,
each with a separate single flue, surrounded by a ver-
tical boiler. }f)he pig iron for puddling is a mixture
of Scotch, Cleveland, Welsh, and hematite irons, all
dark grey; they are charged into the puddling-furnace
in 24 cwt. charges, and each charge produces about
1 ton of puddle hars on an average. Six charges are
made per furnace in a day of ten working hours, and
the consumption of fuel on the grate is about 15 ewt.
of best large coal per ton of puddle-bars produced.
The quantity of steam Eroduced by the waste leat
is just sufficient to work the hammers and rolling-mill
engines ; but there is still a considerable amount of
heat lost on account of the comparatively small heat-
ing surface of the single-flue boilers. The puddled
blooms are shingled under a 24 ton hammer, and then
passed through a pair of 241n. rolls provided with
collars and grooves, so as to gauge the mill-bars to an
equal and uniform width.. The mill is driven at 126
revolutions per minute by a pair of horizontal high-
pressure engines, which at the same time work two
other rolling-mills. The engines have cylinders 30 in.
in diameter, and 5 ft. stroke, and they work with 45 lb.
steam pressure at 42 revolutions per minute. The
breaking-down mill is geared to the fly-wheel shaflt at
the ratio of 1 to3. The mill-bars are used for making
scrap for piling and forging, or they are piled and
rolled for the production of plates. For the best
qualities of plates the mill-bars would be piied and

-rolled a second time, and then re-heated and finished

in the plate mill, each successive heat requiring from
10 ewt. to 15 cwt. of coal to the ton of iron, and
wasting about 5 per cent. of the material. For
forgings a similar course is followed, as far as piling
an(i{ re-heating is concerned, but the mechanical .
operations are carried out under the steam hasmer.
The forgings of the highest quality are made from
scrap iron to commence with ; this is piled and welded .
into blooms, which pass through the breaking-down
mill. The bars are cut up into equal lengths, and
piled with geeat regularity in alternate layers crossing
each other at right angles and diagonally. This pile
is then brought to a weYdinz,' heat, and hammered down
into a bloom of the suitable size for the forging to be
made from it. Forgings of an intricate shape take a
very large number of heats before being finished, the
average quantity of fuel which is used m a forge for
this kind of articles being 9 to 10 tous of coal per ton
of finished forgings. This consumption includes the
total quantity of coal used iu working the scrap iron,
and that employed for making steam for the hammers
and rolls.  ° .

The quantity of scrap iron employed in the produc-
tion of a heavy and intricate forging averages about
double the weight of the finished article. Some very
fine forgings are just now in hand at the Parkhead
forge, amongst these a stern-post for the Dutch frigate
now in course of construction at Messrs. R. Napier
and Son’s shipbuilding yard, and two projecting bear-
ings for the twin screws of the same vessel. For
finishing articles produced in the forge, this establish-
ment is provided with a very complete set of engineers’
tools of very large size. A vertical drilling and
boring muchine, by Messrs. G. and A, llarvey, of Glas-
gow, 1s one of the largest of its kind in existence; and
there are also a very large slotting-machine, by Messrs.
Shanks and Co., a shearing-machine, by Messrs. Youle
and Co., of Glasgow, with blades 6 ft. in length, some
large planing-machines, and other tools of smaller sizes.
The roiling-mill proper, which is placed in the same line
with the breaking-down mill, but at the opposite side of
the engines, is principally employed for making plates.
The rolls are 24 in. diameter, 6 ft. 6 in. long, and the
mill has a reversing gear, operated by a double clutch,
which can be displaced by means of a long lever. The
plates are rolled to a length of 15 ft., and to a weight
exceeding 1ton. There is a second plate-mill, with
22 in. rolls, attached to the same engine, this mill being
said to be capable of working all the three mills simul-
taneously. Each plate-mill consists of one pair of soft
rolls and one pair of chilled rolls, for finishing the
surfaces of the plates. Another pair of rolls, 26in.
diameter, forms the armour-plate mill of the establish-
ment, which has supplied a considerable quantity of
armour-plates to the si’)ipbuilders on the Clyde. The
Parkhead forge is capable of employing 600 hands.
Its tolling-mills can produce about 1000 tons of plates
per wonth, and the forge is capable of turning out
about 150 tons of forgings of all kinds per week. The
quality of its products bas a very high name in the
markets, not only of Scotland, but also of the more
distant manufacturing districts, and in foreign coun-
tries, .
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LOCOMOTIVE ECONOMY.

THE iuterest upon the cost of the early locomotives
bore but a very minute proportion to their working
expenses ; but now we have so lessened the latter that
one of the few remaining means of economising—we
say “few,” because locomotive superintendents really
see but few—consists in keeping an engine as long as
gossible upon the road, not merely to save in repairs,

ut so that a given service may be performed by the
least possible number of engines, thus saving the inte-
rest upon the cost of an additional number. The
annual interest at 5 per cent. upon the cost of a first-
class engine (2800/.) is 140/, or 33,600 pence, and as
the average annual mileage of all engines, goods, and
passengers hardly exceeds 16,800 miles, this amounts
to 2d. per train mile, or as much in many cases as the
whole cost of fuel, more than the wages of enginemen
and firemen, and nearly as much as the total mileage
cost of repairs.

The engine which is kept going and out of the shop
the longest will not only save in interest on locomotive
stock, but will, of course, cost less also for repairs, and
will lose less in depreciation also, which must be taken,
irrespective of repairs, as a¢ least 5 per cent. yearly,
making 2d. more per train mile, or 4d. including inte-
rest. For the value of any locomotive, worked as
engines are now worked, may be considered as extin-
anrished in twenty years, if indeed it will wear fifteen.

e do not speak of old pensioners, retained upon the
establishment in considcration of years of former
service, and which manage to run branch trains, or do
a little shunting, after twenty-five years’ buffering
with life on the road, but of the hard-going breed of
engines, worked as locomotive superintendents work
them in 1867—engines of 30 tons weight and upwards,
with 14 tous or more on a single pair of wheels, work-
ing steam of 1401b. to 160 1b., and running express
trains at 50 miles an hour, or heavy coal-truins at
25—work that would have astonished even George
Stephenson, who, “fast” engineer that he was in
1829, was, iu sober truth, among the slowest in 1845,
He left fast engineering to Brunel and other gentlemen
of kindred genius.

. There are, even yet, locomotive engineers who be-
lieve that the question of locomotive economy is in-
cluded in that—the broader question—rof "inside-
cylinder and outside-cylinder engines, or that of bogie-
engines, or other distinctive features of locomotive de-
sign. When Mr. Sinclair was engineer to the Great
Eastern Railway, he would have only outside-cylinder
engines, while Mr. Johnson, his successor, will have
only inside cylinders, thus adding, again, to the need-
less variety of types of engines with which that unfor-
tunate live is afflicted. Mr. Ramsbottom has given
hoth elasses a fair trial, and we believe Ire now inclines
to inside cylinders. On the Culedonian, with 1ts
gradients of 1 in 75, some of the engines have
8 ft. 2in. wheels, and these, with the driving-axle
beneath and not behind the boiler, as in the Crampton
engiues, are almost necessarily outside-cylinder engines.
Indeed, the outside-cyliuder type is retained, and 1s, for
the most part, still preferred, upon all the lines laid out
byJoseph Locke—the old Grand Junction (northern di-
vision of the London and North-Western), the London
and South-Western, the Caledonian, and yet, to a certain
extent, on the Western of France. Abroad, indeed—
with some exceptions in France and Germany—out-
side-cylinder engines are everywhere preferred, and in
America inside cylinders are looked upon as relics of
barbarism, no engines of that kind having been built
for years. Properly counterweighted, and with the
cylinders horizontal, the outsiders are in ll respects
as steady as the insiders, and they weigh a little less
for the work they do, and have rather less working
friction. If the cylinder fastenings are as strong as
they should be, and the journals of the driving-axle are
large and long, outside-cylinder engines can be kept
up as cheaply as inside engines, even where the latter
have steel cranks. Asin Mr. Ramsbottom’s outside-
cylinder engines, the journal and the part of the axle
in the wlneﬂboss should be larger than the rest of the
axle, so that if a break does happen (it need not with
steel axles) it will be neither in the journal nor in the
wheel-boss.  Eight-inch jouruals 12 in. long are none
too large for the driving-axle of an outside-cylinder
engine with 17 in. eylinders, the strain from the steam
being applied at a greater leverage than with inside
ceylinders.

The time is not very distant when no engine, unless
it be all-coupled, will be worked without a bogie. True,
this may be after the retirement of certain hard-headed
unbelieving engineers, who think it discreditable—to
use no stronger term—ever to change their opinions,
and who prefer to think themselves infallible, although

others may not. The engine that is the easiest on the
road is the best engine, other things being equal, and,
with a weak permanent way, it would soon be known
that the bogie-engine, and nof that with' its single
leading-axle square across the frame, was the easiest.
And what is necessary for a weak road is good,
although not necessary, for a strong road. None who
have ever worked hogie-engines would now work any
other. Let whoever doubts ask Mr. Adams, of the
North London, Mr. Cowen, of the Great North of
Scotland, Mr. Burnett, of the Metropolitan, Mr.
Eaton, formerly of the London and South-Western,
but now of the Grand Trunk of Canada, and any and
every locomotive superintendent in the States, where
our single leading-axle, square across the frame, would
not be tolerated for a week. Not only would our
locomotive superintendents find that the bogie would
save greatly in the wear of flanges, but that it would
punish the road much less than the old leading wheels.
It would admit of a much longer wheel-base, with
greater easein curves, and thus give a steadier engiue;
and it would save inclining the cylinders, and a great
deal of overhang in outside-cylinder engines. The
Bissell bogie is far better even than the ordinary

ivoting hogie, and Mr. Adams, of the North London,
reaves iis Eugies to move as they like, his engines
being really guided by the flanges of the driving and
trailing wheels.

There is little now to be said about coal-burning.
Most of our locomotives now burn coal, but not
always, nor perhaps often, without smoke. Smoke can
be, and skoxid be, prevented however, and its preven-
tion lies as much with the driver as in the construc-
tion of the firebox. Coal slack, that despised material,
is still cheaper than lump coal, and why should not we
burn it, as ﬁ Belpaire does on the Belgian railways ?
Mr. Cudworth’s long inclined grates, if made with
very narrow bars and air spaces, say §in. bar to lin.
spuce, would burn slack perfectly. One essential con-
dition is that of a large grate, suy 24 square feet,
where coal would requie 15 or {8 and coke 12
square feet. We are not sure, either, whether loco-
motive engineers have gone into the question of coking
slack, with or without washing. A lew years ago the
idea of washing out the slate and pyrites from slack
and then coking it was ridiculed. joames Morrison, of
Newcastle, made a fortune, however, by taking up the
matter with Bourdon’s coal-washing machines ; and
now, and only now, after the patent has expired, are
the Welsh ironmasters beginming to wash coal slack
and to use the coke for making pig for Bessemer
steel, the fuel being so much purer than ordinary coke
made from unwashed coal. We think that, although
three tons of slack would be required to make two
tons of coke, coked slack would be cheaper than lump
roal, although not, of course, so cheap as slack itself.

Amoug the leading questions for locomotive super-
intendents just now are the introduction, as far as
possible, of steel castings in place of cast-iron, and
that of welded as compared with rivetted boilers.
Sieel cau now be cast to any shape; indeed the
Bochum Company (whose works are near Krupp’s)
exhibit in the Paris Exhibition not only a single cast-
ing of twenty-two railway wheels clustered upon one
stalk, but a locomotive cylinder. So long, however,
as east.iron cylinders, as now got up, will go four
year's without re-boring, and can then be re-bored ix
situ_by means of a cheap portable tool, we hardly
need steel. But steel castings, now so extensiveiy
made in Sheffield by Vickers, Sons, and Co., are appli-
cable to many parts of locomotives, especially for
horn blocks, pistons, &c. The piston of the large
steam-hammer at Sir Jobn Brown and Co.’s is of cast
steel, very light, and the same makers (above named)
are this week sending a pair of steel pistons for a
locomotive to the engineer of the Great Western
Railway of Canada—not that any English locomotive
superintendent has yet performed such a daring feat as
even to try a material, for this purpose, which, his
comunon sense and ordinary knowledge must convince
him, is better than either cast iron, wrought iron, or
gun-metal.

So long as we rivet the longitudinal seams of boilers,
instead of welding them, so long shall we keep down
the real strength of locomotive boilers to two-thirds
that which they might have with the same plates. The
subject of welded boiler-rings, whether welded by
Bertram’s mode or in the ordinary fashion, as in
Stephenson’s eugine in the Paris Exhibition, or rolled
out in a single piece, as has been done by Shortridge
and Howell, by Krupp, aud others, is one of the very
first importance for locomotive engineers, and it must
be taken up, broadly, as bearing upon the probable
future use of steam of 250 lb. per square inch. And
while boilers are rivetted and double rivetted, as is

now frequently done, the double lines of rivets should
be zigzagged, instead of being placed, as is often the
case, one rivet behind another ; and where outside and
inside cover-plates are used, as some engineers are now
using them, it should be remembered that the rivets
are in double shear, and that smaller rivets than usual
will therefore suffice.

Then, for the very high-pressure (1601b.) steam
used on some lines, we neeJ) metallic packing in the
stuffing-boxes. Hemp, cotton, and all the manufac-
tured substitutes, however good they may be, must yet
be looked upon as crude apologies for megal. We
have seen excellent white-metal packing for cylinder
and valve-spindle stuffing-boxes, which has worked
admirably for a long time, and which would have
withstood steam of any pressurg and temperature.
The patent lubricators (Roscoe’s)" are helping also to
the use of steam of still higher pressure, and we are
beginning to understand that it is a good plan to il
the steam before it touches any working surface what-
ever. And speaking of oil, it is quite time that our
locomotive engineers tried petroleum lubricating oil,
now so largely used in America. We do not mean
that it should be at once adopfed, but that it should be
tried. .

The slide-valves should be made to work with less
friction than now. Thereis Mr. Thomas Adams’s
plan, already widely tried, but we cannot say with
precisely what results; and there are Bristol’s rollers,
as introduced from abroad by Mr. Daglish, of St.
Helen’s. These save something in valve friction, and
are worth trying.

Locomotive engineers should address themselves
most seriously to the question of continuous brakes,
for the want of which so many terrific railway “ acci-
dents” are frequently occurring. Tley have been
well worked out on the North London line, where
the trains come into a station at the rate of 25 wiles
an hour, and are stopped, short, before the engine
passes the further end of the platform. Taking the
{riction or adhesion of the wheels to the rails as one-
sixth the weight, and supposing every wheel of a train
locked, it should be stopped, at 60 miles an Lour, on a
level, within a distance of 242 yards, and, at 30 miles
an hour, within 60} yards. No subject, perhaps, is
better worth the best attention of locomotive superin-
tendents than that of continuous and instantaneous
brakes. Public opinion will, sometime, condemn the
present wild custom of allowing trains of uncontrol-
able momentum to go plunging headlong to destruc-
tion, as at Siaplehurst, when the danger is sighted
500 yards off, and often much more.

‘I'here is nothing zow to be said, after so many years
of discussion, as to the use of the injector, as 10 ex-
pansion, ferd-water heating, variable blast pipes, and
that ignis fafuus of locomotive engineering, super-
heated steam. All these have been * pumped out”
years ago, not but that they preseut ground for eter-
nal argument, but it is best not to revive these argu-
ments here. We do not court the strife, and would
rather dwell upon those simpler and far less choleric
questions of fittings and locomotive details, of which
so much may be made.

(To be continued.)

New Srip AT Mpssrs. INGLIS'S SHIPBUILDING-YARD.—
This slip, which is the largest on the Clyde, has been recently
fininhed. It is 850 ft. in total length, and capable of accomn-
modating ships up to 2000 tons measurement, and drawing up
to 16 ft. forward. The vessel at present upon this slip is the
St. Patrick, belonging to Mr. Allen, of Montreal. She is 230 ft.
long, 33 ft. beam, and 22 ft. deep; she has bren hauled up, with
hee engines and boilers on board, and with some 200 tons
ballast in the hold, for. the purpose of having a new screw
fitted, the old screw having been broken. ‘The weight of this
vessel in her present state is 1600 tons. The slip is worked by
a 20 horse power engine and a hydraulic ram ; the latter bas a
cylinder 14in. in diameter, with a stroke of about 6 ft. The
carriage of the slip is drawn up the incline by a double chain
having long links at its upper end. The stroke of the hydraulic
press corresponds to the length of one link, and the chain is
shortened by one link after each stroke of the press. The
carriage is meantime held in its proper position by a claw,
wiiich acts against a tootlied rack in the centre of tue slip, and
extending all over the length of the inclined plane. Thi> rack
is made of cast iron, and its teeth are cunsiderubl{ deeper than
wsuul. We expect very shortly to publish complete drawings
of tuis interesting work.

BARrROELONA.—Considerable works are being executed at
Barcelona, the most considerable port of Spain, on the Mediter-
runean. The depth of water is being increased to 33 ft., and
the port will be protected by two jetties to the east and the west,
so that it will comprise altogether a space of 286 acres, iuto
which ships of the heaviest Lurthen, even war frigates, will be
enabled to enter. The cost of these works is estimated at
450,000L .

CHAMBERS OF INDUSTRY.—A chamber of industry is pro-
posed to be established at Leeds. The object of the chamber is
to act as a general board of arbitration aud conciliation, and to

endeavour to bring capital and labour into a closer union.
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LATHE FOR TURNING CONICAL SURFACES AT THE PARIS EXHIBITION.
CONSTRUCTED BY MESSRS. DUCOMMUN AND CO., ENGINEERS, MULHOUSE.
(For Description, see the opposite Page.)
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MORGAN'S PUDDLING FURNACE.

MorGAN's puddling-machine, of which we give engravings
above, consists of a vertical shaft, A, worked by bevil gear-
ing, B, and entering into the roof of the furnace in the centre
of the working part. The shaft is continually revolving when
the iron is in a liquid state. Fitted into the bottom of the
shaft is a common tool furnished with four fangs, C, each one
capable of doing the work of the well-known ordinary
puddlers’ “rabble.” This tool, moving ata tolerable velocity,
exposcs the liquid iron to the influence of the ox{gon passing
through the furnace, D, until the iron obtains suc tency
that it requires the puddler’s skill to form it into the required
number of balls roagy for the haminer or squeezer as the case
may be. The rack and pinion, E, worked with the balance
weight, G, are employed to raise the “rabble” through an
opening in the roof, which is immediately closed by a fire-
brick cover cased in a cast-iron frame, and convenientl
arranged for the puddler to move out and in when required.
After the ““ rabble” is hoisted, and the opening through which
it has come is closed as above, a “ bosh” or small truck, F, filled
with water, is run under, and the heated tool is immersed
in it, and thus cooled ready for again carrying forward its
useful internal operation of dashing about the molten iron
when it is required to do so.

It will be seen, from the above description, that the
machine is simple in ita construction, is entirely out of the
way of the puddler, takes up no more room, so that any
alteration in the present forges will be unn . One
engine may easily work several of these machines; and the
arrangements may be such that the most ignorant workman
can carry out all the operations r(-(]um-d

The furnace will require to be altered only in the working
part, making it circular instead of being oblong. The bottom
and air-passages will be the same as used at present.

By introducing this patent puddling-machine and furnace,
it is not intended to all::gether sum manual labour in
Eroducing the balls ready for the er, but to take the

bour out of the hands of the workman when his skill is not
necessary, and when he is obliged at present to stand, say,
thirty or forty-five minutes in cach heat as a mere machine
before a partially open furnace, which is felt to be a try-
ing thing at any time, but 18 especially irksome when a
man’s skﬁl is not required, and he is conscious that he is
but a piece of machinery for the time being.

Whatever may be discovered in the future to improve upon
this machine, it is conceived that a step is taken by it in the
ri‘ght direction, and, from the opinion of many practical men
of high standing, it is considered to be a very important

step. .

fn the selection of workmen as puddlers it is, under the
present mode, difficult to find men with the united qu.nlih'ee of
skill and power of endurance, so that any diminution of the
manual labour is of the greatest moment ; for it is obvious that
to employ the men where skill predominates is a great advan-
hﬁe beyond using them for mere physical force and power of
enduring heat. Numberless instances might be brought for-
ward to show the stern necessity there exists for something
being done by machinery to lessen the exposure of the puddler,
such as the workmen ping down before the furnace, as,
they frequently do, the ﬂrge numbers on the sick list, as
well as the numbers of men who, in the close hot days, dread

returning to their labour, knowing beforchand what they
have to suffer, not to say endure, under such circumstances.

Such a machine as the above, with even its humble
pretensions as an alleviator, will, when universally adopted,
secure & superior race of skilled workmen as pulelors, and
such a consummation has been a long time devotedly wished
for by those whose occupation has led them to think most
deeply, and to cmﬂoy themselves most actively in the manu-
facture of iron. Lighten the labour, and the present wages

- =
the furnace. This saving of time will most assuredly increaso
the production of iron from every puddling furnace in the
ki!’ﬁldom where it may be adopu-l(z

ere must therefore be a considerable saving to the
manufacturer in cost, not to speak of the very greatly im-
proved quality of the iron that may be manufactured by it in
any district, especially that of the Cleveland.

e fact is, machinery must be further applied in the suc-
cessful manufacture of iron; and the attention of the iron-

will tempt the best and most intelligent of the population to
come forward in greater numbers, and thus restore the iron
trade of this country to the pre-emi it claimed some
forty years ago, when English puddlers were sought for by
every country in which iron was made.

The economic value of a puddling machine can be seen only
by taking a review of the whole process of puddling. Every
srnctiml ironmaster is fully aware of the importance of this

epartment in iron-making. It is here where the iron is
brought cither to the perfection required or altogether
agoiled. In grey iron this is more especially felt ; as to have
the full value in quality that ought to be obtained, the iron
should be brought up to the boil while the furnace is in the
most intenso heat, and without lowering the damper for a
moment ; this carried out, the result is that you rarely or
ever have an inferior quality produced, but generally  the
reverse is the case, no sooner is the iron melted than than the
damper is lowcred, and the furnace brought to a dark red
heat, besides which the puddler in numberless cases throws
into the molten iron a quantity of wet slag or scale, bringin
the iron into a fictitious boii poisoning the result of his
labour, producing a cold, short, and almost useless iron.
And all this is done by the men, in spite of the strictest over-
sight, to reduce the fearfully excessive manual labour required
so continuously, and which the puddler finds to be unbearable
under the circumstances, although he feels he must get his
five or six heats out in the speciged number of hours allotted
to him for that purpose.

To obtain the first result always,
are the great desiderata a puddﬁn
accomphsh.

This much-to-be-desired result of briniin the iron in the
puddling furnace up to the boil while the furnace is at the
greatest heat, can be done effectually only by some such
machine as is here described. It accomplishes in the best
way what is absolutely necessary, vis., that of rapidly stirring
or throwing up the molten iron in the puddling furnace to
come in contact with the oxygen, and get rid of the super-
fluous carbon the iron contains, also to cleanse it from varous
injurious impurities generally found in combination with
iron.

It is found that two important results are secured by this
process being accomplished with rapidity. The first is the
saving of the fetling lining the furnace, as the longer the iron
remains in the thin liquid state the more the fetling is eaten
away, causingonot onlz additional coet for material, but also
additional labour to the puddler to replace what has been
destroyed. The second is the time saved, first, in bringing
the iron up to the boil sooner than can be done at present,
second, from the less frequent necessity there is for relining

and to avoid the latter,
g-machine is required to

asters is called to this machine as worthy of their consider-
ation, as it is a step in the direction which the present
:tilnte of I1.1143 trade in this country loudly calls upon us to
travel.

DUCOMMUN’S LATHE.

Amoxa the machine tools exhibited by French makers, none
appear to us to show off to better advantage, in a comparison
with tools of French make, than those of Ducommun and Co.,
of Mulhouse, one of the oldest French firms in the trade, and
this both on the score of design and excellence of workmanship.

We therefore panou illustrating a few ot those machines
exhibited by them which a certain amonnt of originality ;
and in the engravings on the opposite page, we have illustrated a
heavy sliding-lathe, provided with apparatus for screw-cutting
and for turning true conical surfaces, and designed principally
for turning beavy marine work and heavy guns.

The bed, which is cast on the box principle, is about 40 ft.
long and 5 ft. wide measured over the V/'s; the height of the
centres is about 3 ft. 64 in., thus admitting an object of about
7 ft. diameter.

The fixed headstock is double geared, provided with inter-
nally toothed face-plate, and quick motion ditect through the
lathe spindle. The cone shaft, whose bearings are made to
slide horizontally towards and from the centre of the lathe-bed,
may be thrown out of gear with the face-plate by means of
two set screws, and at the same time a small pinion, which it
carries, is thrown into gear with the wheel on the main spindle,
when it is intended to run at quick speed. The intermediate
shaft, through which motion is communicated to the face-plate
when taking heavy cuts, revolves in eccentric beurings, and is
thrown out of gear by turning these bearings round upon their
own centre by means of a worm and worm-wheel. We would
here observe that the tendency of this shaft being to fall back
into the position of greatest stability, the worm-wheel ought to
be provided with some kind of stop to prevent the shaft from
being thrown out of gear by the jar of the wheels in motion.

The main spindle rests in cylindrical bearings, and is fitted
with a thrust pin bebind, in preference to the conical bearings
8o largely adopted in this country ; and in reference to this, we
may state that Mr. Beyer (of the firm of Beyer, Peacock, and
Co.% bas always advocated this practice in the case of very
beavy lathes,

The screwing motion is derived from the lathe-spindle in the
ordinary manner; but by means of a very neat arrangement of
a lever pivoting ‘upon a stud, and carrying_permanently two
e?unl pinions which gear into each other. The reverse motion
of the screw for cutting left-hand threads may be obtained by
causing one or the other of these pinions to gear into the first
of the train of wheels that drive the screw with a slight motion

L
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of the lever only, and without the trouble of introducing an
intermediate pinion, which has to be removed again.

The propriety of fitting a heavy lathe like this with a screw-
cutting motion might here, with an apparent show of reason,
be called in question, but it will be seen presently that the screw
has been introduced especially to meet the condition of tnrning
true conical surfaces, which was imposed upon the maker by
the officials in command of the Frénch arsenals.

The longitudinal sliding motion is derived directly from the
screw, but the slide-rest may be moved by hand through a
pinion gearing into a rack fixed to the underside of the top
table of the lathe bed. in which circumstance the nut is disen-
gaged from the screw by means of a worm and worm quadrant
working a system of small levers. ’ N

The slide-rest carries two cross slides, each worked by an in-
dependent screw, by means of which arrangement two outs may
be taken simultaneously at opposite sides of the work; these
cross slides are also moved indirectly by the main screw through
a train of whelk;"¥he first of which 1s fixed to the'end of the
former, wherd b‘og&'ﬁ through the lathe bed ; motion is thus
given to a shaft ‘which ecarries a sliding wheel which drives a
worm and worm-wheel, and, by means of a small spur-wheel,
which gears into one of the small pinions carried by the screws
of the cross slides, these are moved simultaneously either to-

grdd’or “from the centre of the lathe bed.

_ ‘It is ‘by inesns of this arrapgement that the lathe is made to
t strictly” aocurite ¢opicad surfaces; and by reversing the
motion "of the ‘iniin -serew by the simple arrangement above
desctibed, the 14t tafly be made to work toth backwards and
forwards, whethipr'{he_Wurface, being turned, be cylindrical or
conical, while, by changing the ratio of the wheels throngh
which the cross-sliles derive their transverse motion, the taper
of the cones may be varied at will. It may now be observed
that it is this desideratuin of turning a true conic surface which
has led to the adoption of the screw for working the main slide,
and to the necessity of obtaining the transverse moticn of the
cross slides from the main screw, instead of ndopting the more
common method used in slide-lathes of working the main slide
by rack and pinion from the main spindle direct, by & belt run-
ning upon small cones, because the forward motion obtained by
the rack is less perfect than that obtained by the screw, and the
slip of the short belt would destroy the synchronism of the
motions of the several slides with the circumferential speed of
the piece of work to be turned.

The lathe is also provided with a saddle-rest, in which the
work being turned is held in position by three adjustable guiding
edges, the saddle proper being moved up or duwn by means of
& couple of worms, worm-wheels, and screws. A small com-
pourd-slide rest is also fixed for the purpose of facing or shaping
the end of the piece of work in the latlie; the saddle-rest also
maLbe moved along the lathe-bed by a pinion gearing into the

The loose headstock is of the usual construction, and may
also be moved by means of pinion and rack.

The reversiog and stop motion of the head-gear may 'be
worked from the slide-rest in all its positions on the lathe-bed,
by means of & system of levers and ruds, which communicate
an angulur motion 1o a horizontal shaft, and this through a pair
of b vel-wheels to & vertical shuft ; a lever which is keyed upon
tuis works a sliding-rod fitted with forks, which shift the belts
frum the fust on to the lo.se pulleys, or vice versd. This piece
of machinery seems rather expensive, but is very neat.

The fuce-plate is provided with four adjustable dogs, and in
all other respects no expense has been spared to ensure dura-
Lility in the machine, and sccuracy in the work to be performed,
all the bearings of the screws and shafts being bushed, and all

rts which are subject to blows and undue wear being case-

ardened.

In our illustrations on page 338, Fig. 1 is a longitudinal
elevation, Fig. 2 a plan, Fig. 8 a cross section showing the slide,
tool-rests, and face-plate, Fig. 4 an end elevatian of the fast
head-stock, Fig. 5 an end elevation of ,the loose head-stock, and
Fig. 6 a cross section showing the saddle-rest. ‘

TRACTIVE RESISTANCES ON RAILWAYS.

Ar the ting of the Bociété des Ingénieurs Civils of
France, held on the 13th of last month, M. Flachat, the
president, mentioned that & competition had been started by
the late M. Perdonnet for the best paper upon the practical
conditions affecting the haulage of railway trains. In con-
sequence of this competition a very im%)rta.nt paper had
been presented by . Vuillemin, Guébhard, and Dieu-
donné. Before the report of the il, elected to decid
upon the merits of the works presented, should be read to
the Société, they desired that this paper and its results
should be made known; and the authors had, therefore, pre-
Fared 8 résumé for the meeting of that eveming. M. Vuil-
emin, being engaged in the superintendence of the locomo-
tive department of the Eastern Railway, his place was taken
by M. Dieudonné.

M. Dieudonné commenced by remarking that the expe-
riments undertaken by the Eastern Railway Company an-
swered most of the questions comprised in the pro e
determined upon by the Société des Ingénieurs Civils, in
February, 1865, for the competition ‘by M. Perdonnet.
Thus the first was: “To determine, by numerous experi-
ments, the tractive resistances of vehicles and locomotives
upon railways, under all the ing circumstances which
could modify these resistances, such as

“ The state of the rails, of the vehicles, and of the engines ;

“The intensity and direetion of the wind ;

“The surface exposed by the carriages and the length of
the trains;

‘“The dimensions of the axles, bearings, and of the wheels;

“The nature of the oil or grease employed for lubrication ;

“ The temperature, the mode of coupling ;

‘ The method of loading ;

¢ The system of construction of the engines ;

‘ The triction of the mechanism ;

“The coupl.ing of the wheels;

“The effect of inclines, curves, &c.”

To determine the tractive resistances of vehicles, M. Dieu-
donné stated that two methods had been employed.

"works

First Method.—The vehicle, of which it was desired to de-
termine the resistance, was launched upon the line at a speed
that had been determined upon, and was then allowed to
run without interference, until it was brought to rest by
friction, &c., the distance run being measured,

Let m = the mass of the vehicle, ‘

v, = its initial velocity in metres per second,
z = the average resistance during ‘the run (4 kilo-

: grammes). .

If the line was level there would be the following equation :
1 i mo,r=zx8s,

from which x, the mean value of the resistance, cdould be de-
termined. ot 0

The equation (1) required to be completed by a term which
took into account the rotative momentum of the wheels which
tended to urge the carriagze forward. M. Dieudonné stgted
that the detailed calculation for determining this correction
was given in a separate note, and that it had been found that
for a carriage it was necessary to introduce irito the flrst side
of the equation the term 26Xv,? the equation thus becom-

ng | I
L @) e (im426g.7)=2Xs. o
This method of investigation' hlso leads fYrther, that is to
80y, to the determination of the resistance at iny given spéed,
or of the tractive power which would have to’bk applied to }he
vehicle to maintain it at that speed. Let us suppose that
there has been noted, during the slackening of s of the
carriage, the spaces passed through in given periods of tirpe;
then & curve can be laid down, so that thesé spaces forp a
function of the times, ! Coo

s=£(t). T
Draw tangents to this curvefn;t various points, and measure
the les formed by these ents with the axis of abscisss,
then the geometrical value of these tangents, measured with
a circle having a radius equal to umity, gives the speed at the
various points. A curve can }he(n) be traced, !

- e=f3(¢). [
By operating in the same manner ;}:on the
there may be deduced the curve <()f accelerations,

=) - )
By multiplying the uwelgmta, J» et any instant fixed upon,
by the mass, m, there c;;n be obta.in?d) the force applied,
=mXF" ().

Then, having constructed the cu{ve of aeceleration it is suffi-
cient to multiply its ordinates by a constant, m, to obtain the
retarding force at different instants. .

Second Method.—The second method of determining the
resistances consisted in experimenting with a traction dynamo-
meter. The dynamometer employed in these experiments
had a spring with fourteen plates 8ft. 6in. long. These
plates were bent over at their ends so as to form eyes, and
each plate was connected to that next it by bolts and shackles.
The arrangement was such that either the whole spring, or
only of it, could ba used according to whether the trac-
tive forcerequired was more orlessgreat. The deflections of the
spriniu.nder different loads were carefully ascertained in the

op and noted, a scale being made out for each strength
of sprinﬂg, one for two plates, one for four plates, and so on.
The deflections were found to be very nearly proportional to
the force applied. The fact of its being possible to use a
greater or less number of K’lates rendered the deflection per
1000 kilogrammes (22001b.) sufficiently great to be at all
times read with facility. e spring was both strong and
sensitive, and it was found that its elasticity did not alter
during the experiments.

Resistance of a Single Carriage.

The carriage upon which the experiments were made had a
closed body carried on four wheels, and the axles were lubri-
cated with oil. Its weight was 5600 kilogrammes (12,1001b.).
The line was straight and level, and the weather was calm
and dry, the temperature being 25° Cent. (77° Fahr.). Ex-
periments were made by both methods.

The first method furnished the following coefficients of
mean resistance for different initial velocities (application of

spcond curve

formula (2) ).
Initial Velocities. - Coefficients of Resistance.
In metres In feet Kilogrammes Pounds
per second.  por second. per tonne. per ton.
5.00 = 184 .. . 320 = 7.168
6.65 = 2171 ... o 407 = 0.1168
13.80 = 45.69 ... .. 17.68 = 17.0912
13.90 = 45.69 7.18 = 16.0832
12.50 = 41.00 ... .. 6.03 = - 13.6072
It will be seen from this table that the resistance increases

with an increase in the initial velocities; if the initial velocity
is doubled, the resistance is almost doubled also.

For calculating the resistances corresponding to various
fixed velocities, the method of laying down tangents, as

already described, was employed. e results obtained were
as follows : : o B
8 Coefficients of Resistance.
In kilometres In miles " Kilogrammes ~ Pounds
per hour. per hour. per tonne. - per ton.
35 = 21.7 76 = 17.02¢4

26t030 = 156t018.8 63 = 14112

20,2 = 124,156 .. 64 = 12008

16 ,, = 03,124 .. 43 = 90632

10,18 = 62, 93 .. 34 = 7618

6,10 = 31, 62 .. 25 = 686
1, 6 = 62, 81 ... 20 = 448
0 = 0 . 87 = 19488

The last figures give the resistance to starting.

The second method, or experiments with the iynnmometer,
gave the following values for the resistances of the same car-
riage:

Speeds. Coefficients of Resistance.

In kilometres Inmiles Kilogrammes Pounds per

per hour. per hour.  per tonne. ton. .
26 = 165 .. 454 = 10.1698
60 =— 31 .. 91 = 20384

The first of the above resistances is slightly less than de-
termined by the first method as being due to the same .
The reason of this is doubtless that, in the course of the

| about 20° Centi

second experiments, the front of the carriage was partially
shielded by the tender.

The coefficient of resistance to starting, 8.7 kilogrammes
per tonne (19.4881b. per ton), was approximately verified by
means of a small dynamometer with a spiral spring, attached
to a chain, by which a hauling power was gently applied to
the carriage until it was just masg to move.

- - R it

The locomotives experimented upon werd in road-worthy
condition, amd they were aceompunied by their tenders,
which carried their ordinary loads. -

The lif® was straight and level, ‘and ths temperature was
e (68° Fahr.). SR

Hirst-Method—The engines, propelling themsédlves, were
run &t certain' determined vélocities; and, as soon as the
#pcod had become uniformy, the regulator was closed, and the
engines wére allowed to run freely until they came to a com-
plete starid. - The times' and the spaces traversed were
mea:iured by means of a chronometer and a distance mea-
eured. R } -

+ An equation of the same form as equation (2) enables the
value o d.r to bethcal;emgﬁd, f?r’l al:k other w;x;i;ﬁ, the ;:;e;n re-
sistance during the period of slackening s to eter-
mined. Bi dividing this mean rea?;agnce by the combined
weight of the engine and tender, the mean resistance per ton
can, of course, ‘be obtained. '

The engines submitted to this series of experiments were
of two classcs : ‘ . .

1st. Mixed engines, with four coupled wheels 1.7 metres
(8ft.1in.) in diameter; weight 30 tons; cylinders 42 centi-
maétres (16.63 in.) in diameter. .

2nd. Goods engines with six coupled wheels 1.3 motres
(4£t. 8}in.) in diameter ; weight 30 tons; cylinders 42 centi-
metres (16.68 in.) in diameter.

The values found for the eoefficients of mean resistance

wero as follows;

2 ot '

of L

e

[ rs

1st. Mixed engines: =, | _ C
Initial Velocities. = = Coeflicients of Resistancs.
In kilometres In'miles - Kilogrammes Pounds
per hour. hour. per tonne.  per ton.
20t029 == 124t017.98 e 32 = 7168
30, 30 = = 896
40 ,, 49 = . . . X = 974
» = 3810, 872 o, l5.7 = 12.768
2nd. For goods engines: -. St s
Initial Velocities: © . = Coefficiants of Resistance.
In kiltilmetres In l’;ﬂ“ . Kilo, Pounds
er hour. ' b ur. ~° 7 “per tonne. T ton.
EO to26 = II;Z to 16.6 pe 532 = l)191.9168
26, 3 = 1566, 217 . 643 = 144032
= 217, 248 752 = 17.8448

It will thus be seen that the resistances increase continuously
as the initial velocities inerease. The difference between the
coefficients obtained at equal s from the two classes of
engine is explicable from the difference in the mechanism.

ocond Method.—In these experimentsthe dynamometer
was interposed between two engines, the one drawing and the
other being drawn. The engine that was being drawn had its
regulator shut, its reversing lever placed in mid-gear, and its
cylinder-cocksopen. Asteagy was maintained for several
consecutive kilometres in order to obtain good diagrams.
Four classes of engines were experimented upon, and the co-
efficients obtained from the mean speeds were as follows :
’ kilom. miles kilo. 1b.
per hr. perhr.  pertn.

V = 24 == 1488, f = 9.52 = 21.3248

1st. per tn.
Goods engines, with
six wheels coupled ;
weight, 20 tons ...
2nd.

Goods engines, with

six wheenlglgoupled; v
weight, 33 tons ... )
Srd.

Mixed engines with
wheels 1.7 metres
(6ft. 1in.) in diam.
Eoi 4th.h o

nginé with =i
pair of drivi :ﬁ‘.ﬁu
1.7 metres (6%&5. lin)
in diameter ... ...

These numbers are naturally higher than those obtained by
the first method, because the speeds were higher and the
lubrication of the cylinders and slide-valves was less perfoct.
Thus, in these latter instances the engines ran soveral kilo-
metres without steam being admitted into the cylinders,
.whereas in the former cases the distances run after the re-
gulator was closed were a few hundred metres only, and the
extra friction due to the want of the lubricating action of the
steam was consoquently less. More will be said of this pre-
sently ; at present notice may be taken of two applitations of
the fzrefoing results : . o
1st. At their normal speed goods engines with six coupled
wheels will descend alone, and without steam, inclines of 9
and 10 millimetres per metre (1 in 111 and 1 in 100). Mixed
engines, and engines with single pairs of driving-wheels will
similarly descend inclines of 5 and 6 millimetres per metre (1
in 200 and 168).

2nd. The figures given by the first method may be used for
calculating the brake power required to bring the engine to &
stop in a given distance, the initial speed being known.

(To be Continued.)

= 26 = 16.12, f =10.24 = 22.9376

V =45 =279, f= 641 =14.3384

V =45 =279, f=0548 =12.2752

ITALIAN RA1LwAYs.—The Italian Government is pushing
forward the construction of a line to unite.Marseilles, Genoa,
and Leghorn, vid the littoral of the Mediterranean. It appears
from a letter addressed by the Minister of Public Works to the
‘syndic of Genoa that the number of workmen now employed be-~
‘tween Savona and Pestri is 4700. It is hoped that & sestion
[ from Genoa to Chiavari will be opened for traffic in ‘the course
of November. R
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FATRLIE’'S MOUNTAIN LOCOMOTIVE.

I designing rolling stock for mountain railways haviog steep
inclines, there are two principal points which claim special
attention. The first of these is to reduce the dead or unpaying
weight of each train to the least possible amount, aud the
second is to place on the coupled wheels of the locomotive, by
which the train is to be drawn, as great a proportion of the
total weight as is practicable. Now there is no way in which
these two ends can be obtained so perfectly as by placing the
load to be carried upon the locomotive itself, and thus rendering
the whole weight of the * train” (us we may still call it} avail-
able for adhesion. Moreover, this plan in no way interferes with
the practicability of giving the *‘ train” all the flexibility re-
quired to enable it to traverse with perfect ease all the shar
curves with which mountains must almost necessarily abound.
The system of loading a kind of combined carriage and locomo-
tive with passengers and goods has several times been suggested
by us in this journal, and, as we mentioned last week in our
article on * Mountain Locomotives” (vide page 326), Mr. Fairlie
some years ago bit upon the same plan.

We have now hi us a tracing showing a combined locomotive
and carriage on this principle, schemed by Mr. Fairlie some
years ago, and this design we reproduce in our engravings on
the next page. ‘The “ mountain locomotive” shown in these en-
gravings is one of BMr. Fairlie's well-known double-boiler
engines, provided with two six-wheeled steam bogies, each bogie
haviog a pair of cylinders 11 in. in diameter, with 16 in. stro.e.
‘The diameter of the bogie wheels is 2 ft. 8 in., und the wheel
base of each bogie is 6 ft. &in., whilst the extreme length
between the centres of the outside axles of the two bogies is
25 ft. 1in. Instead of the boiler having the usual footplate on
each side of it, r. Fairlie completely covers in each barrel by
either a carriage or wagon body respectively capable of being
used for the conveyance of either passengers or goods. In our
engravings both barrels of the boiler are shown enclosed in
Pprssenger eomrortmenu; but the two ends of the engine might,
if preterred, respectively devoted to the conveyance of
passengers and goods.

Between the bodies or compartments, by which the boiler
barrels are covered, is formed a raised platt.rm, on which the
driver stands, this platform being sufficiently elevated to enable
the manto have a clear view over the roofs of the carriages in
every direction. The platform is roofed over, and the spaces
between this roof and the roofs of the carriage bodies are glazed.
The regulator handles and the wheels by which the reversing
gear is worked are placed so that they are readily accessible to
the driver in whichever direction he is looking out. The fire-
man stands on a platform privided at the usual level, the firing
being performed through a door at the side of the firebox. Tke
connexion between the bogies and the upper frame, and the
arrangement of the steam und exhaust pipes, are the same as in
Mr. Fairlie's otker engines, which have several times been
deseribed in this paper. The water is carried in tanks, having
& combined capacity of 1000 gallons, placed under the footplate
ou each side of the tirebox, and the fuel is accommodated in
bunkers formed at each end of the fireman's plattorm, as shown
in the engravings.

So mueh for theengine ; and now about the accommodation for
passengers and goods. It constructed with a passenger com-
partment at each end, as shown in ouor engravings, the engine
would carry sixty-eight passengers, besides affording ample
space for their lngza;ﬁ; The compartments are about 10 {t. wide
outside, and, as will be seen from the various viaws on the next
Egc, each contains four rows of seats arranged longitudinally.

ferring to the transverse sections, it will be seen that the floor
of each passenger compartment is 2ft. 6in. above the ordi-
nary footplate level, and that at this latter level anither floor is
formed, the apaces between the two floors being available for the
stowage of p gers’ luggage or goods. These four luggage
spaces (two at each end) bave a total cubic capacity of about
400 cubic feet, and access is gained to them by sidv-doors con-
veniently placed.

The two passenger compartments will, as we have said, carry
sixty-eight passengers, the two outside seats of each compart-
ment accommodating nine, and the two central seats eight per-
sons each. The central seats are shorter than those at the sides
on account of its being necessary to provide space for the chim-
ney of each smokebox, these chimneys being surrounded by a
casing. The central seats are, as will be seen from the trans-
verse sections, placed over the boiler, bat the communication of
heat from the latter is prevented by an air space being formed
between the seats and cleading. The rush of air through this
space when the engine is in motion will, if the ends aro left

n, effectually prevent any Leat from leing transmitted from
the boiler to the passenger compartment. Tne ends of the air
spaces are, however, provided with shutters or venetians, and by
closing these the passage of the air can be checked to any desired
extent, and the heat of the boiler thus rendered available for
warming the compartments in cold weather. We are aware
that many nervous individuals will at first object to sitting
directly over a locomotive boiler, but there is really no valid
ground for the objection. On steamboats, thousands of passen-
gers every day sit and walk about abuve thie steam boilers with-
out raising any objection to the presence of the latter, and there
is no reason why a locomotive boiler should excite any greater
nervousness than one used for marine purposes.

Again referring to the trausverse sections, it will be seen that
the roofs of the passenger compartments are made in two spans.
This system of construction has been adopted in order to give
the greatest height over the passages between the seats, and to
at the same time lessen the lieight of the roof at the centre of
the carriage, 80 as to give a clear look out for the driver. The
compartments are entered from the outer ends, there being a
platiorm with steps at each end of the engine, as shown in the
side elevation.

Having described one of Mr. Fuairlie's plans, as illustrated in
our engravings, we must now say a few words resprcting the
B:inciple on which these plans are founded. This principle may

very simply explained by an example. Supposing that the
resistances due to friction and cther sources, irrespective of

avity, amount on a mountain line to 20 Ib. per ton of truin,
ﬂil will make such resistances equal to iy of the load. On

an incline of 1 in 12 there will be an additional resitance
due to gravity amounting to ¢ of the load, making the total
resistances vhy+ Ay =13s-+ A% =1 of the load. On an incline
of 1 in 12 also, the pressure of the load upon the rails would be
diminished to }} of its total weight, and this 1} therefore would
be all that was available for adhesion, if the whole load was
carried on & pair of steam bogies, as Mr. Fairlie proposes. The
resistances being ¢y, and the pressure on the rails {} of the total
weight, the resistances will be equal to A%y (or a very slight
fraction over ;) of the actual pressure upon the rails.
long, therefure, as the coefficient of friction between the wheels
and rails exceeds yi5th, the combined engine and carriage will have
sufficient adhesion to take itself up the incline without it being
necessary to increase this adhesion by the use of mid-rails,
gripping wheels, or any such complex expedients. Now y;th
is a very low coefficient; under ordinary circnmstances, the:
adhesion of locomotive driving wheels averages probably about }th
of the lond upon them, and it is occasionally much greater.
Even on mountain lines, exposed to snow and sleet, we see no
reason why the coefficient should ever fall below lth or jth, if
the engines are provided with proper fittings for keeping the
rails clean. To remove ice, enow-brooms followed by pipes
delivering small jets of steam upon the rails might be employed,
and these appliances, combined with the use of «and, would render
it easy to at almost all times keep up the coefficient to quite the
amount we have mentioned. The use of steam jets for clearing
the line of snow was tried on the Caledonian line some years
ago, and was, we believe, found to answer well. Under these
circumstances, therefore,a combined engine and carriage on Mr.
Fairlie’s plan might, as far as adhesion is concerned, easily be
worked up an iocline of 1 in 12 in all weathers, and under all
ordinary circumstances it would probably ascend a gradient
considerably steeper.

So fur, in dealing with Mr. Fairlie's plan, we have only con-
sidered the question of adhesion; but there are two other
points to be looked to, these being the provision of sufficient
cylinder power, and of sufficient boiler power to supply the
cylinders with steam. First, as to cylinder power, the engine
illustrated on page 342 has, as we buve already stated, four
cylinders, each 11in. in diameter, with 16 in. stroke, and wheels
2ft. 8in. in diameter. With an average effective pressure of
90 Ib. per square inch on the pistons (a pressure which could te
readily obtained with steam at, say, 140 lb. in the boiler), the
traciive force the engine would be capable of exerting would be

equal to
!Z‘.Z‘.%.‘P"_".":xo,aso Ib.
On an incline of 1 in 12 the resistance due to gravity would be
186.66, or, say, 187 Ib. per ton, and if to this we add 20 lb. for
frictional and other resistances, we shall have a total resistance
of 207 Ib. per ton. And 10,890 divided by 207 gives 52.12 tons
as the load which the cylinder power of the engine would enable
it to take up the incline just mentioned. Mr. Fairlie, however,
intends that the engine should weigh considerably less than
52 tons, or, say, 42 tons, this weight giving a load of 3¢ tons
r wheel. The total weight would, however, be to soime extent
ependent upon the amount of boiler power provided, and this
boiler power would, in its turn, have to be regulated by the speed
ut which the engine was to be run. This questiun of boiler
power we will now proceed to consider.
Of the total weight of the combined engine and carriage, that
Fol'iﬁon due to the fuel, water, and load would be about as
ollows:

tons.
68 passengers, say ... e 4
400 cubic teet ot luggage .o . 10
1000 gallons of water ... w4
Fuel .., . 1

20

Su;posing the total weight to be 42 tons, there would thus
be 22 tons of this weight available for -the frames, wheels,

senger and goods compartments, and boiler, and, with care
1 the designing, this weight would no doubt be found sufficient.
In fact, Mr. Fairlie considers that the weight of the engine
empty, need not exceed 20 tons, and, jadging from the work-
ing of the Mont Cenis engines, it seems certain that within
this latter weight ample boller power can be provided to woik
up the whole of the adnesion.

Before concluding our notice of Mr. Fairlie's engine, it will be
as well that we should compare it with those construcied on
Mr. Fell’s principle for the Mont Cenis. The highly objectionable
complicity of these latter engines has already been pointea out in
this journal, and we shall therefore not say more about it here,
butshall merely themas machines that bave been proved
by experiment to have certain hauling power. The second
engiue made for the Mont Cenis took over the experimental line,
during Mr. Brunlees’s visit in 1865, 1 load of 24 tons, exclusive
of its own weight, at the average rate of 6.8 miles per hour,
ard a load of 16 tons at the rute of 9.6 miles per hour, the steam
pressure in each case rising during the trip. The experimental
line was about 1} miles long, and it had an average gradient of
1in13, and a waximum gradient of 1 in 12. The engine
weighed about 174 tons, and there was during the experiments
a pressure of about 10 tons on the horiznnlaf wheels, making
tho total weight available for adhesion 37} tons.  This weight
of 87} tons gave sufficient adhesion to enable the engine to
take up a total load of 134+424=41% tons, and, judging from
this, Mr. Fuirlie's engine with 42 tons of adhesion weight would
take up a load of i

4241}

374
or say 46} tons. The main "point shown by this is that,
under the circumstances of the Mont Cenis trial, Mr.
Fairlie's engine would undoubtedly have suflicient adhesion
to take more than its own weight up an incline of 1 in 12;
and as it has sufficient cylinder power to takea load of over
52 tons upthis incline, there is no reason why it should not, when
used for goods traftic, be made to carry that load. In com-
paring Mr. Fairlie's and the Mont Cenis engines, it must not be
forgotten that the 24 tons taken up by the latter included the
weight of the carriages and trucks, whereas in the case of Mr

=46.48,

So | and yet the boiler has, by experiments, been

Fuirlie's engine, loaded up to 52 tons, there would be at least
21 tons of paying load. When loaded to 52 tons, the weight E:r
wheel of Mr. Fairlie’s engine would be about the same as that
of the Mont Cenis engine. We inay here say a few words about
the boiler power of the Mont Cenis engine. The total weight of
the second engine is, a8 we have said, 17} tons, and its net weight
is 13 tons, of which about 2 tons 13 cwt. are due to the hori-
zontal wheels and their gearing. The actual weight of the
boiler frames, vertical wheels, and gear, &c., is under 10} tons,
roved capable of
eupplying sufficient steam to work a load of 41} tons np 1 in 12
at a speed of 6.8 miles per hour. Under these circumstances
Mr. Fuirlie cannot be wrong in estimating that the framing,
boiler, &c., of his engine can be constructed so as to weigh not
more than 20 or, at the most, 22 tons.

The engine illustrated this week is, as we stated at the com-
mencement of this notice, one designed by Mr. Fairlie some
years ago. Mr. Fairlie has, however, recently got out some
other—and we think improved—plans for engiues of this class,
and these we hope to illustrate in an early number. In his
more recent engines—which, like that now illustrated, are carried
on two six-wheeled steam bogies—he employs a boiler with one
barrel only, and on each side of this barrel he forms compart-
ments for goods. The boiler only reaches to the middle of the
length of the engine, and behind it is the compartment for pas-
sengers. Mr. Fairlio pmg:ses that this engine should have a total
weight, when loaded, about equal to that of the present Mont
Cenis engines plus the pressure which the horizontal wheels of
these engines are capable of exerting against the mid rail, a pres-
sure equal to, say, 24 tons as a maximum. He will thus
have the same weight for adnesion as those engines, and as the
weight of his boiler and two steam bogies need not Enat.ly
exceed that of the boilers of the Mont Cenis engines with their
vertical and horizontal wheels and complex gear, there will be &
lurge margin, left for paying freight and the weight of the com-
partments in which 1t is carried. We shall, however, have
more to say about Mr. Fairlie'’s new plans when we illustrate
them ; at present we need only say that they are well worthy of
the atteution of all engineers connected with mountain railways.

LxIGH'S 1.00SE Boss RoLLERS POR SPINNING MACHINERY
—The aonual loss sustained by cotion-spinners who persist in
using the common top-rollers is incalculuble, as every machine
containing them is continually spoiling it: work from their run-
ning fuster when fresh oiled, and slower when they get dry. The
friction upon the common roller, always excessive, is greatly
increased as the oil is dried up, which is soon the case from the
exposure of its bearings to fluke and dust when it ceases to give
out the length of silver or yarn intended, causing continual
irregularities. Another cause of mischief arises from the im-

ibility of covering the bosses so as to be of exactly the same
meler; then ther: is a continual contention for speed going
on, which abrases the leather, puts great torsion on the under
rollers, consumes power, and oauses licking and flat waste. It
is attempted to obviate the latter, in vain, by varnish and pastes,
which ooly harden and txke the elasticity out of the leather
covering. This, together with the oil and filth with which both
leather and cloth get saturated, causes rapid destruction, neces-
sitating three times the roller covering that would otherwise be
required. Another defect 13 the wearing of cap nibs, saddles,
and hooks, the former throwing the rollers out of paralli], the
latter binding them when worn concave. Leigh’s loose boss
roller is a complete remedy for ull these defects. They require
-oiling only once a month at nost, and will run three months or
more if good sperm oil be used, one gallon ot which is sufficient
to serve all the rollers in a large mill tor twelve months, if n-ed
rroperly, when no oil-stain will he seen on any roller. Iu Eng-
and the practice has been generally to apply them only to the
front row (with a few exceptions), but in America, Russia, and
India & much larger proportion ot spinners employ these rollers
in both back, middl-, and fiont rows. The fullowing American
firms have gone entirely through all the rows, viz.:

Spindles.

The Androsscoggin Mills, Lewiston, Maine ... 84.000

< 4 Hill Mills Co. ... ... 60,000
,» Bates Mills .. 30,000

»  Pepperall Milla, Biddeford, Maine wee 75,000

» Salinon Falls Co., New Hampshire .. 80,000

4, Boott Mills Co., Lowell ... . 67,000

» Union Manofacturing Co., Baltimore ... 20,000

» Juckson Co., Nashus, New Hampshire ... 20,000

»w Merrimac Co., Lowell ... . ... 90,000
Besides the above, many others are under contract to go entirely
through all the rows of their rollers with the loose L:oss.

Tnx Suez CAXAL.—The Suez Canal Company charges itself
now with the conveyance of goods from the Mediterranean to
the Red Sea, and reciprocaily. This provisional working is
carried on r;nl by the maritime canal and partly by the sweet-
water canal, am{ the English Government is availing itself of the
facilities offered by forwarding by the new route horses, forage,
and other stores required in connexion with the Ahyssinian ex-
pedition. The French Minister of Marine has also on several
occasions availed bimself of the new route in the despatch of
stores for Cochin China. Everything forwarded has, however,
to be tranship{ed, en route, from the sweet-water canal to the
maritime canal

THE CLEVELAND Irox TrRADE.—The demand for pig iron
continues pretty The stock in store at Middlesbro’ is
70,497 tons. Autamn deliveries for the Baltic and Russian
E)m are drawing to a close. An order for railway chairs for

ew South Wales is stated to have been obtained. The ship-
ments of Cleveland pig iron to the Continent to August 31 this
year were computed at 99,717 tons, as compared with 65,299
tons to the corresponding date of 1866. The plate and merchant
bar-iron trade is inanimate, but rails are in tolerable demand.
Large deliveries of railway matériel continue to be made to
Cronstadt and Riga for Russian lines in course of construction.

FroM THE NorTH.—Messrs. C. Mitchell and Co., of Low
Walker, are fitting out a screw steamer of 1990 tons, as well as
auother of 1180 tons. Messrs. Palmer and Ca. (Limited), of
Jarrow, are also fitting ont a screw of 730 tons. Messrs. Leslie
have on hand a screw of 1160 tons. Seven tugs are also now
being built on the Tyne.
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LOCOMOTIVE CARRIAGE FOR MOUNTAIN RAILWAYS
DESIGNED BY MR. ROBERT F. FAIRLIE, C.E.
(For Description, see the preceding Page.)
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PARIS EXHIBITION.

WE publish, on this and the following pages, the jurors’
reports on some of the classes of the gParis Exhibition.
These reports were published, at the instance of the Council,
in the llustrated London News, from which journal we
reprint them. Nearly all the works and machines men-
tioned in these reports have becn already described, and
many of them illustrated, in these pages :

APPARATUS AND PROCESSES OF THE ART
OF MINING AND OF METALLURGY.
Crass 47.

BY WaringTox W. Smyrn, M.A,, F.R.S.

Tar peculiar subdivision and classification of subjects
adopted by the French Imperial Commission have intro-
duced into the work of the juries of 1867 sundry anomalies
which would have been avoided by a less transcendental
system. At our own Exhibitions of 1851 and 1862, the
apparatus and the products of the arts of mining and me-
tallurgy were conveniently classed together ; whilst on the
present occasion the miner and metallurgist found his raw
materials and his products (in class 40) entirely cut off from
the processes and implements by which he is accustomed to
work them, and the twodivisions severally grauped with other
classes, which, in the real conduct of his business, have no con-
nexion whatever with his own pursuits. This inconvenience
couldonly be partially remedied by arrangements made by the
secretaries of juries to pass certain of the objects exhibited
from one class to another. In this manner the geological
maps and sections, which ought to be regarded as the re-
cords of the exploratory labour upon which the work of the
miner is to be based, were placed, in the building and by
the catalogue, in class 13, along with ordinary geographical
maps, but were claimed for consideration by class 40;
whilst those which were on a scale detailed enough for being
applied directly to the purposes of mining were taken up,
along with models of mining localities, into the department
of class 47. Similarly, it was agreed between the secre-
taries that the refractory substances, including plumbago
or graphite crucibles, firebricks, &c., several groups of which
had been exhibited in our class, should be transferred for
the consideration of the jury which dealt with materials of
construction in general, and which already had ranged under
its numbers a long list of exhibitors of bricks, terra-cotta,
and refractory materials,

In what belonged properly to class 47 the English portion
of the Exhibition was exceedingly meagre; and neither
alone, nor taken in conjunction with the display in class 40
(minerals and metals), could it pretend, in the remotest
degree, to represent the greatness and the activity of mining
and metallurgical life in the United Kingdom. The causes
of this deficiency will readily suggest themselves to the
minds of those who know our English works, and need, I
think, no examination or discussion in these pages. But it
is of the highest importance that, whilst our own producers
decline so generally, from one cause or another, to enter the
lists, we should inquire whether they can properly repose at
a distance in fancied security, enwrapped in an atmosphere
of self-satisfied superiority, or whether they ought not to be
on the qui vive and preparing for fresh efforts, on seeing the
examples which appear to mark an extraordinary degree
of advancement on the part of our foreign competitors.

I propose, therefore, to invite attention chiefly to those
objects which are likely to excite the interest of our own
masters, overlookers, and workmen, in comparing what we
know at home with that which is doing on the Continent.

. Afodels and Plans of Mining Localities.

Some of the most remarkable works of this class are
those which illustrate the complicated structure of that im-
portant coal-field which extends from the Belgian frontier
through the Department du Nord and far into the Pas de
Calais. The French Ministry of Public Works has ex-
hibited a map (on a scale of 1 to 25,000) constructed by
M. Dormoy, with sections attached to it taken across the
breadth of the trough, and showing the position and thick-
ness of the troublesome overlying bed of watery ground
called the torrent. The map of the Pas de Calais, drawn
by M. Coince, is perhaps still more noticeable, as showing,
on a larger scale (1 to 10,000), the energy and system with
which, by means of an elaborate series of borings, all of
them accurately recorded, the development of a valuable
new coal-field has been accomplished within a very few
vears. It was only in 1846 that a boring for water at
Oignies, not far from Douai, gave evidence of the continua-
tion of the coal measures beneath the cretaceous strata in
this direction. The borings of the Escarpelle Company
proved, as was pointed out by M. Du Souiche, that the
coal formation was sharply detlected north-westward from
its old direction at Valenciennes ; and hence arose, between
1850 and 1864, the establishment of nineteen new conces-
sions, seventeen of which are in the Pas de Calais, and ex-
tend within that department over a length of about 35
miles. Some forty pits have already been sunk, having,
on an average, 100 to 150 metres of overlying formations to
pierce, and down to depths of from 180 to 300 metres for
their workings.* The amount annually produced from this
new and unseen district of coal has increased steadily from
less than 5000 tons in 1851 to upwards of 1,600,000 tons
in 1866,

Plans of a most accurate character, on the scale of 1 to
5000, have been prepared from the elaborate surveys of M.
Griiner to represent the conditions of the still more valuable
but old-established coal-field of the Loire, generally known
by the name of its chief town, St. Etienne; and a beauti-
ful model, founded upon the maps of the same engineer, has
been constructed by M. Leseure to exhibit the singular
curves of the great seam of Rive-de-Gier, in the same dis-
trict. This so-called grande masse, varying from 26 ft. to
above 50 ft. in thickness, has been so far explored as to
enable all its folds and faults and other accidents to be
shown with great minuteness, the small portions which are
still uncertain being left blank,

The works thus emanating from the Ministry teach us a
useful lesson in connexion with the commercial history of
France. Not even the rich and advantageously situated
beds of Rive-de-Gier could be worked with profit so long as
insufficient capital and a low state of technical knowledge
prevailed. The hampering of the coal-miners with the
claims of surface owners, the undue subdivision of the
ground, and the inattention of the Government to the
treatment of what was truly alarge question, had, between
1832 and 1838, brought the district to the verge of ruin.
Most of the collieries were losing money, numbers of them
were being successively drowned out, and the prospects of
the future were miserably neglected, The present large
annual production of over three millions of tons from the
basin’of the Loire, and the clear light which is now thrown
upon the natural conditions of the district, testify to the
new life introduced within the last seventeen years by an
improved organisation.

Another representation of the surprising progress made
by France within a single generation is exhibited by the
mining company of the Grand Combe (6, 19, and 31,
France). Few, perhaps, of our countrymen who throng in
nambers to Nismes and Avignon are aware that, in those
wild and storm-ravaged hills above Alais, the perseverance
of the ‘“industriels” has opened out a coal-field which pro-
mises to be a most important treasure to the south of
France, and is already third on the list of the French coal-
districts for its amount of production.* The ravine of the
Grand Combe is the locality of the most active mining
operations; and a very large model, showing all the plica-
tions and disturbances to which the basin of coal has been
subjected, proves, at the same time, the great amount of
exploration done within a few years, and the care with
which all ascertained data are recorded. Plans, sections,
and books of statistics, beautifully kept, are added for the
further elucidation of the subject; and one point of especial
interest to some of our English coal-workers will be found
in the extension, in several places, of the coal-workings far
beneath the overlying strata of the Trias.

Several other special localities have been admirably
illustrated in the same manner, as the curious seam of coal
worked at Creusot (Sadne-et-Loire), the mines of the Com-
mentry Company, and the iron-mines of Rancié. But,
among them all, none are more worthy of observation than
the plans of part of the coal-basin of Litge, executed by M.
van Scherpenzeel Thim. By means of exact vertical sec-
tions which he has constructed for that field, to the number
of 700, he has laid down the precise position of all the
seams throughout a slice of the coal-tield of 50 metres deep,
selected between the horizons of 140 and 190 metres below
the level of the sea, as being that portion of the basin
which is of the highest present importance in laying out the
practical operations. Between these two horizontal planes
he determines the position of each bed at every 10) metres
of depth ; and, by a shading upon a system of conventional
perspective, he has given a graphic representation, which,
aiding the lines mathematically determined, presents to the
eye a distinct picture of the underground relations of this
highly contorted but valuable region.

These various labours testify to the close exactness of
work and to the intelligence of the French and Belgian
engineers, as well as to the careful spirit of their respective
Governments in dealing with so important an element of
national prosperity. How much would the labours of our
recently appointed Royal Commission of Inquiry on Coal
have been lightened and rendered satisfactory had similar
documents been available in our own coal-fields, and had a
similar precaution been exercised in registering the results
of sinkings and borings, which upon our careless want of
system are so often totally lost?

The excellent plans and sections in which the Prussians
have recorded their important explorations of Westphalia
and Silesia come rather under the head of geological maps,
and were reported on at the Exhibition of 1862 ; bat they
are not the less worthy of attention from visitors who desire
to understand the rapid development of the mineral wealth
of these highly valuable districts of coal.

Working of Mines.

The laying out of the general plan of operations in coal-
mines, and the methods adopted for the actual getting of
the mineral, constitute a subject too extensive to be other-
wise than partially illustrated in an exhibition. But, con-
sidering how such a subject involves the pecuniary economy
of obtaining this mainspring of all modern industry, as well
as the security of the hundreds of thousands of men who
toil in what is necessarily a dangerous vocation, we may
refer with advantage to a few contributions, which tell us
somewhat of the processes used in France and Prussia.

. Oﬁe?it—'-t;m.of Ferfay—has its workings at the depth of
460 metres.

* The yearly production of the coul-field of the Gard is now
above 1,200,000 tons.

The days are quite past and gone when the coal-workings
of these countries were petty and incomplete, and commonly
feeble imitations of English originuls. The great annual
amounts now raised by them—12,000,000 tons by France,
and 28,000,000 tons of coal and brown coal together by
Prussia—suffice to show that an enormous trade has arisen,
and that an experience has been gained both by directors
and workmen, which has led to much independence of
design and process. It has not been witnout difficulty that
so considerable a development has been brought about
within so few years, especially in the bringing up of a
large population competent to deal with a new task; and
in certain districts particularly, as in the department du
Gard, the mining companies have had to take in hand all
the details of social organisation, as if planting a colony in
a desert land.

It may not be generally known that the coal-fields of
Central and Southern France, although individually of small
extent as compared with our own, are remarkable for the
occurrence of seams of extraordinary thickness. The
tolerably regular beds of coal at Blauzy and Montceau run
to 50 ft. and even 60 ft. thick ; that of Creusot, where it is
raised up into a vertical position, varies from a few feet to
50 ft., 80 ft., and as much as 130 ft., measured right across ;
and the great seam of Decazeville (Aveyron) often extends
to 100 ft. in thickness. Their very magnitude, to say nothing
of their often distorted position, entails on the workers a
variety of difficulties, which it has taken a great number of
years successfully to surmount. One method after another
has been tried, and many successive improvements have
been introduced, chiefly tending to guard against crush and
creep, alike destructive to the getting of coal of fair size, and
dangerous to the life and limb of the workmen. At last,
by common consent, it is allowed that the only full and
satisfactory method of getting the largest quantity of coal
and of cnsuring safety to the men, is that of systematic
* packing” or ** stowing™ of all their bords, stalls, or gobs—
of all excavated places, in fact, except the needful roads—
with rubbish (remblais) carried down fromn the surface for
that purpose. A night shift of men, the remblayeurs, are
occupied with this task whilst the colliers are absent from
the mine; and in some districts a particular shaft and line
of roads and special wagons or tubs are set apart for the
work. I am glad to be able to bear witness, fromn inspec-
tion at Montceau and at St. Etienne, how methodically the
complete packing is carried out, and how it forms a sur-
prisingly good roof to work under when the next stage below
it is attacked. It would be out of place here to enter into
the details of the arrangements under which this process is
securely followed ; but the large block model of the Creusot
collieries may be mentioned as showing very fully the
curiously irregular position of one of these seams ; and the
model in the midst of the iron productions of Commentry
a8 illustrating the means of working away the successive
horizontal ranges of the thick coal-bed of that locality, by
the aid of a close packing. A question of this kind can
only be fairly judged by reference to the figures obtained
from actual experience, which tell of its relative economy.
A great expense is undoubtedly incurred; for we believe
that, in some pits, as many as one-third of the men are
engaged as remblayeurs. But it would appear that, con-
sidering the saving in timber, in round coal, and the com-
parative immunity from accidents, the Irench engincers
bave reason to be satisfied with a system which is the
growth of many years of study and practical trial.

It is notorious that a chief reason of the inability of the
French ironmasters to rival in cheapness their English com-
petitors is the considerable higher price which they have to
pay for coal. The reasons for this are manifold. Whether
timber propping or stone packing is emploped in the pits, it
is necessarily in much larger proportion than in our more
favourably-conditioned Euglish and Welsh coal-seams. A
French collier, as a general rule, can only get in a day's
work from half to four-fifths of what an English hewer
will break down. It isonly in the pillar-working (dépilage)
of the thick seams that the French workmau obtains an ad-
vantage and can get as much as six or seven tons in the
day; but for this task he needs a special skill and ex-
perience, and earns a much higher wage than the average.*

Owing, again, to the irregularity of the seams, a far
larger comparative cost falls to the item of dead work ; and
for the same reason the underground traunsit remains
generally on a very iuferior footing to that of our first-rate
British collicries.  Moreover, the total number of people
employed about a coal-pit in France has to be exceptionally
large for a given out-put of mineral, in cousequence of
the general need for carefully cleaning or washing the coal.
It is thus only marvellous that, considering how a numerous
working population has had to be educated to a peculiar
class of labour, the amount of coal raised in France has
risen from 1,800,000 tons in 1830, to close upon 12,000,000
tous in 1865. 'The high civilisation of the country needs,
however, a much larger amount, and the importations of
1865, chietly from Belgium, amounted in coal and coke to
about 7,100,000 tons besides.

Up to the advent of railways our ncighbours across the
Channel had, in fact, developed their coal-tields to a very
trifling extent, and their knowledge of the practical art of
mining stood at a low point; but since that period the
general advancement of trade and manufacture has been

* The daily wages made by French colliers in the centra
coal-fields are from 3s, to 4s., according to the nature of their
work.



